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UNITED STATES OF AMERICA 
FEDERAL TRADE COMMISSION 

OFFICE OF ADMINISTRATIVE LAW JUDGES 

 
 
In the Matter of 
 
Illumina, Inc., 
           a corporation, 

        
 
 
 DOCKET NO. 9401 
 
 

 
 
 

 
                     and 
 
GRAIL, Inc., 
          a corporation. 
  

 
COMPLAINT COUNSEL’S MOTION IN LIMINE TO EXCLUDE THE DECLARATION 

AND DEPOSITION TRANSCRIPT OF GEORGE J. SERAFIN 
 

Complaint Counsel moves to exclude the declaration and deposition transcript of George 

J. Serafin.  The Part 3 Rules provide for testimony from two types of witnesses: testifying expert 

witnesses and fact witnesses.  Respondents’ counsel did not list Mr. Serafin as a testifying expert 

on their Final Proposed Witness List and have confirmed that they are not offering Mr. Serafin as 

a testifying expert.  Mr. Serafin’s declaration and deposition transcript is thus inadmissible as 

expert testimony. 

If Mr. Serafin is not a testifying expert, then his testimony is only admissible as fact 

witness testimony.  Mr. Serafin is clearly not a fact witness, and even if he were, his declaration 

was produced far too late.  Mr. Serafin’s testimony offered through his declaration and 

deposition is thus inadmissible as fact witness testimony. 
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BACKGROUND 

Respondents served the declaration of George J. Serafin on July 17, 2021.  The text of 

Respondents’ transmittal email referred to Mr. Serafin’s declaration as an “expert report.”1  On 

July 23, 2021, Respondents filed their Final Proposed Witness List.  Respondents’ Final Witness 

List did not include or mention Mr. Serafin.  That same day, Respondents filed their Final 

Proposed Exhibit List on July 23, 2021, which included entries for Mr. Serafin’s declaration and 

deposition transcript.2 

On July 29, 2021, Complaint Counsel notified Respondents of its intent to move to strike 

the declaration of George Serafin.3  Respondents’ Counsel represented to Complaint Counsel 

that that the declaration of George Serafin is not an expert report and that Respondents are not 

presenting his statements as expert testimony.4  During George Serafin’s deposition on August 2, 

2021, Respondents confirmed that the declaration of George Serafin {  

} 

 

 

}  Mr. Serafin stated in his deposition that {  

 

                                                 
1 Ex. A at 1 (“Attached are Respondents’ expert reports from George Serafin, Richard Abrams, Margaret Guerin-
Calvert, Richard Cote, Rob Rock and Dennis Carlton.”).   
2 See Ex. C at 67 (Respondents’ Final Proposed Exhibit List, July 23, 2021). 
3 Ex. D at 1 (Email from B. O’Dea, Fed. Trade Comm’n, to Counsel for Respondents, July 29, 2021). 
4 See Ex. E at 1 (Email from B. O’Dea, Fed. Trade Comm’n, to Counsel for Respondents, July 30, 2021). 
5 Ex. F (George J. Serafin Deposition Tr.) at 4:7-20.   
6 Id. at 28:18-29:4.   
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}   

 

ARGUMENT 

1. Mr. Serafin is Not an Expert Witness in This Case 

Respondents’ counsel did not designate Mr. Serafin as a testifying expert witness on their 

Final Proposed Witness List.9  Respondents’ counsel have also {  

 

}  The Court’s Scheduling Order set July 16, 2021 as the 

“Deadline for Respondents’ Counsel to provide expert witness reports.”11  If Respondents 

wanted to introduce Mr. Serafin as a testifying expert witness, they were obligated to list him on 

their final witness list and to seek leave to add him as an additional expert beyond the five 

experts allowed by Rule §3.31A(b). 

The Part 3 Rules on expert discovery contemplate expert testimony only from experts 

who have been designated as testifying witnesses for the evidentiary hearing.  The very first 

sentence of Rule 3.31A(a) makes clear that “expert witnesses” for purposes of Part 3 are “experts 

[the parties] intend to call as witnesses at the hearing.”12  Rule 3.31A(e) confirms this definition 

by making clear that discovery is only permitted with respect to experts who are listed on the 

parties’ final witness lists: “A party may not discover facts known or opinions held by an expert 

                                                 
7 Id. at 30:17-31:17. 
8 Id. at 31:18-33:17; 33:9-33:17; 43:18-44:4; 78:11-78:16. 
9 See Ex. B. at 6 (Respondents’ Final Proposed Witness List, July 23, 2021). 
10 See Ex. F (George J. Serafin Deposition Tr.) at 4:7-20. 
11 Scheduling Order at 2, Dkt. No. 9401 (Apr. 26, 2021) (emphasis added).   
12 § 3.31A(a) (emphasis added). 
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2. Mr. Serafin Is Not a Percipient Fact Witness 

Mr. Serafin’s testimony is fundamentally expert testimony, rather than relevant fact 

testimony.  Given that Respondents have not designated Mr. Serafin as a testifying expert 

witness {  

}, the scope of his testimony is limited to issues about which he has personal 

knowledge.  The Court’s Scheduling Order adopts Federal Rule of Evidence 701,21 which 

provides that: 

[i]f a witness is not testifying as an expert, testimony in the form of an opinion is 
limited to one that is: (a) rationally based on the witness’s perception; (b) helpful 
to clearly understanding the witness’s testimony or to determining a fact in issue; 
and (c) not based on scientific, technical, or other specialized knowledge within the 
scope of Rule 702.22 
 

The Scheduling Order also adopts Federal Rule of Evidence 602, which states that witnesses 

shall not testify to a matter unless evidence is introduced sufficient to support a finding that the 

witness has personal knowledge of the matter.23  The Advisory Committee Note explains that 

this requires a witness to “be a percipient witness whose testimony is grounded in first-hand 

information obtained through one of his or her five senses.”24 

Mr. Serafin, however, is not a percipient fact witness.   

 

 

 

                                                 
21 Scheduling Order, Additional Provision 17 (“Witnesses not properly designated as expert witnesses shall not 
provide opinions beyond what is allowed in F.R.E. 701.”). 
22 Fed. R. Evid. 701. 
23 Scheduling Order, Additional Provision 16, Dkt. No. 9401 (Apr. 26, 2021); Fed. R. Evid. 602. 
24 405 Condo Assocs LLC. v. Greenwich Ins. Co., 2012 U.S. Dist. LEXIS 181922, *13 (S.D.N.Y. Dec. 26, 2012); 
Fed. R. Evid. 602, Advisory Committee Note. 
25 Ex. G at ¶5 (Declaration of George J. Serafin). 
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}  Mr. 

Serafin is not a percipient witness with respect to the underlying facts contained within his 

report.   

 Instead, Mr. Serafin’s testimony relied on his review and analysis of documents and 

deposition transcripts of others with first-hand knowledge.  Mr. Serafin’s declaration lists {  

}  Mr. Serafin made 

clear in his deposition that {  

 

 

 

   

 

 

 

 

} 

Even if Mr. Serafin were somehow to be considered a relevant fact witness, the 

submission of his testimony by Respondents was untimely.  The Scheduling Order set June 25, 

2021 as the close of discovery.  Respondents cannot avail themselves of the July 16, 2021 

deadline for “expert witness reports” under the Scheduling Order for a declaration that 

                                                 
31 Ex. F (George J. Serafin Deposition Tr.) at 42:11-42:20. 
32 See id. at 53:17-54:20. 
33 Id. at 187:22-188:22. 
34 Id. at 78:11-78:16. 
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Respondents themselves have determined is not an expert report, from an individual who 

Respondents have not designated as a testifying expert witness.  Thus, Respondents’ attempt to 

introduce the declaration of Mr. Serafin into the record three weeks after the close of discovery 

would clearly violate the Court’s Scheduling Order even if he were to be considered a fact 

witness.  Accordingly, Mr. Serafin’s declaration should be excluded.  Because Mr. Serafin’s 

testimony in his deposition transcript is similarly based on his untimely declaration, is not 

offered as expert testimony, and is not based on Mr. Serafin’s personal knowledge, it should also 

be excluded from the record. 

 
CONCLUSION 

For these reasons, Complaint Counsel respectfully requests that the Court enter the 

accompanying proposed order to exclude the Declaration and Deposition Transcript of George J. 

Serafin. 

    

Date:  August 9, 2021     Respectfully submitted, 
 

s/ Brian A. O’Dea   
Brian A. O’Dea 
Federal Trade Commission 
Bureau of Competition 
600 Pennsylvania Ave., NW 
Washington, DC 20580 
Telephone: (202) 326-2227 
Email: bodea@ftc.gov  
 
Counsel Supporting the Complaint 
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UNITED STATES OF AMERICA 
FEDERAL TRADE COMMISSION 

OFFICE OF ADMINISTRATIVE LAW JUDGES 

 
 
In the Matter of 
 
Illumina, Inc., 
           a corporation, 

        
 
 
 DOCKET NO. 9401 
 
 

 
 
 

 
                     and 
 
GRAIL, Inc., 
          a corporation. 
  

 
[PROPOSED] ORDER TO EXCLUDE THE DECLARATION OF GEORGE J. SERAFIN 

AND DEPOSITION TRANSCRIPT OF GEORGE J. SERAFIN 
 

Upon Complaint Counsel’s Motion in Limine to Exclude the Declaration of George J. 

Serafin and Deposition Transcript of George J. Serafin, it is hereby: 

ORDERED that Complaint Counsel’s motion is GRANTED; and it is further 

ORDERED that Mr. Serafin’s Declaration and Deposition Transcript will not be received 

in evidence.  

 

 
ORDERED:       

D. Michael Chappell 
Chief Administrative Law Judge 

 
 
Date: August _____, 2021  
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STATEMENT OF CONFERENE PURSUANT TO  
PARAGRAPH 4 OF THE SCHEDULING ORDER 

At 3:59 p.m. Eastern Daylight Time on August 4, 2021, Complaint Counsel emailed 

Respondents’ Counsel asking to confer in good faith to resolve by agreement the issues raised by 

the motion and was unable to reach such an agreement. 

 
Date:  August 5, 2021    
 s/ Brian A. O’Dea  

Brian A. O’Dea 
 
Counsel Supporting the Complaint 
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From: Michael Zaken
To: Andrew, Jordan S.
Cc: Zach, Daniel; Mohr, Stephen A.; Musser, Susan; Cooke, William; Verwilt, Hana; Schrag, Joel L.; Hulbert, Jason;

McAdams, John; Hearle, Kevin; Martin, Teresa; Wint, Corene; Simons, Bridget; Illumina Trial Team;
LWVALORANTITRUST.LWTEAM@lw.com

Subject: In re Illumina & Grail, Docket No. 9401 -- Respondents" Expert Reports (Email 1 of 2)
Date: Saturday, July 17, 2021 12:13:37 AM
Attachments: 2021.07.16 -- Declaration of George J. Serafin.pdf

2021.07.16 - Richard Abrams Expert Report.pdf
2021.07.16 -- Expert Report of Margaret E. Guerin-Calvert Confidential.pdf
2021.07.16 - Richard J. Cote Expert Report.pdf
2021.07.16 -- Rob Rock Expert Report and Declaration.pdf
2021.07.16 - Dennis Carlton Expert Report.pdf

Counsel,
 
Attached are Respondents’ expert reports from George Serafin, Richard Abrams, Margaret Guerin-
Calvert, Richard Cote, Rob Rock and Dennis Carlton.  I will follow up with additional reports and
backup materials in a separate email.
 
Regards,
 
Michael
 
Michael Zaken
Cravath, Swaine & Moore LLP
825 8th Avenue
New York, NY 10019
212-474-1888
 

This e-mail is confidential and may be privileged. Use or disclosure of it by anyone other than
a designated addressee is unauthorized. If you are not an intended recipient, please delete this
e-mail from the computer on which you received it.
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UNITED STATES OF AMERICA 
BEFORE THE FEDERAL TRADE COMMISSION 
OFFICE OF ADMINISTRATIVE LAW JUDGES 


In the Matter of 


Illumina, Inc., 
a corporation, and 


and 


GRAIL, Inc., 
a corporation, 


Respondents. 


Docket No. 9401 


 
DECLARATION OF GEORGE J. SERAFIN IN SUPPORT OF THE MERGER 


BETWEEN ILLUMINA AND GRAIL 
 


I, George J. Serafin, declare and state: 


1. I am a Senior Managing Director with FTI Consulting, Inc. (“FTI”), based in New York, 


NY.  I have over 30 years’ experience with a unique blend of industry, technology, and 


consulting/professional services spanning regulatory, research and development, 


engineering, manufacturing, supply chain, quality, compliance, corporate/operations, and 


information technology across medical devices and diagnostics, pharmaceuticals, 


biotechnology, nutraceuticals, and consumer healthcare. 


2. I am a biomedical engineer by education, having received a Bachelor of Engineering 


degree majoring in biomedical engineering and a Master’s degree in Technology 


Management, both from Stevens Institute of Technology. 


3. I started my career at Novartis in research and development and then progressed across 


the value chain with increasing levels of responsibility in engineering, 


manufacturing/operations, quality, and regulatory roles, working for Roche and Fresenius 


Medical Care.  I subsequently transitioned to technology, working for SAP AG advising 


life sciences clients across five continents on the design and implementation of their 


global enterprise resource planning systems with a specialization in supply chain, 


manufacturing, quality, and regulatory compliance. 
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4. I have worked on a range of matters regarding potential or transpired enforcement actions 


related to FDA and other international health authority compliance, including Warning 


Letters, Consent Decrees, and Corporate Integrity Agreements regarding patient safety, 


product quality, sales, and marketing, across pharmaceutical, biotechnology, and medical 


devices and diagnostics.  These matters have involved process re-engineering across 


research and development, regulatory affairs, supply chain, manufacturing, quality, post-


market surveillance, and commercial to address alleged violations of applicable Federal 


and international laws and regulations. My role in such matters has included frequent 


interaction with corporate management and support of inspections by regulatory 


authorities.  


5. My CV, including a select list of my publications and presentations, and all cases in 


which I have testified as an expert at trial or by deposition in the previous four years, is 


attached as Exhibit I. I bill my time for this matter at $715 an hour. 


6. The statements set forth in this declaration are based upon my personal knowledge; 


interviews with Illumina and GRAIL personnel; knowledge obtained from materials 


produced by and testimony from Illumina, Complaint Counsel, and other third parties in 


this action; and materials filed by the Parties in this action. 


I. Assignment and Summary of Opinions 


7. GRAIL was established by Illumina in 2015, and its headquarters is in Menlo Park, 


California.  Illumina currently maintains a 14.5 percent ownership of GRAIL.  On 


September 20, 2020, Illumina entered into an Agreement and Plan of Merger to acquire 


the remaining 85.5 percent of GRAIL.   


8. It is my opinion that the acquisition will enable the combined company to more quickly 


operate a large clinical program at scale, collect necessary clinical and real-world 


evidence (RWE), and prepare its application for approval by the Food and Drug 


Administration (FDA) with greater speed, and with a higher likelihood of achieving 


success than if GRAIL attempted to secure FDA approval on its own. 
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9. Additionally, accelerated FDA approval of GRAIL’S Galleri test will significantly 


decrease FDA review time for future liquid biopsy early cancer screening tests, enabling 


them to get to market more quickly and thereby increasing opportunity for this entire 


class of products.  


II. GRAIL’s Galleri Test 


10. GRAIL began with the purpose of developing an early cancer screening test for 


asymptomatic people.  It has spent the past six years focusing on the research and 


development of Galleri, a multi-cancer early screening test that “is a ground-breaking and 


potentially life-saving advance that could have a tremendous human and economic 


benefit”.1  After obtaining sufficient observational clinical study data to validate its 


Galleri test, GRAIL introduced Galleri as a limited Laboratory Developed Test (LDT) in 


March of this year.  GRAIL intends to seek Premarket Approval (PMA) with the FDA to 


allow for commercial distribution, adoption, and reimbursement. 


11. GRAIL’s Galleri test is a transformational approach to early cancer detection.  It is a 


liquid biopsy test that analyzes cell-free DNA (cfDNA) in the bloodstream that has been 


shed by tumor cells.  It utilizes Illumina’s next-generation sequencing (NGS) technology 


for genomic profiling and preferentially targets the most informative regions of the 


genome using machine-learning algorithms to detect the presence of cancer and identify 


the tumor's signal of origin.  


12. All the tests that the FDA has approved to date test for between one and four cancer types 


and are predominately indicated as companion diagnostics to provide key information to 


patients diagnosed with cancer concerning the efficacy of corresponding drugs. 


13. By contrast, Galleri’s intended use population is asymptomatic individuals, and it can 


detect more than 50 different cancer types, of which only five currently have screening 


tests as recommended standard of care: breast (mammography), cervical (Pap and HPV 


 
1 NHS, “NHS to pilot potentially revolutionary blood test that detects more than 50 cancers” 
(Nov. 27, 2020), https://www.england.nhs.uk/2020/11/nhs-to-pilot-potentially-revolutionary-
blood-test/. 
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tests), colorectal (colonoscopy, sigmoidoscopy, and stool tests), lung (low-dose CT 


imaging) and prostate (digital rectal exam, PSA test).  There are no standard screening 


recommendation for 45 of the cancer types Galleri can detect. 


14. GRAIL believes that if Galleri obtains regulatory approval by the FDA and other 


international health authorities and becomes broadly adopted, it could potentially save 


millions of lives around the world.2  


15. In 2016, GRAIL launched their first prospective observational study in the United States, 


the Circulating Cell-free Genome Atlas (CCGA) study, to characterize the landscape of 


genomic cancer signals in the blood of people without cancer.  


16. GRAIL launched the STRIVE study, another prospective, observational, longitudinal 


(repeated observations of the same patient group over a period) cohort study in 2017 to 


screen women at the time of their mammogram to detect breast and other invasive 


cancers.  The study has enrolled over 100,000 women and is in the follow-up phase. 


17. In early 2019, GRAIL also embarked on another observational study to continue to 


clinically validate Galleri and to examine the feasibility of delivering a low-dose 


computed tomography (LDCT) screening service for lung cancer to a high-risk 


population.   


18. The SUMMIT study, which is taking place in the United Kingdom, enrolled 25,000 


patients, and completed enrollment in May 2020. 3 


19. GRAIL reported strong early results in October 2019 demonstrating a low incidence of 


false-positive results (0.7%); that Galleri can detect more than 20 types of cancer across 


 
2 See, e.g., Canary Foundation, “Early Detection Facts and Figures”, 
https://www.canaryfoundation.org/wp-content/uploads/EarlyDetectionFactSheet.pdf. 
3 U.S. National Library of Medicine | ClinicalTrials.gov, “The SUMMIT Study: A Cancer 
Screening Study (SUMMIT)” (Posted May 2, 2019), 
https://www.clinicaltrials.gov/ct2/show/NCT03934866.    
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all stages; and that the tissue of origin can be identified with high accuracy.4 


20. In June 2021, GRAIL published the results from its third and final CCGA sub-study that 


validated the performance of an assay and classifier refined for use as a screening tool 


and supports the clinical implementation of the Galleri test.5   


21. It is unclear at this time whether the data generated from GRAIL’s clinical studies will be 


sufficient to satisfy the FDA’s requirements.6 


III. FDA Regulatory Process 


22. The FDA is the agency within the U.S. Department of Health and Human Services that 


protects the public health by assuring the safety, effectiveness, and security of drugs, 


vaccines, and medical devices, among other products.7  Since 1976, the FDA has been 


charged with evaluating medical devices, including diagnostic and screening tests.8 


23. Medical devices, as defined by the statutes and regulations implemented by the FDA, 


include a broad range of instruments from simple medical tools (e.g., tongue depressors) 


to complex implanted devices (e.g. pacemakers), as well as clinical tests used for 


anything from vitamin deficiency to cancer screening.9  


 
4 GRAIL, “GRAIL Announces Positive Validation Data for its Multi-Cancer Early Detection 
Test” (October 7, 2019), https://grail.com/press-releases/grail-announces-positive-validation-
data-for-its-multi-cancer-early-detection-test/.  
5 E. A. Klein et al., “Clinical validation of a targeted methylation-based multi-cancer early 
detection test using an independent validation set”, Annals of Oncology, June 2021. 
6 See, e.g. FDA’s written feedback to GRAIL’s Pre-Submission request on the Breakthrough 
Device, Galleri on February 2020.  GRAIL-DOC-00000089, at 1-2. 
7 FDA, “FDA Fundamentals”, https://www.fda.gov/about-fda/fda-basics/fda-fundamentals. 
8 FDA, “A History of Medical Device Regulation & Oversight in the United States”, 
https://www.fda.gov/medical-devices/overview-device-regulation/history-medical-device-
regulation-oversight-united-states. 
9 21 U.S.C. § 321(h)(1) (defining a device as “an instrument, apparatus, implement, machine, 
contrivance, implant, in vitro reagent, or other similar or related article, including any 
component, part, or accessory, which is—(A) recognized in the official National Formulary, or 
the United States Pharmacopeia, or any supplement to them, (B) intended for use in the diagnosis 
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24. A manufacturer must notify the FDA of its intent to market a medical device.  Once the 


FDA has been notified, the proposed medical device will be reviewed and classified.  


25. The FDA’s classification of the device determines the pathway that the manufacturer will 


need to take to ensure that its device is cleared or approved by the FDA before the device 


enters the marketplace.  


26. Class I devices are low risk, and the FDA typically exercises minimal or no oversight 


over them.  Class II devices that represent low or moderate risk can be broadly marketed 


within the United States without prior approval but are reviewed through the 510(k) 


process.  This process allows the company to market the device 30 days after notifying 


the FDA when there is already a similar “predicate” device on the market.  Neither 


higher-risk Class II nor Class III devices can be commercialized without pre-market 


clearance or approval.   


27. Class III devices are subject to more stringent requirements where neither the “general”  


nor “special controls” required for Class I and II devices would provide “reasonable 


assurance of [the device’s] safety and effectiveness.”10   


28. In-vitro Diagnostics (IVDs) are tests of human tissue or blood samples that are performed 


outside the body and are medical devices.  IVDs are classified according to the level of 


risk posed by the disease for which they are testing.  IVDs that test for life threatening 


diseases are considered high-risk (Class III) and therefore require premarket approval 


before they can be widely marketed as FDA-approved devices.  


29. GRAIL’s Galleri test is a Class III IVD and will require premarket approval.  


 
of disease or other conditions, or in the cure, mitigation, treatment, or prevention of disease, in 
man or other animals, or (C) intended to affect the structure or any function of the body of man 
or other animals, and which does not achieve its primary intended purposes through chemical 
action within or on the body of man or other animals . . .”). 
10 21 U.S.C. § 360c(a)(1)(B). 
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30. Premarket approval (PMA) is the “most stringent type of device application required by 


the FDA.”11  A PMA application is required for products that cannot be reasonably 


assured safe and effective by applying the Class I general controls or the Class II special 


controls and which: (i) are for supporting or sustaining life; (ii) are of substantial 


importance in preventing impairment of human health; and (iii) present potential, 


unreasonable risks of illness or injury.12  Examples include catheters and blood pressure 


cuffs (both Class II devices), and all Class III devices (e.g., pacemakers, defibrillators, 


implanted prosthetics). 


31. The PMA application must include a complete description of the methods used in, and 


the facilities and controls used for, the manufacture, processing, packing, storage, and 


where appropriate, installation of the device.13  The Quality Systems Regulations 


(QSR)14 provides the requirements for the applicant’s description of quality systems in 


the PMA.  


32. The effort, time, and costs required to plan, prepare, and submit a PMA application for 


FDA review are significant.  Once the product has been designed and developed, and is 


ready for clinical studies, it can require several years to complete the necessary clinical 


studies and lay the groundwork to submit a complete PMA application.  For example, 


Illumina’s MiSeqDx Extended RAS Panel PMA was approved by the FDA in June 2017.  


The submission consisted of 4 modules and approximately 10,000 pages.15  The modules 


included detailed manufacturing, nonclinical, and clinical information, among other 


things.16, 


 
11 drugwatch, “FDA Approval Process”, https://www.drugwatch.com/fda/approval-process/. 
12 21 U.S.C., § 360c(a)(1)(C). 
13 FDA, “PMA Quality System”, https://www.fda.gov/medical-devices/premarket-approval-
pma/pma-quality-system. 
14 21 C.F.R. Part 820. 
15 See, e.g. ILMN-FTCVOL_18575999 (Master Table of Contents for MiSeqDx Extended RAS 
Panel Premarket Application). 
16 Id. 
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33. Given the stringent requirements for a PMA application and the need to develop clinical 


data to support a PMA application, companies often engage in Presubmission discussions 


with the FDA.  During this process a test developer may seek the FDA’s opinion on 


clinical trial design, clinical sample selection and other criteria that will later be used to 


support a PMA application. 


34. During the Presubmission discussions that GRAIL has had with the FDA concerning 


Galleri, the FDA has indicated that it will likely require the use of large-scale 


prospective, interventional clinical studies for a multi-cancer screening test such as 


Galleri.17   


35. Large, prospective, interventional studies are likely to require significant funding, and 


studies of this size and structure often takes months to years to plan and multiple years to 


run the study and evaluate results.18   


36. Once a test manufacturer has submitted its application, the FDA’s review of a PMA 


application involves a four-step process: 


 
17 The FDA informed GRAIL that its prospective, observational STRIVE study would not be 
sufficient, including because the Galleri test results were not returned to patients so GRAIL 
cannot “directly confirm the results of [its] test nor will [GRAIL] assess how the test results 
impacted patient treatment decisions” and because the STRIVE study was not sufficiently 
representative because it enrolled women only and Galleri’s “intended use population is not 
restricted to females.”  GRAIL-DOC-00000089 at 2 (stating “the STRIVE study is not 
appropriately designed to evaluate the benefits and risks associated with the use of the Galleri 
test”). 
18 Chudova (Guardant) Dep. Tr. 28:18-29:17 (estimating that Guardant spent “probably on the 
order of 70- to $100 million” for its clinical trials to develop its colorectal screening test” and 
anticipating “similar or slightly higher costs in the multi-cancer domain”); Conroy (Exact) Dep 
Tr. 25:24-26:19 (explaining that “a prospective clinical trial in a large number of patients . . . just 
takes time.  It takes at least a year to plan and at least a year to execute and probably six months 
to analyze data.”). 
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• An administrative scientific review by FDA staff to determine whether the 


application complies with the FD&C Act, the PMA regulations (21 C.F.R. § 814), 


and the FDA’s PMA Acceptance and Filing Review Policy.19  


• An in-depth scientific, regulatory, and Quality System review by appropriate FDA 


personnel.  This includes an in-depth review of non-clinical laboratory data such 


as microbiology, toxicology, immunology, biocompatibility, stress, wear, shelf 


life, and other laboratory or animal tests, and the clinical study data: study 


protocols, safety and effectiveness data, adverse reactions and complications, 


device failures and replacements, patient information, patient complaints, 


tabulations of data from all individual subjects, results of statistical analyses, and 


other information from the clinical investigations.20  During this review, the FDA 


poses questions to and requests additional information from the applicant through 


the use of deficiency letters.21 


• A review and recommendation by the Advisory Committee.  Generally, all PMA 


applications for a first-of-a-kind device are reviewed by the Advisory Committee.  


To the extent that the Advisory Committee has questions, the FDA and/or the 


applicant may be required to respond and provide additional information. 


• Once the contents of a PMA application have been reviewed and all deficiencies 


identified by the FDA and the Advisory Committee have been sufficiently 


addressed, the FDA conducts deliberations, prepares documentation, and makes a 


decision.  


 
19 FDA, “PMA Review Process”, https://www.fda.gov/medical-devices/premarket-approval-
pma/pma-review-process. 
20 See, e.g., FDA “Premarket Approval (PMA)”, https://www.fda.gov/medical-
devices/premarket-submissions/premarket-approval-pma. 
21 FDA, “Types of Communication During the Review of Medial Device Submissions”, 
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/types-
communication-during-review-medical-device-submissions. 



https://www.fda.gov/medical-devices/premarket-submissions/premarket-approval-pma
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37. Once the PMA application has been submitted, the time it takes the FDA to complete its 


review depends, among other things, on the device being reviewed and the company 


producing it.  One analysis calculated the average FDA review time for a small startup 


medical device company at 330 days, or just under 1 year.  By contrast, larger companies 


were able to complete the process in an average of 177 days.22 


38. If the FDA approves the application, the applicant must agree to the FDA’s “Conditions 


of Approval.”23  The “Conditions of Approval” are standard post-approval conditions 


enforced by the FDA that are applicable to all original PMAs and supplements.  In 


addition to standard conditions, they may contain product-specific commitments.  For 


example, the FDA may restrict the sale or use of the device; require ongoing evaluation 


and periodic reporting on the safety, effectiveness, and reliability of the device for its 


intended use; impose specific requirements on labeling, and/or require that the company 


retain specific data for the FDA’s review. 


IV. Illumina Would Be Able to Accelerate FDA Approval for Galleri 


39. It is my opinion that a combined Illumina and GRAIL would immediately have the 


resources, infrastructure, and global network to operate Galleri’s current and future 


observational, interventional, and real-world studies at scale and prepare a PMA 


submission with a higher likelihood of obtaining FDA approval more quickly than if 


GRAIL were to attempt to seek approval alone.  


40. For Galleri to obtain PMA approval along the timeline it is planning to achieve, GRAIL 


will need to invest significant resources to expand its team, build its information 


technology infrastructure, improve its product development processes, quality systems 


and safety/surveillance processes, and run and manage its clinical studies at scale.   


 
22 Baker Institute Blog, “Medical Device Startups and the FDA” (Apr. 11, 2017), 
https://blog.bakerinstitute.org/2017/04/11/medical-device-startups-and-the-fda/.  
23 See, e.g., FDA “PMA Conditions of Approval”, https://www.fda.gov/medical-
devices/premarket-approval-pma/pma-conditions-approval. 
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41. Although incremental improvements have been made in many critical areas over the last 


18 months,24 there is still much left to do for GRAIL to successfully navigate the FDA’s 


regulatory complexities and address the FDA’s PMA requirements.  


42. At its current stage of development, it is critical to Galleri’s approval timeline that 


GRAIL operate its observational and interventional clinical studies at scale to generate 


sufficient clinical evidence for the FDA’s scientific and clinical review.  As a relatively 


small startup company, it will take GRAIL several years to complete its clinical studies, 


fulfill all of the FDA PMA requirements and achieve FDA approval.  


43. GRAIL’s quality organization and quality management system (QMS) is adequate to 


support Galleri as an LDT but is immature with respect to satisfying all FDA PMA 


requirements.  Significant gaps exist concerning many quality elements from product 


development through manufacturing and safety/postmarket surveillance.  Exhibit IV 


provides a comparison of the FDA and CLIA QMS requirements demonstrating the 


additional QMS requirements for FDA approval.  


44. GRAIL has never achieved FDA approval or clearance for any product.  While GRAIL is 


working to build its internal regulatory capabilities, its QMS and regulatory affairs group 


does not have experience submitting a PMA of the kind that will be required for 


Galleri.25 


45. Illumina possesses resources, experience, process maturity and technology infrastructure 


across key functional areas that will allow the combined company to deploy Galleri in 


ongoing and future clinical studies at scale and successfully address the FDA’s PMA 


requirements.26 Illumina has the following advantages: 


 
24 Video Interview with Eric Fung, Vice President Clinical Development at GRAIL, on May 12, 
2021. 
25 Ofman (GRAIL) Dep. Tr. 63:6-64:8 (testifying that GRAIL’s current regulatory team is “quite 
a small junior team” “no one has ever run a regulatory affairs department, no one has ever 
submitted a PMA of this kind”). 
26 See, e.g., Febbo (Illumina) Dep. Tr. 44:27-45:13 (describing ways in which Illumina’s 
experience “with clinical evidence to get to the PMA approval, the feedback and engagement 
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• a robust list of study sites, mature clinical management systems and procedures; 


• effective management of multiple sites, investigators, and other clinical resources; 


• experienced and highly trained clinical staff to ensure that the clinical trials are 


conducted effectively and efficiently at both the laboratories and hospital sites; 


• established contractual relationships at various labs domestically and 


internationally to support the scale of clinical studies and required evidence to 


satisfy FDA PMA requirements; 


• a clinical team that is specifically trained to execute the types of clinical studies 


that Galleri requires.  For example, the monitoring of laboratory activities is a 


process unique to IVD clinical trials, with added complexity given the scope and 


indication of Galleri.  Illumina is best positioned to effectively accomplish this 


work. 


46. Illumina has an experienced quality organization and robust QMS equipped to serve the 


entire continuum of products at Illumina: research use only (RUO), LDTs, and devices 


that have received FDA PMA approval.  The product development process is also fully 


integrated within the QMS platform creating visibility and efficiencies to address FDA 


requirements. 27  


47. Illumina has also developed extensive regulatory experience, including previously 


submitting and receiving a PMA for its Praxis Extended RAS Panel, an NGS-based 


companion diagnostic for evaluating RAS mutations in in patients with colorectal 


cancer.28  Illumina was the first company to receive FDA clearance on an NGS 


 
we’ve had on our own assays and treatment selection for cancer, as well as for NIPT” could be 
used to help GRAIL meet FDA expectations for PMA approval). 
27 Video Interview with Gary Workman, Vice President, Global Quality at Illumina, April 20, 
2021. 
28 FDA, “FDA granted marketing approval to the Praxis Extended RAS Panel”, 
https://www.fda.gov/drugs/resources-information-approved-drugs/fda-granted-marketing-
approval-praxis-extended-ras-panel. 
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sequencing platform with its MiSeqDx platform and has since received regulatory 


clearance for another platform, the NextSeq 550 Dx and a range of reagents.29 Illumina is 


also currently in the process of submitting its applications for two additional PMAs for its 


noninvasive prenatal testing (NIPT) product and its TruSight Oncology Comprehensive 


(TSO Comp) assay, an IVD test using NGS to detect variants in 523 genes in tissue 


samples from cancer patients.30  Through this experience, Illumina has developed the 


systems, capabilities and resources needed to achieve regulatory approvals in the future.   


48. I examined the FDA’s PMA database and compared the timeline between the submission 


of a PMA application for IVD products and FDA approval over the past 10 years (from 


2011-2020) for small versus large companies.  IVD products are “reagents, instruments 


and systems intended for the use in diagnosis of diseases of conditions, in order to cure, 


mitigate, treat or prevent disease or its sequelae.”31  Under the FDA’s framework Galleri 


is also an IVD and classified as a class III medical device requiring FDA PMA approval.  


49. I used the definition of small companies as those with either fewer than 1,000 


employees32 or less than $100 million in revenue;33 large companies were defined as 


those with greater than 1,000 employees and more than $1 billion in revenue.34  Exhibit 


V describes the methodology and analysis that I performed.  


 
29 Illumina, “MiSeqDx Overview”, https://www.illumina.com/systems/sequencing-
platforms/miseqdx.html; FDA..report, FDA Filings for Illumina Inc., 
https://fda.report/Company/Illumina-Inc (identifying a list of 40 FDA submissions by Illumina). 
30 ILMN-FTCVOL_18608003 (TruSight NIPT PMA Module 1); ILMN-FTCVOL_01615892 
(TSO Comp). 
31 FTC, “Overview of IVD Regulation”, https://www.fda.gov/medical-devices/ivd-regulatory-
assistance/overview-ivd-regulation#1. 
32 U.S. Small Business Administration, “Table of Small Business Size Standards Matched to 
North American Industry Classification System Codes” (Effective Feb. 26, 2016), 
https://www.sba.gov/sites/default/files/files/Size_Standards_Table.pdf.  
33 FDA, “Reduced Medical Device User Fees: Small Business Determination (SBD) Program”, 
https://www.fda.gov/medical-devices/premarket-submissions/reduced-medical-device-user-fees-
small-business-determination-sbd-program. 
34 Sangoma, “SMB, SME, and Large Enterprise: Why Your Business Size Classification 
Matters”, https://www.sangoma.com/articles/smb-sme-large-enterprise-size-business-matters/. 



https://fda.report/Company/Illumina-Inc
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50. Between 2011 and 2020, the FDA approved 13 IVD products submitted by 10 small 


companies.  The average timeline from submission to approval was 539 days, with a 


standard deviation of 418 days.  During the same period, the FDA approved 66 IVD 


products submitted by 14 large companies.  The average timeline from submission to 


approval for large companies was 280 days, with a standard deviation of 185 days.  


51. Thus, over the ten-year period evaluated, large companies obtained PMA approval from 


the FDA in 259 days, or roughly 8.5 months, faster than small companies on average, 


corresponding to 48% less time required for PMA approval. 


 


52. Additionally, based upon the FDA’s PMA approval history, accelerated FDA approval of 


Galleri would significantly decrease FDA review time for future similar tests, enabling 


them to get to market more quickly and thereby increasing opportunity for this entire 


class of IVD products.  


53. Early PMA approval of Galleri will pave the way for other multi-cancer screening tests to 


obtain approval faster and with fewer risks.  Galleri is breaking new ground in liquid 


biopsy, multi-cancer screening.  Because the FDA has never approved a test of its kind, 
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the FDA’s understanding of the technology, and its safety and effectiveness for patients, 


is limited.  


54. Once the FDA has had experience with Galleri, however, subsequent reviews of similar 


products will become more efficient and effective.  PMA approval of Galleri would 


enable the FDA to create a framework within which to evaluate other multi-cancer 


screening tests and provide clarity to other test developers regarding the FDA’s 


expectations.  This will reduce the uncertainty currently associated with the process.  


With less uncertainty, the timeline for approval of future tests – either complementary or 


competitive – is likely to be shorter. 


55. Other test developers are also likely to have the ability to leverage published RWE 


collected for Galleri to support their clinical studies.  Leveraging this RWE may enable 


them to save time and money obtaining PMA approval.  


56. Evidence shows that for medical devices, pioneer entrants spend 34 percent (7.2 months) 


longer than follow-on entrants to obtain FDA PMA approval.35  


57. Historically, companies have been able to obtain regulatory approval of NGS-based tests 


faster after at least one applicant has received approval.  


58. As an example, the FDA approved Thermo Fisher’s Oncomine Dx in June 2017, a first-


in-kind companion diagnostic that uses Thermo Fisher’s NGS technology to screen tumor 


samples for biomarkers associated with three approved targeted therapies.36  This test 


was designed to help oncologists more quickly select a treatment plan for their patients.  


 
35 A. Stern, Harvard Business School, “Innovation under Regulatory Uncertainty: Evidence from 
Medical Technology” (Sept. 30, 2016), https://www.hbs.edu/ris/Publication%20Files/16-
005_f1090fd0-e0b4-4556-b6f7-f6cbfd6b9ef0.pdf.  
36 ThermoFisher Scientific, “FDA Approves First Companion Diagnostic Test to Simultaneously 
Screen for Multiple Non-Small Lung Cancer Therapies” (June 22, 2017), 
https://thermofisher.mediaroom.com/2017-06-22-FDA-Approves-First-Companion-Diagnostic-
Test-to-Simultaneously-Screen-for-Multiple-Non-Small-Cell-Lung-Cancer-Therapies. 
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The FDA granted approval 248 days after it received the complete PMA application.37  


Later that year, Foundation Medicine (“FMI”) applied for a PMA for FoundationOne 


CDx, a similar product to Oncomine Dx as an NGS-based companion diagnostic for 


advanced cancers.  The FDA approved FMI’s PMA within 181 days, an approval process 


27% faster than Oncomine Dx’s.38  


59. Another example is Roche’s COBAS EGFR Mutation test, which was approved within 


187 days in May 2013.39  In 2019, Qiagen received FDA approval for a similar product, 


the Therascreen PIK3CA RGQ PCR kit, in 98 days – 50% faster that the first test of its 


kind.40 


60. Outside of genetic tests, another example involves transcatheter heart valves.  The FDA 


approved the SAPIEN valve by Edwards Lifesciences in November 2011 after a 366-day 


review process.41  Three years later, the SAPIEN’s direct competitor, COREVALVE was 


approved after only 179 days42 – a 47% reduction in time. 


61. Thus, based on historical data, if GRAIL is able to obtain FDA approval faster as a result 


of being acquired by Illumina than it would on its own, the transaction will not only 


benefit GRAIL and the physicians and patients who use Galleri; it will also benefit the 


cancer screening industry as a whole.  The combined company could pave a significantly 


quicker path for other companies that are currently working on developing multi-cancer 


 
37 FDA Database, Premarket Approval (PMA) – Oncomine Dx Target Test,  
https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfpma/pma.cfm?id=p160045.  
38 FDA Database, Premarket Approval (PMA) – FoundationOne CDx, 
https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfpma/pma.cfm?id=p170019. 
39 FDA Database, Premarket Approval (PMA) – COBAS EGFR MUTATION TEST, 
https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfpma/pma.cfm?id=P120019. 
40 FDA Database, Premarket Approval (PMA) – Therascreen PIK3CA RGQ PCR Kit, 
https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfpma/pma.cfm?id=P190004. 
41 FDA Database, Premarket Approval (PMA) – EDWARDS SAPIEN TRANSCATHETER 
HEART VALVE AND ACCESSORIES, 
https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfpma/pma.cfm?id=P100041. 
42 FDA Database, Premarket Approval (PMA) – MEDTRONIC COREVALVE SYSTEM, 
https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfpma/pma.cfm?id=P130021. 



https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfpma/pma.cfm?id=p160045
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early detection tests that may either compliment or compete with Galleri to obtain FDA 


approval. 


* * * 


I declare under penalty of perjury under the laws of the United States of America that the 


foregoing is true and correct.  I executed this declaration on July 16, 2021, in New York. 


 


Dated: July 16, 2021 


Respectfully submitted,  


    


George J. Serafin 


 







 


 


EXHIBIT I: George J. Serafin CV 


George J. Serafin, Senior Managing Director, FTI Consulting, Inc. 
3 Times Square New York, NY 10036 · +1 212.841.9352 · george.serafin@fticonsulting.com 


 


Senior professional possessing a unique blend of industry, technology, and consulting/professional services and 30+ years’ 
experience spanning R&D, engineering, manufacturing, supply chain, quality control/laboratory, quality assurance, regulatory, 
compliance, corporate/operations, and information technology across pharmaceuticals, biotechnology, medical device and 
diagnostics, nutraceuticals, and consumer healthcare 


Subject matter expert from late-stage development through commercialization and post-market surveillance in the areas of 
chemistry, manufacturing, and controls (CMC), clinical trial management, supply chain, manufacturing, quality, regulatory, and IT, in 
preparation for regulatory submissions and market registrations, and developing process improvements to increase efficiencies and 
operational excellence 


Accomplished in global markets assisting life sciences and healthcare multi-national organizations with complex business and 
technology transformations often in response to regulatory enforcement or evolving regulatory requirements and expectations 


 


EXPERT WITNESS ENGAGEMENTS 
 


Certain Pre-Filled Syringes For Intravitreal Injection And Components Thereof, U.S.I.T.C. Inv. No. 337-TA-1207 
• Retained by Respondent Regeneron as an expert in combination drug product manufacturing and supply chain issues 


affecting the public interest. Served an expert report and provided deposition testimony. 


• Opinions persuaded the ITC’s Office of Unfair Import Investigations to recommend delay of exclusion order, or no exclusion 
order, resulting in Novartis withdrawing its complaint. 


PROFESSIONAL EXPERIENCE 
 


FTI Consulting, Inc. | New York, NY February 2020 – Present 
Senior Managing Director / Health Solutions 


• Advise clients as a subject matter expert from late-stage development through commercialization and post-market 
surveillance in the areas of chemistry, manufacturing, and controls (CMC), clinical trial management, supply chain, 
manufacturing, quality, regulatory, and IT, in preparation for regulatory submissions and market registrations and developing 
process improvements to increase efficiencies and operational excellence 


• Lead multi-disciplinary teams serving clients in the development and execution of business strategies that promote 
innovation and growth, operational efficiency, process excellence, and sustained regulatory compliance involving business 
process transformation and technology enablement including advanced manufacturing, enterprise systems, digital 
technology, cloud computing, intelligent automation, and advanced analytics 


• Provide consulting services related to domestic and international operational, financial and compliance issues faced by life 
sciences companies 


• Serve as a strategic advisor to FDA in various areas, including advanced manufacturing, cloud computing, data integrity, digital 
health, product quality, and patient safety. Most recently, co-led a collaboration effort between FDA, the Medical Device 
Innovation Consortium (MDIC), and the medical device industry that developed the Voluntary Manufacturing and Product 
Quality Pilot Program which leverages CMMI (Capability Maturity Model Integration) as the standard maturity model by which 
medical device organizations may measure their capability to produce high-quality devices and improve patient safety 


Laidlaw & Company (UK), Laidlaw Venture Partners | New York, NY June 2020 – Present 
Board of Advisors 


• Serve as an advisor in the areas of business development, regulatory compliance and risk management concerning the 
development and evolution of Laidlaw’s life sciences and healthcare investment portfolio 



mailto:george.serafin@fticonsulting.com
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Grant Thornton LLP | Iselin, NJ January 2017 – October 2019 
Principal / U.S. Industry Leader / Healthcare Life Sciences Industry Leader 


• Developed and executed strategies with industry managing partners and senior leadership that delivered a consistent and 
effective client experience across Advisory Consulting, Audit, and Tax businesses to drive growth and performance 


• Led a multi-disciplinary team who serves clients through advisory consulting, audit, and tax services as well as the overall 
strategic direction and market eminence of the healthcare and life sciences industry sectors, including cross-functional go- 
to-market strategies, business development efforts, client-facing leaders’ development and succession, and talent 


• Advised clients as a subject matter expert from late-stage development through commercialization and post-market 
surveillance including in the areas of chemistry, manufacturing, and controls (CMC), clinical trial management, supply chain, 
manufacturing, quality, regulatory, and IT in preparation for regulatory submissions and market registrations and also process 
improvements to increase efficiencies and operational excellence 


• Led multi-disciplinary teams serving clients in the development and execution of business strategies that promote innovation 
and growth, operational efficiency and process excellence, and sustained regulatory compliance involving business process 
transformation and technology enablement including advanced manufacturing, enterprise systems, digital technology, cloud 
computing, intelligent automation, and advanced analytics 


• Innovated new solutions and services including SmartMDR/IVDRTM, a first-of-its-kind SaaS solution assisting clients with the 
assessment, costing, project management and remediation consequent to new EU legislation and a quality analytics SaaS 
solution enabling visualization summaries of critical to quality measures at the enterprise, operational, functional, and site 
levels 


Deloitte & Touche LLP | Parsippany, NJ June 2005 – December 2016 
National Managing Director, Life Sciences and Healthcare Regulatory Risk and Compliance 


• National Leader of Deloitte & Touche's Life Sciences and Healthcare Regulatory Risk and Compliance consulting practice that 
assisted clients in achieving their strategic priorities and sustained enterprise value through proactively assessing and 
effectively managing the regulatory and compliance impact of organizations' business strategy and day-to-day operations, 
globalization (including emerging regulatory requirements and trends as well as evolving regulatory expectations), mergers, 
acquisitions, and divestitures 


• Advised pharmaceuticals, biotechnology, and medical device and diagnostic companies as a subject matter expert from late- 
stage development through commercialization and post-market surveillance including in the areas of chemistry, 
manufacturing, and controls (CMC), clinical trial management, supply chain, manufacturing, quality, regulatory, and IT in 
preparation for regulatory submissions and market registrations and also process improvements to increase efficiencies and 
operational excellence 


• Assisted clients with addressing domestic and international regulatory requirements and compliance including ANVISA, CMS, 
DEA, EMA, FDA, GCP/PV, GxP, HC, HIPAA, ICH, ISO, MHLW, MHRA, NMPA, OIG, PDMA, PIC/S and TGA spanning product 
submission/approvals, site registrations, as well as response/remediation to enforcement (e.g. 483/Warning Letter/Consent 
Decree, Corporate Integrity Agreements, recalls, etc.) 


The Serafin Group | Chester, NJ December 2002 – May 2005 
President and CEO 


• Created start up multi-million dollar consulting company assisting biopharmaceutical, medical device and diagnostics 
companies from late-stage development through commercialization and post-market surveillance in the areas of chemistry, 
manufacturing, and controls (CMC), clinical trial management, supply chain, manufacturing, quality, regulatory, and IT in 
preparation for regulatory submissions and market registrations and also process improvements to increase efficiencies and 
operational excellence 
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SAP | Newtown Square, PA July 1998 – November 2002 
Global Director, Pharmaceutical Industry Business Unit 


• Responsible for the development, delivery, and maintenance of the SAP Life Sciences solution versions 3.1H – 5.0 including 
being the first major software vendor to satisfy FDA 21 CFR Part 11 and global ERES regulatory requirements 


• Assisted pharmaceutical, biotechnology, and medical device and diagnostic companies with the planning, design, and global 
deployment of SAP’s Life Sciences solution that successfully achieved their strategic business objectives including sustained 
regulatory compliance and sometimes in response to regulatory enforcement 


• SAP Platinum Consultant in the areas of product life cycle management, supply chain, manufacturing, quality, and regulatory 
compliance across both discrete and process manufacturing SAP modules 


Roche | Branchburg, NJ January 1997 – June 1998 
IT Senior Analyst 


• Assist the organization across multiple functional areas including supply chain, manufacturing, quality, and regulatory affairs 
concerning the development, manufacturing, and commercialization of polymerase chain reaction (PCR) diagnostic test kits 
as part of the COBAS AMPLICOR platform. This included the enhancement of processes and improved data governance, data 
management, and data integrity for these highly regulated areas and the design, development, implementation, and 
validation of various IT solutions and integration to a new enterprise resource planning (ERP) system 


Fresenius Medical Care | Waltham, MA July 1993 – December 1996 
Plant Manager /Corporate Quality Systems Director 


• Managed manufacturing facility, including P&L, and led successful remediation of a significant number of 483s while under 
FDA Consent Decree 


• As part of the management team, responded to FDA Consent Decree impacting domestic and international sites, successfully 
remediated all sites leading to successful termination of the agreement within specified time frame while also still achieving 
minimal disruption to supply chain and the business 


Roche | Nutley, NJ January 1989 – June 1993 
Engineer / Engineering Manager 


Novartis | East Hanover, NJ October 1987 – December 1988 
R&D Engineer 


EDUCATION 
 


Master of Science, Technology Management, Stevens Institute of Technology Bachelor of Engineering, Biomedical 
Engineering, Stevens Institute of Technology 


SELECT PUBLICATIONS, PRESENTATIONS, AND INTERVIEWS 
 


A Patient-First Approach to Achieving Diversity in Clinical Trials, FTI Consulting Whitepaper, June 2021 Innovation in a 
Time of Crisis: Is Healthcare Committed?, FTI Consulting Whitepaper, October 2020 Converting Venues into Healthcare 
Facilities in the Midst of COVID-19, FTI Consulting Whitepaper, June 2020 


Automotive Manufacturers: Overcoming the Challenges of Medical Device Regulation and Compliance, FTI Whitepaper, 
April 2020 


Silicon Valley Hopes New Test Tube Will Revolutionize COVID-19 Testing, NBC Bay Area Interview, May 2020 


COVID-19: Impact on Global Pharmaceutical and Medical Product Supply Chain Constrains U.S. Production, FTI Consulting 
Whitepaper, March 2020 


Medical Devices in Massachusetts State of the Industry, MassMEDIC Report and Presentation, July 2019  
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Innovation gets personal in life sciences, Grant Thornton White Paper, December 2018 


The CDRH Case for Quality: Shifting the Regulatory Mindset from Compliance to Quality, RAPS Convergence Conference, 
October 2018 


Medical Devices in Massachusetts State of the Industry, MassMEDIC Annual Conference, October 2018 


Continuous Visibility of Product Quality, FDA/Xavier MedConn Conference, May 2018 


iSolve Asks the Experts: George Serafin, BlockRx.com, YouTube video, October 2017 


Feasibility and Effectiveness of Analytics for Medical Device Product Quality Outcomes, MDIC, September 2016 


Regulatory Standards and Risk Management in Medical Devices, Biomedical Engineering Society (BMES), Webinar, April 
2016 


Forward look Top regulatory trends for 2016 in Life Sciences & Health Care, Deloitte Center for Regulatory Strategies, 
December 2015 


Assessing quality system maturity models that could help medical device companies drive quality beyond compliance, 


Deloitte Regulatory Pulse Blog, July 2015 


MDIC Case for Quality Program, Maturity Model Research Report, June 2015 


Data Integrity in Clinical Trials, FDLI Annual Conference, May 2015 


Forward Look Top regulatory midyear trends for 2014 in life sciences, Deloitte Whitepaper, June 2014 
Meeting compliance challenges Leveraging the value of outsourcing, Deloitte Whitepaper, June 2013  


Complying with U.S. FDA Title 21 CFR Part 11 for the Life Sciences Industry, SAP AG Whitepaper, January 2013 


Information Lifecycle Management: Risks to Data Integrity, ISPE GAMP Conference, February 2011 


The Risk Intelligent Chief Compliance Officer Champion of Risk Intelligent compliance, Deloitte Risk Intelligence Series Issue 
24, June 2012 


Drug Information Association (DIA) Trial Master File (TMF) Reference Model 1.0, June 2010 
Regulatory Compliance During Time of M&A, RAPS Horizons Conference, March 2010 


The Risk Intelligent Life Sciences Company, Deloitte Risk Intelligence Series Issue No. 4, June 2007 


Innovative Drug Development in a Pharmacovigilant Environment, Harvard University FDA Symposium, August 2006 


Harmonization of Global CSV Regulatory Requirements, IVT European Conference, Amsterdam, Netherlands, May 2006 
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EXHIBIT II: Materials Considered 


I. Produced Documents 


Bates Number Title 


FTC_ILMN_00084275 FDA Letter to Jody Fleming on January 21, 2021 
FTC_ILMN_00092715 CDRH eCopy Validation Report -  Content Listing Report – Submission 


Success 
FTC_ILMN_00122577  Illumina – MiSeqDx Extended RAS Panel Assay – Modular PMA – Module 1 – 


User Fee Cover Sheet 
FTC_ILMN_00122577 


 
Illumina – User Fee Cover Sheet – MISEQDX Extended RAS Panel – Module 


4 PMA Submission 
FTC_ILMN_00122579 


 
Illumina – MISEQDX Extended RAS Panel – Hardware Verification 


FTC_ILMN_00122596 
 


Illumina – MISEQDX Extended RAS Panel – System Validation – Module 4 


FTC_ILMN_00122597  Illumina – MiSeqDx Extended RAS Panel Assay – Modular PMA – Module 3 – 
Appendices 


FTC_ILMN_00123529 
 


Illumina – MISEQDX Extended RAS Panel – Risk Management 


FTC_ILMN_00123543 
 


Illumina – Medical Device User Fee Cover Sheet – MISEQDX Extended RAS 
Panel – Modular PMA 


FTC_ILMN_00123543 Illumina – User Fee Cover Sheet – MISEQDX Extended RAS Panel – Module 
3 PMA Submission 


FTC_ILMN_00123545 
 


Illumina – MiSeqDx Extended RAS Panel Assay – Modular PMA – Premarket 
Review Cover Sheet 


FTC_ILMN_00123550 
 


Illumina – CDRH Premarket Review Submission Cover Sheet - MISEQDX 
Extended RAS Panel – Module 4 


FTC_ILMN_00123555  Illumina – MiSeqDx Extended RAS Panel Assay – Modular PMA – Module 4 – 
Letter of Authorization – Amgen 


FTC_ILMN_00123557 
 


Illumina – MISEQDX Extended RAS Panel FDA -Certification of Compliance 


FTC_ILMN_00123558 
 


Illumina – MISEQDX Extended RAS Panel FDA -Clinical Validation 
Documents 


 
FTC_ILMN_00123784 


 


Illumina – MISEQDX Extended RAS Panel FDA -Clinical Validation 
Documents – Clinical Study Report 


FTC_ILMN_00124036 
 


Illumina – MISEQDX Extended RAS Panel FDA -Clinical Validation 
Documents – Clinical Study Report 


FTC_ILMN_00124293 
 


Illumina – MISEQDX Extended RAS Panel FDA -Reproducibility 
Documentation 


FTC_ILMN_00124449  Illumina – MiSeqDx Extended RAS Panel Assay – Modular PMA – Module 4 - 
Clinical Evaluation 
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FTC_ILMN_00124468  Illumina – MiSeqDx Extended RAS Panel Assay – Modular PMA – Module 4 – 
System Validation 


FTC_ILMN_00124773 
 


Illumina – MISEQDX Extended RAS Panel FDA – Previous Correspondence 


FTC_ILMN_00124988;  
ILMN-FTCVOL_16304781 


 


Illumina – MISEQDX Extended RAS Panel FDA – Previous Correspondence – 
Table 7.1 – 7.5 


FTC_ILMN_00125239 
 


Illumina – MISEQDX Extended RAS Panel FDA – Previous Correspondence 


FTC_ILMN_00125331 
 


Illumina – MISEQDX Extended RAS Panel FDA – Previous Correspondence – 
Open Deliverables 


FTC_ILMN_00125469 
 


Illumina – MISEQDX Extended RAS Panel FDA -Proposed Labeling 


FTC_ILMN_00125630 
 


Illumina – MISEQDX Extended RAS Panel FDA -Summary of Safety and 
Effectiveness (SSED) 


FTC_ILMN_00125687  Illumina – MiSeqDx Extended RAS Panel Assay – Modular PMA – Module 4 – 
Signed Cover Letter 


FTC_ILMN_00125689 
 


CDRH eCopies Content Listing Report 


FTC_ILMN_00125784  Illumina - Quality Management Review (QMR) - San Diego – Q4 2019 


FTC_ILMN_00125989  San Diego Quality Operations – Q4 2020 SQMR & 2021 Metrics Presentation  
FTC_ILMN_00126097  Illumina Work Instruction (WI) – Development and Validation of Clinical Data 


FTC_ILMN_00126098  Illumina – U.S Headcount 
FTC_ILMN_00126099 


 
Illumina – Trial Phases RACI 


FTC_ILMN_00131271  Illumina – MiSeqDx Extended RAS Panel Assay – Modular PMA – Module 1 – 
EMC and Safety 


FTC_ILMN_00131274  Illumina – MiSeqDx Extended RAS Panel Assay – Modular PMA – Module 1 – 
Quality Systems Manufacturing 


FTC_ILMN_00131304 
 


Illumina – Work Instruction – MiSeqDx - Alignment 


FTC_ILMN_00131672 
 


Illumina – Work Instruction – Appendices 04-06 – Work Instructions 
referenced in Manufacturing Summary of MISEQDX Extended RAS Panel 


PMA  
FTC_ILMN_00132154 


 
Illumina – Work Instruction – Operating Varian SD2 HPLC Systems 


FTC_ILMN_00132490  Illumina – MiSeqDx Extended RAS Panel Assay – Modular PMA – Module 1 – 
Appendices Part 2 


FTC_ILMN_00133181 
 


Illumina – Praxis Extended RAS Panel – P160038/A001 – Amendment – Web 
Page Screenshot with Cover 
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FTC_ILMN_00133183  Illumina – Praxis Extended RAS Panel PMA – Amendment to Module 4 – 
Cover Letter – Final 


FTC_ILMN_00133184  Illumina – MiSeqDx Extended RAS Panel – CDRH Acknowledgement Letter – 
Receipt of Submission – October 2016 


FTC_ILMN_00133185 
 


Illumina – FDA Receipt – Acknowledgement Letter – P160038/A003 – 
MISEQDX Extended RAS Panel 


FTC_ILMN_00133186 
 


Illumina – FDA Receipt – Deficiency Letter Response – P160038/A004 – 
MISEQDX Extended RAS Panel 


FTC_ILMN_00133317 
 


Illumina – Deficiency Letter Response – P160038/A004 – MISEQDX Extended 
RAS Panel 


FTC_ILMN_00133375 
 


Illumina – FDA Receipt – Acknowledgement Letter – P160038/A005 – 
MISEQDX Extended RAS Panel 


FTC_ILMN_00133376 Illumina – MiSeqDx Extended RAS Panel PMA – Responses to Major 
Deficiency Letter – Mar 2017 


 
FTC_ILMN_00133507 


 


Illumina – FDA Receipt – Acknowledgement Letter – P160038/A004 – 
MISEQDX Extended RAS Panel 


FTC_ILMN_00133508 
 


Illumina – P160038 – MISEQDX Extended RAS Panel – CDRH Premarket 
Review Submission Checklist 


FTC_ILMN_00133513 
 


Illumina – P160038 – MISEQDX Extended RAS Panel – PMA Cover Letter – 
Module 3 


FTC_ILMN_00133515 
 


Illumina – Praxis Extended RAS Panel – P160038/A007 – Updated Version – 
Package Insert 


FTC_ILMN_00133515 
 


Illumina – P160038/A007 – MISEQDX Extended RAS Panel – Updated 
Package Insert 


FTC_ILMN_00133595 
 


Illumina – P160038 – MISEQDX Extended RAS Panel – PMA Cover Letter 


FTC_ILMN_00133599 
 


Illumina – Praxis Extended RAS Panel – P160038/A008 – Amendment 
Submission Email to FDA 


FTC_ILMN_00133743 
 


Illumina – Praxis Extended RAS Panel – P160038/A008 – Acknowledgement 
Letter 


FTC_ILMN_00133744 
 


Illumina – Praxis Extended RAS Panel – P160038/A008 – Email from FDA 
acknowledging completion of labeling review 


FTC_ILMN_00133809  Illumina – MiSeqDx Extended RAS Panel Assay – Modular PMA – Module 1 – 
Appendices Part 1 


FTC_ILMN_00134381 Illumina – MISEQDX Extended RAS Panel – Software Work Instruction and 
Software Development Plan – Appendix 04.1 


FTC_ILMN_00134412 Illumina – MiSeqDx Extended RAS Panel Assay – Modular PMA – Module 1 – 
Cover Letters 


FTC_ILMN_00134415 Illumina – MiSeqDx Extended RAS Panel Assay – Modular PMA – Module 1 – 
Device Description 


FTC_ILMN_00134441 Illumina – MISEQDX Extended RAS Panel FDA -Device Description 
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FTC_ILMN_00134690 Illumina - MiSeqDx Extended RAS Panel – Amendment to PMA Module 3 – 
Responses to Deficiency Letter  


FTC_ILMN_00134943 Illumina – MISEQDX Extended RAS Panel – Hazard Analysis – Appendix 
04.2 


FTC_ILMN_00134998 Illumina – Table of Contents – MISEQDX Extended RAS Panel – Module 3 
PMA Submission 


FTC_ILMN_00135004 Illumina – MISEQDX Extended RAS Panel – Software Requirements – 
Appendix 04.3 


FTC_ILMN_00135300 Illumina – MISEQDX Extended RAS Panel – Software Architecture and 
Design – Appendix 04.4 


FTC_ILMN_00135741 Illumina – MISEQDX Extended RAS Panel – Software Verification with MSR 
Architecture – Appendix 04.5 Part 1 


FTC_ILMN_00136485 Illumina – MiSeqDx Extended RAS Panel Assay – Modular PMA – Module 1 – 
Executive Summary 


FTC_ILMN_00136493 Illumina – MiSeqDx Extended RAS Panel Assay – Modular PMA – Module 3 – 
Executive Summary 


FTC_ILMN_00136519 Illumina – MISEQDX Extended RAS Panel – Software Verification with MSR 
Architecture – Appendix 04.5 Part 2 


FTC_ILMN_00136773 Illumina – MISEQDX Extended RAS Panel – Software Verification with MAP 
Architecture – Appendix 04.6 Part 1 


FTC_ILMN_00137718 Illumina – MISEQDX Extended RAS Panel – Software Verification with MAP 
Architecture – Appendix 04.6 Part 2 


FTC_ILMN_00138424 Illumina – MISEQDX Extended RAS Panel – MSR to MAP Transition Plan – 
Appendix 04.7 


FTC_ILMN_00138654 Illumina – MISEQDX Extended RAS Panel – Software Supporting 
Documentation – Appendix 04.8 


FTC_ILMN_00138696 Illumina – MISEQDX Extended RAS Panel – Final Reports – Appendix 04.9 
FTC_ILMN_00138701 Illumina – MiSeqDx Extended RAS Panel – CDRH Receipt of Submission – 


October 2016 
FTC_ILMN_00138702 VIP Illumina – CMMI Medical Device Discovery Appraisal Program 


(MDDAP) – Final Results Presentation – Feb 2020  
ILMN_002601324  Illumina – Praxis Extended RAS Panel IVD Kit – PMA – Product Detail Page 


with Cover 
ILMN_010576881;  
ILMN_015849105;  


ILMN-FTCVOL_02856738 


Illumina – Praxis Extended RAS Panel – Package Insert – August 2017 


ILMN-FTCVOL_01615846 
 


Illumina – TruSight Oncology Comprehensive – Table of Contents 


ILMN-FTCVOL_01615892 
 


Illumina – P160038 – MISEQDX Extended RAS Panel – PMA Cover Letter 


ILMN-FTCVOL_02073165  Illumina - Design and Process Development – Mini-Summit Presentation 
ILMN-FTCVOL_02856481 


 
Illumina – Local Run Manager – Praxis Extended RAS Panel Analysis Module 


– May 2017 
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ILMN-FTCVOL_02856481 


 


Illumina – Local Run Manager – Praxis Extended RAS Panel Analysis Module 
– July 2017 


ILMN-FTCVOL_02856495 
 


Illumina – Praxis Extended RAS Panel – Lab Tracking Form 


ILMN-FTCVOL_02896696  Illumina – Operations Plan Template 
ILMN-FTCVOL_02935235 Illumina – MiSeqDx Extended RAS Panel Assay – Modular PMA – Module 2 – 


Section 3 –Software 
ILMN-FTCVOL_05686686  Illumina – MiSeqDx Extended RAS Panel Assay – Modular PMA – Module 1 – 


Design Controls 
ILMN-FTCVOL_05686686 Illumina – MiSeqDx Extended RAS Panel Assay – Modular PMA – Module 1 – 


Design Controls 
ILMN-FTCVOL_05889976  Illumina – Product Development Process (PDP) Overview – Q2 2020 
ILMN-FTCVOL_07270422 Illumina - TruSight™ Oncology 500 ctDNA & HT Launch Plan 
ILMN-FTCVOL_07755922  Illumina – Strategic Plan – 2019-2021 
ILMN-FTCVOL_10288412 Illumina - Regulatory Audit Trend Summary & 4-Yr Customer Audit Trend 


Summary 
ILMN-FTCVOL_10639194 


 
Illumina – Table of Contents – MISEQDX Extended RAS Panel – Module 2 


PMA Submission 
ILMN-FTCVOL_10639289 


 
Illumina – Cover Letter – MISEQDX Extended RAS Panel – Module 2 PMA 


Submission 
ILMN-FTCVOL_11110958 


 
Illumina – Table of Contents – MISEQDX Extended RAS Panel – Module 4 


PMA Submission 
ILMN-FTCVOL_11116668 Illumina – Deficiency Letter Response – P160038/A006 – MISEQDX Extended 


RAS Panel 
ILMN-FTCVOL_12715857 Illumina – Praxis Extended RAS Panel – Data Sheet 
ILMN-FTCVOL_12986425  Illumina – MiSeqDx Extended RAS Panel Assay – Modular PMA – Module 1 – 


Facilities 
ILMN-FTCVOL_12987278  Illumina – MiSeqDx Extended RAS Panel Assay – Modular PMA – Module 1 – 


Manufacturing Process 
ILMN-FTCVOL_13009433 


 
Illumina – TruSight Oncology Comprehensive Premarket Approval Application 


– Table of Contents 
ILMN-FTCVOL_13019214 


 
Illumina – Trusight Oncology Comprehensive Premarket Approval Application 


– Table of Contents 
ILMN-FTCVOL_13022899 


 
Illumina – MISEQDX Extended RAS Panel – Nonclinical (Analytical) 


Laboratory Studies – Module 3 
ILMN-FTCVOL_14143043  Illumina Work Instruction (WI) – Clinical Study Protocol 
ILMN-FTCVOL_14740014; 
ILMN-FTCVOL_14740061  


VIP Illumina - CMMI Medical Device Discovery Appraisal (MDDA) Pilot – 
Final Results Presentation – Nov 2016 


ILMN-FTCVOL_14773521 Illumina – P160038 – MISEQDX Extended RAS Panel – Package Insert 
ILMN-FTCVOL_16295277  Illumina – MiSeqDx Extended RAS Panel PMA – Module 2 – Responses to 


Deficiencies – Nov 2016 
ILMN-FTCVOL_16304781 Illumina – MISEQDX Extended RAS Panel FDA -Clinical Evaluation 
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ILMN-FTCVOL_16305218 


 
Illumina – MISEQDX Extended RAS Panel FDA -Clinical Validation 


Documents 
ILMN-FTCVOL_16886116  Illumina – bsi MDSAP Assessment Report – 2019 
ILMN-FTCVOL_16887848 Illumina – MISEQDX Extended RAS Panel FDA – Bioresearch Monitoring 
ILMN-FTCVOL_17194459  Illumina Procedure – End-to-End Clinical Study Process 


ILMN-FTCVOL_17582192  Illumina – Corporate Quality Management Review – 2020 
ILMN-FTCVOL_18562548 


 
Illumina – Praxis Extended RAS Panel – Reference Guide 


ILMN-FTCVOL_18575999  Illumina –MiSeqDx Extended RAS Panel Assay – Modular PMA – Module 1 – 
Table of Contents 


ILMN-FTCVOL_18575999 
 


Illumina – Table of Contents – MISEQDX Extended RAS Panel – Module 3 
PMA Submission 


ILMN-FTCVOL_18575999 
 


Illumina – Table of Contents – MISEQDX Extended RAS Panel – Module 4 
PMA Submission 


ILMN-FTCVOL_18588919 
 


Illumina – P160038 – MISEQDX Extended RAS Panel – CDRH Premarket 
Review Submission Checklist – Amendment 


ILMN-FTCVOL_18608003 Illumina –  TruSight NIPT Premarket Approval Application Table of Contents 
ILMN-FTCVOL_18624092 


 
Illumina – TruSight NIPT Premarket Approval Application 


ILMN-FTCVOL_18666718  Illumina – MiSeqDx Extended RAS Panel Assay – Modular PMA – Module 2 – 
Section 2 – Device Description 


ILMN-FTCVOL_19347650  Illumina - TSO 500 ctDNA and HT Product Launch Training Summary 
ILMN-FTCVOL_19360137  Illumina – MiSeqDx Extended RAS Panel Assay – Modular PMA – Module 1 – 


Premarket Review Cover Sheet 
ILMN-FTCVOL_19360137  Illumina – Quality Policy & Quality Objectives – 2019 
ILMN-FTCVOL_23967696 


 
Illumina – Clinical Affairs Process Map 


ILMN-FTCVOL_25287185 
 


Illumina – Deficiency Letter Response – P160038/A006 – MISEQDX Extended 
RAS Panel 


ILMN-FTCVOL_26634901 
 


Illumina – Email from FDA stating no additional questions related to P160038 
– MISEQDX Extended RAS Panel 


FTC_ILMN_00138741 Illumina – bsi MDSAP Medical Device Regulatory Audit Report – Signed Final 
– 2019 


GRAIL-DOC-01542348  GRAIL – FDA Meeting Presentation – GRAIL Overview & Regulatory – 
February 2020 


GS-FTC-000000337;  
MS_GRAIL_00056812  


GRAIL Presentation – STRIVE Study SAP – Clarification of FDA’s comments 
and Sponsor questions 


GRAIL-DOC-00222963 
 


Illumina – Interim Results of PATHFINDER  


GRAIL-DOC-00000089 Presubmission Discussions between GRAILL and FDA re Galleri 
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GRAIL-DOC-01258599 Version A Clinical study overview document for the Circulating Cell-free 
Genome Atlas (CCGA) Study 


 
GRAIL-DOC-01258631 Version B Clinical study overview document for the Circulating Cell-free 


Genome Atlas (CCGA) Study  
 


GRAIL-DOC-01161969 Version C Clinical study overview document for the Circulating Cell-free 
Genome Atlas (CCGA) Study 


 
GRAIL-DOC-01159214 Version D Clinical study overview document for the Circulating Cell-free 


Genome Atlas (CCGA) Study 
 


GRAIL-DOC-00811522 Version F Clinical study overview document for the The Circulating Cell-free 
Genome Atlas (CCGA) Study 


 
GRAIL-DOC-00227700 Version G Clinical study overview document for the The Circulating Cell-free 


Genome Atlas (CCGA) Study 
 


GRAIL-DOC-01403992 Version 2 CCGA2 TidyData Plan describing data flow, data processing steps, 
datasets and selected populations, access controls and blindings, eligibility, etc. 


GRAIL-DOC-00227421 Version 1 CUP Protocol rationale and overview to expand trials of CUP when 
patients cannot be eligible for the PATHFINDER study 


 
GRAIL-DOC-01495135 Annual Report for GRAIL's Galleri Test for period from 11/1/2019 - 


10/27/2020 
GRAIL-DOC-00257883 Version 1 The PATHFINDER Pilot: Assessment of the Implementation of the 


GRAIL Multi-cancer Blood Test into Clinical Practice 
GRAIL-DOC-00464818 Version 2 The PATHFINDER Pilot: Assessment of the Implementation of the 


GRAIL Multi-cancer Blood Test into Clinical Practice 
GRAIL-DOC-00798984 Version 3 The PATHFINDER Pilot: Assessment of the Implementation of the 


GRAIL Multi-cancer Blood Test into Clinical Practice 
GRAIL-DOC-00798534 Version 3.1 The PATHFINDER Pilot: Assessment of the Implementation of the 


GRAIL Multi-cancer Blood Test into Clinical Practice 
GRAIL-DOC-00937129 Version 4 The PATHFINDER Pilot: Assessment of the Implementation of the 


GRAIL Multi-cancer Blood Test into Clinical Practice 
GRAIL-DOC-00443073 Version 6 The PATHFINDER Pilot: Assessment of the Implementation of the 


GRAIL Multi-cancer Blood Test into Clinical Practice 
GRAIL-DOC-01164625 Version 7 The PATHFINDER Pilot: Assessment of the Implementation of the 


GRAIL Multi-cancer Blood Test into Clinical Practice 
GRAIL-DOC-01259166 Version 8 The PATHFINDER Pilot: Assessment of the Implementation of the 


GRAIL Multi-cancer Blood Test into Clinical Practice 
GRAIL-DOC-01294755 Version 1 GRAIL-007 Study Monitoring Plan 
GRAIL-DOC-01041738 Scientific Advisory Board agenda and slide deck 
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GRAIL-DOC-01351473 Science, Medicine, and Technology Board Subcommittee Meeting, 2019-11-20 
Pre-Read agenda and slide deck 


GRAIL-DOC-00007218 Science, Medicine, and Technology Board Subcommittee Meeting, 2020-03-02 
Pre-Read agenda and slide deck 


GRAIL-DOC-00230668 Science, Medicine, Technology Subcommittee Meeting, September 9, 2020 
agenda and slide deck 


GRAIL-DOC-01156890 Version 1 The STRIVE Study:  Breast Cancer Screening Cohort for Training 
and Validation of the GRAIL Test 


GRAIL-DOC-00967976 Version 4 The STRIVE Study:  Breast Cancer Screening Cohort for Training 
and Validation of the GRAIL Test 


GRAIL-DOC-00811580 Version 5 The STRIVE Study:  Breast Cancer Screening Cohort for Training 
and Validation of the GRAIL Test 


GRAIL-DOC-01162811 Version 6 The STRIVE Study:  Breast Cancer Screening Cohort for Training 
and Validation of the GRAIL Test 


GRAIL-DOC-00905120 Version 7 The STRIVE Study:  Breast Cancer Screening Cohort for Training 
and Validation of the GRAIL Test 


GRAIL-DOC-00633983 Version 2 GRAIL-002 STRIVE Study Monitoring Plan 
GRAIL-DOC-00700410 Version 3 GRAIL-002 STRIVE Study Monitoring Plan 
GRAIL-DOC-00964258 Version 1 Lung cancer screening study using low dose CT to support the 


development of blood tests for early cancer detection 
GRAIL-DOC-00945565 Version 3 Lung cancer screening study using low dose CT to support the 


development of blood tests for early cancer detection 
GRAIL-DOC-01150209 Supplemental Appendix Clinical Study Report: GRAIL-001 -CCGA2 Hold Out 


Validation of V1.0 Multi-Cancer Test 
GRAIL-DOC-01906992 GRAIL Board of Directors meeting agenda and slide deck 
GRAIL-DOC-01907119 GRAIL Board of Directors meeting agenda and slide deck 
GRAIL-DOC-01907199 GRAIL Board of Directors meeting agenda and slide deck 
GRAIL-DOC-01907298 GRAIL Board of Directors meeting agenda and slide deck 
GRAIL-DOC-01907399 GRAIL Board of Directors meeting agenda and slide deck 
GRAIL-DOC-01907474 GRAIL Board of Directors meeting agenda and slide deck 
GRAIL-DOC-01907536 GRAIL Board of Directors meeting agenda and slide deck 
GRAIL-DOC-01907662 GRAIL Board of Directors meeting agenda and slide deck 
GRAIL-DOC-01907799 GRAIL Board of Directors meeting agenda and slide deck 
GRAIL-DOC-01906706 GRAIL Board of Directors meeting agenda and slide deck 
GRAIL-DOC-01907984 GRAIL Board of Directors meeting agenda and slide deck 
GRAIL-DOC-00594316 Version 1 Statistical Analysis Plan Validation Phase of Classifier Development 


GRAIL-001 The Circulating Cell-free Genome Atlas (CCGA), and GRAIL-002 
STRIVE 


GRAIL-DOC-00594538 Version 2 Statistical Analysis Plan Validation Phase of Classifier Development 
GRAIL-001 The Circulating Cell-free Genome Atlas (CCGA), and GRAIL-002 


STRIVE 
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GRAIL-DOC-01157527 Analysis Plan for First Classification Study of The Circulating Cell-free 
Genome Atlas(CCGA) GRAIL-001 Study Analysis of Breast and Other 


Cancers and Representative Non-cancer Subjects 
GRAIL-DOC-00257322 Version 1.2 CLINICAL SUBSTUDY STATISTICAL ANALYSIS PLAN: 


GRAIL-001 The Circulating Cell-free Genome Atlas (CCGA) Study 
NCT02889978 Classification Substudy #2 Training 


GRAIL-DOC-00726753 Version 1 CLINICAL SUBSTUDY STATISTICAL ANALYSIS 
PLAN:  GRAIL-001 The Circulating Cell-free Genome Atlas (CCGA) Study 


Classification  Substudy #1 
GRAIL-DOC-01155702 Version 2 CLINICAL SUBSTUDY STATISTIC ALANALYSIS PLAN: 


GRAIL-001T he Circulating Cell-free Genome Atlas(CCGA) Study 
Classification Substudy #1 


GRAIL-DOC-01040001 Version 3 CLINICAL SUBSTUDY STATISTICAL ANALYSIS PLAN:  
GRAIL-001T he Circulating Cell-free Genome Atlas (CCGA) Study 


Classification Substudy #1 
GRAIL-DOC-00700280 Version 1 CLINICAL SUBSTUDY STATISTICAL ANALYSIS 


PLAN:  GRAIL-001T he Circulating Cell-free Genome Atlas (CCGA) Study 
Classification Substudy #2 Training 


GRAIL-DOC-00489945 Version 1.1 CLINICAL SUBSTUDY STATISTICAL ANALYSIS PLAN: 
GRAIL-001 The Circulating Cell-free Genome Atlas (CCGA) Study 


Classification Substudy #2 Training 
GRAIL-DOC-00462670 Statistical Analysis Plan Synopsis Clinical Validation Sub-Study of The 


Circulating Cell-free Genome Atlas (CCGA) Study 
 


GRAIL-DOC-00929245 Statistical Analysis Plan (SAP) GRAIL-001-CCGA3 Clinical Validation of the 
GRAIL Multi-Cancer TestVersion 2 


 
GRAIL-DOC-00226141 Record of Meeting between FDA and GRAIL 


 
GRAIL-DOC-00711578 Statistical Analysis Plan Synopsis of The PATHFINDER Study: Assessment of 


the Implementation of an Investigational Multi-Cancer Early Detection Test 
into Clinical Practice 


 
GRAIL-DOC-00593458 Statistical Analysis Plan GRAIL-007 The PATHFINDER Study 
GRAIL-LIT-00224578 GRAIL Organizational Structure as of August 26, 2020. This document 


includes CEO direct reports and the key leaders under each report. 
GRAIL-LIT-00224579 GRAIL Organization Structure for External Affairs group as of Oct 2020 
GRAIL-LIT-00224580  Blank enrollments form for blood withdrawal from test subjects. Over 400 


pages looking to obtain patient specific info for registration 
GRAIL-LIT-00224971 Clinical Data Lock Process 
GRAIL-LIT-00224991 Clinical Data Management Plan Development 
GRAIL-LIT-00224999 Clinical Data Management Plan Template 
GRAIL-LIT-00225003 eCRF and Edit Check Development Process for Medrio 
GRAIL-LIT-00225014 eCRF Development Process Using GRAIL's EDC System 
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GRAIL-LIT-00225023 Edit Check Development Process Using GRAIL's EDC System 
GRAIL-LIT-00225033 RESPONSE TO THE REQUEST FOR ADDITIONAL INFORMATION AND 


DOCUMENTARY MATERIALS ISSUED TO GRAIL, INC.  
GRAIL-LIT-00225196 GRAIL Sample and Data Analysis Workflow for Clinical Studies  
GRAIL-LIT-00225213 Sample clinical research form the pathfinder study (236 pages) 
GRAIL-LIT-00225449  This Standard Operating Procedure (SOP) describes the process for generating 


clinical data queries within Electronic Data Capture (EDC) Sytems 
GRAIL-LIT-00225454 Sample clinical research form for the STRIVE clinical study 
GRAIL-LIT-00226225 Sample clinical research form for the SUMMIT Clinical study (358 pages) 


II. Deposition Materials 


Deponent Description Date 


Joshua Ofman Deposition Transcript of Joshua Ofman with 
exhibits 


5/28/2021 


Ammar Qadan 
Deposition Transcript of Ammar Qadan with 


exhibits 


5/26/2021 


Philip Febbo 
Deposition Transcript of Philip Febbo with 


exhibits 


6/18/2021 


Darya Chudova Deposition Transcript of Darya Chudova 6/2/2021 


Kevin Conroy Deposition Transcript of Kevin Conroy 6/22/2021 


III. Case Materials 


Title Description 


2021.05.03 - Illumina ROs to 


FTCs First Interrogatories 


Illumina’s Responses and Objections to FTC’s First Interrogatories 


2021.05.10 - Illumina ROs to 


FTCs Second ROGs to Illumina 


Illumina’s Responses and Objections to FTC’s Second Interrogatories 


IV. Articles 
File Name Article Name 


NHS - NHS to pilot potentially 
revolutionary blood test that 
detects more than 50 cancers 


 


NHS, “NHS to pilot potentially revolutionary blood test that detects more 
than 50 cancers” (Nov. 27, 2020), 


https://www.england.nhs.uk/2020/11/nhs-to-pilot-potentially-
revolutionary-blood-test/.NHS to pilot potentially revolutionary blood 


test that detects more than 50 cancers | NHS 
 


Canary Foundation - Early 
Detection Fact and Figures 


 


Canary Foundation, “Early Detection Facts and Figures”, 
https://www.canaryfoundation.org/wp-


content/uploads/EarlyDetectionFactSheet.pdf. 
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ClinicalTrials - The SUMMIT 
Study 


U.S. National Library of Medicine | ClinicalTrials.gov, “The SUMMIT 
Study: A Cancer Screening Study (SUMMIT)” (Posted May 2, 2019), 


https://www.clinicaltrials.gov/ct2/show/NCT03934866.    


GRAIL Announces Positive 
Validation Data for its Multi-
Cancer Early Detection Test 


 


GRAIL, “GRAIL Announces Positive Validation Data for its Multi-
Cancer Early Detection Test” (October 7, 2019), https://grail.com/press-
releases/grail-announces-positive-validation-data-for-its-multi-cancer-


early-detection-test/.  
 


Klein - Clinical validation of a 
targeted methylation-based multi-


cancer early detection test 
 


E. A. Klein et al., “Clinical validation of a targeted methylation-based 
multi-cancer early detection test using an independent validation set”, 


Annals of Oncology, June 2021. 
 


FDA - FDA Fundamentals 
 


FDA, “FDA Fundamentals”, https://www.fda.gov/about-fda/fda-
basics/fda-fundamentals. 


 
FDA - A History of Medical 


Device Regulation & Oversight in 
the United States 


 


FDA, “A History of Medical Device Regulation & Oversight in the 
United States”, https://www.fda.gov/medical-devices/overview-device-
regulation/history-medical-device-regulation-oversight-united-states. 


 
Chapter 9 - Federal Food, Drug 


and Cosmetic Act; Subchapter II - 
Definitions 


 


21 U.S.C. § 321(h)(1)  
 


FDCA § 513(a)(1)(B), 21 U.S.C., 
§ 360c 


 


FDCA § 513(a)(1)(B), 21 U.S.C., § 360c(a)(1)(B). 
 


FDA Approval - Process of 
Approving Drugs & Medical 


Devices - Drugwatch 
 


drugwatch, “FDA Approval Process”, 
https://www.drugwatch.com/fda/approval-process/. 


 


FDCA § 513(a)(1)(C), 21 U.S.C., 
§ 360c 


 


21 U.S.C., § 360c(a)(1)(C). 
 


FDA - PMA Quality System 
 


FDA, “PMA Quality System”, https://www.fda.gov/medical-
devices/premarket-approval-pma/pma-quality-system. 


 
21 C.F.R Part 820 


 
21 C.F.R. Part 820. 


 


FDA - PMA Review Process 
 


FDA, “PMA Review Process”, https://www.fda.gov/medical-
devices/premarket-approval-pma/pma-review-process. 


 


FDA - Premarket Approval (PMA) 
 


See, e.g., FDA “Premarket Approval (PMA)”, 
https://www.fda.gov/medical-devices/premarket-submissions/premarket-


approval-pma. 
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FDA - Types of Communication 
During the Review of Medical 


Device Submissions 
 


FDA, “Types of Communication During the Review of Medial Device 
Submissions”, https://www.fda.gov/regulatory-information/search-fda-


guidance-documents/types-communication-during-review-medical-
device-submissions. 


 


Baker Institute Blog - Medical 
Device Startups and the FDA 


 


Baker Institute Blog, “Medical Device Startups and the FDA” (Apr. 11, 
2017), https://blog.bakerinstitute.org/2017/04/11/medical-device-


startups-and-the-fda/. 
 


FDA - PMA Conditions of 
Approval 


 


FDA “PMA Conditions of Approval”, https://www.fda.gov/medical-
devices/premarket-approval-pma/pma-conditions-approval 


 


N/A 
Video Interview with Eric Fung, Vice President Clinical Development at 


GRAIL, on May 12, 2021. 
 


N/A 
Video Interview with Gary Workman, Vice President, Global Quality at 


Illumina, April 20, 2021. 
 


FDA - FDA granted marketing 
approval to the Praxis Extended 


RAS Panel 
 


FDA, “FDA granted marketing approval to the Praxis Extended RAS 
Panel”, https://www.fda.gov/drugs/resources-information-approved-


drugs/fda-granted-marketing-approval-praxis-extended-ras-panel. 
 


Illumina - IVD Instruments 
Tailored for Clinical Labs 


 


Illumina, “MiSeqDx Overview”, 
https://www.illumina.com/systems/sequencing-platforms/miseqdx.html 


 
Illumina - Illumina FDA Filings 


 
FDA. Report, FDA Filings for Illumina Inc., 


https://fda.report/Company/Illumina-Inc 
FDA - Overview of IVD 


Regulation 
 


FTC, “Overview of IVD Regulation”, https://www.fda.gov/medical-
devices/ivd-regulatory-assistance/overview-ivd-regulation#1. 


 


SBA - Table of Small Business 
Size Standards 


 


U.S. Small Business Administration, “Table of Small Business Size 
Standards Matched to North American Industry Classification System 


Codes” (Effective Feb. 26, 2016), 
https://www.sba.gov/sites/default/files/files/Size_Standards_Table.pdf.  


 


FDA - Reduced Medical Device 
User Fees - Small Business 


Determination Program  
 


FDA, “Reduced Medical Device User Fees: Small Business 
Determination (SBD) Program”, https://www.fda.gov/medical-


devices/premarket-submissions/reduced-medical-device-user-fees-small-
business-determination-sbd-program.Reduced Medical Device User 


Fees: Small Business Determination (SBD) Program | FDA 
 


Sangoma - SMB SME and Large 
Enterprise Why Your Business 


Size Classification Matters 
 


Sangoma, “SMB, SME, and Large Enterprise: Why Your Business Size 
Classification Matters”, https://www.sangoma.com/articles/smb-sme-


large-enterprise-size-business-matters/.SMB, SME, and Large 
Enterprise: Why Your Business Size Classification Matters 
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HBS - Innovation under 
Regulatory Uncertainty - Evidence 


from Medical Technology 
 


A. Stern, Harvard Business School, “Innovation under Regulatory 
Uncertainty: Evidence from Medical Technology” (Sept. 30, 2016), 


https://www.hbs.edu/ris/Publication%20Files/16-005_f1090fd0-e0b4-
4556-b6f7-f6cbfd6b9ef0.pdf. Innovation under Regulatory Uncertainty: 


Evidence from Medical Technology | HBS 
 


ThermoFisher - FDA Approves 
First Companion Diagnostic Test 


to Simultaneously Screen 
 


ThermoFisher Scientific, “FDA Approves First Companion Diagnostic 
Test to Simultaneously Screen for Multiple Non-Small Lung Cancer 


Therapies” (June 22, 2017), https://thermofisher.mediaroom.com/2017-
06-22-FDA-Approves-First-Companion-Diagnostic-Test-to-


Simultaneously-Screen-for-Multiple-Non-Small-Cell-Lung-Cancer-
Therapies. 


 


Premarket Approval (PMA) - 
Oncomine Dx Target Test 


 


FDA Database, Premarket Approval (PMA) – Oncomine Dx Target Test,  
https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfpma/pma.cfm?id=p


160045.  
 


Premarket Approval (PMA) - 
FoundationOne CDx 


 


FDA Database, Premarket Approval (PMA) – FoundationOne CDx, 
https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfpma/pma.cfm?id=p


170019. 
 


Premarket Approval (PMA) - 
COBAS EGFR MUTATION 


TEST 
 


FDA Database, Premarket Approval (PMA) – COBAS EGFR 
MUTATION TEST, 


https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfpma/pma.cfm?id=P
120019. 


 


Premarket Approval (PMA) - 
Therascreen PIK3CA RGQ PCR 


Kit 
 


FDA Database, Premarket Approval (PMA) – Therascreen PIK3CA 
RGQ PCR Kit, 


https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfpma/pma.cfm?id=P
190004. 


 
Premarket Approval (PMA) - 


EDWARDS SAPIEN 
TRANSCATHETER HEART 


VALVE AND ACCESSORIES 
 


FDA Database, Premarket Approval (PMA) – EDWARDS SAPIEN 
TRANSCATHETER HEART VALVE AND ACCESSORIES, 


https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfpma/pma.cfm?id=P
100041. 


 


Premarket Approval (PMA) - 
MEDTRONIC COREVALVE 


SYSTEM 
 


FDA Database, Premarket Approval (PMA) – MEDTRONIC 
COREVALVE SYSTEM, 


https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfpma/pma.cfm?id=P
130021. 


 
Premarket Approval (PMA) - 


General Search 
FDA Premarket Approval Database, 


https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfpma/pma.cfm. 
FDA PMA Database Product 
Listing_Raw Data Full List 


FDA PMA Database Product List 
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EXHIBIT III: Glossary of Terms 


Term Definition Reference 


CDRH - 


Center for 


Devices and 


Radiological 


Health 


The Center for Devices and Radiological Health 


(CDRH) is responsible for protecting and promoting 


the public health. They assure that patients and 


providers have timely and continued access to safe, 


effective, and high-quality medical devices and safe 


radiation-emitting products. They provide 


consumers, patients, their caregivers, and providers 


with understandable and accessible science-based 


information about the products they oversee. They 


facilitate medical device innovation by advancing 


regulatory science, providing industry with 


predictable, consistent, transparent, and efficient 


regulatory pathways, and assuring consumer 


confidence in devices marketed in the U.S. 


https://www.fda.gov/abo


ut-fda/fda-


organization/center-


devices-and-


radiological-health 


cfDNA or 


ctDNA - Cell-


Free 


Circulating 


Tumor DNA 


Circulating tumor DNA (ctDNA) is found in the 


bloodstream and refers to DNA that comes from 


cancerous cells and tumors. Most DNA is inside a 


cell’s nucleus. As a tumor grows, cells die and are 


replaced by new ones. The dead cells get broken 


down and their contents, including DNA, are 


released into the bloodstream. ctDNA are small 


pieces of DNA, usually comprising fewer than 200 


building blocks (nucleotides) in length. 


https://medlineplus.gov/g


enetics/understanding/tes


ting/circulatingtumordna


/ 
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Term Definition Reference 


CFR – Code 


of Federal 


Regulations 


The Code of Federal Regulations (CFR) annual 


edition is the codification of the general and 


permanent rules published in the Federal Register by 


the departments and agencies of the Federal 


Government. It is divided into 50 titles that represent 


broad areas subject to Federal regulation. The 50 


subject matter titles contain one or more individual 


volumes, which are updated once each calendar year, 


on a staggered basis. 


https://www.govinfo.gov/a


pp/collection/cfr 


Class I FDA’s Low Risk Classification. 


 


These devices present minimal potential for harm to 


the user and are often simpler in design than Class II 


or Class III devices. Examples include enema kits 


and elastic bandages. 47% of medical devices fall 


under this category and 95% of these are exempt 


from the regulatory process. 


https://www.fda.gov/medic


al-devices/overview-


device-regulation/classify-


your-medical-device 


 


https://www.fda.gov/medic


al-devices/consumers-


medical-devices/learn-if-


medical-device-has-been-


cleared-fda-marketing 
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Term Definition Reference 


Class II FDA’s Medium Risk Classification. 


 


Most medical devices are considered Class II devices. 


Examples of Class II devices include powered 


wheelchairs and some pregnancy test kits. 43% of 


medical devices fall under this category. 


https://www.fda.gov/me


dical-devices/overview-


device-


regulation/classify-your-


medical-device 


 


https://www.fda.gov/me


dical-devices/consumers-


medical-devices/learn-if-


medical-device-has-


been-cleared-fda-


marketing 


Class III FDA’s High-Risk Classification.  


 


These devices usually sustain or support life, are 


implanted, or present potential unreasonable risk of 


illness or injury. Examples of Class III devices 


include implantable pacemakers and breast implants. 


10% of medical devices fall under this category. 


https://www.fda.gov/me


dical-devices/overview-


device-


regulation/classify-your-


medical-device 


 


https://www.fda.gov/me


dical-devices/consumers-


medical-devices/learn-if-


medical-device-has-


been-cleared-fda-


marketing 
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Term Definition Reference 


General 


Controls 


General Controls are the basic authorities of the Medical 


Device Amendments that provide the FDA with the 


means of regulating devices to ensure their safety and 


effectiveness. General Controls apply to all three classes 


of medical devices; however, they are the only level of 


controls that apply to Class I devices. 


 


General Controls include the provisions of the Act 


pertaining to: 


• Adulteration; 


• Misbranding; 


• Device registration and listing; 


• Premarket notification; 


• Banned devices; 


• Notification and repair, replacement, and refund; 


• Records and reports; 


• Restricted devices; and 


• Good Manufacturing Practices. 


https://www.fda.gov/


medical-


devices/regulatory-


controls/general-


controls-medical-


devices 


In Vitro 


Diagnostics 


Tests done on samples such as blood or tissue that have 


been taken from the human body. In vitro diagnostics can 


detect diseases or other conditions and can be used to 


monitor a person’s overall health to help cure, treat, or 


prevent diseases. 


https://www.fda.gov/


medical-


devices/products-and-


medical-


procedures/in-vitro-


diagnostics 
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Term Definition Reference 


LDT – 


Laboratory 


Developed 


Tests 


A laboratory developed test (LDT) is a type of in vitro 


diagnostic test that is designed, manufactured, and used 


within a single laboratory. LDTs can be used to measure 


or detect a wide variety of analytes (substances such as 


proteins, chemical compounds like glucose or cholesterol, 


or DNA), in a sample taken from a human body. 


 


LDT’s are important to the continued development of 


personalized medicine, so it is important that in vitro 


diagnostics are accurate so that patients and health care 


providers do not seek unnecessary treatments, delay 


needed treatments, or become exposed to inappropriate 


therapies. 


https://www.fda.gov/


medical-devices/in-


vitro-


diagnostics/laborator


y-developed-tests 


Liquid 


Biopsy 


A test done on a sample of blood to look for cancer cells 


from a tumor that are circulating in the blood or for pieces 


of DNA from tumor cells that are in the blood. A liquid 


biopsy may be used to help find cancer at an early stage. 


https://www.cancer.


gov/publications/dict


ionaries/cancer-


terms/def/liquid-


biopsy 
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Term Definition Reference 


NGS - Next 


Generation 


Sequencing 


Next-generation sequencing (NGS) is a technology for 


determining the sequence of DNA or RNA to study 


genetic variation associated with diseases or other 


biological phenomena.  Introduced for commercial use in 


2005, this method was initially called “massively-parallel 


sequencing”, because it enabled the sequencing of many 


DNA strands at the same time, instead of one at a time as 


with traditional Sanger sequencing by capillary 


electrophoresis (CE). 


https://www.thermofis


her.com/us/en/home/li


fe-


science/sequencing/se


quencing-learning-


center/next-


generation-


sequencing-


information/ngs-


basics/what-is-next-


generation-


sequencing.html 


Noninvasive 


Assay Kit 


A test for diseases that do not involve tools that break the 


skin or physically enter the body 


https://medlineplus.go


v/ency/article/002269.


htm 


PMA - 


Premarket 


Approval 


Premarket approval (PMA) is the FDA process of 


scientific and regulatory review to evaluate the safety and 


effectiveness of Class III medical devices. 


https://www.fda.gov/


medical-


devices/premarket-


submissions/premarke


t-approval-pma 


Post-


Marketing 


Surveillance 


Because all possible side effects of a drug can't be 


anticipated based on preapproval studies involving only 


several hundred to several thousand patients, FDA 


maintains a system of post marketing surveillance and risk 


assessment programs to identify adverse events that did 


not appear during the drug approval process. 


https://www.fda.gov/d


rugs/surveillance/post


marketing-


surveillance-programs 
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EXHIBIT IV: Review of Quality Management System Framework Against FDA QSR and 
CLIA 


The following table shows a comprehensive list of elements that make up a Quality Management 
System Framework. The table also illustrates a comparison between FDA QMS requirements for 
class III medical devices and CLIA QMS requirements for LDTs. 
 
Quality Management System Framework FDA CLIA 


Quality Systems 
Requirements 


Quality Policy   
Quality Manual   
Organization Structure   
Responsibility and Authority   
Resource Management   
Management Review   
Quality Planning   
Quality Audit   
Competence, Awareness, and Training   


Document Control 


Document Creation   


Document Approval   


Document Retention   


Document Communication   


Risk Management Risk Management  x 


Design Controls 


Design Planning  x 


Design Inputs and Review  x 
Design Verification  x 
Design Validation  x 
Design Transfer  x 
Product Change Control  x 


Purchasing 
Control 


Evaluation of Suppliers and Contractors  x 
Qualification of Suppliers and Contractors  x 
Management of Suppliers and Contractors  x 


Facilities and 
Equipment 


Calibration   
Equipment Validation  x 
Maintenance   


Materials Control Specification  x 
Acceptance  x 


Identification and 
Traceability 


Product Identification Procedures  x 
Control number  x 
Develop Production Process  x 
Conduct Production Process  x 
Monitor Production Process  x 
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Process Validation  x 
Process Change Control Procedure  x 


Labeling and 
Packaging 
Controls 


Labeling Procedures   
Label Integrity  x 
Packaging and Shipping Control  x 


Acceptance 
Activities 


Receiving, In-Process, and Finished Device 
Acceptance Procedures  x 


Product Specification Acceptance  x 
Safety/Post Market 
Surveillance Safety/Post Market Surveillance  x 


Nonconforming 
Product 


Procedure to Control Non-Conforming Product  x 
Complaints  x 
Field Actions and Recalls  x 


CAPA Corrective and Preventive Action   
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EXHIBIT V: PMA Approval Large vs. Small Company Analysis  


Analysis 1.0 


The “Cleared/Approved IVD” checkbox was used to conduct the initial analysis from the 
FDA Premarket Approval (PMA) database.43  The following methodology was used to 
perform the analysis: 


a. The PMA IVD product approvals were downloaded from the PMA database by 


checking the “Cleared/Approved IVD” checkbox on the PMA Search Database page 


in the form of a Microsoft Excel workbook. 


b. PMA approved supplemental applications were excluded as a part of the analysis 


using the filtering features of Microsoft Excel. 


c. Publicly available employee numbers and revenue (at year of submission) were 


researched and recorded for all manufacturers who had approved IVD products. 


d. Revenue and employee numbers were extracted from company 10-K reports for the 


full year during the year the PMA was submitted. 


e. All IVD approved products were then categorized into small companies, large 


enterprises, or neither. 


An analysis was then performed on this data set. From 2011-2020 8 total IVD products 


were approved for 6 small companies. The average days from submission to approval 


was 609 days, with a standard deviation of 345 days. 35 total IVD products were 


approved for 9 large enterprises. The average days from submission to approval for large 


companies was 356 days, with a standard deviation of 200 days.  


The total calculated time reduction for large enterprises achieving PMA approval was 


253 days, corresponding to 41.5% less time. 


 
43 FDA Premarket Approval Database, 
https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfpma/pma.cfm. 
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One limitation of this data set was that it did not include the Illumina Praxis PMA 


approval or the Foundation One and Guardant 360 PMA approvals during the 10-year 


period for which the data was extracted.  It is unclear why this information was not part 


of the dataset given that these two products are both IVDs and had been approved by the 


FDA.  This anomaly informed my decision to expand my analysis to include all PMAs 


and not rely on the FDA checkbox to ensure that I was able to obtain a complete and 


accurate set of data for my analysis.  


Figure 1. Analysis 1.0 PMA Approval Timeframe Analysis using “Cleared/Approved IVD” Checkbox 


 


Analysis 2.0 


The materiality of the data limitation prompted a second analysis of the data to conduct a 


broader “sweep” of IVD devices approved during 2011-2020.  The below methodology was 


used to perform the analysis: 
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f. The full PMA Product Listing from the FDA’s PMA database was downloaded in 


the format of Microsoft Excel.  


g. All PMA products approved between 2011-2020 were included for the analysis. 


h. PMA approved supplemental applications were excluded from the analysis using the 


filtering features of Microsoft Excel. 


i. Approved PMAs that were identified from the previous analysis to be related to IVD 


devices per the FDA “Cleared/Approved IVD” were included in the analysis. 


Matching was conducted using a Microsoft Excel formula. 


j. PMA submissions that included the key words: “in vitro,” “vitro,” and “IVD” in the 


product description were also included.  A Microsoft Excel function/formula was 


used to identify the presence of the key words. 


k. PMA submissions that included key words: “stent,” “valve,” “catheter,” 


“defibrillator,” and “lens” were excluded. 


l. All remaining products were researched by reading the full product descriptions to 


determine presence of any variations of IVD to determine IVD designation. 


m. Publicly available employee numbers and revenue (at year of submission) were 


researched and recorded for all manufacturers who had approved IVD products. 


n. Revenue and employee numbers were extracted from company 10-K reports for the 


full year during which the PMA was submitted. 


o. All IVD approved products were then categorized into small companies, large 


enterprises, or neither. 


B. The new data set included the PMA approvals for Illumina, Foundation One and 


Guardant.  Analysis was then performed on this new data set.  From 2011-2020, 13 total 


IVD products were approved, for 10 small companies.  The average days from 


submission to approval was 539 days, with a standard deviation of 418 days. 66 total IVD 
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products were approved, for 14 large enterprises.  The average days from submission to 


approval for large companies was 280 days, with a standard deviation of 185 days.  


C. On average, large enterprises achieved PMA approval 259 days, or roughly 8.5 months, 


faster than small companies, corresponding to 48% less time. 


D. Both analyses showed a significant time reduction (41.5% and 48% for Analysis 1.0 and 


Analysis 2.0, respectively) for PMA review conducted by a larger company compared to 


that of a smaller one.  The variation in approval time, or standard deviation, was also 


lower in larger companies than smaller companies, providing for a more consistent 


review and approval timeframe. 


Figure 2. Analysis 2.0 PMA Approval Timeframe Analysis using Full PMA Approved Product List 
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I. QUALIFICATIONS 


1. I am a primary care physician and founder of Colorado Preventative Medicine, 


where I have practiced Internal Medicine.  I am also affiliated with the Rose Medical Center.  I 


also serve on the clinical faculty at the University of Colorado School of Medicine.  I hold a 


Bachelor’s Degree from Northwestern University and a Doctorate of Medicine from the University 


of Missouri School of Medicine (Columbia).  In addition, I currently serve on GRAIL, Inc.’s 


(“GRAIL”) clinical advisory board, where I have served as a thought partner. 


2. I have been a primary care physician at Colorado Preventative Medicine since 2006, 


when the health organization was first founded.  Before founding Colorado Preventative Medicine, 


I practiced as an internist focusing on preventive medicine. 


3. I have written and edited several books and numerous articles on medical problems 


during pregnancy, including Will It Hurt the Baby, which was featured on the NBC Today Show, 


ABC Good Morning America, and CBS This Morning.  I am board certified in Internal Medicine.  


4. During the 30 years I have practiced medicine, I have regularly performed physical 


exams and treated a wide spectrum of common illnesses in adults.  A large portion of my current 


practice is devoted to identification and management of risk factors for cardiovascular disease and 


early detection of cancer.  


5. A copy of my curriculum vitae is attached as Appendix A to this report.  A list of 


all the books and articles that I have authored is also included in Appendix A.  


6. Colorado Preventive Medicine bills my time for this matter at $1,000 per hour and 


neither it nor my compensation depends in any way on the outcome of this case. 


7. In preparing this report, I have relied on my experience as a primary care physician.  


As part of this review and analysis, I have studied depositions that have been taken during the 
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course of this litigation, company documents and data, as well as information from public sources.  


The complete list of data, materials, and other information that I have considered in preparing this 


report is presented in Appendix B. 


II. ASSIGNMENTS AND SUMMARY OF CONCLUSIONS 


8. On September 21, 2020, Illumina, Inc. (“Illumina”) announced its plan to acquire 


GRAIL for $8 billion.1 


9. Illumina and GRAIL have asked me to describe current and anticipated cancer 


screening options, including multi-cancer early detection (“MCED”) tests, which I understand to 


refer to screening tests designed to detect multiple cancers in asymptomatic individuals with the 


goal of detecting and diagnosing cancer in early stages.  Illumina and GRAIL have also asked me 


to describe the factors primary care physicians would consider prior to using a MCED test and 


assess whether the blood-based tests that other companies are planning to develop could substitute 


for GRAIL’s Galleri test and vice versa. 


10. I describe my specific conclusions in detail in my report below. In summary, those 


conclusions are that: 


a. Primary care physicians play a key role in cancer screening today and will be 
primarily responsible for recommending MCED tests as they become commercially 
available and reimbursable in the future.  


b. Primary care physicians will consider a variety of factors when recommending or 
ordering a cancer screening test, including the patient’s risk factors for a particular 
cancer, the cancers that the test will be able to detect, the test specificity and 
sensitivity and other capabilities of the test, the cost of the test to the patient, the 
health risks associated with the test (e.g., the invasiveness of the test, exposure to 
radiation, and other considerations), as well as published research studies that 
support the validity of the test.  Primary care physicians will consider these factors 
when recommending or prescribing a multi-cancer screening test and will also need 


1 See Illumina, Illumina to Acquire GRAIL to Launch New Era of Cancer Detection, 
https://www.illumina.com/company/news-center/press-releases/press-release-details.html?newsid=ec8cbb5d-efa8-
491d-9b27-be77660bbd42 (last visited July 16, 2021). 
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to decide whether any given multi-cancer screening test can be used as a substitute 
for or complement to other screening options.  


c. Although the technology is still in the early stages of development, the most 
important attributes of a MCED test for primary care physicians will be a test’s 
ability to detect the presence of a cancer and site of origin, the number of cancers 
detected, and the opportunity to treat early-stage cancer.  Primary care physicians 
will also likely consider the cost to patients of prescribing a given multi-cancer 
screening test as compared to other multi-cancer and single-cancer options.  The 
attributes that weigh most heavily will vary based on a patient’s particular risk 
factors and may in some cases support the use of complementary screening tests.  
For example, it may be appropriate for a patient at a higher risk of lung cancer to 
be screened with a test that has demonstrated high sensitivity and specificity for 
lung cancer in conjunction with a multi-cancer screening test that is appropriate for 
asymptomatic individuals.   


d. A broad multi-cancer screening test like Galleri will provide an unprecedented 
screening opportunity in preventative care, but it is not a substitute for highly 
sensitive single-cancer screening tests.  It would be inappropriate for a primary care 
physician today to order Galleri as a replacement for a high-sensitivity single-
cancer test (e.g., recommended CRC screening such as a colonoscopy or 
Cologuard).   


e. I also understand that certain test developers (e.g., Guardant, Freenome) have 
expressed plans to develop “multi-cancer” tests made up of two or more single 
cancer tests.  If these tests were available today, a primary care physician would 
consider these tests as collections of single-cancer screening tests and not as 
substitutes for Galleri.   


f. Finally, I understand that Exact/Thrive has a test in development that it claims is 
capable of detecting whether a patient may have cancer, but does not identify tissue 
of origin.  Instead, a separate PET/CT scan will be required to identify the tissue of 
origin.  It is unlikely that a primary care physician would treat the Exact/Thrive test 
as a substitute for Galleri, which identifies tissue of origin with a blood draw and 
thus has the capability to identify cancers at an early stage before they are 
identifiable by a PET/CT scan and without any invasive procedure. 


g. Galleri is fundamentally different from existing single-cancer screening tests as 
well as other blood-based cancer screening tests that are currently in development.  
It is also fundamentally different from tests that do not identify tissue of origin or 
that require follow-up imaging to determine the tissue of origin.  As Galleri is 
adopted more widely for clinical use, primary care physicians are likely to adopt 
Galleri as a complementary screening test in conjunction with other screening 
options.    


h. It is difficult to predict what options there will be for early cancer screening in the 
future.  I can evaluate what factors will likely be relevant to me as a primary care 
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physician in selecting and using a screening test, but I cannot evaluate whether any 
particular test will be a viable option several years from now or what new tests may 
be developed. 


III. CURRENT SINGLE-CANCER SCREENING OPTIONS AND FACTORS 
CONSIDERED WHEN PRESCRIBING CANCER SCREENING TESTS 


 
11. Cancer screening is generally performed by primary care physicians, as such 


screening focuses on individuals who have no symptoms of cancer.  Primary care physicians 


include internists, family physicians, obstetrician-gynecologists, and healthcare professionals 


engaged in community screening programs. 


12. Primary care physicians screen for cancer by performing routine physical 


examinations, laboratory tests (such as Pap tests and prostate exams) and imaging tests (such as 


PET/CT scans) based on health risk factors and test accuracy.  Some screening tests are 


recommended for all individuals of a particular age and/or sex, while others are selected in 


consultation between the patient and physician.  Primary care physicians typically coordinate 


referrals to specialists for other screening tests based on specific cancer risk factors, such as family 


history, lifestyle, and known exposures.  


13. In addition to guiding patients to the appropriate specialists, primary care 


physicians may provide interpersonal support as well as insurance help.  Patients may also seek 


their primary care physician’s input regarding treatment options, often relying on their primary 


care physician’s understanding of their overall health, values, and preferences that have been built 


over time. 


14. Cancer screening involves skill, time, and a variety of tools.  Primary care 


physicians traditionally attempt to identify cancer by considering a patient’s current medical 


history, family history, environmental exposure, age, and any abnormalities detected on a physical 


exam or in routine blood tests.  
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15. A cancer screening test’s ability to limit health risks following screening is crucial.  


Consequently, primary care physicians also consider potential harms from various screening tests, 


such as the invasiveness of the screening procedure (e.g., a tissue biopsy), overtreatment caused 


by over-diagnosis and false-positive results, and psychological stress, including the anxiety placed 


on patients. 


16. Primary care physicians also consider the costs of such tests to patients. Most health 


insurance plans cover only certain cancer screenings.  All else equal, primary care physicians will 


prescribe a test that is covered by a patient’s insurance plan over a comparable test that is not 


covered.  


17. Cancer is the second leading cause of death in the United States, after heart disease.  


Deaths from heart disease have fallen dramatically in the United States over the past 50 years, 


which is largely attributable to smoking cessation, routine screening, and better management of 


conditions known to increase risk of heart disease, including hypertension, hyperlipidemia, and 


diabetes.   


18. The rate of death from cancer in the United States also continues to decline, but not 


nearly as sharply as the reduction of death from cardiovascular disease.  The reason for this may 


be attributable to the fact that most cancers are diagnosed at late stages, when the cancers have 


metastasized. Screening in asymptomatic patients can help to detect and treat cancer earlier, but 


there are very few screening tests that are currently recommended and routinely prescribed by 


physicians.  


19. As of today, the United States Preventive Services Task Force (“USPSTF”) 


recommends routine screening in asymptomatic patients for only four cancer types:  breast, 


cervical, lung, and colorectal.  Screening for these four cancers is recommended in individuals 
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who are considered to be at a higher risk of developing cancer than the general population, whether 


because of age, sex and/or other risk factors.  Additionally, while not recommended by the 


USPSTF, there are a few routine screening methods available for prostate cancer that some primary 


care physicians prescribe for asymptomatic patients.  Below is a general description of the various 


screening options for each of these five cancer types:   


a. Breast cancer.  Women aged 50 to 74 undergo a biennial screening mammography.  
This screening method often misses small cancers.2 


b. Cervical cancer.  Usual screening is cytology (“PAP test”) or detection of human 
papilloma virus (“HPV”).3 


c. Colorectal cancer.  Methods of screening include optical colonoscopy requiring 
anesthesia and risk of colon perforation; computed tomography (“CT”) 
colonography, flexible sigmoidoscopy, high-sensitivity guaiac fecal occult blood 
test (gFOBT), with many false-negatives and false-positives, fecal 
immunochemical test (FIT), and stool DNA test (sDNA-FIT), e.g., Cologuard.4 


d. Lung cancer.  CT scans are usually only offered to high-risk individuals with a 
history of many years of cigarette smoking.  CT exposes individuals to low dose 
ionizing radiation.5 


e. Prostate cancer.  Screening is accomplished with a digital rectal exam and a blood-
based prostate specific antigen (“PSA”) test.  Both tests are only recommended by 
primary care physicians on a case-by-case basis.6 


20. Other types of cancers are identified only when signs or symptoms appear, or when 


there are abnormal lab or imaging results following routine workups.  This traditional screening 


2 USPSTF Final Recommendation Statement. Breast Cancer: Screening. Published Jan. 11, 2016. 
https://www.uspreventiveservicestaskforce.org/uspstf/recommendation/breast-cancer-screening.  
3 USPSTF Final Recommendation Statement. Cervical Cancer: Screening. Published August 21, 2018. 
https://www.uspreventiveservicestaskforce.org/uspstf/recommendation/cervical-cancer-screening.  
4 USPSTF Final Recommendation Statement. Colorectal Cancer: Screening. Published May 18, 2021. 
https://www.uspreventiveservicestaskforce.org/uspstf/recommendation/colorectal-cancer-screening.  
5 USPSTF Final Recommendation Statement. Lung Cancer: Screening. Published March 9, 2021. 
https://www.uspreventiveservicestaskforce.org/uspstf/recommendation/lung-cancer-screening.  
6 USPSTF Final Recommendation Statement. Prostate Cancer: Screening. Published May 8, 2018. 
https://www.uspreventiveservicestaskforce.org/uspstf/recommendation/prostate-cancer-screening.  
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process misses the majority of cancers that may be present at the time of an annual exam.  As such, 


most cancers are diagnosed at late stages—when treatment is limited and outcomes are poor.  


21. Cancer is potentially preventable by assessing a patient’s risk of developing cancer 


and recommending preventive strategies.  It is also more treatable and potentially curable when 


identified at earlier stages with the assistance of early detection, intervention and less invasive 


available treatment options.  The more cancers that can be screened and detected at an earlier stage, 


the more of a decline we will see in cancer-related deaths in the future.   


IV. PRIMARY CARE PHYSICIANS WILL CONSIDER A VARIETY OF FACTORS 
WHEN PRESCRIBING A BLOOD-BASED MCED TEST. 


22. I understand the FTC alleges that MCED tests include all tests that screen for more 


than one cancer and treats all MCED tests (so defined) interchangeably.  But clinically, there are 


important differences among them as discussed in this report.  


23. As of today, I am not aware of any MCED tests that are approved by the Food and 


Drug Administration or that have achieved reimbursement coverage by major public or private 


payors.  However, as discussed further below, other companies are developing blood-based 


screening tests and have plans to develop “multi-cancer” tests in the future. 


24. A MCED test provides an opportunity for diagnosing cancer at a sufficiently early 


stage when cure or containment is possible.  Early detection is essential for the successful use of 


novel treatments such as gene editing, immunotherapy, and new radiation treatments.  The ability 


of one test to detect multiple cancer types has the potential to improve the chances of identifying 


cancer early, particularly cancer types that would not otherwise be screened based on a patient’s 


known risk factors and current recommendations for routine testing. 


25. As a primary care physician, I would expect a MCED test to indicate the presence 


of cancer and the tissue of origin in order to determine the appropriate next steps for the patient’s 
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diagnosis and treatment. In any effective screening program, tests must be convenient, easy to 


administer, cause minimal discomfort and risk to the participant, and reasonably priced for the 


patient.  The results must be reproducible, valid, and able to detect the disease before its critical 


point.  Ideally, a screening test should have a high sensitivity (few false-negative results) and a 


high specificity (few false-positive results). 


26. Primary care physicians have a limited amount of time to spend on screening for 


individual cancers during a typical annual medical exam.  A primary care physician would value 


a MCED test that is efficient, easy to use, and can be completed as part of a patient’s annual 


physical examination.  A single blood test that screens for numerous cancer types would fit these 


criteria, as it would not require a separate or significantly longer appointment.  


27. Ideally, a MCED test should also have the ability to identify both the presence of 


cancer and the tissue of origin for the specific cancer signal.  Simply detecting the presence of 


cancer in an unknown location in the body is nowhere near as helpful to a primary care physician 


(or a patient) as a test that also points to a specific organ to evaluate that organ in more depth.  A 


general indication of cancer without a more localized way to identify and confirm a diagnosis may 


lead to increased anxiety in patients and require further expensive tests or invasive procedures to 


confirm a diagnosis.  For example, if a test indicates the presence of cancer generally without a 


localized indication, it would likely require a full-body PET/CT scan for patients who received a 


positive result, increasing radiation exposure.  Primary care physicians would prefer to use tests 


that do not expose patients to ionizing radiation.  As such, a primary care physician would prefer 


to use a test that exclusively relies on liquid biopsy, and requires follow-up that is more likely to 


be limited to procedures to confirm diagnosis of a specific type of cancer from a positive result.  
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Therefore, the ability of a test to detect tissue of origin is crucial and a distinguishing factor when 


comparing MCED tests.  


28. Primary care physicians would prefer a test that can detect numerous cancers over 


a test that can detect only a single or a few cancers, so long as the detection strategy is valid and 


the test does not sacrifice sensitivity or specificity.  To the extent that the sensitivity and specificity 


of screening tests vary, the test or combination of tests that is appropriate for a particular patient 


will also depend on variables including their specific risk factors.   


29. If a test screens for multiple cancer types, in my opinion primary care physicians 


would want the test to have relatively high specificity because a false positive result in a low-


specificity test would likely lead to very expensive follow-up procedures, such as a full body 


PET/CT scan.  In a trade-off between sensitivity and specificity, a primary care physician would 


favor the highest possible specificity to avoid false positives. False positives can potentially lead 


to unnecessary and potentially harmful procedures, added expense, and patient anxiety. For 


example, current screening methods for detecting ovarian cancer are neither specific nor sensitive, 


obligating various potentially unnecessary tests following screening.   


30. Primary care physicians would consider whether a MCED test is covered by a 


patient’s insurance when ordering a test.  Although primary care physicians could order a test that 


is not covered by insurance for a patient who is willing to pay out of pocket, most patients will be 


unable or unwilling to pay the costs associated with a MCED test if it is not reimbursed.  Therefore, 


the adoption of MCED tests by primary care physicians is likely to be delayed if payors (e.g., 


private insurers or public coverage options such as Medicare) do not reimburse the tests.   


31. Regardless of how sensitive and specific a MCED test is, a screening test is not the 


same as diagnosis.  Primary care physicians must be prepared to further evaluate the suspected 
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cancer with additional screening (e.g., a more sensitive single-cancer test) or other testing (e.g., 


imaging).  As such, a multi-cancer screening test would not eliminate the need for existing 


recommended screening tests or future tests that are approved for this use.  Primary care physicians 


would primarily use multi-cancer screening tests to complement recommended screening 


approaches by identifying cancers they do not cover.   


32. Primary care physicians will also need to learn how to integrate MCED testing into 


their clinical practice and how to properly interpret the results of a new MCED test.  The 


introduction of MCED testing into primary care will be a valuable tool for physicians but will also 


require education to be used effectively.   


33. Clinicians consider factors including safety, efficacy, the technical capabilities of 


the test, and the cost to a patient to determine which test or combination of tests to order.  Switching 


to tests, procedures or treatments that have superior performance characteristics is not only 


common, it is part of good medical practice that evolves with the evidence.   From a clinician’s 


perspective, the first fully commercialized test will not gain an advantage over other tests that may 


achieve market access later.  If a later-developed MCED test outperforms Galleri with respect to 


these factors, clinicians would switch to the new test.  


V. GRAIL’S GALLERI TEST WILL BE A COMPLEMENT, NOT A SUBSTITUTE, 
FOR OTHER BLOOD-BASED SCREENING OPTIONS. 


 
34. GRAIL’s Galleri test is a novel blood test that can simultaneously detect more than 


fifty types of cancer—forty-five of which have no approved screening test today—in 


asymptomatic individuals through a single blood draw.  Galleri uses next-generation sequencing 


and machine-learning algorithms to analyze methylation patterns of cell-free DNA (cfDNA) in the 
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bloodstream.7  Currently, the Galleri test is intended for use in adults with an elevated risk for 


cancer, including all adults aged 50 years or older.8  Galleri is intended to be used as a 


complementary screening test in addition to existing recommended screening options9.  Galleri is 


not a substitute to current cancer screening methods for breast, colorectal, lung, prostate, or 


cervical cancer. 


35. I understand that other companies are planning to release cancer screening tests that 


are currently at various stages of development.     


36. For example, I understand that Guardant’s LUNAR-2 screening test in 


development features an assay for early cancer detection that Guardant is seeking to use for one or 


more cancers in the future.10  Guardant has an ongoing clinical trial for LUNAR-2 focused on early 


detection of colorectal cancer and plans to release LUNAR-2 as a colorectal screening test.  


Guardant has stated that it plans to add breast and lung cancer screening to the LUNAR-2 screening 


test in the future but its plans appear to be in early stages.11   


37. I understand that Freenome refers to its product in development as a multiomics 


cancer screening assay that is capable of providing early detection for multiple types of cancers.12  


According to Freenome’s former CEO, Gabriel Otte, Freenome has looked at “7 or 8 cancers” that 


could potentially be detected using the screening assay.13  However, like Guardant, Freenome is 


7 The Galleri Test, https://www.galleri.com/hcp/the-galleri-test.  
8 Galleri, https://www.galleri.com/. 
9 GRAIL’s multi-cancer early detection test, https://grail.com/our-products/. 
10 See, e.g., GH_00007025 (LUNAR 2 CRC Screening LRP Deck); GH_00008210_R (L2 – PCP Workstream).   
11 See GH_ 000008210_R at -8211-12 (discussing Guardant’s plans to prioritize adding breast cancer screening and 
to conduct further research on adding lung cancer screening); see also id. at -8242 (discussing incremental steps that 
would need to be completed to add breast and lung cancers to Guardant’s screening test).   
12 See FRNM00000002 (Crossover Round Company Overview, 2020) at -010 (listing Freenome’s multiomics 
platform screening products and listing five cancer types in development).   
13 Otte Tr. 32:14-33:1. 
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currently focusing on clinical validation of the portion of the test that detects colorectal cancer and 


plans to launch the test initially as a colorectal screening test.14  After the launch of the test, 


Freenome has stated that it intends to use its multiomics platform for screening other cancer types 


(such as lung, breast and prostate cancer), though not necessarily as part of a single test.15  


Freenome’s founder and former CEO, Gabriel Otte, has stated that certain cancers such as breast, 


prostate and lung cancer may be better suited to a single cancer screening test, while a tests for 


other cancers such as liver, pancreatic and ovarian may be combined.16  Freenome’s CEO, Michael 


Nolan, has referred to Freenome’s prospective multi-cancer test as a “basket” of independently 


validated clinical tests that could be ordered by physicians together or individually.17    


38. I understand that Exact Sciences Corp. (“Exact”), which recently acquired Thrive 


Earlier Detection Corp. (“Thrive”) (collectively referred to as “Exact/Thrive”), has a test currently 


in development that it expects will be able to test for the presence of cancer.  The test, referred to 


as CancerSEEK, looks for biomarkers in the blood that indicate the existence of cancer.  The test 


will give a positive result if a patient may have cancer.  But it will not determine the tissue of origin 


of that cancer.  As one of Thrive’s founders, Christoph Lengauer, explained, the output of the 


CancerSEEK test is “cancer or not”.18  When cancer is detected, the physician must perform 


14 See FRNM00000002  at -020-030 (explaining why Freenome selected to pursue colorectal cancer screening first); 
see also id. at -038 (representing its screening test indication as colorectal cancer only, as compared to Galleri’s 
multi-cancer screening indication).   
15 See Otte Tr. at 18:3-19:8 (explaining that certain cancer types are “better served with a more targeted cancer 
screening test” while others are more amenable to be screened in combination).   
16 Id.  
17 Nolan Tr. 116:23-117:17. 
18 Lengauer Tr. 57:5-19. 
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additional testing (a PET/CT scan) to determine the tissue of origin.  I understand that Exact/Thrive 


has no current plans to develop tissue-of-origin capabilities for CancerSEEK.19  


39. Other companies are planning or developing early cancer screening tests as well.  


For example, I understand that Helio is developing separate early screening blood-based tests for 


colon, breast and lung cancer, focusing first on single-cancer tests with the aim of combining these 


into multi-cancer tests sometime in the future.20  I also understand that Singlera is developing a 


cancer screening test capable of detecting five cancers referred to as “PanSeer”, in addition to a 


single cancer screening test called ColonES, both of which are not yet in clinical trials and are still 


several years away from commercialization.21    


40. GRAIL is not seeking for Galleri to be a replacement for any current form of 


screening.22  Other companies, in contrast, are focusing on developing tests that would replace 


current screening modalities.  For example, Guardant intends that its cancer screening tests will 


provide an alternative to the current standard of care.23   


41. Moreover, Galleri’s attributes are unique and enable it to screen broadly in a way 


that has never been done before.  Although there are other companies with blood-based early 


detection panels in development, my understanding is that none of them will detect as many 


cancers as GRAIL’s Galleri test or have comparable performance attributes.  As discussed above, 


19 See Lengauer Tr. 57:20-58: 19 (“[W]e have committed to PET-CT as the method, reflex test after positive cancer 
test.”); Harada Tr. 147:5-10 (“I can’t definitively whether [tissue of origin is] a part of the multigenerational product 
road map, but it will not be a part of the first version of the product that we commercialize.”). 
20 Chahine Tr. 30:22-32:2. 
21 Gao Tr. 81:15-82:10; 114:1-4. 
22 Ofman Tr. 91:8-17 (testifying that “Galleri, GRAIL’s test, is not intended to replace any of [the current standard 
of care screening tests].”) 
23 Darya Chudova, the Senior Vice President of Technology at Guardant, testified that Guardant “would like to be 
able to offer non-invasive screening with blood [to detect] breast cancer as an alternative to mammogram” and other 
documents indicate that Guardant views its colorectal cancer screening test as a replacement for current screening 
modalities.  (Chudova Tr. 153:12-22.) 
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companies such as Guardant, Freenome, Singlera and Helio are starting by introducing a single-


cancer test with plans to expand to a handful of additional cancer types in the future, most of which 


already have screening recommendations.24  Even if they or other developers are successful in 


adding more cancer types to their test offerings, the resulting tests will effectively be collections 


of single-cancer tests, which are fundamentally different from the Galleri test.   


42. These distinctions are likely to inform a primary care physician’s selection and use 


of multi-cancer screening tests in the future.  Tests that are capable of screening for two or three 


cancer types, for example, are unlikely to be suitable substitutes for a test that can screen for 50 


cancer types.  On the other hand, a test that can screen for 50 cancer types may not be a suitable 


substitute for a test that can screen a single cancer with very high sensitivity, especially if a patient 


has a heightened risk for that particular cancer.  Tests will have different levels of sensitivity and 


specificity depending on cancer type, and the combination of tests that is appropriate for a 


particular patient will depend on variables including their specific risk factors.   


43. For example, if I have a patient under age 50 with a family history of colorectal 


cancer, I would order a USPSTF-recommended test that is specifically tailored to detecting 


colorectal cancer, such as a colonoscopy or an approved substitute for colonoscopy such as 


Cologuard.  Even though Galleri can detect colorectal cancer, I would not use Galleri as a substitute 


for a colonoscopy because I understand that Galleri is not intended to be a screening test for 


colorectal cancer and is not recommended for that purpose.  It is unlikely to have the same level 


of sensitivity as a colonoscopy (or an approved substitute) in detecting colorectal cancer.  As a 


24 See, e.g., Getty Tr. 23:1-24 (testifying that Guardant offers a screening test for colorectal cancer and is still “in the 
development phase for additional tumor types with a focus on lung and breast cancer”); Otte Tr. 16:5-15 
(characterizing Freenome’s test as a “multicancer assay” but admitting that clinical validation efforts are currently 
focused only on the portion of the assay that screens for colorectal cancer”); Harada Tr. 228:9-23 (observing that 
“[a] number of companies have announced that they’re leading with a single-cancer screening test, sort of as a lead 
indication and a beachhead into screening, . . . and then moving from there to multi-cancer early detection”).  
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primary care  physician, I follow the USPSTF guidelines as well as studies and recommendations 


from highly regarded peer-reviewed medical journals, reviews and articles.  Clinicians would not 


stray away from these guidelines and recommendations when assessing strategies for patient care.   


As such, it would be improper to use Galleri in clinical practice as a substitute for another test 


when it is not intended or approved for that purpose; the fact that Galleri is indicated for a different 


purpose than a colonoscopy or Cologuard means the tests are not substitutable for each other.25 


44. When the patient reaches age 50, I would add the Galleri test as part of their routine 


screening based on their age, in combination with conventionally approved screening tests such as 


the recommended colorectal cancer screening.  If the same patient is also a smoker with a 


heightened risk of lung cancer, I would prescribe the Galleri test as part of their routine screening 


once they reach age 50 in combination with conventional colorectal and lung cancer screening 


tests as recommended by USPSTF.  A primary care physician understands that Galleri is not a 


substitute for current conventional screening tests and would not substitute Galleri for a blood-


based test approved or recommended as an alternative to these conventional screening tests.   


45. For most of the cancer types that are currently screened, primary care physicians 


will want to use tests with high sensitivity and will not use Galleri in place of existing high-


sensitivity modalities.  Similarly, primary care physicians should not default to using Galleri only 


because it is the easiest or most convenient option.  To the contrary, the more cancer screening 


tests there are available in the market, the more options clinicians will have to select the appropriate 


combination of tests to meet the specific needs of their patients.  I would use Galleri to screen 


asymptomatic patients over age 50 for a broad range of potential early cancers, but I would not 


25 See also Aravanis Tr. 258:11-24) ([T]he GRAIL test label says that you can’t use it for, for example, the 
applications that Freenome has said they are developing for or Guardant.  So by medical practice, they are not 
actually substitutes.”).   
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single it out as the only screening test that is appropriate for all of my patients.  I would expect to 


use it in conjunction with other cancer early detection tests that may have comparatively higher 


sensitivity for certain cancers, taking into account the applicable recommendations and my 


patients’ specific risk factors.   


46. A cancer screening test capable of identifying multiple types of cancer 


simultaneously that can also identify the tissue of origin would be favored by primary care 


physicians over a screening test that cannot.  The CancerSEEK test being developed by 


Exact/Thrive currently requires a PET/CT scan when a patient tests positive for cancer because 


the test by itself cannot identify the location or type of cancer in the body.  This scan may expose 


the patient to unnecessary radiation and may be unable to identify the issue of origin if a cancer is 


smaller than 5 millimeters, making it difficult for the physician to develop an effective treatment 


plan and putting the patient under significant psychological stress.  In contrast, the Galleri test is 


capable of identifying the tissue of origin from the blood test alone.  This is valuable for the 


primary care physician in determining next steps and referring the patient to the appropriate 


specialist.  While follow-up diagnostic testing may still be required after a positive test result, it 


can be targeted more precisely and minimize unnecessary risks to the patient.  CancerSEEK is not 


currently a viable substitute for Galleri because Galleri is able to detect more cancer types and also 


identify the tumor of origin, which is critical to diagnosis and treatment.   


47. For all of these reasons, I am unaware of any other test available or currently in 


development that I would use interchangeably with Galleri.  Based on the information available 


today, it is impossible to say that any existing or anticipated test will be a substitute for Galleri.   
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*  *  * 
 


I declare under penalty of perjury that the foregoing is true and correct.  Executed 


on July 16, 2021.  
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intelligence and expert systems, and physician use of information technology. Currently 


serve as senior consultant to Shared Medical Systems (Malvern, Pennsylvania), the 


largest vendor of healthcare information systems in the country.  Previous experience has 


included Clinical Director for Medical Informatics at Rose Medical Center and Precedent 


Health Center. 
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RMD Networks, Inc.—founder and chief medical officer.  Company builds and 


implements secure Internet-based networks for physicians, patients, and related 


healthcare entities.   


Teaching--Clinical faculty University of Colorado School of Medicine. 


Associate Clinical Professor of Medicine, University of Colorado 


Associate Clinical Professor of OB/Gyn, University of Colorado 


ACADEMIC AND PROFESSIONAL HONORS/AWARDS 


Deru--Senior Men’s Honorary, Northwestern University 


Alpha Omega Alpha--National Medical Honorary Society, University of Missouri 


Lange Book Award for Outstanding Senior--University of Missouri 


Centennial Recognition Award--University of Colorado 


Academic Publication Award--University of Colorado 


Denver’s Best Physicians--5280 Magazine 1994-2000 


America’s Best Physicians—1996-2000 


Denver’s Best Physicians--KCNC Channel 4, 1996 


Who’s Who in American Medicine—1993-2000 


Who’s Who in Denver Heathcare and Technology--Denver Business Journal,   


1996-1999 


HOSPITAL AFFILIATIONS 


Staff physician, Rose Medical Center  


Associate Clinical Professor of Medicine, University of Colorado School of


Medicine 


Associate Clinical Professor of Obstetrics and Gynecology, University of   


Colorado School of Medicine 


MEDICAL LICENSES 


Colorado 


CERTIFICATION 


American Board of Internal Medicine, 1975 


EDITORIAL BOARDS 


Clinical Diabetes, 1991-1994 


The Diabetic Traveler, 1990-1994 


Diabetes Spectrum, guest editor, 1993 


PROFESSIONAL SOCIETIES 


American College of Physicians 


American Medical Informatics Association 


American Diabetes Association 


Denver Medical Society 


Colorado Medical Society 


Colorado Society for Endocrinology and Metabolism 
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 Society of Perinatal Obstetricians 


 Society of Obstetric Medicine 


 


 


 


PROFESSIONAL AND COMMUNITY BOARDS 


RMD Systems, Inc, Founder and Chairman, 2001-present 


 Precedent Healthcare Partners, Chairman of the Board, 1994—1998 


 Board of Trustees, Rose Medical Center, 19985-1989 


 Physician Advisory Board, Shared Medical Systems, 1991-present 


 Medical Advisory Board, Online Systems Services, Chair 


 Scientific Advisory Board, Multum Information Services, 1994-1998 


 Executive Board, Barbara Davis Center for Childhood Diabetes, 1992-present 


 Scientific Advisory Board, Barbara Davis Center for Childhood Diabetes, 1992- 


  present 


 Board of Directors, University of Colorado Center for Health Policy and Ethics,  


  1988-present 


 Professional Advisory Board, Lifescan Inc., 1988-present 


 Advisory Board, Hospice of Metro Denver, 1994-present 


 Colorado State Diabetes Advisory Board, Chair, 1988-1992 


 Board of Directors, American Diabetes Association (Colorado), 1988-1992 


 Board of Medical Directors, Diabetes Treatment Center RMC, 1986-present 


 Board of Trustees, Graland Country Day School, 1989-1996 


 Advisory Board, Denver Public Schools, 1984 


 


MAJOR PUBLICATIONS 


 Books: 


 1.  Medical Care of the Pregnant Patient.  Abrams RS, Wexler P (eds).  Little,  


  Brown & Co. Boston, 1983. 


 2.  Dialogue on Violence. Abrams RS (ed). The Bobbs-Merrill Co. New York,  


  1968. 


 3.  Handbook of Medical Disorders during Pregnancy. Abrams RS, Appleton &  


  Lange, Norwalk, 1989. 


 4.  Gestational Diabetes--What to Expect. Abrams RS (ed).American Diabetes  


  Association, Alexandria, 1989. 


 5.  Will It Hurt the Baby?  The Safe Use of Medications during Pregnancy and  


  Breastfeeding. Abrams RS, Addison-Wesley, Reading, 1990. 


 6.  Diabetes during Pregnancy--Professional Handbook. Abrams RS (ed).   


  American Diabetes Association, Alexandria, 1995. 


 


 Articles, book chapters, and abstracts: 


 1. Abrams RS, Wall R. Medical disorders during pregnancy, in Internal Medicine, 


  1st, 2nd, 3rd, and 4th editions.  Stein J (ed).  Little, Brown & Co.  Boston. 


 2. Abrams RS, Use of medications during pregnancy and lactation.  In Asthma nd  


              Allergy during Pregnancy and Early Childhood, 1st and 2nd editions.  


  Schatz M. (ed). Marcel Dekker Inc. 
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 3. Abrams RS, Insulin-dependent diabetes mellitus. In Ob/Gyn Secrets.    


  Frederickson H, Wilkins L (eds). Hanley and Belfus, Inc. 1990. 


 4. Abrams RS, Psychotropic drugs in pregnancy.  In Current Therapy in   


  Psychiatry.  Dubvosky S (ed). CV Mosby. St. Louis, 1992. 


 5. Abrams RS, Thyroid disease during pregnancy.  Human Sexuality. 81,   


  1985. 


 6. Abrams RS, Endocrine effects of sarcoid.  Rocky Mountain Journal of   


  Medicine, 34, 1975. 


 7. Abrams RS, Sonnenblick E. The effects of a new synthetic cardiac glycoside on 


  papillary muscle function.  Clinical Research 20, 1972. 


 8. Abrams RS, The cardiovascular effects of lactic acidosis. Clinical Research 19,    


  1971. 


 9. Abrams RS, Measurement of autonomic activity in coronary care unit patients.  


  Clinical Research, 18, 1970. 


 10. Abrams RS, Prepregnancy counseling for type I diabetics.  Practical   


  Diabetology, Jan, 1988. 


 11. Abrams RS, Coustan DR. Gestational diabetes--update.  Clinical Diabetes,  


  Mar, 1990. 


 12. Abrams RS, Gestational diabetes mellitus--Does it recur in subsequent   


  pregnancies?  Diabetes Spectrum. 2, 1989. 


 13. Abrams RS, Late reactive hypoglycemia in hypothyroidism (unpublished). 
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APPENDIX B: LIST OF MATERIALS CONSIDERED 


A. COMPLAINT COUNSEL’S MATERIALS


1. Expert Report of Dr. Fiona Scott Morton


B. RESPONDENTS’ MATERIALS


1. Document Produced by Respondents


Bates No. 


GRAIL-DOC-00942528 


2. Respondents’ Deposition Transcripts


PX No. Witness 


PX7092 Depo Transcript: Joshua Ofman (GRAIL) 


PX7104 Depo Transcript: Alex Aravanis (GRAIL) 


C. THIRD PARTY INDUSTRY PARTICIPANT MATERIALS


1. Documents Produced by Third Parties


Bates No. 


Thrive_III_Resp_00000176 


ES_III_Subp_00459990 


ES_III_Subp_00436549 


FRNM00000002 


GH_000007025 


GH_000008210_R 
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2. Third Party Deposition Transcripts


PX No. Witness 


PX7077 Depo Transcript: Kenneth Chahine (Helio) 


PX7085 Depo Transcript: Josephine Harada (Thrive) 


PX7086 Depo Transcript: William Cance (ACS) 


PX7090 Depo Transcript: Nitin Sood (Guardant) 


PX7091 Depo Transcript: Christoph Lengauer (Thrive/Third Rock Ventures) 


PX7094 Depo Transcript: Michael Nolan (Freenome) 


PX7100 Depo Transcript: Darya Chudova (Guardant) 


PX7102 Depo Transcript: Gary Gao (Singlera) 


PX7105 Depo Transcript: William Getty (Guardant) 


PX7109 Depo Transcript: Dave Daly (Singular Genomics) 


PX7110 Depo Transcript: Kevin Conroy (Exact/Thrive) 


PX7116 Depo Transcript: Kristie Dolan (Quest) 


PX7121 Depo Transcript: Gabriel Otte (Freenome) 


3. Third Party Declaration


PX No. Description 


PX8398 Declaration of Dr. William Cance (ACS) 


D. PUBLICLY AVAILABLE SOURCES


Description 


Press Release: Illumina, Illumina to Acquire GRAIL to Launch New Era of Cancer 
Detection 
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Website: Galleri, The Galleri Test 


Website: Galleri, Galleri 


Website: GRAIL, GRAIL’s Multi-Cancer Early Detection Test 


Website: USPSTF, Prostate Cancer: Screening 


Website: USPSTF: Lung Cancer: Screening 


Website: USPSTF: Cervical Cancer: Screening 


Website: USPSTF: Colorectal Cancer: Screening 


Website: USPSTF: Breast Cancer: Screening 
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I. BACKGROUND 


A. Qualifications 


1. I am Margaret E. Guerin-Calvert, President and Senior Managing Director of FTI 


Consulting, Inc.’s Center for Healthcare Economics and Policy, a business unit that 


specializes in healthcare economics and applied microeconomics. I am an industrial 


organization economist, which is the branch of economics that involves the study of firms, 


industries, consumer behavior, and pricing. I am also a founding director of Compass 


(Competition Policy Associates), the predecessor of Compass Lexecon, an independent 


subsidiary of FTI Consulting, Inc., a firm which specializes in antitrust and applied 


microeconomics, and continue to serve as Senior Consultant on selected Compass Lexecon 


matters.  


2. I have worked as an economist in public and private sectors on issues related to competition 


and competition policy involving a variety of industries since 1979. I served as Assistant 


Chief of the Economic Regulatory Section of the Antitrust Division, US Department of 


Justice, where among other matters I had primary responsibility for healthcare matters, 


including market power and regulatory analyses, and as Economist at the Federal Reserve 


Board, and as an Adjunct Lecturer at Duke University Institute of Policy Sciences (now 


Sanford School of Public Policy). I testified as an economic expert in several healthcare 


antitrust and class action cases, including matters involving branded and generic 


pharmaceuticals, and have served as expert for states, federal government, and private sector 


clients. As an economic expert, I testified on matters involving economic analysis of class 


certification, merits/liability, and damages, among other issues. Some of these matters 


involved economic analysis of remedies or consent decrees, and their efficacy in addressing 


competitive concerns while permitting the Transaction.1 My credentials and experience, 


which encompass more than three decades of work in antitrust and regulatory policy, 


including qualification as an expert economist in the U.S., Canada, and New Zealand, and 


 
1 See, e.g., Federal Trade Commission, et al. v. Arch Coal, Inc., et al. Case No.1:04CV00534 (JDB); Testimony before 


Pennsylvania Insurance Department regarding proposed affiliation between Highmark, Inc. and the West Penn 


Allegheny Health System (April 17, 2012); and Report (Economic Analysis Of Highmark’s Affiliation with 


WPAHS and Implementation of an Integrated Healthcare Delivery System), April 2013. 
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almost 20 years in healthcare antitrust and policy, are set out in my Curriculum Vitae attached 


as Appendix A.2 


B. Scope of Assignment 


3. The U.S. Federal Trade Commission (“FTC”) seeks to enjoin Illumina, Inc’s (“Illumina”) 


proposed acquisition of GRAIL, Inc. (“GRAIL”). The FTC alleges that Illumina’s 


acquisition of GRAIL “would substantially lessen competition in the U.S. multi-cancer early 


detection (“MCED”) test market by diminishing innovation and potentially increasing prices 


and reducing the choice and quality of MCED tests.”3  


4. I have been asked by Illumina and its counsel, Cravath, Swaine & Moore LLP, to provide 


expert economic analyses of Illumina’s Oncology Contract Terms (“Open Offer”) as a means 


substantially to reduce or eliminate certain alleged potential anticompetitive effects raised 


by the FTC and its economic expert, Dr. Fiona Scott Morton, relating to Illumina’s proposed 


acquisition of GRAIL4 


II. SUMMARY OF OPINIONS 


5. In conducting my analyses and review, I have applied standard economic principles and 


evidence employed by economists as well as my experience described above and detailed in 


Appendix I to the available facts and information. I provide a listing of materials considered 


in Appendix B, which include materials related to merger review of vertical transactions; 


merger remedies or conditions that address potential competitive harms from a vertical 


transaction including those used by federal and state agencies or by parties, by contract, or 


by other forms of agreement; and review of the record of this matter, including testimony, 


expert reports, documents and related materials. My analyses and opinions are based on 


information available to date, and I reserve the right to update my opinion based on new 


information or opinions proffered on behalf of the FTC. 


 
2 F FTI Consulting, Inc. is being paid $1,370 per hour for my work on this matter. It is also being compensated for the 


time spent on this matter by other staff members at their customary hourly rates and other usual fees. Neither my 


compensation, nor that of FTI Consulting, is dependent on the outcome of this proceeding. 
3 In the Matter of Illumina, Inc and GRAIL, Inc., Before the Federal Trade Commission, Docket No. 9401, Complaint 


at ¶ 1. 
4 See Illumina Open Offer at https://www.illumina.com/content/dam/illumina-marketing/documents/ applications/ 


cancer/illumina-open-offer.pdf. In describing the Open Offer, I include signed agreements entered into with FMI 


and Guardant after the proposed merger was announced, as well as the agreements signed by Invivoscribe and 


Tempus, which incorporate the Open Offer terms, unless expressly excluded or discussed separately. 
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6. The Open Offer’s terms effectively address the concerns asserted by the FTC and Dr. Scott 


Morton that Illumina will have the incentive and ability to anticompetitively disadvantage 


GRAIL’s rivals once Illumina re-acquires control of GRAIL. The Open Offer provides 


Illumina’s clinical oncology customers5 with comprehensive, long-term protections against 


alleged foreclosure conduct (including raising rivals’ costs), specifically, concerns about 


access, pricing, quality and rights to develop distributable in-vitro diagnostic (“IVD”) kits 


on Illumina’s FDA-regulated (“Dx”) systems. 


7. My opinion is based on my independent evaluation of each of the major elements of the Open 


Offer. In analyzing each, I came to the conclusion that individually and collectively the Open 


Offer covers the economically necessary set of terms to prevent the alleged competitive harm 


arising from the proposed Transaction; addresses the specific economic issues and concerns 


raised by the FTC and Dr. Scott Morton (primarily by referencing concerns raised by certain 


Illumina customers); and provides for effective monitoring and enforceability mechanisms. 


Specifically, in my opinion, the Open Offer covers all relevant aspects of the alleged 


competition concerns raised in both the short and long term, provides mechanisms to 


maximize compliance with those terms and creates a framework to enable a competitive 


playing field as the upstream and downstream segments evolve over the duration of the Open 


Offer.  


8. The Open Offer provides for firewalls to protect from the dissemination of confidential 


information from Illumina’s Next Generation Sequencing (“NGS”) customers to GRAIL and 


misuse of such confidential information. Illumina commits to both structural separations and 


policies that ensure against such information exchanges. These types of firewalls and 


protections have been implemented by the FTC (and other antitrust agencies or regulatory 


agencies) in vertical transactions with success, and in my opinion, these provisions can be 


effectively implemented. This supports the conclusion that the firewall provided for in the 


Open Offer also can be effective here in addressing concerns with anticompetitive 


information sharing. 


 
5 Hereafter, when I reference “clinical oncology customers”, that term includes any Illumina customer active in the 


development or commercialization of clinical oncology tests using Illumina’s systems who meet the definition of 


“For-Profit Entity” in the Open Offer, including the entities that Dr. Scott Morton and the FTC have identified as 


rivals to GRAIL 
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9. In my opinion, which is based on my review and experience with merger remedies, including 


consent decrees, the Open Offer makes use of the same principles that have been 


implemented in practice with regard to enforcement mechanisms (e.g., incentives or 


mechanisms to enforce compliance or address issues). The audit and arbitration terms of the 


Open Offer provide Illumina’s clinical oncology customers with effective oversight and 


enforcement mechanisms to ensure compliance with the Open Offer terms and to effectuate 


its purpose, i.e., ensuring the proposed Transaction will not harm innovation or result in 


higher prices as compared to the but-for world where Illumina does not re-acquire control of 


GRAIL. The very public aspect of the Open Offer can also bolster compliance.  


10. The firewall and audit terms in the Open Offer are not novel or unusual provisions. 


Regulatory agencies, including the FTC, and private parties use these types of compliance 


or reporting audits regularly in transactions and consent decrees concerning challenged 


transactions. Illumina has already worked to operationalize the procedures necessary to 


comply with and audit the Open Offer terms. 


11. Illumina also presented the FTC with a set of unilateral behavior commitments in the form 


of consent principles on February 26, 2021 (“Consent Principles”), which would grant the 


FTC oversight, monitoring, and access authority post-acquisition—all features commonly 


used by the FTC in remedial consent decrees. Specifically, the Consent Principles would (i) 


permit the FTC to appoint a monitor trustee, (ii) provide for submission of an annual verified 


written report to the FTC regarding Illumina’s compliance with the Consent Principles, and 


(iii) grant FTC access to Illumina books, records, officers, directors and employees to 


determine or secure compliance with the Consent Principles. The Consent Principles provide 


additional evidence of Illumina’s commitments to openness and compliance, which comport 


with the FTC’s commonly accepted practice of putting in place such consent decrees. 


12. In addition to effectively codifying the pre-merger status quo, the Open Offer represents an 


improvement over the status quo for customers. I base this opinion on a detailed evaluation 


of the current provisions governing relationships, pricing, and access for customers (focusing 


in particular on those customers discussed in Dr. Scott Morton’s report) compared to those 


in the Open Offer.  


13. As set forth in my comparative analyses below, the Open Offer terms provide commitments 


that did not exist prior to Illumina’s announcement of the Transaction and which benefit 
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Illumina’s clinical oncology customers. For example, customers under the Open Offer are 


assured equivalent access to Supplied Products, access which will not favor GRAIL over 


other customers, including in times of scarce supply.6 The Open Offer also offers clinical 


oncology customers access to standard pricing, which for many customers will be more 


favorable than current pricing terms. The Open Offer provides for customers to have the 


option to keep their pricing terms that are in effect as of the GRAIL Transaction 


(“Transaction”) closing. These are relevant improvements. 


14. One implication of Dr. Scott-Morton’s report is that, under her theory, Illumina should have 


a financial incentive to favor GRAIL even absent the merger given GRAIL’s positioning and 


the close economic ties between GRAIL and Illumina today. In this regard, by providing for 


equivalent treatment between GRAIL and possible rivals, the Open Offer ensures more 


protection to those possible rivals than would likely prevail in the counterfactual that would 


exist absent the merger according to the framework provided by Dr. Scott Morton’s 


incentives analysis. 


15. Dr. Scott Morton fails to support her assertion, economically or logically, that there is no 


possible effective remedy using supply arrangements/contracts, either via the Open Offer or 


a consent decree with the FTC, that would address or could be enforced to address the alleged 


competitive concerns.7 Dr. Scott Morton also fails to evaluate the commitments in the 


Consent Principles, which provides monitoring and reporting commitments similar to many 


of the FTC’s consent decrees in other matters. In my opinion, Dr. Scott Morton reaches her 


opinions based on an incorrect but-for world and post-Transaction world with the Open Offer 


that misstates the changes in incentives and ability of Illumina from the but-for world. She 


conducts no independent analysis of the specific terms or enforceability of the Open Offer, 


and instead relies on selected testimony of third parties. These include testimony about 


potential unknown circumstances or the ability of contracts to cover all possible theoretical 


states of the world and contingencies, as well as speculation about theoretical ways Illumina 


could circumvent the Open Offer that she has not demonstrated are plausible or not addressed 


 
6 Supplied Products is defined in the Open Offer as Illumina’s NextSeq, NextSeqDx and NovaSeq instruments, and 


any future sequencing instruments launched by Illumina or its Affiliates, or Sequencing Consumables, which are 


consumables intended by Illumina to be used to perform a sequencing process on any of these instruments. 
7 July 2, 2021 Report of Dr. Fiona Scott Morton (“Scott Morton Expert Report”), that are purchased by a customer 


under the Open Offer and used in the United States. 







CONFIDENTIAL: FTC DOCKET NO. 9401 


6 


by the audit and arbitration mechanisms in the Open Offer. The Scott Morton report also 


provides inconsistent economic analyses of Illumina’s supposed ability to reach complex 


contractual agreements with customers governing longer and shorter term risks and 


uncertainties, while asserting that the detailed provisions of the Open Offer governing 


multiple aspects of contracts are incomplete, inadequate, and unable to address customer 


issues. 


16. The FTC also asserts that the Open Offer is deficient in that it is not enforceable with regard 


to firewalls or compliance (audits), although the FTC and Dr. Scott Morton do not address 


the specific provisions of the Open Offer, provide evidence of non-enforceability or 


insufficiency of the terms, or distinguish use of firewalls in the multiple other matters in 


which the FTC (or other agencies) have used them. Having reviewed the testimony and 


documents of the third parties, including Dr. Scott Morton’s summary of them on which she 


relies in her evaluation of the Open Offer, I conclude that these are largely generalized 


concerns and statements of potential concerns and not detailed analysis of the specifics of 


the Open Offer and how it might (and does) address them. Nor is Dr. Scott Morton consistent 


in the weight she places on third-party testimony. For example, she ignores the testimony of 


FMI that the long-term contract FMI and Illumina signed after the announcement of the 


Transaction addressed the concerns FMI initially had regarding the deal. 


17. The Open Offer provides for the Transaction’s benefits to occur, which are lost if the 


Transaction is stopped. The Transaction occurs in a developing marketplace where there are 


no a priori assurances or guarantees about commercial outcomes or the identity or number 


of successful innovators. These factors, in my opinion, are highly relevant to Illumina’s 


incentives post-Transaction to continue to work with GRAIL’s rivals and the protections 


afforded to them, and to the assessment of the competitive effects of the Transaction with 


the Open Offer. They also are relevant to the standard principles applied in crafting remedies 


in vertical transactions or in private arrangements between vertically-aligned companies with 


multiple downstream companies, including in developing markets or ones with potentially 


many different outcomes—namely of achieving the benefits of the Transaction while 


effectively addressing the competitive concerns. 
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III. BRIEF BACKGROUND 


A. Background on Illumina and its NGS technology 


18. Illumina is the leading developer, producer, and supplier of NGS instruments and 


consumables used in genetic and genomic analyses.8 Its short-read sequencing platforms 


include Exome Sequencing for coding variant analysis (iSeq 100, MiniSeq), Whole-


Transcriptome Analysis for total RNA sequencing (MiSeq, NextSeq 550), and Single-Cell 


Profiling for scRNA, scDNA, and oligo tagging assays (NextSeq 1000 & 2000 and NovaSeq 


6000). Illumina also sells microarray scanners and IVD instruments (MiSeqDX and NextSeq 


550Dx) which have received authorization from the FDA and may be suitable for certain 


clinical applications.9 These instruments work in conjunction with sequencing consumables 


also supplied by Illumina.10 I understand that other consumables may be used in preparing 


samples for sequencing, such as sample preparation and library preparation consumables, 


but I do not address these here as Illumina either does not supply such consumables or is one 


of very many suppliers for such consumables. 


19. According to Illumina, its NGS technologies serve as a cost-effective tool to “sequence large 


sample sizes quickly and accurately, generating vast amounts of high-quality data” that can 


be used to study genetic variation and empower genetic analysis.11 Illumina’s DNA 


sequencing is based on its proprietary reversible terminator-based sequencing known as 


“sequencing by synthesis (“SBS”) biochemistry” which “tracks the addition of labeled 


nucleotides as the DNA chain is copied in a massively parallel fashion.”12  


20. Customers for these products include leading genomic research centers, academic 


institutions, government laboratories, hospitals, and pharmaceutical, biotechnology, 


commercial molecular diagnostic laboratories, and consumer genomics companies.13 One 


important use of NGS technology is in the field of oncology where NGS has been used for 


translational cancer research in the laboratory. More recently, NGS technology is beginning 


 
8 Illumina, Inc., U.S. SEC Form 10-K for the fiscal year ending January 3, 2021, at 4. 
9 https://www.illumina.com/systems.html (accessed June 22, 2021). 
10 https://www.illumina.com/products.html (accessed June 22, 2021). 
11 Illumina, Inc., U.S. SEC Form 10-K for the fiscal year ending January 3, 2021, at 5. 
12 Ibid. at 6. 
13 Ibid. at 4. 



https://www.illumina.com/systems.html
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to be used for therapy selection, treatment monitoring and minimal residual disease detection 


for cancer patients.14 


21. Another potential oncology use for NGS is early detection of cancers through analysis of 


nucleic acids in the bloodstream, most commonly, DNA fragments that are circulating in the 


blood. Through natural processes, cell-free DNA is circulating in the blood, known as 


cfDNA. In individuals with cancer, some fraction of the cfDNA in the blood is from tumors, 


known as ctDNA or circulating tumor DNA. By sequencing cfDNA to identify abnormal 


patterns or signatures that are indicative of ctDNA and therefore, cancer, tests are capable of 


identifying cancer early from a blood sample. Early detection of certain types of cancer 


increases the likelihood that treatments can be undertaken to cure or stop the progression of 


the disease and thus improve patients’ outcomes.15  


22. While Illumina is the leading supplier of NGS systems today, other firms offer NGS systems 


and my understanding is that competition is intensifying and the upstream space is expected 


to become even more competitive in the coming years, particularly with the looming 


expiration of certain core Illumina patents in 2023. I understand other experts in this case are 


addressing the upstream competitive landscape in more detail and are also addressing Dr. 


Scott Morton’s contention that Illumina is and will remain the only competitively viable 


option for development of early cancer detection tests. My opinions do not turn on the 


validity of this contention. 


B. Illumina’s Proposed Transaction to Re-acquire GRAIL 


23. GRAIL entered into two supply agreements after GRAIL became a separate company—2016 


at time of spin-off (when Illumina retained a majority of the voting shares of GRAIL) and 


2017 at time of deconsolidation, which is the current agreement, with amendments over 


time.16 The 2017 agreement lowered the royalty on applicable field from 25% to 9%, which 


“stacks down” to 7% and then after a billion dollars in cumulative royalties are paid to 


Illumina, it reduces to 5%.17 As to discounts on consumables, the 2017 agreement also 


reduced the discount for sequencing instrument purchases, the 2016 agreement provided for 


 
14 “Next-Generation Sequencing (NGS): Revolutionizing Patient Care in Your Oncology Practice,” Illumina, at 2. 
15 See PX2359. 
16 Aaron Freidin Investigative Hearing, at 100:10-101:7. Deconsolidation occurred because GRAIL needed more 


investment spending and Illumina did not want to spend more. See Ibid, at 113:2-9. 
17 Ibid, at 101:8-23. 
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a 50% discount from list price, while the 2017 agreement reduced that to discounts in the 20-


30% range.18 Although GRAIL’s 2016 discounts were higher than what Illumina offered to 


others, the concept used was a larger discount up front for a royalty later on.19 A similar 


concept is reflected in the 2017 agreement, although the discounts and royalties are both 


lower than what was required under the 2016 agreement.  


24. Illumina announced its agreement to re-acquire control of GRAIL on September 20, 2020. 


Post-acquisition, Illumina’s expressed intent is to continue supplying and supporting all other 


firms developing NGS-based oncology assays, including screening and monitoring. To do 


so, it has committed to continuing to lower the cost of sequencing for customers and to 


provide non-discriminatory access to improvements to scale, automation, analysis, and 


workflow; and to engage in long term supply agreements. Illumina has also announced (as 


reflected in its internal documents) that it intends to operate GRAIL as a separate division 


and will firewall GRAIL from the remainder of its organization. 


25. As part of its due diligence, Illumina recognized that there is no certainty that NGS-based 


cancer screening will be successful in that at this point, its use is not proven and requires 


significant evidence of clinical and economic utility. Key threats include long time frames 


for clinical studies and the possibility that studies do not demonstrate significant benefit over 


standard of care cancer screening tests, such as outcomes benefits.20 


C. The FTC’s Alleged MCED Relevant Market 


26. GRAIL and other test developers are working to develop, and eventually, commercialize 


early cancer screening tests, although the type and number of cancers that could be detected 


and the liquid biopsy methods used vary among the test developers identified by Dr. Scott 


Morton. GRAIL launched its Galleri test as a laboratory-developed test on June 4, 2021. It 


is available by prescription only.21 The FTC alleges that the MCED test relevant market 


consists of at least GRAIL and Thrive (acquired by Exact Sciences), Natera, Guardant, 


 
18 Ibid, at 102:16-103:6. 
19 Ibid, at 107:7-25. 
20 ILMN-FTCVOL_00000512, “2020 Strategic Planning, Market Segments Review,” March 5, 2020, at 541. 
21 GRAIL News Release, “GRAIL Presents Interventional PATHFINDER Study Data at 2021 ASCO Annual Meeting 


and Introduces Galleri, a Groundbreaking Multi-Cancer Early Detection Blood Test,” June 4, 2021 


https://grail.com/press-releases/grail-presents-interventional-pathfinder-study-data-at-2021-asco-annual-meeting-


and-introduces-galleri-a-groundbreaking-multi-cancer-early-detection-blood-test/. 
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Freenome, Singlera, Caris, and Foundation Medicine.22 The FTC’s market definition appears 


to include any liquid biopsy NGS-based early cancer detection test that tests for multiple 


cancers (whether 2, 10 or 50), regardless of the differentiating characteristics and 


performance attributes of the test, including pipeline tests that are not commercialized. The 


FTC’s set of purported competitors includes any entity that has stated that it is considering 


or intends to develop such an early cancer detection test. 


27. Respondents Illumina and GRAIL contend that the FTC has improperly defined the relevant 


product market. Respondents base this contention on evidence that the downstream market 


in which GRAIL’s Galleri MCED test will compete is non-existent and will not reach 


commercial scale for many years. In addition, it is not possible at this stage to know what 


technologies will be deemed substitutes for non-invasive early cancer screening.23 Further, I 


understand that Respondents’ position is that there is no basis for the FTC’s and Dr. Scott 


Morton’s contention that all of the tests in their asserted market (e.g., a two cancer test that 


cannot identify tissue of origin versus a 50 cancer test that can identify tissue of origin) will 


be viewed as substitutes by payors, patients and physicians and compete in the same relevant 


antitrust market, or that Dr. Scott Morton has examined the relevant factors to validate this 


contention. 


28. One consideration in analyzing Illumina’s alleged continued incentive and ability to 


disadvantage its rivals under the Open Offer is that there is no certainty that NGS-based 


cancer screening will be successful as it is not proven in terms of its clinical and economic 


utility. Solely for purposes of my analysis evaluating the Open Offer below, I assume that 


the relevant product market is MCED tests and the relevant geographic market is the United 


States. I provide no independent analysis or opinion on the definition of the relevant market 


beyond that discussed above. And, as noted below, there is no certainty with regard to which 


participants to include in the alleged relevant market. My opinions herein do not turn on the 


validity of Dr. Scott Morton’s asserted relevant product market or its specific participants. 


 
22 In the Matter of Illumina, Inc., and GRAIL, Inc., Complaint at ¶ 46. See also Scott Morton Expert Report at ¶ 149. 
23 See In the Matter of Illumina, Inc. and GRAIL, Inc., Answer and Defenses of Respondents Illumina, Inc. and 


GRAIL, Inc., at 5-6. See also Expert Report of Professor Robert Willig (“Willig Expert Report”). 
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D. Third-Party MCED Purchasers of Illumina Sequencers and Consumables 


29. Information on third-party buyers of Illumina sequencers and consumables who have been 


identified as pursuing the oncology screening and monitoring product development in the 


case discovery produced to date can be contradictory and unclear. Table 1 summarizes 


certain available information on these potential buyers.24 


30. In analyzing Illumina’s alleged incentive and ability to disadvantage its rivals under the Open 


Offer, I recognize that there is no certainty that any, much less all, of the FTC’s named market 


participants will offer a viable cancer screening test for multiple cancers in the foreseeable 


future irrespective of the proposed Transaction and Open Offer. Nor is there certainty as to 


the performance attributes that different tests will develop, or which tests will be viewed as 


substitutes versus complements once such tests are adopted. Solely for purposes of my 


analysis evaluating the Open Offer below, I assume that participants in this alleged relevant 


MCED market include GRAIL, Thrive, Natera, Guardant, Freenome, Singlera, Caris, and 


Foundation Medicine, as described by the FTC. I also occasionally refer to these entities as 


“MCED test developers” or “MCED rivals”, though I offer no opinion about whether the 


tests that these entities are developing are, in fact, MCED tests, or whether such tests would 


compete with Galleri. My analysis does not change if the list of market participants 


changes.25 I provide no independent analysis or opinion on the structure of the relevant 


market beyond that discussed above. 


E. FTC’s Allegations of Competitive Harm 


31. With respect to Illumina’s acquisition of GRAIL, the FTC alleges that the acquisition “would 


substantially lessen competition in the U.S. MCED test market, resulting in reduced 


innovation and potentially increased prices and reduced choice and quality of MCED tests, 


thus negatively impacting the ability for Americans to receive early-stage diagnoses and 


successful treatment of their cancers.”26 The FTC further alleges that “[a]s the only provider 


 
24 See Letter from Cravath, Swaine & Moore, LLP to FTC dated October 30, 2020 regarding Proposed Acquisition of 


GRAIL, Inc. by Illumina, Inc. at 1. See also PX2540, “Liquid Biopsy Updates and Milestones, Updated as of 


August 28, 2019” for intelligence on liquid biopsy participants. 
25 Dr. Scott Morton lists GRAIL’s MCED test developer rivals as Thrive, Guardant, Singlera Genomics, Caris Life 


Sciences, Freenome, Helio Health, Natera, and Foundation Medicine (FMI) (Scott Morton Expert Report at Section 


V) although she never demonstrates which of these developer rivals are in the relevant MCED test relevant market, 


i.e., with the ability to constrain GRAIL’s prices. 
26 FTC Complaint at ¶ 53. 
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of a critical input into MCED tests, Illumina possesses multiple means of foreclosing or 


disadvantaging rivals to Grail. After the acquisition, the FTC alleges that Illumina will have 


an increased incentive to disadvantage test developers who may be developing NGS-based 


MCED tests because, according to the FTC, the value of foregone NGS instrument and 


consumable sales to disadvantage those test developers will be offset by the gain in MCED 


testing revenue captured by GRAIL.”27 Dr. Scott Morton’s opinions generally track the 


FTC’s allegations. 


32. I understand that other experts for Illumina are directly addressing Dr. Scott Morton’s claim 


that Illumina has the ability, and that the transaction provides Illumina with the economic 


incentive, to disadvantage the firms characterized as GRAIL’s rivals in Dr. Scott Morton’s 


report, irrespective of the protections afforded by the Open Offer and any supply agreements. 


The assertion appears to require a number of assumptions that Dr. Scott Morton has not 


validated, including that the test developers she identifies are developing and will 


commercialize MCED tests that will be close substitutes to GRAIL’s test, Galleri, and that 


there will be no commercially viable upstream options during the relevant time frame for 


this matter. While I see no empirical evidence supporting Dr. Scott Morton’s claim that, in 


the absence of the Open offer, Illumina has the ability and incentive to foreclose GRAIL’s 


rivals, my opinion as to the robustness of the Open Offer and its impact on Illumina’s ability 


and incentive to foreclose GRAIL’s rivals post-merger is not affected by the validity of that 


claim, separate from consideration of the Open Offer. 


F. Background on the Open Offer 


33. This section summarizes the Open Offer and its provisions to provide background for my 


analysis. The Open Offer sets forth in more detail and expands upon the commitments made 


by Illumina to its customers in its prior letter to customers sent at the time of the GRAIL 


acquisition announcement.28  


34. The Open Offer, which is meant to remedy concerns raised by both the FTC and by 


customers, was posted on Illumina’s website and became effective on March 30, 2021.29 


 
27 Ibid. 
28 Nikki Berry Dep. Tr. May 19, 2021, at 270:13-272:7 and Consent Principles: Unilateral Behavioral Commitments 


submitted to the FTC on February 26, 2021. 
29 Ibid. at 275:10-276; Illumina, Oncology contract terms, https://www.illumina.com/areas-of-interest/cancer/test-


terms.html?SCID=2021-270ECL5522. 
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Illumina has made the terms of the Open Offer available to any existing or new customer of 


Illumina that is a “For-Profit Entity” and purchases NGS products for developing and/or 


commercializing oncology tests.”30 Existing or new customers of Illumina may sign the Open 


Offer at any time until six years after the close of the Proposed Transaction.31 For customers 


who have signed the Open Offer before the close of the Proposed Transaction, the terms will 


take effect upon close; for others, the terms will take effect immediately.32 


35. I understand that Invivoscribe and Tempus, Inc. have signed the Open Offer.33 I understand 


that Guardant and FMI have entered into supply agreements with terms substantially similar 


to the Open Offer in terms of its pricing, access to supplied products, and enforcement.34 


36. In its preamble letter, Illumina sets out its intent in making the Open Offer, stating that the 


attached Supply Agreement and IVD Test Kit Agreement Terms are “…to allay any concerns 


relating to the Transaction, including that Illumina would disadvantage GRAIL’s potential 


competitors after the Transaction by increasing their sequencing prices or by withholding 


access to Illumina’s latest innovations in Next-Generation Sequencing (“NGS”).”35 


37. At a high level, the terms of the Open Offer include the following: 


• A 12-year supply contract for Illumina’s NextSeq and NovaSeq instruments and 


sequencing consumables, and any future sequencing products sold in the U.S. during 


the term of the supply agreement; 


• Guaranteed access to Illumina’s latest sequencing products, including related product 


and support services, and access to pre-release sequencing products to which GRAIL or 


any For-Profit Entity is offered; 36 


• Specified list prices and discounts (the Universal Grid) for the NextSeq and NovaSeq 


systems as well as a comprehensive list of sequencing consumables, including 


Illumina’s highest throughput consumable, the NovaSeq 6000 S4 300 v1.5 flow cell;  


 
30 PX0064 at 1. 
31 Ibid. 
32 Ibid. 
33 See PX8383 (Tempus); April 20, 2021 Letter from N. Berry to M. Bhatnagar (Invivoscribe) (Accepted and Agreed 


May 17, 2021). 
34 See, for example, signed agreements with FMI (PX8396) and Guardant (PX2306). 
35 Open Offer at 1. 
36 “For-Profit Entity” is defined in the Open Offer as a for-profit company in the United States that purchases Supplied 


Products for performing sequencing for liquid biopsy cancer screening or diagnostic tests for clinical oncology 


purposes, on human samples received from, and delivered to, unaffiliated health care professionals, health care 


organizations or other laboratories for clinical oncology purposes. A For-Profit Entity excludes governments, 


government agencies, hospitals, research institutes, academic institutions, non-profits, and Illumina Affiliates 


(including GRAIL). 
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• a commitment not to increase the prices set forth in the Universal Grid for the entire 12-


year term; 


• Commitment that, by 2025, the volume-based net price per gigabase of sequencing using 


the highest throughput Illumina instrument then available, with the highest throughput, 


best-performance flow cell and kit then available, at full capacity, will be at least 43% 


lower than the inflation-adjusted volume-based net price per gigabase of sequencing 


using the NovaSeq instrument, with an S4 300 flow cell, at full capacity; 


• Option of choosing either Grandfathered or Universal Pricing for a Supplied Product.  


o If customer chooses Grandfathered Pricing, it will have the option of 


maintaining its pre-Transaction pricing for the duration of the 12-year term of 


the supply agreement; 


o If customer chooses Universal Pricing, it will have access to volume-based net 


prices for that Supplied Product that are no less favorable than the volume-


based net prices provided to an Equivalent customer, or GRAIL (defined to 


include transfer pricing, portability fees and royalties);37 


• Commitment by Illumina not to discontinue any of the sequencing products supplied 


under the agreement as long as an oncology customer continues to purchase that 


product; 


• Opportunity for any oncology customer to enter into a separate agreement to develop a 


distributable in vitro diagnostic (IVD) kitted test using Illumina’s FDA-approved 


instruments; 


• Opportunity to enter into a development agreement on commercially reasonable terms 


relating to the design or modification of any Supplied Product; 


• Commitment by Illumina to allocate existing supply in short supply situations on an 


equitable basis (and in a manner which will not favor affiliates, including GRAIL, over 


other customers);38 


• Provides a non-exclusive, non-transferable, personal, non-sublicensable right under 


Illumina’s Core IP to use the Supplied Product. It also commits that it will not cease 


shipments of any Supplied Product solely on the basis of any alleged claim of 


infringement;39 


• Commitment to confidentiality restrictions and a confidentiality firewall that prevents 


the transfer by Illumina of its customers’ confidential information to GRAIL. 


38. Enforcement of Illumina’s compliance with Open Offer supply agreements will be subject 


to an annual compliance audit (described in more detail below) and arbitration in the event a 


 
37 Open Offer at Exhibit A. The Open Offer also defines the term “Equivalent” customer. 
38 Many of these provisions broadly put are non-discrimination provisions with regard to treatment of customers, 


These are similar to provisions used in consent decrees by the FTC and DOJ. See below for further discussion. 
39 Open Offer, Section 9b (Intellectual Property. IP Infringement). 
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dispute arises under the agreement (other than claims involving infringement, validity, or 


enforceability of Intellectual Property Rights (whether Illumina’s or Customer’s), or about 


the scope of Intellectual Property Rights in an agreement).40 It further obligates Illumina to 


engage a third-party auditor in the event a customer has a good faith basis for alleging that 


Illumina is in breach of a commitment contained in the Open Offer. 


IV. EVALUATION OF ILLUMINA’S ALLEGED ABILITY AND INCENTIVE TO 


DISADVANTAGE GRAIL’S POTENTIAL DOWNSTREAM RIVALS 


A. Summary of the FTC and Dr. Scott Morton’s Evaluation of Illumina’s Open Offer 


terms  


39. The FTC alleges that there are multiple deficiencies in iterations of Illumina’s proposed and 


executed supply agreements for sequencers and consumables as well as its Open Offer dated 


March 31, 2021, including that such agreements and the Open Offer fail to provide sufficient 


mechanisms to monitor and enforce the provisions within these agreements and offers.41  


40. The FTC contends there is no set of commitments that Illumina could make that would 


remedy the alleged anticompetitive effects of Illumina’s proposed vertical acquisition of 


GRAIL. It further states that “as long as Illumina’s NGS platforms remain a critical input for 


MCED tests for which MCED test developers have no viable substitute, if it were to acquire 


GRAIL, Illumina would gain the ability and incentive to disadvantage GRAIL’s rivals, just 


as those rivals would be disincented [sic] from enforcing any such commitments against 


Illumina—a supplier on whom they depend for a key input.”42 


41. Dr. Scott Morton’s opinions reflect this contention. She claims that the Open Offer is 


inadequate because, according to her report, it “eliminates neither the incentive nor the ability 


of a combined Illumina/GRAIL to disadvantage its downstream rivals.”43 Her proffered 


economic evidence of incentives is limited to citing customer testimony that Illumina would 


want to develop the whole market and would want GRAIL to succeed in its 


commercialization of the Galleri test to the disadvantage of rivals.44 As to the ability to 


 
40 Except claims involving infringement, validity, or enforceability of Intellectual Property Rights (whether Illumina’s 


or Customer’s), or about the scope of Intellectual Property Rights in an agreement. 
41 Letter from J. Wells Harrell, U.S. Federal Trade Commission to Michael Zaken, Esq. and Shireen Matthews, Esq., 


dated June 1, 2021, Supplemental Response to Defendants’ Interrogatory Nos. 3,4,5 and 16, at 3. 
42 Ibid. at 4. 
43 Scott Morton Expert Report at ¶ 305. 
44 Ibid. at ¶ 306. 
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disadvantage rivals, Dr. Scott Morton specifically cites delays in service or supply, providing 


GRAIL with advance notice of new products and features, and withholding cooperation 


during the FDA review process.45 Dr. Scott Morton further opines that, even if the terms of 


the Open Offer contractually prohibit Illumina from disadvantaging a GRAIL rival in an 


anticompetitive way, it fails to provide sufficient mechanisms to monitor and enforce the 


Open Offer’s commitments. She also ignores the Consent Principles. Relying on the 


testimony of third parties, Dr. Scott Morton concludes that “it appears no set of contractual 


terms could eliminate the various levers Illumina can pull to impede Grail’s MCED test 


competitors.”46 


42. I respectfully disagree with the FTC and Dr. Scott Morton’s position and set forth my 


economic analysis of the Open Offer terms and its overall framework as an effective means 


to remedy the alleged ability and incentive of Illumina to anticompetitively disadvantage 


firms that Dr. Scott Morton and the FTC contend are or will be rivals to GRAIL. In the 


sections that follow, I focus my analysis on the foreclosure conduct that the FTC and Dr. 


Scott Morton hypothesize Illumina might engage in post-merger and explain how such 


conduct effectively is addressed by key terms of the Open Offer. In conducting my analysis 


of these terms in the Open Offer, I considered their impact on Illumina’s incentives and 


ability to disadvantage GRAIL’s alleged rivals and (improved) changes compared to the but-


for world. I address the criticisms of the Open Offer asserted in the Dr. Scott Morton report. 


43. As is detailed further below in Section VI, I evaluated the Open Offer and its specific terms 


and conditions in the context of consent decrees, merger remedies or contractual 


arrangements used by federal and state agencies that enabled vertical (and other) 


transactions to move forward while addressing competitive concerns. This review included 


remedies that rely on private parties in part for enforcement of terms and conditions. 47 My 


 
45 Ibid. at ¶ 307. 
46 Scott Morton Expert Report at ¶ 308. 
47 For overview of terms and conditions see, e.g., U.S. DOJ Antitrust Division Policy Guide to Merger Remedies (June 


2011); OECD Secretariat, “Remedies in Merger Cases: Policy Roundtables 2011,” OECD (July 30, 2012); and 


Hoffman, D. Bruce, "Vertical merger enforcement at the FTC," In Credit Suisse 2018 Washington Perspectives 


Conference, Washington, DC (2018), https://www.ftc.gov/system/files/documents/public_statements/1304213/ 


hoffman_vertical_merger_speech_final.pdf. For a specific example, see the consent decree in United States of 


America v. Electronic Payment Services for use of non-discrimination provisions for access and pricing (fees) 


tied to larger third party processors; the Competitive Impact Statement notes that by “using the treatment of 


intercept processors as a benchmark” the DOJ was able to avoid a “detailed regulatory approach” to the decree; 


 



https://www.ftc.gov/system/files/documents/public_statements/1304213/
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assessment also considered marketplace dynamics and factors that influence incentives and 


outcomes not evaluated by Dr. Scott Morton and the FTC.  


44. With regard to concerns raised by third parties, the Open Offer provides the framework, 


commitments and enforcement mechanisms to address those concerns raised (e.g., pricing, 


access to supply, and information sharing). by providing customers and the marketplace with 


increased information on the contracting provisions that Illumina is willing to negotiate with 


regard to pricing, access, technology and other terms, the Open Offer changes bargaining 


dynamics in favor of third parties after the Transaction. 


B. The But-For World 


45. In assessing the ability of Illumina’s Open Offer to effectively deter alleged anticompetitive 


behavior that could disadvantage potential rivals of GRAIL, I set forth the economically 


appropriate “but-for” world of no acquisition. In this but-for world, Illumina retains its 


economic stake in GRAIL’s MCED product success, which implicate Illumina’s incentives 


regarding GRAIL and its commercial success in the but-for world compared to others. 


Specifically, it remains a stakeholder in GRAIL with about 12.05% ownership interest on a 


fully-diluted basis.48 Under the 2017 agreement, Illumina remains entitled to a perpetual 


royalty of 7% (eventually reduced to ~5%) of all GRAIL oncology revenues. This provision 


is unique in that no other oncology customer has to pay a royalty to Illumina on all oncology 


revenue, including any revenues from the sale of screening products and services. 


46. In evaluating the Open Offer, I note that in the but-for world as well as the post-transaction 


world there is substantial uncertainty inherent in the actual commercial success of the MCED 


developers or of the industry and the marketplace as a whole. 49 As Illumina’s strategic plans 


 
and benchmark for non-discriminatory pricing based on volumes and discounts offered to larger processors. See 


Competitive Impact Statement at 14-15, https://www.justice.gov/atr/case-document/file/494991/download; and Final 


Judgement at https://www.justice.gov/atr/case-document/file/494991/download https://www.justice.gov/atr/case-


document/file/628471/download. 
48 See PX4291 (GRAIL, Inc. Capitalization Table – Stakeholder Details Report, Mar. 8, 2021). 
49 The road to launching a commercially successful MCED product is highly uncertain with potentially different 


MCED products, different technology basis, clinical trial success/failure, and potential launch dates or 


marketplace response —and therefore, uncertain and potentially different paths for FDA approval, customer 


acceptance, and commercial success. In addition, the American Cancer Society currently has no guidelines for 


MCED nor are they developing them at this stage. The ACS would not even consider developing guidelines “until 


there was a plethora of evidence for their effect efficacy and that it was reviewed…by our guidelines development 


group.” See William Cance Dep. Tr. May 27, 2021 at 35:7-38:14. 



https://www.justice.gov/atr/case-document/file/494991/download

https://www.justice.gov/atr/case-document/file/494991/download

https://www.justice.gov/atr/case-document/file/628471/download

https://www.justice.gov/atr/case-document/file/628471/download
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and other documents show, Illumina’s future NGS sequencing success depends on the 


commercial success of oncology screening tests and aggregate effects on the marketplace. 


Illumina and the industry cannot predict a priori which of the participants will succeed or 


fail, the key drivers, or the dimension and scope of success for individual firms or the 


marketplace as a whole, which tests will be adopted as complements or direct substitutes, 


and which innovators may be important to the development of new applications for NGS 


outside of cancer screening. These factors affect profits and potential outcomes.50 Moreover, 


the Transaction occurs in a dynamic and developing marketplace and could spur further 


investments and changes by other actors. Applying economic reasoning, these factors 


influence Illumina to continue to provide customers, including those that may be developing 


MCED tests, with access to sequencing products and any modifications, optimizations, or 


advances necessary to reduce costs and encourage development on Illumina’s platforms. 


While these several factors indicate alignment of Illumina’s incentives with the terms and 


conditions set forth in the Open Offer, my evaluation addresses the Open Offer’s efficacy as 


a needed remedy for the alleged competitive concerns. 


C. The Open Offer Prevents Foreclosure and Raising Rivals’ Cost Conduct 


47. The FTC alleges that Illumina can foreclose GRAIL’s rivals “by raising the test developer’s 


prices for NGS instruments and consumables, impeding the rival’s research and development 


efforts by denying important technical assistance and other proprietary information needed 


to obtain FDA approval or design a commercially successful MCED test, or refusing or 


delaying the execution of an agreement required to sell distributed IVD versions of the test 


(or offering the agreement on terms that would restrict the competitiveness of the rival’s IVD 


test).”51 Dr. Scott Morton similarly asserts that there “are a number of strategies that Illumina 


could use to disadvantage GRAIL’s rivals, including charging higher prices to GRAIL’s 


rivals for Illumina’s NGS products or providing lower quality, service or cooperation to 


GRAIL’s rivals.”52 Specifically, she asserts that Illumina:  


• could “increase the price it charges GRAIL’s rivals;”  


 
50 ILMN-FTCVOL_00000512, “2020 Strategic Planning, Market Segments Review,” March 5, 2020, at 541-543. See 


also Scott Morton Expert Report at ¶ 165. 
51 Complaint at ¶ 54. 
52 Scott Morton Report at ¶ 177. 
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• “relative to what Illumina provides now, it could delay providing the rivals access to 


updated consumables that use more efficient chemistry, or to information the rivals 


would need to use those consumables efficiently;”  


• “it could delay providing access or information about new, more advanced, and more 


efficient instruments;”  


• “Illumina could delay or disrupt [routine] maintenance, service, and assistance;”  


• “Illumina could delay or disrupt the timely shipment of consumables;”  


• “Illumina may be able to degrade the quality of the input provided to [GRAIL] rivals 


and give a competitive advantage to GRAIL in ways that would be difficult for rivals to 


observe or protect against via contractual provisions;”  


• “Illumina could disrupt the efforts of Grail’s rivals to obtain FDA approval for their 


MCED tests;” and  


• “Illumina may be capable of disadvantaging competitors...by carving out test 


capabilities and instruments that no other test provider can use.”53 


48. As discussed below, the Open Offer’s terms and conditions directly restricts each of these 


strategies. 


D. Pricing Terms Prohibit Raising Rivals’ Costs Conduct 


49. As noted, Dr. Scott Morton hypothesizes that Illumina could disadvantage GRAIL’s rivals 


by raising their costs in the post-merger world. She also asserts that, in the pre-merger world, 


“The current level of investment by MCED test developers is based on each developer’s 


expected future profits given the current Illumina prices and levels of quality, service, and 


cooperation.”54 Thus, Dr. Scott Morton appears to acknowledge that premerger pricing is set 


at a level that encourages investment in MCED development on Illumina’s platform. 


However, she opines that, post-merger, Illumina’s incentives change such that it will exercise 


its alleged power over sequencing costs anticompetitively to increase the cost of goods for 


GRAIL rivals, causing them to have to raise their prices or incur lower margins that dissuade 


investment in innovation.55  


 
53 Scott Morton report at ¶¶ 178, 189-193.  
54 Scott Morton report at ¶¶ 168, 223 
55 Scott Morton report at ¶¶ 227. 
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50. The Open Offer addresses this hypothesized foreclosure strategy. Specifically, the Open 


Offer provides clinical oncology customers with access to pricing under a standard volume-


based discount grid, which is required to match whatever pricing to which GRAIL or an 


Equivalent customer has access (i.e., Universal Pricing option).56 And it further establishes 


that Illumina cannot raise these prices except in limited circumstances that are (as discussed 


below) monitorable and enforceable to ensure these limited exceptions do not become 


anticompetitive loopholes.57 


51. In addition, the Open Offer codifies the volume-based pre-merger pricing levels that Dr. 


Scott Morton opines are, today, set to encourage development, and, as shown below, for 


many customers who chose the Universal Pricing Option, it improves upon premerger 


pricing/discounting levels. Moreover, the Grandfathered Pricing option enables a customer 


to choose its current pricing rather than that offered under the Open Offer assuming a 


customer elects to enter into the Open Offer.58 


52. Under the status quo (but-for world), customers have no pricing protections. Currently all of 


these buyers could and some do pay different prices for the same products, as I show below. 


Under the Open Offer, customers choosing the Universal Pricing option will be assured 


 
56 If a customer elects Universal Pricing, then the Open Offer provides that the customer purchases each Supplied 


Product under the pricing in Appendix 1. In addition, the customer also receives the No Price Increase pricing 


protections in Section 5c and under Section 5d has additional protection in which Illumina commits to certain 


lower pricing for Supplied Products. Sections 5e and 5f also apply under this option whereby the customer receives 


the benefit of any lower pricing offered to an Equivalent Customer or to GRAIL for any Supplied Product. In 


addition, Illumina will notify the customer of such triggering lower pricing as set forth in Section 5g. The benefits 


of Illumina’s commitments under Sections 5e-g are not available to customers who choose the Grandfathered 


Pricing option. 
57 Specifically, Section 5c of the Open Offer states that to “the extent Illumina’s costs of goods sold for a Supplied 


Product materially increase due to factors beyond Illumina’s control, then the Volume-Based Net Price (under 


Appendix 1) may increase solely to reflect that cost increase and solely for the duration of that cost increase.” 


Separately, it provides in Section 5d that “[t]o the extent that Illumina launches a new version of any Supplied 


Product (e.g., a sequencing instrument of similar throughput, or a Sequencing Consumable of the same sequencing 


read length and similar number of sequencing reads per flow cell), the inflation-adjusted (based on the PPI) 


Volume-Based Net Price per gigabase of sequencing shall not be higher as compared to the Volume-Based Net 


Price of the prior version of the Supplied Product, provided that the new version of the Supplied Product does not 


result in any material improvements in performance or capability.” As discussed below, the auditing and arbitration 


provisions provide effective means to ensure these terms are not used to discriminatorily increase prices. 
58 The Open Offer allows a customer to elect to receive Grandfathered Pricing for a Supplied Product. Some of the 


customers identified by Dr. Scott Morton as MCED developers have existing supply agreements with Illumina—


Guardant, Natera, Roche/FMI. ILMN-FTCVALOR_00132831 (Guardant); ILMN-FTCVALOR_00138171 


(Natera); ROCHE-CID-00003767 (Roche/FMI). Others have a standing quote from Illumina for supplied product, 


such as Freenome. See FRNM00003535. See backup to Table 2. If a customer chooses Grandfathered Pricing, it 


also receives the benefit of No Price Increases. 
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transparent and secure pricing, subject to the other provisions and commitments of the Open 


Offer.59 


53. Moreover, under the status quo, Illumina is under no obligation to lower the cost of 


sequencing to customers but has that obligation under the Open Offer (43%). Josephine 


Harada agreed that Illumina historical price reductions evidence its ability to achieve the cost 


reductions required under the Open Offer.60 In addition to the Open Offer requirements, 


Illumina has the economic incentive to lower the cost of sequencing to benefit downstream 


innovation and expand the market that it can supply and to maintain its cost advantage over 


other potential NGS suppliers and competing technologies.  


54. For purposes of evaluating the Open Offer, I analyzed and compared it with current pricing 


arrangements of customers. My empirical analysis of the benefits of the Open Offer’s pricing 


compared with the status quo is consistent with the testimony of Illumina’s sequencing 


customers. Josephine Harada testified that the Open Offer discounts are higher than Illumina 


offered in negotiating with Exact/Thrive on its long-term supply agreement.61 Michael Nolan 


testified that the new drafts of Freenome’s supply agreement is mostly blending the Open 


Offer into its supply agreement.62 Ms. Harada also testified that the Open Offer has the No 


Price Increase term which is better than what appears in Thrive’s exchanged draft agreements 


since in these agreements Illumina reserves the right to set its own prices at least once a 


year.63 There also is a no discrimination provision on pricing in the Open Offer which 


commits that a customer’s prices are no less favorable than equivalent customers, which is 


not available under status quo supply agreements or standing offers. 


55. As Table 2 indicates, the volume-based net price per gigabase shows that nearly all MCED 


test customers achieve lower pricing under Universal Pricing Option than under the pre-


merger status quo. There is one exception, Freenome, but the difference is not substantial 


and Freenome can choose to keep its pricing under the Grandfathered Pricing Option for the 


 
59 I note that under Appendix 1 of the Open Offer, volume discounts apply and customers with larger volume purchases 


will benefit from higher discounts. 
60 Josephine Harada Dep. Tr. May 27, 2021 at 103:15-105:19. 
61 Josephine Harada Dep. Tr. May 27, 2021 at 109:6-111:11. 
62 Michael Nolan Dep. Tr. June 1, 2021 at 208:1-210:8. Mr. Nolan does take issue with certain pricing only being 


available if Illumina closes the Transaction. 
63 Josephine Harada Dep. Tr. May 27, 2021 at 100:4-101:2. See also Josephine Harada Dep. May 27, 2021 at 187:10-


188:5 acknowledging that Thrive today does not have insight into the prices Illumina charges to other customers, 


levels of service and support. The Open Offer provides such visibility that does not exist today with the status quo.. 
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term of the Open Offer. Moreover, the Open Offer provides that these prices do not increase 


over the 12-year term of the Open Offer and as described above will decrease by at least 43% 


by 2025. Contrary to Dr. Scott Morton’s opinion that the GRAIL transaction will harm 


competitors (and thereby consumers) by increasing prices via foreclosure and raising rival’s 


cost actions, this analysis of the pricing terms of the Open Offer strongly indicates otherwise. 


E. Access to Supplied Products and Services Commitments Deter Foreclosure 


1. Access to pre-release sequencing products 


56. The Open Offer commits to providing customers access to purchase any Pre-Release 


Sequencing Product to which GRAIL or any for-profit entity is offered access within 45 days 


of when GRAIL or such for-profit entity is offered such access for the same categories of 


uses, specifically (i) feedback to Illumina for development of NGS products, including 


through alpha or beta testing; (ii) for clinical trials; (iii) for clinical validation; (iv) for pre-


commercial test development not relating to clinical trials; or (v) for a commercialized 


product developed by the customer.64 


57. Certain oncology screening sequencing customers raised concerns to the FTC about GRAIL 


having access to new products before them which might disadvantage these customers. For 


example, Kevin Conroy of Exact testified to the need to convert to newer technologies as 


soon as possible.65 Nitin Sood of Guardant testified to his concern that Illumina might 


withhold technology updates on sequencing to disadvantage Guardant relative to GRAIL.66 


In addition, the FTC’s questioning of Josephine Harada of Exact/Thrive seemed to imply 


some concern that the Open Offer only allows access to purchase products whereas Illumina 


might provide give GRAIL access without purchasing a pre-release product and, therefore, 


would not be required under the Open Offer to provide access to those same products.67 In 


addition, the FTC questioning seemed to imply concerns about customers having to rely on 


Illumina to notify them of the access granted to GRAIL or any for-profit entity to purchase 


a Pre-Release Sequencing Product within the 45 days.68 


 
64 Open Offer at Section 4b. 
65 Conroy Dep. June 22, 2021 at 71:2-17. 
66 Nitin Sood Dep. May 27, 2021 at 117:16-119:3. 
67 Josephine Harada Dep. May 27, 2021 at 198:7-17 
68 Michael Nolan Dep. June 1, 2021 at 200:8-201:16. See also Josephine Harada Dep. May 27, 2021 at 199:16-22. 
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58. The Open Offer mitigates these third-party concerns that Illumina will be able to use pre-


release access to sequencing products to disadvantage GRAIL’s competitors. I do not find 


the 45-day maximum offer of access to be unreasonable given that these same potential rivals 


have testified on the lengthy process of converting to newer technologies, which their 


testimony indicates can take many months or up to about a year to convert.69  


59. On the implied issue of concern that the Open Offer only allows access to purchase whereas 


Illumina might provide GRAIL access without purchasing the pre-release product and 


thereby negate its commitment to provide access to other customers, this would imply that 


GRAIL effectively would be obtaining the pre-release products at a zero transfer price. If 


this were the case, then it would trigger Section 5f of the Open Offer supply agreement that 


requires pricing terms for customers to be no less favorable than provided to GRAIL, 


including transfer pricing, portability fees, and royalties. Based on this logic, there is no set 


of reasonable or plausible scenarios where Illumina’s application of this Open Offer term 


would competitively disadvantage its customers relative to GRAIL.70  


2. Prohibition on obsolescence of continually purchased sequencing products 


60. The Open Offer commits that Illumina will not discontinue any supplied product as long as 


a customer continues to purchase that product within the space of one year.71 Some customers 


expressed concerns about Illumina’s ability to discontinue products that customers relied on 


to do sequencing.72 


61. The FTC alleges that the ability for Illumina to discontinue a sequencing product relied upon 


by a customer would have a significant adverse competitive and economic impact on the 


customer’s ability to develop and commercialize an MCED screening test that could compete 


with one offered by GRAIL. At present, (i.e., status quo pre-Transaction and pre-Open 


 
69 See, for example, Gabriel Otte Dep. Tr. June 24, 2021 at 70:25-71:8 (testifying that switching would “have to delay” 


the launch of Freenome’s test “to the point where we wouldn’t even entertain it right now”); Josephine Harada 


Dep. Tr. May 27, 2021 at 243:9-22 (testifying “if Thrive wanted to switch to a new sequencing platform” the 


“revalidation effort . . . would be on the order of, you know, months”); Darya Chudova Dep. Tr. June 2, 2021 at 


75:16-79:17 (describing the “steps it would take for Guardant to switch its multi-cancer screening test development 


to a new platform”, which would not take “anything less than five to seven years”); J. Fesko Dep. Tr. June 8, 2021 


at 99:17-100:17 (“Two years is a rough estimate for” the work required to which between sequencing platforms, 


“18 months maybe”). 
70 I note that Section 5f’s use of the term “Supplied Product(s)” includes “any future sequencing instruments launched 


by Illumina or its Affiliates, or Sequencing Consumables” as set forth in Section 1 Definitions. 
71 Open Offer at Section 4e. 
72 See, for example, Christoph Lengauer Dep. Tr. June 24, 2021 at 207:9-208:13. 
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Offer), there are no prohibitions on Illumina discontinuing any of its sequencing products. 


In its negotiations with Exact/Thrive for a long-term supply agreement, Exact recognized 


this concern and asked Illumina for notice of obsolesce; it did not ask for a prohibition on 


obsolescence.73 Josephine Harada of Exact testified that the No Obsolescence term in the 


Open Offer was better than the negotiating position proposed by Exact/Thrive.74 


62. The public commitment by Illumina in the Open Offer not to obsolesce supplied products 


purchased by customers conveys significant competitive and economic advantages to all 


potential GRAIL rivals compared to the status quo. I am unaware of a likely way that 


Illumina could use this commitment to competitively disadvantage rivals relative to GRAIL. 


3. Services support 


63. The Open Offer commits Illumina to providing the same product services and support 


services for purchase to which GRAIL or any for-profit entity has access, or which the 


customer had access before the GRAIL acquisition.75 


64. Some customers testified on the importance of timely servicing of their sequencing products 


and the concern that Illumina could delay servicing to disadvantage a customer relative to 


GRAIL.76 The access to services commitment restricts Illumina’s ability to delay servicing 


or to provide poor service to disadvantage oncology screening customers relative to GRAIL 


by guaranteeing the same product and support services provided to GRAIL or other for-profit 


customers. For customers that have never had a supply agreement and that purchase subject 


to a purchase order, this Open Offer commitment places these Illumina customers in an 


economically superior position to the pre-merger status quo by removing the uncertainty of 


accessing Illumina’s servicing resources. I address in further detail below the concerns raised 


by Dr. Scott Morton that Illumina could circumvent this commitment by providing 


inexperienced or poorer quality service. 


4. Development agreement 


65. At the request of a customer, the Open Offer commits that Illumina will enter into a separate 


development agreement on commercially reasonable terms relating to the design or 


 
73 Josephine Harada Dep. Tr. May 27, 2021 at 95:3-22. 
74 Ibid. at 96:18-97:2. 
75 Open Offer at Section 4a. 
76 See, for example, Kevin Conroy Dep. Tr. June 27, 2021 at 72:2-20. 
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modification of a supplied product, to optimize interoperability with the customer’s test, 


including without limitation, capabilities, performance, speed, efficiency, cost, convenience, 


accuracy, specificity, precision, ease of use and user experience.77 


66. My understanding is that Illumina typically has not entered into such partnerships with 


clinical oncology customers, and that customers, such as Thrive and others, have developed 


their tests and conducted clinical studies without Illumina’s developmental assistance or any 


optimization support.78 


67. I understand that this term is one that is not common to Illumina supply agreements and was 


introduced in the most recent FMI supply agreement.79 Illumina subsequently included it in 


the Open Offer for parity. In my view, the inclusion of the term is another example where 


the Open Offer appears to improve the terms available to Illumina’s clinical oncology 


customers over the status quo, and provides customers with flexibility to adapt to changing 


circumstances by providing the possibility of optimization that, it seems, has not to date been 


a component of Illumina’s supply relationships with clinical oncology customers.80 


5. Short supply equitable allocation guarantee 


68. In instances where Illumina experiences a supply shortage of the supplied product, the Open 


Offer commits that Illumina will allocate the existing supply in an equitable manner among 


customers based on expiring lots and not favor its Affiliates (including GRAIL) over other 


customers.81 The Open Offer allocates short supply based on expiring lots. Being in a short 


supply situation conveys no advantage to a supplier unless it is able to charge higher prices 


to allocate available supply to those willing to pay. Under this agreement, prices are pre-set 


 
77 Open Offer at Section 4d. 
78 See Lengauer (Thrive) Dep. Tr. June 24, 2021 at 111:25-112:22 (“Q. And -- and Illumina did not help Thrive design 


CancerSEEK; right?  A. That’s correct. . . .  Q. Illumina didn’t contribute to the science behind CancerSEEK; 


correct?  A. That’s correct.  Q. Thrive did not receive from Illumina any special confidential information about 


Illumina’s products in -- in developing CancerSEEK; correct?  A: That is correct.  Q. And Thrive didn’t -- did not 


brainstorm with Illumina on how it could improve its CancerSEEK workflow or tests; correct?  THE WITNESS: 


Correct.  Q. CancerSEEK does not use Illumina’s data storage services; is that right?  A. That is correct, yep.  


Yep.”); Lengauer (Exact/Thrive) IH Tr. 83:2-10; 99:5-100:16, 100:17-101:12 (“It is a customer relationship like 


in a customer service relationship like you have it with other machines or so. It does not go beyond that.  With 


other words, Illumina is not helping us making our test perform just because they switch platform.”). 
79 PX8396, FMI Second Amended and Restated Supply, Service, and Support Agreement at Section 22c, dated March 


4, 2021. 
80 Access to scarce supply and allocation schemes that may bias one downstream rival compared with another often 


are raised in the context of foreclosure or raising rival’s costs. In my opinion, the terms of the Open Offer 


effectively deal with this concern. 
81 Open Offer at Section 8. 
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and Illumina cannot price discriminate without violating Section 5b of the Open Offer supply 


agreement. Therefore, any short supply situation causes Illumina to lose potential sales 


revenues and therefore, works against Illumina’s own interest. Without this commitment, 


Illumina would be free to allocate short supply to whichever firm was willing to pay or to 


allocate supply advantageously to GRAIL to benefit Illumina’s own interest in promoting its 


claim on GRAIL’s future revenue stream that it would be entitled to in the but-for world. 


Under the status quo, Illumina has no similar incentive to advantageously supply any other 


customer except on a willingness to pay basis. For this reason, rather than creating or 


increasing any incentive to disadvantage GRAIL’s rivals, this Open Offer term provides 


protection that these customers would not have but for the Open Offer premised on Illumina 


completing its acquisition of GRAIL. 


6. In-Vitro Diagnostic (“IVD”) development 


69. In the event that a test developer desires to pursue FDA approval for a distributable kit, the 


Open Offer provides the terms and conditions that would be needed to do so on an Illumina 


Dx system, using terms that are substantially mirrored in IVD agreements entered into before 


Illumina’s plans to re-acquire control of GRAIL were announced.82 


70.  Under the Open Offer, a customer may enter into an agreement with Illumina to develop 


and commercialize IVD test kits for use on Illumina’s diagnostic (“Dx”) sequencing 


platforms. In addition, Illumina will provide any documentation or information reasonably 


required for Customers to seek FDA approval or marketing authorization to sell a for-profit, 


clinical test using the supplied products. The Open Offer sets out IVD test kit agreement 


terms in Exhibit B.83 


71. Some customers have expressed concerns to the FTC that Illumina has stalled them from 


negotiating an agreement for IVD development and commercialization.84 My understanding 


is that Illumina today has a number of IVD agreements in place with companies such as 


Roche, Qiagen and PGDx. In addition, the Open Offer mitigates concerns that Illumina might 


otherwise withhold IVD rights from a potential GRAIL rival by committing Illumina to enter 


 
82 ILMN-FTCVOL_14864864, “Oncology Collaboration Agreement” (Effective December 17, 2019). 
83 Open Offer at Section 6 and Exhibit B. 
84 See, for example, Nitin Sood Dep. Tr. May 27, 2021 at 117:16-119:3 I understand that there is no basis to predict 


that IVD rights will be important to the alleged MCED market in the United States any time in the foreseeable 


future. 
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into IVD agreements, which include requirements common to existing agreements such as 


to develop certain software and provide support FDA approval.85 This commitment does not 


exist in the status quo but-for world (other than in the existing agreements on which the open 


offer IVD terms are based) and there is no basis to believe that Illumina would grant such 


rights to every clinical oncology customer who sought them in the but-for world. 


7. Intellectual property 


72. The Open Offer addresses two distinct types of intellectual property implicated in purchasing 


the supplied product under the agreement. First, it confers upon customers to the agreement 


the non-exclusive, non-transferable, personal, non-sublicensable right of Illumina’s Core IP 


to use the supplied products, only with Illumina’s hardware and software and only in the 


customer’s facilities.86 The Open Offer defines Core IP to be “aspects or features of any 


Supplied Product (or use thereof), or software embedded in or installed on Illumina hardware 


(or use thereof), or software that Illumina hardware is designed to communicate or interact 


with (or use thereof), that are common to such Supplied Product in all applications and all 


fields of use.”87  


73. Second, the Open Offer specifically conveys no rights or licenses for any other type of 


intellectual property except Core IP. This term covers Application-Specific IP which the 


Open Offer defines as “Illumina Intellectual Property Rights that pertain to the Supplied 


Product (and use thereof) only with regard to specific field(s) or specific application(s).”88 


The Open Offer provides examples of Application Specific IP such as “NIPT, for specific 


forensic methods, or for specific nucleic acid biomarkers, sequences, or combinations of 


biomarkers or sequences are examples of Application Specific IP.”89 


74. Illumina’s Open Offer commits that it will not cease shipment of the supplied product solely 


on the basis of any alleged claim of infringement of any intellectual property rights, which 


would appear to cover both Core IP and Application-Specific IP. This provides additional 


procompetitive advantage and protection to customers relative to the status quo. Illumina 


 
85 Josephine Harada Dep May 27, 2021 at 112:9-113:15 agreeing that Open Offer commits Illumina to negotiating 


agreement and providing information to the FDA. 
86 Open Offer at Section 9 Intellectual Property. 
87 Open Offer at Section 1 Definitions. 
88 Ibid. 
89 Ibid. 
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cannot stop supplying product to customers based solely on a claim of infringement until 


there is a third-party, i.e., Court, finding of infringement, and addresses any potential 


concerns about Illumina’s arguably using infringement as a reason for disrupting or ceasing 


supply, or theoretical concerns about Illumina using its alleged dominance in sequencing 


products to coerce test developers to take licenses to intellectual property that they do not 


practice.90 


75. Two customers expressed concern about protections against Illumina suing them for 


infringement.91 While patent infringement litigation is expensive for all parties, as a matter 


of economic principles, all IP owners should have the right to defend their property rights. 


However, as an economic principle, all intellectual property owners should have the right to 


bring legal action to protect their property rights and be compensated for these rights as they 


have significant economic value that would disadvantage the owner and as well as any 


licensee that abides by rights. I am unaware of any testimony in this matter raising concerns 


that is consistent with this economic property rights principle.92  


76. Michael Nolan testified that Freenome does not know whether its cancer screening 


technology and cancer screening tests rely on Illumina’s application-specific IP or GRAIL’s 


IP.93 While this may create uncertainty from Mr. Nolan’s perspective,94 this uncertainty and 


associated risk is unrelated to Illumina’s acquisition of GRAIL. As an economic principle of 


property rights, both Illumina and GRAIL have the right to enforce their respective property 


rights and to receive compensation for reliance on their respective intellectual property. 


 
90 This concern seems to be what Matthew Rabinowitz of Natera was articulating when he testified: “Illumina wields 


IP in a non-competitive manner. I have no problem with companies enforcing IP. I’ve got many, many patents to 


my name, and I see the value of investing in R&D and being given a head start based on that R&D investment. 


But what Illumina does is, you know, as they did in NIPT -- I'll tell you what they did in NIPT. They went after 


the labs and threatened them with IP litigation without having established that anyone was on top of their IP.”  


Matthew Rabinowitz Dep. Tr. June 10, 2021 at 275:7-17. Setting aside whether his assertion about the NIPT 


experience is accurate, the Open Offer prevents such conduct as to clinical oncology customers post-merger. 
91 See, for example, Kevin Conroy Dep. Tr. June 22, 2021 at 80:6-14; Nitin Sood Dep. Tr. May 27, 2021 at 117:16-


119:3. 
92 See, for example, Michael Nolan Dep. Tr. June 1, 2021 at 137:9-140:1. 
93 Ibid. at 135:136:12. 
94 Other witnesses expressed confidence that their tests in development have freedom to operate. For example, Gabriel 


Otte, former CEO of Freenome, testified that he was “not aware of any FTO issues for our tests currently” vis-à-


vis Illumina or GRAIL patents. Gabriel Otte IH March 4, 2021 at 111:25-112:9. Similarly, Christoph Lengauer of 


Thrive testified that “Thrive currently has freedom to operate CancerSEEK from an IP perspective” and that he 


was “very comfortable” with that conclusion despite “no intellectual property license from GRAIL”. Christoph 


Lengauer Dep. at 175:3-15. 
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77. The FTC seems to imply that Illumina’s economic incentive to enforce its or GRAIL’s 


intellectual property rights changes after the Transaction. Customers testified that they want 


a license to application-specific IP.95 GRAIL has raised and spent millions of dollars 


investing in the developing, testing, and future commercialization of Galleri. It has no greater 


economic incentive to license this technology to its rivals than Illumina.96  


78. Similarly, Illumina post-acquisition also has no incentive to license or provide a blanket 


protection against infringement of GRAIL’s application-specific patents to GRAIL’s rivals, 


nor should it as a condition of resolving customer complaints against this potential 


Transaction. For those customers who sign onto the Open Offer, protection from 


infringement claims with regard to supply disruption provides a competitive advantage to 


Illumina’s clinical oncology customers that they did not have before and places any MCED 


rivals on equal footing with GRAIL. In my opinion, Illumina’s maintaining all rights to 


application-specific IP, whether it be Illumina’s or GRAIL’s IP, does not competitively 


disadvantage GRAIL’s rivals relative to their position without the Transaction.  


8. Term of agreement 


a) Twelve-year term of open offer for NextSeq, NextSeqDx, NovaSeq, and future 


sequencing instruments and consumables 


 
95 John Fesko Dep. June 8, 2021 at 250;22-251:11. 
96 Other test developers have described the importance of protecting their market positions with their intellectual 


property. Their incentive to do so is independent of whether they are vertically-integrated with a sequencing 


platform provider. See, for example, Matthew Cooper (Progenity) Dep. Tr. May 26, 2021 at 67:9-17, 123:15-18 


(agreeing that Progenity’s “experience with Natera shows that diagnostic test providers that are not vertically 


integrated in sequencing do sometimes assert IP to protect their market positions”, and acknowledging that, with 


regard to its NIPT assay, “[t]oday Progenity is being sued for patent infringement by Natera. . . . Not by Illumina.”); 


Christoph Lengauer (Thrive) Dep. Tr. June 24, 2021 at 175:22-176:1 (agreeing that “intellectual property rights 


need to be respected no – no matter which company they belong to”); Matthew Rabinowitz (Natera) June 10, 2021, 


at 198:20- 201:5 (“Q. And Natera has filed patent lawsuits against competitors in the oncology field, correct? MR. 


NAEGELE: Object to form. THE WITNESS: Yes. BY MR. ZAKEN: Q. And recently, Natera sued ArcherDX for 


patent infringement; is that correct? MR. NAEGELE: Object to form. THE WITNESS: Yes. BY MR. ZAKEN: Q. 


And Natera sued Genosity for infringing MRD-related patents last year; is that correct? MR. NAEGELE: Object 


to form. THE WITNESS: Yes, that's correct. BY MR. ZAKEN: Q. And earlier this year Natera sued Inivata 


regarding MRD-related patents; is that correct? MR. NAEGELE: Object to form. THE WITNESS: Inivata, correct. 


BY MR. ZAKEN: Q. And Natera also sued CareDX last year in the organ transplant field? MR. NAEGELE: 


Object to form. THE WITNESS: Yes. I -- I don't know if that was a -- sorry, I believe that was a response 


countersuit. That wasn't a suit that we initiated. But yes, that does sound correct. BY MR. ZAKEN: Q. And we 


discussed earlier that Natera sued Progenity in the NIPT space as well, correct? MR. NAEGELE: Object to form. 


BY MR. ZAKEN: Q. And -- A. That is correct Q. -- in those lawsuits, is Natera seeking an injunction? MR. 


NAEGELE: Object to form THE WITNESS: In some cases I believe we're seeking an injunction; in some cases 


not. BY MR. ZAKEN: Q. And in the cases where Natera is seeking an injunction, the infringing competitor’s test 


could be taken off the market, correct? MR. NAEGELE: Object to form. THE WITNESS: Correct.”) 
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79. Illumina’s Open Offer is effective only if and when Illumina closes on the Transaction, 


regardless of the date of signing. Once the Transaction closes, the Open Offer supply 


agreement is effective for twelve years from the closing of the Transaction, again irrespective 


of signing date.97 In addition, the Open Offer supply agreement allows the customer to 


terminate its supply agreement at any time and for any reason without liability upon 90-day 


written notice to Illumina, provided all invoices are honored. As discussed above, it also 


prevents termination of the supply agreement based only on a claim of infringement of 


Intellectual Property rights.98 


80. Several of Illumina’s customers have testified on the merits of having a long-term supply 


agreement for sequencing instruments and consumables.99 Kevin Conroy of Exact Sciences, 


which now owns Thrive, testified that a long-term supply agreement is more useful than a 


short-term supply agreement. Thrive has never had a long-term supply agreement with 


Illumina.100 Josephine Harada of Exact Sciences/Thrive testified that the Open Offer’s 12-


year term was better than the 10-year term requested by Exact in its negotiations for a new 


supply agreement with Illumina.101 


81. Illumina’s sequencing customers prefer surety of supply and the Open Offer provides such 


surety.  


b) Termination 


82. In addition, the Open Offer allows a customer to terminate the supply agreement for any 


reason. Illumina does not have reciprocal rights. This unilateral ability to terminate the 


supply agreement would allow a customer to switch to a new sequencing source or a new 


technology should it choose to do so. This means that Illumina has not locked up any 


customers, and that duration of the supply agreement does not raise concerns of future 


customer foreclosure. My understanding is that other Illumina experts have opined that the 


evidence in the record indicates a strong likelihood that, over the duration of the Open Offer, 


companies developing cancer screening tests for multiple cancers will have increased options 


 
97 Open Offer at Section 2 (Term). 
98 Open Offer at Section 11 (Termination). This section also lays out terms in the case of breach. 
99 See, for example, Kevin Conroy Dep. Tr. June 22, 2021 at 84:12-18, 109:10-23, 174:12-175:1. Mr. Conroy did 


testify that Exact Sciences/Thrive wanted a long-term supply agreement that was not contingent on an outside 


event, i.e., consummation of the Transaction. 
100 Kevin Conroy Dep. Tr. June 22, 2021 at 111:7-9. 
101 Josephine Harada Dep. Tr. May 27, 2021 at 93:8-19, 94:9-13. 
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for alternative sequencing providers. The Open Offer does not inhibit customers from 


switching to such alternative sequencing providers should they desire, without any 


contractual penalties. 


83. The Open Offer’s 12-year term and termination provisions would not disadvantage potential 


GRAIL rivals relative to their status quo. Moreover, the commitment provides transparency 


and clarity for customers over an extended period which would tend to promote certainty in 


a highly uncertain marketplace.102 


V. THE GUARDANT AND FMI RECENTLY SIGNED CONTRACTS  


84. Illumina sent letters to certain customers on October 9, 2020 announcing the GRAIL 


acquisition and providing a list of commitments “to enable, partner with, and supply its 


customers in all markets, including cancer screening.”103 These commitments included 


guarantees that (1) the customer could purchase products, including new instruments and 


improvements, on similar terms and conditions for at least five years, (2) the customer would 


have access to commercial terms substantially similar to similarly situated customers, (3) 


customer could purchase sequencing platforms in accordance with Illumina’s customary 


practices, and (4) Illumina would continue to make available product service and support 


consistent with its customary practices. Illumina followed this “letter of intent” with an 


additional letter extending its commitments to include not sharing its customers’ confidential 


or proprietary information with GRAIL after the Transaction.104 


85. Following these letters, Guardant and FMI entered into contract negotiations with Illumina 


for new supply agreements.105 These negotiations led to both Guardant and FMI entering 


 
102 I understand that Professor Willig is addressing the potential hold-up economic issue so I offer no independent 


opinion on that issue as it relates to the Open Offer.  
103 See, for example, PX2068, Letter to Invitae from Illumina, dated October 9, 2020. 
104 See for example, PX2067, Letter to Invitae from Illumina, dated October 20, 2020. 
105 In addition to Guardant and FMI, Exact Sciences/Thrive, Freenome, and Natera also began discussions on new 


supply agreements although to date, no agreements have been signed by Exact Sciences/Thrive, Freenome, or 


Natera. See PX8386 (Freenome Supply Agreement (unsigned), Feb. 19, 2021); Josephine Harada Dep. Tr. May 


27, 2021 at 19:12-20 (Exact Sciences/Thrive has no long term supply agreement with Illumina); Michael Nolan 


Dep. Tr. June 1, 2021 at 144:17-25 (Freenome has no long term supply agreement, and purchases under a purchase 


order); John Fesko Dep. Tr. June 8, 2021 at 96:13-97:2 (noting that Natera and Illumina had been trading redlines 


on the open offer, but that the process had been largely unproductive). 
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into new supply agreements with Illumina that incorporated these commitments as well as 


other terms.106 


86. The Guardant agreement incorporates a number of GRAIL-related and non-GRAIL related 


requests made by Guardant. The agreement includes terms that are similar in kind to those 


in the Open Offer, such as (in paraphrase form):107 


• pricing provisions—only part of which are contingent on the GRAIL acquisition closing 


and access to similar overall commercial terms as any similar customer; volume-based 


discount tiers for core consumables similar to other Clinical Service Laboratories;108 


special project pricing similar to other customers receiving core consumable pricing for 


special projects;109 similar pricing to GRAIL; provide certification of compliance with 


the pricing provisions upon request by Guardant. 


• product access—provides access to Illumina’s sequencing platforms; product service 


and support per customary practices; access to any Pre-Release Sequencing Product if 


GRAIL is offered access with terms no less favorable than that offered to GRAIL, access 


to similar pricing to GRAIL, including for special projects, as detailed in the 


amendment.  


• Confidentiality—enhanced confidentiality obligations to protect against any 


Confidential Information of Guardant being shared with the Illumina business unit that 


will include GRAIL after closing or any employees of Illumina who may work with that 


GRAIL; establish a firewall to prevent access of such Confidential Information; provide 


certification to Guardant of its compliance with these stringent measures. 


87. The FMI contract also incorporates pricing and access to product and services terms similar 


to that under the Open Offer.110 Among the terms include (in paraphrase form): 


 
106 PX2306, Guardant Executed Fifth Amendment to Supply Agreement, dated January 1, 2021; PX8396, FMI Second 


Amended and Restated Supply, Service, and Support Agreement, dated March 4, 2021.. 
107 PX2306. I have highlighted key terms in this discussion. See supply agreement for details. 
108 “Clinical Service Laboratory” means a high-throughput commercial laboratory entity that is (i) similarly situated 


to Customer (e.g., considering factors such as region, customer type, volume, market segment, and mix of 


business); and (ii) in the business of marketing, performing and delivering results of high-complexity screening or 


diagnostic tests on human samples received from, and delivered to unaffiliated health care professionals or health 


care organizations for oncology-related purposes. See Consent Principles at Appendix: Definitions. 
109 As I understand it, special project pricing is equivalent to short-term pricing. 
110 PX8396. I have highlighted key terms in this discussion. See supply agreement for details. 
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• Access to all future developed platforms, modifications, optimization, improvement, or 


upgrades; 


• Any instrument, software, or consumable developed by Illumina for a specific third 


party customer pursuant to a development agreement with such third party customer; 


• New custom consumables requested by FMI at commercially reasonable pricing and 


other terms negotiated in good faith; 


• Access to pre-release sequencing products with respect to GRAIL or any for-profit 


oncology company at substantially at the same time and on terms no less favorable; 


• Most Favored Nation (“MFN”)—access to commercial terms (including, without 


limitation, pricing, allocation of available supply, product availability, product upgrade, 


lease terms, access to improvements and pre-release products and services, supply of 


Custom Consumables, service levels, warranties, and indemnities) for the purchase of 


current and future Illumina sequencing products, platforms and services that are 


substantially similar with respect to material commercial terms (including, without 


limitation, pricing, allocation of available supply, product availability, product upgrade, 


lease terms, access to improvements and pre-release products and services, supply of 


Custom Consumables, service levels, warranties, and indemnities), to those that 


Illumina provides to any Similarly Situated customer;  


• Preferred pricing on commercially launched products and special projects on terms no 


less favorable than GRAIL; 


• Minimum 12-month advance notice of discontinuation of Illumina hardware and 


specified consumables;  


• GRAIL firewall preventing the sharing of FMI’s confidential information with GRAIL 


following such acquisition and written certification of compliance made not more than 


once per quarter upon written request from FMI; 


• Agreement not to terminate agreement based on a claim relating to infringement of any 


Illumina intellectual property; and 


• Audit right to inspect Illumina’s records to verify compliance with Illumina’s 


obligations under the agreement (no more than one audit per calendar year), by 


designated third-party auditors or agents; 
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88. Although the terms encompassed in the FMI and Guardant agreements contain certain 


differences in language from that of the Open Offer, my review of these agreements show 


they incorporate the substance of the Open Offer and provide protections against increased 


pricing, restricted access, degradation of quality and services, confidentiality, and provide 


the ability to detect and remedy any contractual breaches. These protections, particularly 


those relative to Illumina’s treatment of GRAIL as a buyer of sequencing products, are pareto 


superior to those status quo arrangements governing FMI and Guardant’s supply terms 


absent the proposed GRAIL transaction, and rely, at least in part, on some of the same 


enforcement provisions in the Open Offer, e.g., certificate of compliance, audit of records by 


third-parties and GRAIL firewall protections.111 


VI. BUYERS’ ABILITY TO MONITOR AND ENFORCE OPEN OFFER 


SAFEGUARDS RE-INFORCES ILLUMINA’S INABILITY TO ENGAGE IN 


CONDUCT TO DISADVANTAGE RIVALS 


A. Economic Theory of Incomplete Contracts 


1. Theory of incomplete contract design 


89. Grossman and Hart discuss how assigning ownership rights for product assets affects the 


efficiency of contractual outcomes.112 But contract theory also tells us that for there to be 


any departure from first-best efficiency, contracts cannot be as fully contingent on the state 


of the world as the parties would want. To deal with this, contract theory relied on one of 


two assumptions: (1) pervasive moral hazard, i.e., if a party to a contract controls an asset, 


nobody else can observe what he does with it (assumption of non-observability), or (2) the 


set of possible states of the world is so vast that it cannot be foreseen or described in advance, 


thus causing contracts to be incomplete.113 However, the theory has advanced to incorporate 


 
111 Roche/FMI entered into a long-term amended and restated supply agreement with Illumina on March 4, 2021 which 


Roche/FMI declares addresses the concerns with the GRAIL transaction that it expressed to the FTC, namely that 


Roche/FMI will continue to have access to the Illumina technology that is critical to FMI’s tests over the 12-year 


term of the agreement. See PX8395, Declaration of Konstantin Fielder. Also Cynthia Perettie Dep. Tr. May 21, 


2021 at 12:9-13. Dr. Fielder states in his deposition that he has no reason to believe Illumina will not abide by the 


agreement. See Konstantin Fielder Dep. June 18, 2021 at 56:21-57:4. 
112 Grossman, S., and O. Hart. 1985. “The Costs and Benefits of Ownership: A Theory of Vertical and Lateral 


Integration.” Journal of Political Economy. 94(4):691-719.  
113 Maskin, Eric. “Comments on the Foundations of Incomplete Contracts.” in The Impact of Incomplete Contracts on 


Economics. Phillippe Aghion, Mathias Dewatripont, Patrick Legros, and Luigi Zingales, eds. Oxford University 


Press. 2016 at Chapter 30. 
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the so-called Irrelevance Theorem which says that if parties are risk adverse and can assign 


probability distribution to their future payoffs, then under certain conditions, they can 


achieve the same expected payoffs as with optimal fully contingent contracts even though 


they cannot describe the possible states in advance.114 The fact that contracts are incomplete 


does not constrain the parties’ welfare possibilities. 


90. Incomplete contracts are not unusual and likely more common in the real world than 


complete or comprehensive contracts. Oliver Hart described incomplete contracts as having 


“gaps, missing provisions, and ambiguities” that have to be completed (by renegotiation or 


by the courts) with strict positive probability in some states of the world.115 Contracts do not 


need to specify all possible future states to be economically efficient or protective of the 


parties’ economic interests, contrary to the testimony of certain third parties in this matter.116 


Contract theory tells us that contracts do not need to be complete, contingent, or require all 


future states to be known in order to be enforceable in providing economically efficient 


outcomes.117  


2. Remedies to assure compliance  


91. The Open Offer provides mechanisms to monitor, detect and remedy non-compliance with 


the terms of the agreement. Specifically, the firewall term provides appropriate safeguards 


on competitively sensitive information across and within Illumina and GRAIL, and as part 


of its implementation, to provide for monitoring and detection when a firewall breach occurs. 


 
114 Ibid., citing Maskin, Eric and J. Tirole. 1999. “Unforeseen Contingencies and Incomplete Contracts.” Review of 


Economic Studies 66(1):83-114. As Maskin points out, parties can achieve the payoffs of a first-best fully 


contingent contract without being able to foresee all possible future states. This is dependent on (1) payoff-


contingent contracts, (2) mechanisms that implement the desired outcomes in each state, and (3) random out-of-


equilibrium outcomes. All of these elements are at play in the incomplete contracts at issue. 
115 Hart, O. 1995. Firms, Contracts, and Financial Structure. Oxford University Press. See also Scott, R., and Triantis, 


G. “Incomplete Contracts and the Theory of Contract Design.” Case Western Reserve Law Review, Vol. 56 (1) at 


187-201. 
116 See, e.g., Josephine Harada (Thrive) Dep. May 27, 2021 at 180:23-181:3 (“Q. Do you believe a contractual 


agreement could solve all issues? A. I think it would be very, very challenging. I’m inclined to say no.”) and 


185:13-186:18 ( “Q. Sitting here today, can Thrive anticipate all the circumstances it may need Illumina’s 


assistance or products over a 12-year period? A. I would say not all, no.”). 
117 With incomplete contracts, it is often left to a judge or arbitrator effectively to fill in the “gaps, missing provisions, 


and ambiguities” when a dispute arises. Here, Illumina states in the Open Offer’s preamble letter: “In connection 


with Illumina Inc.’s proposed acquisition of GRAIL, Inc. (the ‘Transaction’), Illumina is irrevocably offering to 


[COMPANY] the terms enclosed in Exhibit A (the ‘Supply Agreement’) and Exhibit B (the ‘IVD Test Kit 


Agreement Terms’) to allay any concerns relating to the Transaction, including that Illumina would 


disadvantage GRAIL’s potential competitors after the Transaction by increasing their sequencing prices or 


by withholding access to Illumina’s latest innovations in Next-Generation Sequencing (‘NGS’).” (emphasis 


added).  
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The audit function(s) provides for an independent review and report of performance on the 


various dimensions and commitments of the Open Offer (e.g., no less favorable pricing and 


access), thereby providing incentives for and assurances of compliance and the ability to 


detect breaches if they should occur.118 The arbitration provision provides several 


mechanisms to resolve contractual disputes. Specifically, if an alleged breach occurs, the 


customer has the opportunity to submit the disputes to confidential binding arbitration in 


accordance with the Commercial Arbitration Rules of the AAA to determine final terms and 


conditions of the supply agreement.119 Arbitration is preceded by joint discussions among 


each party’s designated contact with authorization to resolve the dispute. 


92. Any contract among parties may result in breach. Economic theory says that a party will 


breach if the cost of complying with a contract or provision exceeds the cost of a breach.120 


In economic terms, an intended breach occurs if and only if it is economically efficient.121 


Economics addresses such conduct by allowing for monetary damages or specific 


performance to compensate the aggrieved party for the breach. Monetary damages make take 


several forms, but the most common in cases of contract breach are expectation damages. 


Expectation damages are an amount sufficient to give the plaintiff the same economic value 


the aggrieved party would have received if the breaching party had fulfilled the promise or 


bargain.122 Regardless of the type of damages that may be assessed by a trier of fact, remedies 


 
118 Open Offer at Section 12a. Enforcement Audit. As noted above, these functions are also embodied in recent Supply 


Agreements. 
119 Open Offer at Section 12.b. Enforcement Arbitration. Cynthia Perettie of FMI expressed concern that if a breach 


occurred, enforcing the supply agreement would cause FMI to incur cost. Cynthia Perettie Dep. May 21, 2021 at 


42:14-18. See also Michael Nolan (Freenome) Dep. June 1, 2021 at 184:23-185:18 (expressing concerns regarding 


IP disputes). See also William Getty (Guardant) Dep. June 3, 2021 at 79:13-80:20 (“[W]e just have no ability to 


understand or actually enforce the terms of the contract, and such that, you know, they could continue to operate 


as they sit fit, and ultimately over time, as we talked about, you know, change terms, change pricing, you know, 


send a technician a few months after they could have.”). These concerns would exist, however, regardless of 


whether the GRAIL transaction occurs or not. If Illumina were to breach the 2018 FMI agreement, for example, 


FMI would incur similar cost to remedy the breach. Moreover, the status quo agreements allow Illumina the ability 


to terminate agreements if a breach is not remedied within a finite period, including patent disputes. In the Open 


Offer, Illumina cannot cease shipments solely based on a claim of infringement. See Open Offer at Section 9b.  
120 Posner, Eric A. (2002) “Economic Analysis of Contract Law After Three Decades: Success or Failure?” John M. 


Olin Program in Law and Economics Working Paper No. 146 at 6. 
121 See, for example, Posner, Eric A. (2002) “Economic Analysis of Contract Law After Three Decades: Success or 


Failure?” John M. Olin Program in Law and Economics Working Paper No. 146 at 6. Other common forms of 


damages for contract breach may include restitution damages for unjust enrichment and punitive damages to deter 


future wrongdoing. I offer no opinion on which types of damages may be available in this matter if a breach were 


to occur. I also note that breaches can be unintended and remedied in similar manner to intended breaches.  
122 See Reference Guide on Estimation of Economic Damages at Section III.B. The Damages Quantum Prescribed by 


Law. 
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likely can be constructed to restore economic value back to an aggrieved party in the event 


of a breach.123 Further, reputational damage and lost sales from customers choosing not to 


develop on Illumina’s platforms in response to Illumina developing a reputation for breach 


create powerful incentives not to breach and the prospect of such harm could itself render 


any breach inefficient. 


93. The set of mechanisms to implement and enforce the Open Offer terms, including to monitor 


and detect possible breaches, along with the ability to resolve any non-compliance with the 


terms of the Open Offer, provide MCED rivals with combined protections that did not exist 


in previous buying arrangements, such as standing quotes, purchase orders or earlier 


negotiated supply agreements.124  


B. Safeguards 


94. The FTC has used conduct or behavioral remedies in several vertical transactions, including 


firewalls, non-discrimination provisions, and compliance reporting among other terms in its 


consent decrees.125 Moreover, FTC studies of remedies included four vertical merger 


transactions using conduct remedies, and found them all to be effective with maintaining 


pre-merger competition.126 


 
123 I note that irreparable harm can occur whereby an aggrieved party’s economic value cannot be restored. Such 


claims often are made in cases involving intellectual property infringement. Aggrieved parties generally seek 


injunctions to stop the conduct or minimize the harm. 
124 See, for example, FMI’s 2018 supply agreement allows either party to terminate the agreement if a breach of the 


agreement is found and not resolved in 60 days. See Second Amended and Restated Supply, Service and Support 


Agreement, June 6, 2018, FTC-PROD-00000214, at Section 19.b.i. The agreement has a confidentiality term (at 


Section 16), quality only audit provision (at Section 13c.), and no established firewall. Guardant’s September 15, 


2014 Supply Agreement had a similar quality only audit provision, confidentiality provisions, and breach terms as 


those of FMI’s agreement. See ILMN-FTCVALOR_00138882.  
125 For example, the Northrup Grumman and Orbital ATK Order required non-discriminatory treatment of suppliers 


with regard to product and services, and commitments to non-discrimination with regard to pricing, access, and 


other terms, as well as compliance programs, compliance reporting, and investigation of complaints. See In the 


Matter of Northrop Grumman Corp. and Orbital ATK Inc., FTC No. C-4652 (June 5, 2018) (hereinafter 


Northrop/Orbital ATK Decision and Order). 
126 As Bruce Hoffman then Acting Director, Bureau of Competition at the FTC noted in his 2018 speech on vertical 


mergers, conduct remedies have been used and proven to be successful remedies in vertical transactions: “But in 


some cases we believe that a behavioral or conduct remedy can prevent competitive harm while allowing the 


benefits of integration. For example, in our experience, and as the cases I discussed above suggest, firewalls can 


prevent information sharing, and nondiscrimination clauses can eliminate incentives to disfavor rivals. The 


Commission’s recent Remedy Study included four orders related to vertical mergers, and each one succeeded in 


maintaining competition at premerger levels.[fn omitted] This is a small sample, but it does suggest that we can, 


and we do, and we have fashioned conduct remedies in vertical mergers that curtail opportunities and incentives 


for anticompetitive behavior.” Hoffman, D. Bruce. "Vertical merger enforcement at the FTC." In Credit Suisse 
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1. Firewall provision safeguarding competitively sensitive information 


95. The Open Offer prohibits Illumina and its personnel from sharing customers’ confidential 


information with GRAIL or any subsidiary of GRAIL.127 It further establishes a firewall that 


prevents any GRAIL personnel, and Illumina personnel working as part of GRAIL’s 


business, from accessing confidential information obtained by or made available to Illumina 


by its other customers.128 The FTC often uses such firewalls in vertical transactions as a 


behavior or conduct remedy where access to information obtained from downstream or 


upstream competitors may be competitively sensitive and could competitively advantage the 


receiver of information. These firewalls and confidentiality protections can be self-enforcing 


through standardized and required public reporting of the policies, implementation, and 


mechanisms for addressing and resolving concerns that arise.129 


a) Characteristics of an effective firewall 


96. Firewalls are a class of provisions that govern the dissemination or sharing of competitively 


sensitive information between and among formerly independent operations of a new vertical 


entity post-transaction. A vertical transaction may raise the concern that a firm which 


acquires a downstream (or upstream) competitor could obtain or share information on the 


terms and conditions of rival contracts and thereby potentially reduce substantially 


competitive innovation or pricing between the now merged firm and its rivals at one or both 


levels. 


97. Firewalls must have certain characteristics to be effective and enforceable.130  


 
2018 Washington Perspectives Conference. Washington, DC. 2018. https://www.ftc.gov/system/ 


files/documents/public_statements/1304213/hoffman_vertical_merger_speech_final.pdf. at 8. For additional 


commentary on conduct remedies in vertical mergers, see Koren W. Wong-Ervin, Antitrust Analysis of Vertical 


Mergers: Recent Developments and Economic Teachings, The Antitrust Source, F e b r u a r y 2 019; Coleman, 


Mary T., and David A. Weiskopf. “Economic Analysis of Merger Remedies.” GCR (October 22, 2020). 


https://globalcompetitionreview.com/guide/the-guide-merger-remedies/third-edition/ article/economic-analysis-


of-merger-remedies; and Jacobson, Jonathan, M. “Issues in Antitrust Consent Decrees, Presented to the 


Department of Justice Antitrust Division April 26, 2018 https://www.justice.gov/atr/page/file/ 


1057131/download. 
127 See Open Offer at Section 10a for more details. 
128 Ibid. at Section 10b. 
129 See below for specific references. 
130 These characteristics include those commonly identified in specific case studies, decrees or agreements, in studies 


evaluating firewalls, including studies by the DOJ and FTC and in broader studies of merger remedies. See, e.g., 


Comments of the Section of Antitrust Law on merger remedies. https://www.americanbar.org/content/dam/aba/ 


administrative/antitrust_law/lp-files/sal-report-on-common-sssues-relating-to-the-digital-economy-and-


competition-final-4162020.pdf. The Section comments note that behavioral remedies, including monitoring and 


 



https://www.ftc.gov/system/%20files/documents/public_statements/1304213/hoffman_vertical_merger_speech_final.pdf

https://www.ftc.gov/system/%20files/documents/public_statements/1304213/hoffman_vertical_merger_speech_final.pdf

https://globalcompetitionreview.com/guide/the-guide-merger-remedies/third-edition/%20article/economic-analysis-of-merger-remedies

https://globalcompetitionreview.com/guide/the-guide-merger-remedies/third-edition/%20article/economic-analysis-of-merger-remedies

https://www.justice.gov/atr/page/file/%201057131/download

https://www.justice.gov/atr/page/file/%201057131/download

https://www.americanbar.org/content/dam/aba/
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• Confidentiality policies, procedures and protocols that describe the specific persons and 


positions that can have access to competitively sensitive information  


• Clear definitions of what constitutes competitively sensitive information and thoroughly 


describes and captures the information that needs to be protected from dissemination 


• Policies and procedures for monitoring or auditing compliance with established 


firewalls and detecting breaches  


• Established policies and procedures for reporting of violations  


• Meaningful consequences for violation. 


• Means to disseminate the above to all potential personnel that may come into contact 


with the competitively sensitive information at issue 


98. Firewalls may take the form of technical or logical safeguards which serve the purpose of a 


protective filter for monitoring and restricting data and information sharing, preventing 


unauthorized access to data, and controlling and permitting the monitoring of the flow of 


incoming and outgoing data. A technical firewall uses software and hardware tools to control 


access. A logical firewall restricts access to information by defining role-based access, which 


then can be used to set up access permissions and rules within an applicable operating system. 


Examining the types of data used within a business area, the types of competitively sensitive 


information that may be accessed and the busines purpose for each access will determine 


whether a logical, technical or both types of firewalls may need to be implemented.  


b) FTC use of firewalls to protect flow of competitively sensitive information 


99. FTC and USDOJ, and other regulatory agencies use consent decrees with firewall provisions 


to demonstrate that vertically-integrated firms can develop and implement appropriate 


safeguards to protect competitively sensitive materials that may be shared by a competitor. 


The FTC use of firewalls include: 


 
firewalls, can be effective alternatives to remedy competitive concerns. For DOJ see, e.g., U.S. DOJ Antitrust 


Division Policy Guide to Merger Remedies June 2011 at 13-14 and discussion therein of specific applications to 


matters (e.g., United States v. Northrop Grumman Corp). https://www.justice.gov/atr/page/file/1098656/ 


download (accessed July 8, 2021). In addition to firewalls and protection of competitively sensitive information, 


these references address other aspects of merger remedies used in transactions, including vertical transactions, such 


as non-discrimination provisions, which are relevant to this Transaction. I note that the June 2011 DOJ Policy 


Guide to Merger Remedies also addresses the use of non-discrimination provisions in vertical mergers in consent 


decrees and the role of transparency of information as effective means to address competitive concerns; and cites 


examples of use of these provisions in consent decrees. Ibid at 14-16. See also, ICN Merger Working Group: 


Merger Remedies Guide 2016 at 17-18 on behavioral remedies and use of benchmarks. 


https://www.internationalcompetitionnetwork.org/wpcontent/uploads/ 2018/05/MWG_RemediesGuide.pdf. 


 



https://www.justice.gov/atr/page/file/1098656/

https://www.internationalcompetitionnetwork.org/wpcontent/uploads/
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• Federal Trade Commission v. Qualcomm Inc.: The FTC sought relief to “Require 


Qualcomm to adhere to compliance and monitoring procedures and appropriate 


“fencing in” provisions, including but not limited to a potential firewall between patent 


licensing and chip personnel.”131 


• In the Matter of Evanston Northwestern Healthcare Corporation requiring Evanston 


Northwestern to establish a ‘firewall-type’ mechanism to prevent the sharing of pricing 


information between Evanston/Glenbrook Hospitals and Highland Park that would 


inhibit them from competing with each other and with other hospitals.132 


• In the Matter of Northrop Grumman Corp, and Orbital ATK Inc., requiring the parties 


to establish and maintain separate Firewalled SRM customer teams and to take all steps 


reasonably necessary to ensure that a prime contractor’s non-public missile information 


is kept confidential and protected from unauthorized disclosure and use.133 


• In the Matter of Sycamore Partners II, L.P., Staples, Inc., and Essendant Inc., requiring 


parties to create a firewall separating Staples’ business-to-business end customer selling 


functions from Essedant’s wholesale selling function, and restricting access of a 


prescribed management oversight group to protected commercially sensitive 


information to the extent necessary to perform their assigned functions.134 


• In re PepsiCo, Inc., and In re The Coca-Cola Company, requiring Coca-Cola and 


PepsiCo to create a firewall within each bottling company to prevent bottling employees 


from sharing competitively sensitive information with employees involved in the 


manufacture of soft drink concentrate.135 


• In re Broadcom Limited requiring requires Broadcom’s business group responsible for 


providing Cisco with fibre channel ASICs have separate facilities and a separate 


 
131 Federal Trade Commission v. Qualcomm Inc., Findings of Fact and Conclusions of Law, U.S District Court, 


Northern District of California, San Jose Division, Case No. 17-CV-00220-LHK. Document 1490 at 225. 
132 In re Evanston Northwestern Healthcare Corp., Docket No. 9315. Final Order (2008) at 6, ¶ C.1 See also In re 


Evanston Northwestern Healthcare Corporation, Docket No. 9315, Opinion of the Commission at 91. 
133 In re Northrop Grumman Corp. and Orbital, ATK Inc., Docket No. C-4652. Decision and Order (2018) at Section 


III. 
134  In the Matter of Sycamore Partners II, L.P., Staples, Inc., and Essendant Inc., File No. 181-0180, Docket No. C-


4667, Analysis of Agreement Containing Consent Order to Aid Public Comment, at 3-4. 
135 In re PepsiCo, Inc., Docket No. C-4301, Decision and Order (December 7, 2010); In re The Coca-Cola Company, 


Dkt. C-4305, Decision and Order (November 3, 2010). 
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information technology system with security protocols that allow access only to 


authorized individuals.136 


• The FTC’s Merger Remedies 2006-2012 report showing that firewalls can prevent 


information sharing, and nondiscrimination clauses can eliminate incentives to disfavor 


rivals. 137  


100. Other regulatory agencies have used firewalls in vertical mergers. These provide practical 


evidence that such firewall policies can be developed and implemented. In Highmark’s 


(health insurer) vertical acquisition of West Penn Allegheny (“WPAHS” health system), the 


Pennsylvania Insurance Department (“PID”) approval of the acquisition included a Consent 


Decree that required Highmark to implement a firewall to restrict Highmark’s knowledge of 


and ability to influence WPAHS’s negotiations with rival insurers, and conversely, 


WPAHS’s influence on Highmark’s negotiations with rival hospitals.138 These firewalls 


were intended to mitigate competitive concerns arising from Highmark’s ownership of a 


major provider of hospital services to competing healthcare insurance rivals. Likewise, these 


firewalls were to prohibit WPAHS’s access to reimbursement contract rates and terms 


between Highmark and other hospital service providers. The establishment and 


 
136 In re Broadcom Limited, Dkt. C-4622, Decision and Order (August 17, 2017). 
137 See https://www.ftc.gov/system/files/documents/reports/ftcs-merger-remedies-2006-2012-report-bureaus-


competition-economics/p143100_ftc_merger_remedies_2006-2012.pdf . The U.S. Department of Justice has also 


used firewalls in some high-profile matters, such as United States v. Google Inc. and ITA Software, Inc., No. 1:11-


cv-00688, Final Judgment (D.D.C., filed October 5, 2011), available at https://www.justice.gov/atr/case-


document/file/497636/download; US v. Ticketmaster Entertainment Inc and Live Nation Inc, No. 1:10-cv-00139, 


Final Judgment (filed 29 June 2010), available at www.justice.gov/atr/case-document/file/513331/download; see 


also Press Release, US Department of Justice, Justice Department Requires Ticketmaster Entertainment Inc to 


Make Significant Changes to Its Merger with Live Nation Inc (25 January 2010), available at 


www.justice.gov/atr/public/press_releases/2010/254540.pdf.  
138 See Highmark Inc. Policy Protecting Competitively Sensitive Information, available at 


https://www.highmarkhealth.org/hmk/pdf/CSIPolicy.pdf. I served as an economic expert for the PID on this 


matter, and at the request of the PID evaluated potential conditions such as firewalls to address these types of 


confidentiality concerns. The PID required that Highmark establish a firewall policy and provide periodic public 


reports of its policies, implementation, processes, and compliance with the firewall. The publicly-available 


compliance reports on the firewall provide practical evidence that a firewall can be designed, implemented and 


enforced to prevent the flow of competitively sensitive information between two vertically-integrated 


organizations, See 2013 Approving Determination and Order at 


https://www.insurance.pa.gov/Highmark%20AHN%20Modification/ 2013%20Order.pdf. 



https://www.insurance.pa.gov/Highmark%20AHN%20Modification/%202013%20Order.pdf
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implementation of such firewalls show that they can successfully be designed and 


implemented in practice, including with reporting on compliance.139 


c) Enforceability of firewall 


101. Concerns raised by several of GRAIL’s potential MCED rivals as to the enforceability of a 


firewall to block the dissemination of rivals’ competitive sensitive information to GRAIL 


are, in my view, overstated and without practical merit.140 For example, the FTC asked David 


Spetzler of Caris if he had concerns about GRAIL having access to Caris’s competitively 


sensitive information, he responded yes with respect to volume and consumption of 


materials, which would provide GRAIL with “a good sense for our size” and could be used 


to modulate GRAIL’s marketing spend and salesforce size.141 Yet, such information could 


be captured in the design of an effective firewall, such as the one I understand Illumina is 


working to establish, would address Caris’s concerns. 142 Dr. Scott Morton cites to William 


Getty of Guardant’s testimony stating that it is difficult to know whether someone from 


Illumina has spoken with someone from GRAIL.143 She also cites to the testimony of 


Matthew Rabinowitz of Natera that firewalls between two businesses are “impossible to 


enforce.”144 As I discuss above, effective firewalls can be designed and implemented to 


prevent the dissemination of confidential information. Success depends on the ability to 


detect a breach, that there will be meaningful consequences for violations, and that the 


firewall’s policies and procedures are known to everyone within a firm that may have access 


 
139 See, for example, Report of Compliance with Policy Protecting Competitively Sensitive Information, available at 


https://www.insurance.pa.gov/Companies/IndustryActivity/CorporateTransactionsofPublicInterest/HighmarkWe


stPennAlleghenyHealthSystem/Documents/4-30-18%20Report%20of%20Compliance%20-


%20Condition%207,8,9.pdf, reporting on Condition 7 (firewall) compliance. 
140 See, for example, William Getty Dep. at 100:2-101:21 (Illumina has incentive to share information with GRAIL 


because of financial interest). See also Getty Dep. at 101:25-102:11 (firewalls are impossible to enforce).  
141 David Spetzler IH, February 12, 2021 at 158:22-159:16. 
142 Mr. Conroy of Exact/Thrive acknowledged that what a firewall allows you to do depends on the nature of the 


firewall. Kevin Conroy Dep. June 22, 2021 at 143:9-13. Exact/Thrive’s CEO testified if a firewall existed between 


Exact and Thrive, Thrive would not be able to benefit from Exact’s Cologuard expertise or build on the capabilities 


of Exact’s IT and salesforce investments. Exact’s acquisition of Thrive was so that Thrive could take advantage of 


Exact’s infrastructure. Kevin Conroy Dep. June 22, 2021 at 18:21-19:17, 20:21-21:20. Illumina intends to operate 


GRAIL as a separate division with collaboration among the two divisions. See also PX2573, Leerink Liquid Biopsy 


Fireside Chat with Francis deSouza,” October 6, 2020. This seems similar to that of the post-acquisition Exact 


Sciences and Thrive. In addition, Mr. Conroy constructs an “information sharing” situation that would tend to 


make no firewall effective from Mr. Conroy’s viewpoint (i.e., information retained in brain of person, overall 


company incentives) but the FTC has accepted firewalls a conduct remedy and attested to their success. Kevin 


Conroy Dep. June 22, 2021 at 248:12-250:7. See also discussion above. 
143 Scott Morton Expert Report at ¶ 309. 
144 Ibid. 



https://www.insurance.pa.gov/Companies/IndustryActivity/CorporateTransactionsofPublicInterest/HighmarkWestPennAlleghenyHealthSystem/Documents/4-30-18%20Report%20of%20Compliance%20-%20Condition%207,8,9.pdf

https://www.insurance.pa.gov/Companies/IndustryActivity/CorporateTransactionsofPublicInterest/HighmarkWestPennAlleghenyHealthSystem/Documents/4-30-18%20Report%20of%20Compliance%20-%20Condition%207,8,9.pdf

https://www.insurance.pa.gov/Companies/IndustryActivity/CorporateTransactionsofPublicInterest/HighmarkWestPennAlleghenyHealthSystem/Documents/4-30-18%20Report%20of%20Compliance%20-%20Condition%207,8,9.pdf
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to such competitively sensitive information. The FTC’s and other regulatory agencies’ use 


of firewalls as part of consent decrees in vertical mergers supports this view. 


2. Audit provision safeguarding terms of Open Offer 


a) Characteristics of an effective compliance audit 


102. I have read the Declaration of Rob Rock on the issue of compliance audits. His analysis and 


views are consistent with my own analysis, experience, and understanding of the use of such 


audits in consent decrees. In forming my opinions on the merits of compliance audits, I have 


considered the content of Mr. Rock’s declaration on this issue.145 


103. The audit provisions in the Open Offer envision a process and approach by which an 


independent third party auditor obtains and reviews the necessary data and information from 


Illumina and/or other parties or assurances of actions consistent with the Open Offer to assure 


compliance with each of the provisions of the Open Offer. It includes provisions whereby 


Illumina commits to providing (at least) an annual report providing customers with results 


of the review to confirm compliance with each of the major terms and conditions. 


104. The type of audit contemplated under the Open Offer is a compliance audit. Such audits take 


the form of an independent evaluation to ensure that an organization is following external 


laws, rules, and regulations or internal guidelines, such as corporate bylaws, controls, and 


policies and procedures. It may include a review of certification or statements of compliance 


with specific terms and conditions, and other reports.146 Many FTC and DOJ consent decrees 


and competitive impact statements address non-discrimination provisions and their 


enforcement, including audits to monitor compliance.147 


 
145 See Declaration of Rob Rock submitted on July 16, 2021. 
146 I note for example in Certificate of Public Advantage matters, the Parties to the COPA are required to certify to 


certain terms, e.g., no exclusivity in contracts. The FTC has also identified the types of data and information 


required for an effective compliance report, which include “sufficient information and documentation to enable 


the Commission to determine independently whether Respondents are in compliance with the Order;” and “among 


other information or documentation that may be necessary to demonstrate compliance, a full description of the 


measures Respondents have implemented or plan to implement to ensure that they have complied or will comply 


with each paragraph of the Order; a description of all substantive contacts or negotiations for the divestitures and 


the identities of all parties contacted, and such supporting materials shall be retained and produced later if needed.” 


See Baruch, Roberta, and Bruce Hoffman. “Compliance reports: Reinforcing a commitment to effective orders.” 


FTC Bureau of Competition (March 11, 2019). https://www.ftc.gov/news-events/blogs/competition-


matters/2019/03/compliance-reports-reinforcing-commitment-effective. 
147 See, e.g., Electronics Payment Services cited above. 
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105. In this matter, the compliance audits would be undertaken to ensure Illumina’s customers 


that it is conforming to the terms of the Open Offer. Audits of this nature should be able to 


detect material breaches of access, pricing, and improper dissemination of information if 


probably set up. Although the description and commitments codified in the Open Offer are 


not detailed, I understand that Illumina has engaged an outside firm to assist it in establishing 


a more detailed audit plan and supporting infrastructure. Based on my review and 


understanding of compliance audits as a means to identify, remedy and/or mitigate potential 


anticompetitive effects, an effective compliance audit would have, at minimum, the 


following characteristics: 


• Establish procedures in advance to determine what information needs to be collected 


and stored 


• Set out detailed a scope of work or audit plan that aligns structure, processes, and data 


with the specific provisions 


• Provide that relevant information regularly is sent to third-party custodian to maintain 


integrity (i.e., records cannot be altered or destroyed) 


• Determine which provisions can be attested to for compliance 


• Establish relevant benchmarks for comparison or evaluation.148 


106. Illumina’s customers that are downstream rivals of GRAIL expressed skepticism that an 


audit would be able to detect breaches of the terms of the Open Offer in a timely manner, 


and thus, Illumina could put these customers at a competitive disadvantage to GRAIL.149 In 


addition, the FTC questioning of these customers raised concerns about Illumina’s right to 


choose the auditor, the frequency of the audit being only once a year, and a “good faith” 


basis on which a customer may request an audit more frequently. 


107. In my view, the Open Offer provides these customers better insight into the Illumina’s 


dealings with GRAIL and other rivals than the status quo and is comprehensive in its set of 


terms and conditions that address concerns and are subject to audit/compliance. My review 


of audit provisions in Illumina’s current supply agreements (negotiated before the 


Transaction announcement) indicated limited audit rights. Specifically, under the 


Illumina/GRAIL current supply agreement, Illumina has the right to audit GRAIL’s 


 
148 See Declaration of Rob Rock submitted on July 16, 2021 for a more complete listing and analysis of effective 


compliance auditing, including how such compliance audits could be effectively implemented in this matter. 
149 See, for example, Nitin Sood Dep. May 27, 2021 at 129:21-130:12 and Michael Nolan Dep. June 1, 2021 at 198:12-


199:13. 
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reporting of revenue for compliance with its royalty obligations.150 Natera has the right to 


conduct quality audits of Illumina’s operations pertaining to TG Consumables.151 Illumina 


also has the right to appoint an independent auditor to verify NIPT test fees.152 Under its 


2018 supply agreement, FMI agreement has the right to conduct audits on Illumina’s 


compliance with the terms of the agreement, which is limited to no more than once a year 


and are at customer’s sole expense.153 


b) FTC use of audits as an enforcement mechanism  


108. Compliance audits to enforce terms and conditions in contracts are not unusual. I note that 


compliance audits may also include review of certification of compliance with specific 


provisions of an agreement, and enforcement mechanisms involving third party review or 


alternatively independent monitors. The FTC uses monitors or monitoring function to assure 


compliance in several of its consent decrees.154 For example, in Northup Grumman, the 


consent decree includes both a compliance officer and the ability to retain third parties to 


audit compliance on non-discrimination and firewall terms. In the FTC v. Herbalife matter, 


the FTC appointed an Independent Compliance Auditor to monitor compliance with the 


Consent Order’s provisions requiring restructuring of its compensation plan in resolving 


Herbalife’s deceptive unfair practices conduct.155 


109. Illumina also has unilaterally committed to grant the FTC similar monitoring, oversight, and 


access authority in connection with the proposed acquisition through the Consent 


Principles.156 The Consent Principles, for example, authorize the FTC to appoint a monitor 


trustee, to require an annual verified written report of Illumina’s manner and form of 


compliance, and to access to Illumina’s books, records, directors, officers, and employees.157 


 
150 See ILMN-FTCVOL_08677192, Section 4.5. Royalty Reporting and Payment and Section 4.6 Illumina Audit 


Rights.. 
151 ILMN-FTCVOL_03331770 at Section 11. Regulatory; Quality Audits. 
152 Ibid. at Exhibit A. Part I.6. NIPT Test Fee. 
153 FTC-PROD-00000214  at Section 13. Regulatory; Quality Audits. 
154 As noted in the Comments of the Section of Antitrust Law on merger remedies, monitoring can be outsourced to 


third parties. See https://www.americanbar.org/content/dam/aba/administrative/antitrust_law/lp-files/sal-report-


on-common-sssues-relating-to-the-digital-economy-and-competition-final-4162020.pdf. 
155 Herbalife Will Restructure Its Multi-level Marketing Operations and Pay $200 Million For Consumer Redress to 


Settle FTC Charges, July 15, 2016. https://ftc.gov/news-events/press-releases/2016/07/herbalife-will-restructure-


its-multi-level-marketing-operations. 
156 Consent Principles: Unilateral Behavioral Commitments (Feb. 26, 2021). 
157 Consent Principles at Sections VIII, IX, X.  
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The informational rights granted to current or potential customers in the Open Offer are 


sufficient to address concerns that the FTC and Dr. Scott Morton have raised regarding 


enforceability of the Open Offer. Dr. Scott Morton herself does not offer an opinion on the 


enforceability of a firewall in this particular transaction; rather she relies on the testimony 


of GRAIL’s alleged rivals. Furthermore, as such, she does not specifically take into account 


or any of these specific protections codified in the Open Offer in her analysis. 


VII. RESPONSE TO DR. SCOTT MORTON’S ANALYSIS OF THE OPEN 


OFFER 


110. Dr. Scott Morton opines that Illumina’s posted Open Offer letter and supply agreements 


“eliminates neither the incentives nor the ability of a combined Illumina/GRAIL to 


disadvantage its downstream rivals.”158 Based on my analysis above and consideration of Dr. 


Scott Morton’s cited analysis and economic support, it is my opinion that the economic 


evidence, and the FTC’s use of consent decrees in other vertical transactions, do not support 


Dr. Scott Morton’s opinion.  


A. The Open Offer Ensures That Illumina Will Not Be Incentivized to Disadvantage 


GRAIL’s MCED Rivals 


1. Dr. Scott Morton Fails to Undertake a Proper But-For Analysis in Evaluating 


the Open Offer 


111. Dr. Scott Morton asserts two incentives held by Illumina prior to its announced intent to re-


acquire GRAIL: (1) an incentive to maximize the size of the MCED test market in its sales 


of NGS products, and (2) an incentive to maximize the potential success of all MCED 


suppliers, not just GRAIL in its supply of NGS products.159 She opines that a vertical merger 


(acquisition) of GRAIL changes Illumina’s incentives so that Illumina will have the incentive 


to foreclose GRAIL’s downstream rivals or raise its GRAIL’s rivals’ costs by offering 


inferior terms for the related product because Illumina “benefits significantly in the relevant 


market when rivals lose sales or alter their behavior in response to the foreclosure or the 


 
158 Scott Morton Expert Report at ¶ 305, 307.  
159 Ibid. at ¶ 12 (h) and at ¶165-168. 
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inferior terms.”160 She further opines that this change alters Illumina’s incentive to support 


third-party MCED test developers and leads to foreclosure.161 


112. Dr. Scott Morton opines that the recently signed supply agreements (with Guardant and FMI) 


and the Open Offer may prevent Illumina from taking some actions to disadvantage GRAIL’s 


rivals, but it does not change Illumina’s incentives.162 In her view, contracts cannot be written 


to take away all of Illumina’s ability to disadvantage GRAIL’s rivals or which “fully 


anticipate all future eventualities and protect the buyer.”163 


113. My understanding of contract theory as discussed above, does not doom the ability of 


upstream and downstream parties from effectively using contracts, though incomplete, to 


obtain desired efficient economic outcomes. Contracts do not have to anticipate all potential 


future situations, particularly if mechanisms, such as dispute resolution, arbitration, or audit 


provisions, exist within the contract to monitor and detect breaches and resolve disputes or 


interpretation of contract terms. 


B. Illumina’s Alleged Ability to Disadvantage GRAIL’s MCED Rivals 


1. Dr. Scott Morton Fails to Incorporate the Open Offer in Evaluating Illumina’s 


Ability to Disadvantage GRAIL’s MCED Rivals 


114. Other than citing to self-serving testimony by companies she identifies as MCED rivals, Dr. 


Scott Morton does not identify what mechanism or actions Illumina might take that would 


circumvent the commitments contained in the Open Offer. She performs no analysis of the 


Open Offer’s specific terms to determine the likelihood that Illumina could engage in either 


pricing or supply, or access-restricting conduct that could not be detected under the Open 


Offer or that would circumvent the Open Offer’s protections. As my analysis above 


 
160 Ibid. at ¶ 194 citing the Vertical Merger Guidelines at § 4.a.(2). I disagree with Dr. Scott Morton’s misleading 


citation to the Guidelines. The implication of her description or characterization is one of certainty as to the adverse 


effects of a vertical merger. The Guidelines state that a “vertical merger may diminish competition by allowing the 


merged firm to profitably use its control of the related product to weaken or remove the competitive constraint 


from one or more of its actual or potential rivals in the relevant market.” Guidelines at § 4.a. The Guidelines further 


state that the incentive to foreclose rivals or raise their costs by changing the terms of the related product will be 


fact-specific. Guidelines at § 4.a.(2).  
161 Scott Morton Expert Report at ¶¶ 194, 195. Dr. Scott Morton attempts to quantify this economic incentive in Table 


2 of her Report. She acknowledges that this is an illustration with hypothetical values. For this reason, I do not find 


it informative. I understand that Professor Carlton addresses this Table in his Report. 
162 Ibid. at ¶ 229. 
163 Ibid., citing to PX0152, Oliver Hart, “Incomplete Contracts and Control”, 107 Am. Econ. Rev. 1731, 1732 (July 


2017). 
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demonstrates, the Open Offer’s protects MCED rivals from Illumina raising prices to them 


to disadvantage rivals, even for future sequencing instruments and consumables. Dr. Scott 


Morton does no analysis of the terms of the Open Offer to show that Illumina can raise 


MCED rivals’ costs under the Open Offer. She fails to identify an action or mechanism that 


would not violate the Open Offer’s various pricing protections and anticompetitively raise 


MCED rivals’ costs. 


115. Dr. Scott Morton also fails to provide evidence beyond citing to MCED’s rivals’ testimony 


that identifies the mechanisms or actions that would enable Illumina to circumvent it 


commitments in the Open Offer or that would not be a detectable breach of the Open Offer’s 


access to supplied product terms. As I discussed above, the Open Offer protects MCED rivals 


from Illumina engaging in actions that would lower the quality of its sequencing products, 


lower the quality of Illumina’s support services, restrict access to the supplied product or any 


future products, or restrict Illumina’s having partner relationships with MCED testing firms 


to expand the downstream market.  


116. Nor does Dr. Scott Morton provide any economic evidence of mechanisms or actions that 


would enable Illumina to foreclose downstream rivals by controlling or impeding MCED’s 


rivals’ access to critical NGS sequencing supplied products or future products. To foreclose 


an MCED rival, Illumina must either restrict or impede access to the critical input or price 


the critical input at a level that would make it prohibitive to purchase and remain profitable. 


Under the Open Offer, access to NGS technology is enhanced relative to buyers’ current 


purchasing arrangements, such as guaranteed access to future sequencing products and to 


pre-release sequencing products. Dr. Scott Morton provides no economic evidence beyond 


flawed hypotheticals and self-serving rival testimony on how foreclosure would practically 


occur given the protections encompassed in the Open Offer. She circumvents this key 


economic inquiry by asserting that the Open Offer is an incomplete contract and therefore, 


its protections are unenforceable. 


2. Dr. Scott Morton Fails to Critically Analyze MCED Rivals’ Self-Serving 


Statements on Contract and the Open Offer’s Firewall, Auditing, and 


Arbitration Commitments  


117. Dr. Scott Morton’s unenforceability opinion relies on the self-serving testimony of GRAIL’s 


MCED rivals and the inability to predict future unknowns in drafting the terms of a contract. 


She goes so far as to say that “As is demonstrated in the economic literature, contracts are 
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inherently incomplete especially in cases where the timeframe is long and there is substantial 


technological and regulatory uncertainty. In this kind of environment, the contracts cannot 


fully anticipate all future eventualities and protect the buyer.”164  


118. Dr. Scott Morton relies on third-party testimony to dispute the ability of the firewall, audit 


and arbitration terms to enforce Illumina’s commitments under the Open Offer. As I discuss 


earlier in this Report, this testimony runs counter to the FTC’s use of firewalls and audits in 


approved merger consent decrees. Further, she merely cites third-party testimony speculating 


as to ways Illumina could purportedly circumvent the Open Offer without examining the 


plausibility of such speculation.165 


119. She provides no review of FTC, DOJ or other regulatory bodies that have used vertical 


merger consent decrees with similar terms encompassed in the Open Offer, such as firewalls, 


access to competitively sensitive information, audits, and compliance programs nor of the 


broader terms and conditions in the Open Offer. 


120. Dr. Scott Morton does not consider or discuss, at all, the authority Illumina has offered to 


grant to the FTC in the form of the Consent Principles’ monitor trustee commitment, annual 


report commitment, and access commitment, and what those offers imply about Illumina’s 


willingness and incentives to subject itself to and abide by robust monitoring compliance and 


enforcement mechanisms to instill confidence in its adherence to the terms of the Open Offer 


and its non-discriminatory principles. 


3. Illumina’s Open Offer is Pareto Superior to the Status Quo 


121. Dr. Scott Morton also fails to evaluate whether MCED’s rivals are better off with the Open 


Offer than with the status quo. In my review, I determine that the Open Offer provides pricing 


and access protections for customers that are not available without the Open Offer. In 


 
164 Scott Morton Report at ¶ 229. (cite omitted). Dr. Scott Morton’s position on the enforceability of contracts seems 


to contradict her position that Illumina’s claimed efficiencies are not merger-specific because Illumina can contract 


with GRAIL to deliver these same efficiencies contemplated in Illumina’s acquisition of GRAIL, namely 


elimination of double marginalization (Report at ¶ 280), acceleration of Galleri commercialization (Report at ¶ 


240). She does not address the parties’ claimed efficiency of promoting new innovation by combining the parties’ 


complementary R&D. 
165 For example, she cites Matthew Rabinowitz of Natera testifying that Illumina evaded its obligations in its supply 


agreement with Natera by claiming “certain Illumina products were not governed by the terms of the Natera’s 


supply agreement with Illumina, and that he is concerned the open offer allows Illumina to do the same thing here.” 


Scott- Morton Report at ¶ 310. She does not examine whether the facts underlying that allegation, which are in the 


record, support it – she merely accepts the claim at face value and assumes that the same conduct, even if it occurred 


as claimed, is not precluded by the robust provisions of the Open Offer. 
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addition, the firewall, audit, and arbitration terms, are a significant improvement in 


enhancing supply performance compared with the status quo. The Open Offer also provides 


visibility into the supply relationship/terms between Illumina and GRAIL as well as between 


its alleged competing other MCED test rivals. Today, MCED rivals have no visibility into 


the supply arrangement and terms Illumina provides to any MCED test developer except its 


own. From an economic perspective, by offering all MCED test developers terms “no less 


favorable” than offered to other developers, the opportunity exists for the Open Offer to 


benefit rather than harm competition. These features also demonstrate that the Open Offer 


provides an effective remedy to the alleged competitive concerns of the Transaction. 


 


*  *  * 


 


I declare under penalty of perjury that the foregoing is true and correct. Executed 


on July 16, 2021.  


 


       


    Margaret Guerin-Calvert 
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Table 1: Early Detection Screening Products166 


Company Test Name 
# of 


Cancers 
Cancer Types Clinical Trial(s) 


Illumina Consumable 
Purchases (2020:Q2-2021:Q1) 


Exact/ Thrive 
CancerSeek  


8 
Ovary, liver, stomach, pancreas, esophagus, colorectal, 


lung, breast 
CancerSeek 


<$1M 
10 


Lymphomas, colorectal, appendix, uterine, thyroid, kidney, 
lung, breast, ovary and cancer of unknown primary 


DETECT-A 


2 Breast, Colorectal DETECT-SCAN 


TBD TBD 
DETECT-ASCEND 


DETECT-SOAR 


Cologuard 1 Colorectal BLUE-C 


FMI/Roche -- 1–4 Colorectal, lung, breast, and liver planned N/A $54.2M 


Helio Health / 
LAM 


IvyGene167  4 Breast, colon, liver and lung Unknown  
<$20K Helio Liver 


Test 
1 Liver 


Unknown 


VICTORY 


Singlera 


PanSeer 5 Colorectal, esophageal, liver, lung, and stomach 
Taizhou 


Longitudinal Study 


N/A 
ColonES 


1 Colorectal ColonES 


1 Lung -- 


1 Liver -- 


Caris Carisome 1 Colorectal planned  N/A $21.7M 


Freenome Unknown 1 Colorectal 
AI-EMERGE 


$2.1M 


PREEMPT CRC 


Guardant LUNAR-2 


1 Colorectal ECLIPSE 


$33.6M 


1 Lung 
NCT03746262 


NCT03774758 


Natera Signatera 1 Colorectal planned N/A $32.7M 


 


 
166 This Table uses research of information in the record; it has been adapted from Appendix D to the Expert Report of Dr. Richard J. Cote. 
167 Helio Health has since abandoned development of IvyGene.  
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Table 2: Comparion of Open Offer with Status Quo Pricing Arrangement Prior to GRAIL Transaction Announcement 
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Investigation and Research and Air Canada, Air Canada Services, Inc., PWA Corporation, 


Canadian Airlines International, and the Gemini Group Automated Distribution Systems Inc. 


 


In the Matter of an Application by the Director of Investigation and Research under Section 79 of 


the Competition Act and in the Matter of certain practices by the D & B Companies of Canada 


Ltd. (Respondent), before the Competition Tribunal. 


 


Beville v. Curry, et al.; Comanche County District Court, Case No. CJ-95-115. 


 


U.S. v. Northshore Health System, et al. 


 


Testimony before Committee on Banking and Financial Services, U.S. House of Representatives 


(April 29, 1998) 







CONFIDENTIAL: FTC DOCKET NO. 9401 
 


A-3 


Easy Gardener, Inc. v. Dalen Products, Inc. 


 


Trigen – Oklahoma City Energy Corporation v. Oklahoma Gas & Electric Company. 


 


State of California v. Sutter Health; Alta Bates; and Summit Medical Center. 


 


Ernest T. Smith, III et al. v. N. H. Department of Revenue Administration, et al. 


 


St. Luke’s Hospital v. California Pacific Medical Center; Sutter Health System. 


 


In Re: Cigarette Antitrust Litigation and related cases, Holiday Wholesale Grocery Co., et al. v. 


Philip Morris Inc., et al., MDL Docket No.: 1342 Civil Action No.: 1:00-cv-0447-JOF and 


Artemio Del Serrone, Steven Ren, Heather Snay, Jon Ren, Keith Pine, and Bill Reed, on behalf of 


themselves and all others similarly situated v. Philip Morris Inc., R.J. Reynolds Tobacco Co., 


Brown & Williamson Tobacco Corp., Lorillard Tobacco Co., Liggett Group, Inc., and Brooke 


Group, Ltd., Case No. 00-004035 CZ, State of Michigan in the Circuit Court for the County of 


Wayne. 


 


In Re: Vitamin Antitrust Litigation; Misc. No. 99-197 (THF) MDL No. 1285. 


 


Economic Report in Response to European Commission's Statement of Objections Dated 22 May 


2003. 


 


European Commission Hearing, Case No Comp/E-2/37.533-Choline Chloride. 


 


Report of Robert D. Willig and Margaret E. Guerin-Calvert to the NZCC An Economic Analysis 


of the Consumer Benefits and Competitive Effects of the Proposed Alliance Between Qantas 


Airways and Air New Zealand . 


 


Report of Robert D. Willig and Margaret E. Guerin-Calvert to the NZCC An Economic Assessment 


of Professor Tim Hazledine’s Model of the Proposed Alliance Between Qantas and Air New 


Zealand. 


 


Presentations by Robert D. Willig and Margaret E. Guerin-Calvert to the NZCC An Economic 


Analysis of the Consumer Benefits and Competitive Effects of the Proposed Alliance Between 


Qantas Airways and Air New Zealand; Consumer Benefits. 


 


Erol Riza, M.D. et al., Plaintiffs v. Mercy Health System Physician Hospital Organization, et al, 


Defendants, Case No. CO199904796/Case NO.CI0200104455. 


 


Federal Trade Commission, et al. v. Arch Coal, Inc., et al. Case No.1:04CV00534 (JDB). 


 


Comments of Margaret E. Guerin-Calvert, Competition Policy Associates, Inc., Washington, DC 


on Revision of Regulation (EEC) 2299/89 on a code of conduct for computerized reservation 


systems (CRS), July 8, 2004. 







CONFIDENTIAL: FTC DOCKET NO. 9401 
 


A-4 


In the Matter of an Appeal from Determinations of the Commerce Commission, Between Air New 


Zealand Limited and Qantas Airways Limited and Commerce Commission, High Court of New 


Zealand, CIV 2003 404 6590. 


 


Economic Assessment of Issues in FERC NOPR for the Alaska Natural Gas Pipeline, December 


17, 2004. 


 


In Re: DRAM Antitrust Litigation, Master File No. M-02-1486PJH, MDL No. 1486, United States 


District Court, Northern District of California. 


 


In Re: Carbon Black Antitrust Litigation, MDL Docket No. 1543, No. 03-CV-10191-DPW (D. 


Mass.) 
 


Ryan Rodriguez, et.al. v. West Publishing Corporation, et. al., Central District of California, Case 


No. CV 05-3222 R(MCx). 


 


Neotonus, Inc.  v. American Medical Association and American Urological Association, In the 


United States District Court for the Northern District of Georgia Atlanta Division   Civil Case No. 


1: 04-CV-2050. 


  


Budget Pest Prevention, Inc., et. al. v. Bayer Corporation, Bayer CropScience, L.P., and BASF 


Corporation, In the United States District Court for the Western District of North Carolina 


Asheville Division, Case No. 1:05-CV-90. 


 


National Recycling, Inc. v. Waste Management of Massachusetts, Inc., Browning-Ferris 


Industries, Inc., and SEMASS Partnership LP, United States District Court for the District of 


Massachusetts, Case No. 03-12174-NMG. 


 


In the Matter of Mechanical and Digital Phonorecord Delivery Rate Adjustment Proceeding, 


Testimony before the Copyright Royalty Board of the Library of Congress, Washington, DC, 


Docket No. 2006-3 CRB DPRA. 


 


In the matter of United States v. ASCAP Application of America Online, Inc.; United States v. 


ASCAP, Application of RealNetworks, Inc. and United States v. ASCAP, Application of Yahoo! 


Inc., United States District Court Southern District of New York, Civil Action No. 41-1395 


(WCC). May 4, 2007. 


 


Lockheed Martin Corporation, Plaintiff, v. L-3 Communications Corporation, Mediatech, Inc., 


Kevin Speed, Steve Flemming, and Patrick St. Romain, Defendants.  L-3 Communications 


Corporation, Counterclaim and Third-Party Plaintiff, v. Lockheed Martin Corporation, 


Counterclaim Defendant, and Jack Kelly, Thomas Dorsey, Michael Homan, and Thomas Hull, 


Third-Party Defendants. US District Court for the Middle District of Florida, Orlando Division, 


Case Nc. 6:05-cv- 1580-Orl-31KRS, Expert Report August 15, 2007. 


 


Abbott Laboratories, an Illinois corporation, Fournier Industrie et Sante, a French corporation, 


and Laboratoires Fournier, S.A., a French corporation, Plaintiffs, v. Teva Pharmaceuticals USA, 


Inc., a Delaware corporation, Defendant; Civil Action No. 02-1512 (KAJ); Teva Pharmaceuticals 
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USA, Inc., a Delaware corporation, Teva Pharmaceutical Industries, Ltd., an Israeli corporation, 


and Novopharm, Ltd., a Canadian Corporation, Counterclaim Plaintiffs, v. Abbott Laboratories, 


an Illinois corporation, Fournier Industrie et Sante, a French corporation, and Laboratoires 


Fournier, S.A., a French corporation, Counterclaim Defendants; Abbott Laboratories, an Illinois 


corporation, Fournier Industrie et Sante, a French corporation, and Laboratoires Fournier, S.A., a 


French corporation, Plaintiffs, v. Impax Laboratories, Inc., a Delaware corporation, Defendant; 


Civil Action No. 03-120-KAJ; Impax Laboratories, Inc., a Delaware corporation, Counterclaim 


Plaintiff, v. Abbott Laboratories, an Illinois corporation, Fournier Industrie et Sante, a French 


corporation, and Laboratoires Fournier, S.A., a French corporation, Counterclaim Defendants.; in 


re TriCor direct purchaser antitrust litigation; Civil Action No. 05-340 (KAJ); in re TriCor 


indirect purchaser antitrust litigation; Civil Action No. 05-360 (KAJ). 


 


State of California ex rel. Lockyer et al., Plaintiffs v. Infineon Technologies AG et al., Defendants. 


Case No. C-06-04333 PJH  US District Court for the Northern District of California, San Francisco 


Division. 


Natchitoches Parish Hospital Service District, on behalf of itself and all others similarly situated, 


Plaintiff, v. Tyco International, Ltd., Tyco International, (U.S.), Inc., Tyco Healthcare Group, L.P., 


The Kendall Healthcare Products Company, Civil Action No. 05-12024 PBS. 


 


Daniels Sharpsmart, Inc. v. Tyco International, (US) Inc., Tyco Healthcare Group, L.P., Becton 


Dickinson and Company, Novation, LLC, VHA, Inc., Premier Inc., Premier Purchasing Partners, 


and Consorta, Inc., United States District Court for the Eastern District of Texas, Texarkana 


Division, Civil Action No. 5:05-cv-169. 


 


In re Wellbutrin SR antitrust litigation (direct purchaser actions), Civil Case no. 2:04-cv-5525 


(E.D. Pa.); Sheet Metal Workers Local 441 Health and Welfare Plan, et al. v. GlaxoSmithKline, 


plc, et al. (indirect purchaser actions), Civil Case no. 2:04-cv-5898 (E.D. Pa.); Medical Mutual of 


Ohio, Inc. v. GlaxoSmithKline, plc, et al., Civil Case no. 2:05-cv-396 (E.D. Pa.) 


 


In the Matter of the Form A Application by The Doctors Company, An Interinsurance Exchange, 


with Respect to the Acquisition of American Healthcare Indemnity Company, Hearing before the 


Insurance Commissioner of the State of Delaware, Docket No. 678. 


 


L-3 Communications Integrated Systems, LP, Plaintiff v. Lockheed Martin Corporation, 


Defendant, United States District Court for the Northern District of Texas, Dallas Division, Civil 


Action No. 3-07CV0341. 


 


DataTreasury Corporation v. Wells Fargo & Company, et al., Defendants, United States District 


Court for the Eastern District of Texas, Marshall Division, Civil Action No. 2:06CV-72(DF). 


 


Federal Trade Commission and The State of Ohio v. ProMedica Health System, Inc., United States 


District Court for the Northern District of Ohio, Western Division, Case No. 3:11-cv-00047-DAK. 


 


Testimony before Pennsylvania Insurance Department regarding proposed affiliation between 


Highmark, Inc. and the West Penn Allegheny Health System (April 17, 2012) and Report 
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(Economic Analysis Of Highmark’s Affiliation with WPAHS and Implementation of an Integrated 


Healthcare Delivery System), April 2013. 


 


Highmark Inc.’s Acquisition of Control of Blue Cross of Northeastern Pennsylvania and 


Subsidiaries, Pennsylvania Insurance Department. 


 


In re: Cathode Ray Tube (CRT) Antitrust Litigation (United States District Court Northern District 


of California San Francisco Division). 


 


Commonwealth of Massachusetts, Plaintiff, v. Partners Healthcare System, Inc., South Shore 


Health and Educational Corp., and Hallmark Health Corp., Defendants, Civil Action No. 14-


2033-BLS, Expert Declaration of Robert D. Willig and Margaret E. Guerin-Calvert. 


 


Methodist Health Services Corporation v. OSF Healthcare System, United States District Court 


for the Central District of Illinois, Peoria Division, Case No: 13-cv-1054. 


 


In re: Lithium Ion Batteries Antitrust Litigation, United States District Court for the Northern 


District of California, Oakland Division, Case No. 13-md-0242 (YGR), August 5, 2016. 


 


“Economic Assessment of International Comparison Of South African Price Levels (OECD 


Working Paper No. 85),” Presentation at Competition Commission South Africa, Health Market 


Inquiry Seminar: World Health Organisation / Organisation For Economic Co-Operation And 


Development Working Paper No. 85. 


 


Evanston Northwestern Healthcare Corporation Antitrust Litigation, United States District Court 


Northern District of Illinois Eastern Division, No. 07-CV-4446. 


 


BRFHH Shreveport, L.L.C. d/b/a University Health Shreveport and Vantage Health Plan, Inc., v. 


Willis-Knighton Medical Center, d/b/a Willis-Knighton Health System, United States District 


Court Western District of Louisiana Shreveport Division, No. 5:15-CV-02057. 


 


UFCW & Employers Benefit Trust, on behalf of itself and all others similarly situated v. Sutter 


Health; Sutter East Bay Hospitals; Sutter West Bay Hospitals; Edent Medical Center; Sutter 


Central Valley Hospitals; Mills-Peninsula Health Services; Sutter Health Sacramento Sierra 


Region; Sutter Coast Hospital; Palo Alto Medical Foundation for Healthcare, Research, and 


Education; and Sutter Medical Foundation, Superior Court of the State of California for the City 


and County of San Francisco, Cas No. CGC-14-538451. 


 


Proposed Merger of Mountain States Health Alliance and Wellmont Health System, State of 


Tennessee Certificate of Public Advantage. 


 


Response to HMI Provisional Findings and Recommendations Report (with Jeremy Nighohossian, 


PhD), October 15, 2018. 


 


Presentations to HMI on Market Concentration – Facilities and Funders and Supply Induced 


Demand (with Jeremy Nighohossian, PhD), April 9-12, 2019. 
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In re: Opana ER Antitrust Litigation, MDL No. 2580, Lead Case No. 14-cv-10150, United States 


District Court Northern District of Illinois Eastern Division. 


 


RESEARCH, PUBLICATIONS AND PRESENTATIONS 


 


“Getting Your Deal Through: How to Advance Systemness, Promote Integrated Care Delivery, 


and Successfully Defend Vertical and Horizontal Transactions,” Presentation at AHLA Annual 


Meeting, June 28-30, 2021. 


“Mobilizing Faith-based and Trusted Community Leaders in Buffalo, New York to Improve 


Blood Pressure Control in Underserved Communities,” Presentation at National Forum Mid-


Year Virtual Convening: Answering the Surgeon General's Call to Action to Control 


Hypertension, May 6, 2021. 


“Economic Impact of Health,” Presentation at National Forum for Heart Disease & Stroke 


Prevention Value & Access Partner Spotlight Meeting, December 9, 2020. 


“Health & Economic Impact of COVID-19: Public-Private Partnership Opportunities for Health, 


Equity & Economic Vitality,” Center for Healthcare Economics and Policy, FTI Consulting,  


Inc., October 2020 (co-authored with Rucha Kulkarni and Sherry Wang); and “Cardiovascular 


Health – An Economic Imperative,” Presentation at National Forum for Heart Disease & Stroke 


Prevention 18th Annual Meeting, October 15, 2020.  


Nick Macchione, Wilma Wooten and Carey Riccitelli, “Antidote to Pandemics – Population 


Health Leadership in Action,” Action Collaborative on Business Engagement in Building 


Healthy Communities is an ad-hoc activity associated with the National Academies of Sciences, 


Engineering, and Medicine’s Roundtable on Population Health Improvement (Moderated 


webinar on July 21, 2020) 


Maria Whyte, George Nicholas, and Raul Vasquez, “Faith, Community & Government – Health 


Collaboration to Address Health Disparities during the COVID-19 Pandemic,” Action 


Collaborative on Business Engagement in Building Healthy Communities is an ad-hoc activity 


associated with the National Academies of Sciences, Engineering, and Medicine’s Roundtable 


on Population Health Improvement (Moderated webinar on July 15, 2020),  


Terry Williams and William Satterwhite, “A Conversation About Employer Covid19 Issues and 


Emerging Opportunities,” Action Collaborative on Business Engagement in Building Healthy 


Communities is an ad-hoc activity associated with the National Academies of Sciences, 


Engineering, and Medicine’s Roundtable on Population Health Improvement (Moderated 


webinar on May 22, 2020), 


“The Economic Impact of Poor Health on Our WNY Community,” Center for Healthcare 


Economics and Policy, FTI Consulting, Inc., October 2019. 


“Some Thoughts on Cartel Sanction,” (with Keith N. Hylton, Daniel L. Rubinfeld, Gregory J. 


Werden, Koren Wong-Ervin, and Terry Calva), The Antitrust Source, June 2019. 
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“Novant Health Economic Impact & Community Benefit Study,” Center for Healthcare 


Economics and Policy, FTI Consulting, Inc., May 2019. 


“Uncertainty: Driving New Partnerships,” Presentation at Colorado Association of Healthcare 


Executives 2019 Annual Conference, May 3, 2019. 


“Stifling Innovation, Is it Worse than Price-Fixing?” Presentation at 67th ABA Section of 


Antitrust Law Spring Meeting, March 26,-29 2019. 


“Advanced Merger Economics,” Presentation at ABA Antitrust Masters Course IX, October 19, 


2018. 


“Nashville Chamber Health Competitiveness Initiative,” Webinar Presentation at the National 


Academies of Sciences, Engineering, and Medicine’s Action Collaborative on Business 


Engagement in Building Health Communities, June 6, 2018. 


“Employers as Levers of Change for Health and Economic Well-Being,” Presentation at IBM 


Watson Health’s Advantage Conference 2018: Remarkable Together, May 14-17, 2018. 


“Protecting Brand and Distributor Investment on the Internet,” Presentation at 66th ABA Section 


of Antitrust Law Spring Meeting, April 11-13, 2018. 


“UnityPoint Health® Economic Impact & Community Benefit Study,” Center for Healthcare 


Economics and Policy, FTI Consulting, Inc., July 2017. 


"Nashville Region Health Competitiveness Initiative: 2017 Report,” Center for Healthcare 


Economics and Policy, FTI Consulting, Inc. and The Research Center, Nashville Area Chamber 


of Commerce, May 2017.  


 “Eyes on the 1-800 Prize: IP Restrictions and Online Competition”, Presentation at 65th ABA 


Section of Antitrust Law Spring Meeting, March 29-31, 2017. 


“Using Population Health Data for Facility Planning,” Presentation at the Canadian Institute, 


Canadian Healthcare Infrastructure Conference, October 25, 2016. 


“The Economic Impact of Novant Health in North Carolina,” Center for Healthcare Economics 


and Policy, FTI Consulting, Inc., July 2016. 


“Economic Assessment of International Comparison of South African Price Levels (OECD 


Working Paper No. 85)”, May 23, 2016. 


“Mergers: Providers & Payers,” Presentation at ABA Health Law Section, ABA Section of 


Antitrust Law and the AHLA 2016 Antitrust in Healthcare Conference, May 12-13, 2016. 


“Consumerization of Healthcare”, Presentation at Brown University’s Consumerization of 


Healthcare Event, May 11, 2016. 
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“The Intersection of Economics and Well-being,” U.S. Chamber of Commerce’s 4th Annual 


Health Care Summit, Optimizing the Next Generation of Health Care, October 20, 2015.  


“Assessment of Nashville Region Health, Cost, Access, and Quality: Results of a Pilot Study,” 


(with Jen Maki, Ph.D., lead author, Center for Healthcare Economics and Policy, FTI 


Consulting, Inc. and The Research Center, Nashville Area Chamber of Commerce), June 2015. 


"Re-Aligning Prospective Hospital Merger Guidance: Moving Beyond Concentration to More 


Meaningful Approaches" (with Jen Maki and Bruce C. Vladeck), Working Paper, 


http://dx.doi.org/10.2139/ssrn.2593165, April 2015. 


“Competitive Effects Analyses of Hospital Mergers: Are We Keeping Pace with Dynamic 


Healthcare Markets?,” Antitrust Bulletin, Vol. 59, No. 3, Fall 2014. 


 


“Public Health, Public Policy, and the Law: Organizational Change in Healthcare” Presentation 


at Summer Institute on Health Policy, RWJF Center for Health Policy at Meharry Medical 


College, June 2014.  


 


“Issues in Consolidation–Industry Perspectives” Presentation at AHLA/ABA 2014 Antitrust in 


Health Care, May 2014. 


 


“Do Health Care Mergers Deliver Better Health Care?” Presentation at ABA Section of Antitrust 


Law Spring Meeting, March 2014.  


 


“Hospital Realignment: Mergers Offer Significant Patient and Community Benefits,”  (with Jen 


Maki) THE CENTER FOR HEALTHCARE ECONOMICS AND POLICY,  January 2014.  


 


“Assessing Hospital Mergers and Rivalry in an Era of Health Care Reform,” (with Jeffrey 


Brennan) Antitrust Magazine, Summer 2013.  


 


Presentation at the ABA Retrospective Analysis of Agency Determinations in Merger 


Transactions Symposium, Washington, DC, June 2013. 


 


Signatory, Brief of Antitrust Economists as Amici Curiae before the Supreme Court, Federal Trade 


Commission v. Actavis, Inc., et al., No. 12-416 (February 28, 2013). 


 


“The Direction and Economic Impact of Health Care Reform Post the Supreme Court Decision”  


Presentation at 2012 Ninth Circuit Judicial Conference, August 2012 (w/ Dawn Gideon, and 


Bruce Sokler). 


 


Presentation to the Section of Antitrust Law Spring Meeting, March 2012, Fundamentals – 


Antitrust Economics Analytical Tools. 


 


Presentation at Pepper Hamilton’s Annual Antitrust Developments Update CLE Event, 


Philadelphia, PA, December 2011, Antitrust-Intellectual Property Regulatory and Litigation 


Update. 


 



http://dx.doi.org/10.2139/ssrn.2593165

http://www.healthlawyers.org/Events/Programs/2010/Pages/TAX10.aspx
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“Assessment of Cost Trends and Price Differences for U.S. Hospitals,” (with Guillermo 


Israilevich), March 2011. 


 


“U.S. Antitrust Law Developments,” Canadian Competition Record, Winter 2010. 


 


“A Critique of Recent Publications Claiming Provider Market Power,” (with Guillermo 


Israilevich), October 2010. 


 


Presentation at the Antitrust Masters Course V, Section of Antitrust Law, American Bar 


Association, Williamsburg, VA, September 2010, Using Economists and Other Experts. 


 


“U.S. Antitrust Law Developments,” Canadian Competition Record, Winter 2009. 


 


Presentation at the Georgetown Global Antitrust Enforcement Symposium, September 2009, 


Monopolization and Dominance: How Will New Economic Thinking Affect Enforcement? 


 


Presentation to the Section of Antitrust Law Spring Meeting, March 2009, Resources for Class 


Action Litigation: A Demonstration of Critical Issues and Techniques to Deal with them, An 


Economist’s Perspective. 


 


“Coordinated Effects Analysis: Cruise Line Mergers (2002),” in J. Kwoka Jr. and L. White, eds. 


The Antitrust Revolution, (5th edition), 2009. 


 


Presentation at the Georgetown Global Antitrust Enforcement Symposium, September 2008, 


Lost in Translation: Is Economics the Lingua Franca of International Merger Control? 


“U.S. Antitrust Law Developments,” Canadian Competition Record, Spring 2008. 


 


“U.S. Antitrust Law Developments,” Canadian Competition Record, Summer 2007. 


“U.S. Antitrust Law Developments,” Canadian Competition Record, Fall 2006. 


 


Presentation at the American Bar Association Spring Conference, March 28-30, 2006, Using 


Economic Experts. 


 


“Merchant Benefits and Public Policy towards Interchange: An Economic Assessment,” The 


Review of Network Economics, Vol. 4 Issue 4, December 2005. pp 384 - 414 (with Janusz A. 


Ordover, New York University and Competition Policy Associates), and also at the Federal 


Reserve Bank of New York and the Review of Network Economics conference on “Antitrust 


Activity in Card-Based Payment Systems: Causes and Consequences,” September 15, 2005.  


 


“The Role of the Economist/Economics in ‘Proving’ Coordinated Effects,” the Milton Handler 


Annual Antitrust Review sponsored by the Association of the Bar of the City of New York. 


Published in Columbia Business Law Review. 2004 Milton Handler Antitrust Review, Colum. 


Bus. L. Rev. 345 Vol 2005 (2).  


 


“U.S. Antitrust Law Developments,” Canadian Competition Record, Fall 2005. 
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“U.S. Antitrust Law Developments,” Canadian Competition Record, Fall 2004. 


 


“U.S. Antitrust Law Developments,” Canadian Competition Record, Spring 2004 


Comments on “Regulations Amending the Canadian Computer Reservation Systems (CRS),” 


November 2003. 


 


Testimony at the FTC and DOJ Hearings on Healthcare and Competition and Law and Policy, 


February – May 2003. 


 


Presentation before the Computer Industry an Internet Committee Program, Antitrust 


Counterclaims in Patent Infringement Lawsuits, American Bar Association – Section of Antitrust 


Law, Spring Meeting, April 2-4, 2003. 


 


“Economic Analysis of DOT Proposals to Change the CRS Rules,” Appendix to Comments of 


Galileo International, (with I. Curtis Jernigan, and Gloria Hurdle), March 15, 2003. 


 


“Economic Analysis of Healthcare Cost Studies Commissioned by Blue Cross Blue Shield 


Association,” (with David Argue, Paul Godek, Barry Harris, Stephanie Mirrow), February 25, 


2003. 


 


“U.S. Antitrust Law Developments,” Canadian Competition Record, Winter 2002-2003. 


 


“What’s New in Networks?” Antitrust Litigator, Summer 2002. 


 


“Competition and Innovation in the Context of Network Economics,” at the DOJ/FTC Hearings 


on Competition and Intellectual Property Law in the Knowledge-Based Economy, February 20, 


2002. 


 


“U.S. Antitrust Law Developments,” Canadian Competition Record, Winter 2001-2002. 


 


“Review of Selected Economic Literature on Merger Analysis,” (with Stephanie Mirrow and Su 


Sun), July 2001.  Perspectives on the Concepts of Time, Change, and Materiality in Antitrust 


Enforcement.  Section of Antitrust Law, American Bar Association, (also presented at ABA 


Annual Meeting, August 2001). 


 


“U.S. Antitrust Law Developments,” Canadian Competition Record, Winter 2000-2001. 


 


“Presenting Damages Evidence” before the Practicing Law Institute, Antitrust Litigation: 


Strategies for Success, November 30, 2000. 


 


“Overview of B2Bs: Which Ones Raise Antitrust Issues?” before the Sixth Annual Health Care 


Forum, Northwestern University School of Law, November 2-3, 2000. 


 


“An Economist’s Perspective on B2Bs,” Economists Ink, Fall 2000. 
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“How Do the New Competitor Collaboration Guidelines Address the New Economy?” before the 


ABA, Antitrust Section, Joint Ventures and Strategic Alliances, November 11-12, 1999. 


 


“The Role of the Expert in Damages Analysis” before the Practicing Law Institute, November 8, 


1999. 


 


“Bank Mergers and the 1992 Merger Guidelines: The Bank of America/Security Pacific 


Transaction,” (with Janusz Ordover), September 1999 (prepared for presentation at the 25th 


Anniversary of the Economics Analysis Group at the US Department of Justice).  Review of 


Industrial Organization, 16: 151 – 165, 2000. 


 


“Maximizing current and future network competition in payment systems” (with Janusz 


Ordover) before the American Bar Association, Antitrust Section, Antitrust Issues in High-Tech 


Industries Workshop, Scottsdale, AZ, February 25-26, 1999. 


 


Supplemental Analysis of “Inherent Reasonableness” Survey, prepared for HIMA (with Matthew 


Mercurio); February 1999. 


 


Report on DMERC “Inherent Reasonableness” Survey, prepared for HIMA (with Matthew 


Mercurio); November 1998. 


 


Summary Report: Interviews of Representative HIMA Members’ Views on FASA, prepared for 


HIMA (with Matthew Mercurio); July 1997. 


 


“Networks and Network Externalities: What the Antitrust Lawyer Needs to Know: Concepts and 


Theory,” before the American Bar Association, Antitrust Section, 45th Annual Spring Meeting, 


Washington, DC, April 10, 1997. 


 


“Insights into Efficiencies from Analyses of Efficiencies in Hospital and Bank Mergers,” before 


the American Bar Association, Antitrust Law Section, Washington, DC, November 7-8, 1996. 


 


“Issues in Managed Care “Markets,” before the American Bar Association Forum on Health Law 


and Antitrust Law Section (with Robert B. Greenbaum), New Orleans, Louisiana, October 24-


25, 1996. 


 


“Current Merger Policy: Banking and ATM Network Mergers,” Antitrust Bulletin, Vol. XLI, No. 


2, Summer 1996. 


 


“ATM and Bank Electronic Networks: Competitive Issues and Technological Change,” for 


presentation at the 71st Annual WEA International Conference, June 29, 1996. 


 


“Assessing the Implications of Kodak for Franchise Market Power Issues,” before the American 


Bar Association, Antitrust Law Section, Spring Meeting, Washington, DC, March 27, 1996. 


 


“Current Merger Policy: Banking and ATM Network Mergers,” before the OCC Conference, 


November 1995. 
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“Economists and Empirical Analysis in the Merger Review Process: Beyond Market Share and 


HHI Calculations,” before the American Bar Association, Antitrust Law Section and the 


International Bar Association Antitrust and Trade Law Committee, Washington, DC, November 


9-10, 1995. 


 


“Network Merger Analysis,” for presentation at the 43rd Annual American Bar Association, 


Antitrust Law Section, April 6, 1995. 


 


“Assessing the Implications of Bank Merger Transactions after Interstate Banking and Branching 


Legislation: Lessons to Be Drawn From Bank Merger Cases and Analysis in the ‘90’s,” for 


presentation at ACI Third Annual Bank Regulation Conference, Washington, DC, March 16, 


1995. 


 


“Key Issues in Antitrust Analysis of Bank Mergers in the 1990’s,” for presentation at the Bank 


Mergers and Acquisitions Program Practicing Law Institute, September 12-13, 1994. 


 


“Economic Issues in Network Merger Analysis,” for presentation at Mergers: The Cutting Edge 


before the American Bar Association, 1994 Annual Meeting, New Orleans, August 9, 1994. 


 


“Vertical Integration as a Threat to Competition Airline Computer Reservation Systems,” in J. 


Kwoka Jr. and L. White, eds. The Antitrust Revolution, (2nd edition), 1993. 


 


“The 1992 Agency Horizontal Merger Guidelines and the Department of Justice’s Approach to 


Bank Merger Analysis,” Antitrust Bulletin, Vol. XXXVII, No. 3, Fall 1992, (with Janusz 


Ordover). 


 


“The 1992 Agency Horizontal Merger Guidelines and the Department of Justice Approach to 


Bank Mergers,” in Proceedings of the 28th Annual Conference on Bank Structure and 


Competition, May 1992, (with Janusz Ordover). 


 


Electronic Services Networks: A Business and Public Policy Challenge, Praeger, 1991, (with S. 


Wildman). 


 


“Computer Reservations Systems and their Network Linkages to the Airline Industry,” in 


Electronic Services, Networks: A Business and Public Policy Challenge, Praeger, 1991, (with R. 


Noll). 


 


“Electronic Services Networks Functions, Structures, and Public Policy” in Electronic Services 


Networks: A Business and Public Policy Challenge, Praeger, 1991, (with S. Wildman). 


 


“New Developments in Airline Merger Analysis: Changes in the Industry and the Evidence,” 


Regulatory Reform, January 1988. 


 


“State and Federal Regulation in the Market for Corporate Control,” EAG Discussion Paper, 


EAG 86-4, Antitrust Bulletin, Winter 1988, (with R. McGuckin and F. Warren-Boulton). 
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“Current Issues in Airline Mergers,” presented at the Stanford Conference on Firm Ownership 


and Competition, June 19-20, 1987. 


 


“The 1982 Department of Justice Guidelines: Applications to Banking Markets,” Issues in Bank 


Regulation, Winter 1983, reprinted in T. Havrilesky, R. Schweitzer, and J. Boorman, ed. 


Dynamics of Banking, Harlan Davidson, Inc., 1985. 


 


Department of Justice, Report to Congress on the Computer Reservations Industry, December 


1985. 


 


“New Rules of the Game: Modifying Bank Merger Analysis to Account for Regulatory 


Changes,” presented at the Association of Public Policy and Management Conference, New 


Orleans, October 1984 


 


“The Determinants of Thrift Institutions’ Commercial Lending Activity,” Chicago Bank 


Structure and Competition Compendium, September 1983, (with C. Dunham). 


 


“How Quickly Can Thrifts Move into Commercial Lending?” New England Economic Review, 


November/December 1983, (with C. Dunham). 


 


Department of Justice, Report to Congress on Competition in the Coal Industry, March 1982. 


 


Direct and Rebuttal Testimony in the Investigation into the Competitive Marketing of Air 


Transportation, at the Civil Aeronautics Board, August 1980. 


 


National Benefits/Costs of Enhanced Oil Recovery Research Final Report, Arthur D. Little, Inc., 


submitted to the Energy Research and Development Administration, August 1976, (with F. 


Mansvelt-Beck and T. Rothermal) 


 


OTHER PROFESSIONAL ACTIVITIES 


 


Co-Chair, NASEM’s Action Collaborative on Business Engagement in Building Healthy 


Communities 


 


Co-Chair, Imagining Antitrust Law Section 2.0, and Chair, Financial Independence Task Force, 


Antitrust Law Section, American Bar Association  
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Associate Member, Section of Antitrust Law, American Bar Association and its Committees, 


including Healthcare and Pharmaceuticals 


 


Member, American Economics Association 


 


Member, AcademyHealth 


 


Member, American Health Lawyers Association 


 


Member, Brown University – The Warren Alpert Medical School’s Advisory Council on 


Biology and Medicine 


 


Member, NASEM Roundtable on Population Health Improvement 


 


Member, NASEM Business Engagement in Obesity Solutions Innovation Collaborative 


 


PAST PROFESSIONAL ACTIVITIES 


 


Chair, Interagency Task Force on Bank Competition (U.S. DOJ, Antitrust Division) 


 


Co-Chair, Economics Task Force, Member, Technology and Financial Resources Task Force, 


Chair of the Membership Committee, Transition Task Force Member, Chair of the Exemptions 


and Immunities Task Force, Council Member, Chair, Financial Markets and Institutions 


Committee, Member Advisory Board on Section Reserves, International Task Force, Member 


Long Range Planning Committee, Section of Antitrust Law, American Bar Association 
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APPENDIX A2: MARGARET GUERIN-CALVERT TESTIMONY AT 


DEPOSITION OR TRIAL IN THE LAST FOUR YEARS  


FTI Center for Healthcare Economics and Policy 
 555 12th Street, NW 
 Washington, DC 20004 


  


 p: (202) 589-3451 | f: (202) 589-3480 


 www.fticonsulting.com 


 


 


MARGARET E. GUERIN-CALVERT 


Email: Margaret.Guerin-Calvert@fticonsulting.com 


 


Evanston Northwestern Healthcare Corporation Antitrust Litigation, United States District Court 


Northern District of Illinois Eastern Division, No. 07-CV-4446. 


BRFHH Shreveport, L.L.C. d/b/a University Health Shreveport and Vantage Health Plan, Inc., v. 


Willis-Knighton Medical Center, d/b/a Willis-Knighton Health System, United States District 


Court Western District of Louisiana Shreveport Division, No. 5:15-CV-02057. 


UFCW & Employers Benefit Trust, on behalf of itself and all others similarly situated v. Sutter 


Health; Sutter East Bay Hospitals; Sutter West Bay Hospitals; Edent Medical Center; Sutter 


Central Valley Hospitals; Mills-Peninsula Health Services; Sutter Health Sacramento Sierra 


Region; Sutter Coast Hospital; Palo Alto Medical Foundation for Healthcare, Research, and 


Education; and Sutter Medical Foundation, Superior Court of the State of California for the City 


and County of San Francisco, Cas No. CGC-14-538451. 


In re: Opana ER Antitrust Litigation, MDL No. 2580, Lead Case No. 14-cv-10150, United States 


District Court Northern District of Illinois Eastern Division. 


 


 



http://www.fticonsulting.com/

mailto:Margaret.Guerin-Calvert@fticonsulting.com
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APPENDIX B: MATERIALS CONSIDERED IN PERFORMING ANALYSIS AND 


REACHING OPINIONS 


Incorporates by reference all documents cited within the Report whether or not they appear in 


Appendix B. 


A. Depositions and Deposition Exhibits 


PX No. Last Name First Name Firm Type Date 


PX7040 Goswami Joydeep Illumina 30(b)6 27-May-21 


PX7042 Fellis Joel Illumina Individual 24-Jun-21 


PX7043 Naclerio Nicholas Illumina Individual 27-May-21 


PX7044 Dolan Kristie Quest Individual  10-Jun-21 


PX7045 Bishop Hans GRAIL Individual 26-May-21 


PX7046 Flatley Jay Illumina Individual 25-May-21 


PX7049 He Molly Element Biosciences 30(b)6 25-Jun-21 


PX7052 Strom Matthew Morgan Stanley Individual 25-May-21 


PX7053 Berry Nicki Illumina 30(b)6/Indiv


idual 


19-May-21 


PX7068 Perettie Cindy Roche/FMI Individual 21-May-21 


PX70771 Lengauer Christophe Third Rock Ventures Individual 24-Jun-21 


  Stamatiou Dimitri StageZero 30(b)6 10-Jun-21 


  Velarde Jorge Singular Genomics 30(b)6 16-Jun-21 


  Lauer Josh Ultima Genomics 30(b)6 22-Jun-21 


  Freidin Aaron GRAIL 30(b)6/Indiv


idual 


23-Jun-21 


  Young Stacie Illumina 30(b)6/Indiv


idual 


23-Jun-21 


  Aravanis Alex Illumina 30(b)6/Indiv


idual 


25-Jun-21 


  Chahine Kenneth Helio Health Individual 5-May-21 


  Stahl Joshua Invitae Corp. Individual 5-May-21 


  Cooper Matthew Progenity Individual 26-May-21 


  George Sean Invitae Corp. Individual 26-May-21 


  Qadan Ammar Illumina Individual 26-May-21 


  Silvis Lauren Tempus Labs Individual 26-May-21 


  Cance Willian American Cancer Society Individual 27-May-21 


  Sood Nitin Guardant Individual 27-May-21 


  Harada Josephine Exact Sciences Individual 27-May-21 


  Leite John Illumina (former) Individual 27-May-21 


  Ofman Joshua GRAIL Individual 28-May-21 


  Nolan Michael Freenome Individual 1-Jun-21 


  Gao Yuan (Gary) Singular Genomics Individual 2-Jun-21 


  Song Ken Ominome Individual 2-Jun-21 


  Getty William Guardant Individual 3-Jun-21 


  Daly Dave Singlera Genomics Individual 4-Jun-21 


  Fesko John Natera Individual 8-Jun-21 


  Bailey Megan PGDx 


 
 


Individual 9-Jun-21 
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PX No. Last Name First Name Firm Type Date 


  Rabinowitz Matthew Natera Individual 10-Jun-21 


  deSouza Francis Illumina Individual 17-Jun-21 


  Febbo Paul Illumina Individual 18-Jun-21 


  Fiedler Konstantin FMI/Roche Individual 18-Jun-21 


  Conroy Kevin Exact Individual 22-Jun-21 


  Morgan Mark GRAIL Individual 23-Jun-21 


  Eisenberg Marcia LabCorp Individual 24-Jun-21 


  Jamshidi Arash GRAIL Individual 24-Jun-21 


  Otte Gabriel Freenome Individual 24-Jun-21 


  Della Porta Christopher GRAIL Individual 25-Jun-21 


  Chahine Kenneth Helio Health   5-May-21 


  Hill Charles Emory University   1-Jun-21 


  Chudova Darya Guardant   2-Jun-21 


  Felton Andrew Thermo Fisher Scientific   2-Jun-21 


  Vogelstein Bert JHU Sidney Kimmel 


Comprehensive Cancer Center 


  2-Jun-21 


 


B. Investigational Hearings and Hearing Exhibits 


PX No. Last Name First Name Firm Type Date 


PX7046 Flatley Jay Illumina IH 5-Mar-21 


PX7050 Bailey Megan PGDx IH 2-Mar-21 


PX7051 Fesko John Natera IH 3-Mar-21 


PX7054 Gao Yuan (Gary) Singular Genomics IH 17-Feb-21 


PX7055 Cooper Matthew Progenity IH 2-Feb-21 


PX7058 Freidin Aaron GRAIL IH 23-Mar-21 


  Aravanis Alex Illumina IH 19-Mar-21 


  Berry Nicki Illumina IH 17-Mar-21 


  Bishop Hans GRAIL IH 24-Mar-21 


  Blanchett Brian Illumina IH 22-Mar-21 


  Conroy Kevin Exact IH 5-Mar-21 


  Davy Kathryn Illumina IH 12-Mar-21 


  deSouza Francis Illumina IH 24-Mar-21 


  Chudova Darya Guardant IH 24-Feb-21 


  Getty William Guardant IH 11-Feb-21 


  George Sean Invitae Corp. IH 26-Feb-21 


  Goswami Joydeep Illumina IH 18-Mar-21 


  Gunn Neil Roche IH 18-Feb-21 


  Klausner Rick GRAIL IH 22-Mar-21 


  Kollu Gautum GRAIL IH 1-Mar-21 


  Leite John Illumina IH 3-Mar-21 


  Lengauer Christophe Third Rock Ventures IH 3-Mar-21 
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PX No. Last Name First Name Firm Type Date 


  Naclerio Nicholas Illumina IH 11-Mar-21 


  Nolan Michael Freenome IH 2-Mar-21 


  Otte Gabriel Freenome IH 4-Mar-21 


  Perettie Cindy Roche/FMI IH 24-Mar-21 


  Rabinowitz Matthew Natera IH 3-Mar-21 


  Scagnetti Paul Illumina IH 10-Mar-21 


  Song Ken Ominome IH 24-Mar-21 


  Spetzler David Caris Life Sciences IH 12-Feb-21 


  Stahl Joshua Invitae Corp. IH 3-Mar-21 


 


C. Articles and Papers 


“Analysis of Agreement Containing Consent Order to Aid Public Comment: In the Matter of 


Sycamore Partners II, L.P., Staples, Inc., and Essendant Inc., File No. 181-0180, Docket 


No. C-4667.” 


“Analysis of Proposed Agreement Containing Consent Order to Aid Public Comment: In the 


Matter of Northrop Grumman Corporation and Orbital ATK, Inc., File No. 181-0005.” 


“Federal Trade Commission v. Qualcomm Inc.” Findings of Fact and Conclusions of Law. U.S 


District Court, Northern District of California, San Jose Division. Case No. 17-CV-00220-


LHK. 


“Form 10-K Illumina, Inc.” For the fiscal year ended January 3, 2021. United States Securities and 


Exchange Commission.  


“Illumina – A Beginner’s Guide to NGS.” https://www.illumina.com/science/technology/next-


generation-sequencing/beginners.html. 


“Illumina – All Systems.” https://www.illumina.com/systems.html.  


“Illumina – Products.” https://www.illumina.com/products.html.  


“Illumina Strategic Plan.” 2019-2021  


“ILLUMINA, INC., et al., v. BGI GENOMICS CO., LTD, et al.” Order re Motions for Preliminary 


Injunctions. Case No. 19-cv-03770-WHO. United States District Court Northern District 


of California (August 11, 2020). 


“In Re: Application of UPE for Approval of the Request by UPE to Acquire Control of Highmark 


Inc.” Approving Determination and Order. No. ID-RC-13-06. Before the Insurance 


Department of the Commonwealth of Pennsylvania. (April 29, 2013). 


https://www.insurance.pa.gov/Highmark%20AHN%20Modification/2013%20Order.pdf.  


“In the Matter of Broadcom Limited, a limited company, and Brocade Communications Systems, 


Inc. a corporation.” Decision and Order (Public Record Version). Docket No. C-4622 


United States of America Before the Federal Trade Commission (August 17, 2017). 



https://www.illumina.com/science/technology/next-generation-sequencing/beginners.html

https://www.illumina.com/science/technology/next-generation-sequencing/beginners.html

https://www.illumina.com/systems.html

https://www.illumina.com/products.html

https://www.insurance.pa.gov/Highmark%20AHN%20Modification/2013%20Order.pdf
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“In the Matter of Broadcom Limited.” Complaint. Docket No. C-4301. United States of America 


Before the Federal Trade Commission. 


“In the Matter of Evanston Northwestern Healthcare Corporation and ENH Medical Group, Inc.” 


Final Order. Docket No. C-9315. United States of America Before the Federal Trade 


Commission. 


“In the Matter of Evanston Northwestern Healthcare Corporation.” Opinion of the Commission. 


Docket No. C-9315. United States of America Before the Federal Trade Commission. 


“In the Matter of Northrop Grumman Corporation and Orbital ATK, Inc.” Decision and Order. 


Docket No. C-4652. United States of America Before the Federal Trade Commission. 


“In the Matter of PepsiCo, Inc.” Complaint. Docket No. C-4622. United States of America Before 


the Federal Trade Commission. 


“In the Matter of Sycamore Partners II, L.P., a limited partnership; Staples, Inc., a corporation; 


and Essendant Inc., a corporation.” Agreement Containing Consent Order. File No. 181-


0180. United States of America Before the Federal Trade Commission.  


“In the Matter of The Coca-Cola Company.” Complaint. Docket No. C-4301. United States of 


America Before the Federal Trade Commission. 


“Re: Highmark Health Response to Conditions 7, 8 and/or 9 of the April 29, 2013 Approving 


Determination and Order (Order No. ID-RC-13-06) as modified.” Letter dated May 1, 2019. 


https://www.insurance.pa.gov/Companies/IndustryActivity/CorporateTransactionsofPublicInterest/High


markWestPennAlleghenyHealthSystem/Documents/5-1_Highmark_Condition%207,%208,%209.pdf.  


“United States of America v. Electronic Payment Services, Inc.” Competitive Impact Statement. 


No. 94-208. In the United States District Court for the District of Delaware. (April 21, 


1994). https://www.justice.gov/atr/case-document/file/494991/download  


“United States of America v. Electronic Payment Services, Inc.” Final Judgment. No. 94-208. In 


the United States District Court for the District of Delaware. (October 14, 1994). 


https://www.justice.gov/atr/case-document/file/494991/download. 


“United States of America v. Google Inc. and ITA Software, Inc.” Final Judgment. Case: 1-11-cv-


00688 (RLW). In the United States District Court for the District of Columbia.. (October 


2011). https://www.justice.gov/atr/case-document/file/497636/download.  


“United States of America, et al. v. Ticketmaster Entertainment, Inc., et al.” Final Judgment. Case: 


1-10-cv-00139. In the United States District Court for the District of Columbia.. (June 


2010). https://www.justice.gov/atr/case-document/file/513331/download.   


American Bar Association. “Common Issues Relating to the Digital Economy and Competition.” 


Report of the International Developments and Comments Task Force on Positions 


Expressed by the ABA Antitrust Law Section between 2017 and 2019. (February 27, 


2020). https://www.americanbar.org/content/dam/aba/administrative/antitrust_law/lp-



https://www.insurance.pa.gov/Companies/IndustryActivity/CorporateTransactionsofPublicInterest/HighmarkWestPennAlleghenyHealthSystem/Documents/5-1_Highmark_Condition%207,%208,%209.pdf

https://www.insurance.pa.gov/Companies/IndustryActivity/CorporateTransactionsofPublicInterest/HighmarkWestPennAlleghenyHealthSystem/Documents/5-1_Highmark_Condition%207,%208,%209.pdf

https://www.justice.gov/atr/case-document/file/494991/download

https://www.justice.gov/atr/case-document/file/494991/download

https://www.justice.gov/atr/case-document/file/497636/download

https://www.americanbar.org/content/dam/aba/administrative/antitrust_law/lp-files/sal-report-on-common-sssues-relating-to-the-digital-economy-and-competition-final-4162020.pdf
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files/sal-report-on-common-sssues-relating-to-the-digital-economy-and-competition-


final-4162020.pdf.  


Baruch, Roberta, and Bruce Hoffman. “Compliance reports: Reinforcing a commitment to 


effective orders.” FTC Bureau of Competition (March 11, 2019). 


https://www.ftc.gov/news-events/blogs/competition-matters/2019/03/compliance-reports-


reinforcing-commitment-effective.  


Behjati, Sam, and Patrick S. Tarpey. "What is next generation sequencing?" Archives of Disease 


in Childhood-Education and Practice 98, no. 6 (2013): 236-238. 


Coleman, Mary T., and David A. Weiskopf. “Economic Analysis of Merger Remedies.” GCR 


(October 22, 2020). https://globalcompetitionreview.com/guide/the-guide-merger-


remedies/third-edition/article/economic-analysis-of-merger-remedies.  


Federal Trade Commission. “Statement of Bureau of Competition Deputy Director Ian Conner on 


the Commission's Consent Order in the Acquisition of Orbital ATK, Inc. by Northrop 


Grumman Corp., File No. 181-0005.” FTC Bureau of Competition Office of the Director. 


https://www.ftc.gov/system/files/documents/cases/1810005_northrop_bureau_statement_


6-5-18.pdf.  


Federal Trade Commission. “The FTC’s Merger Remedies 2006-2012: A Report of the Bureaus 


of Competition and Economics.” (January 2017). 


GRAIL. “GRAIL Presents Interventional PATHFINDER Study Data at 2021 ASCO Annual 


Meeting and Introduces Galleri, a Groundbreaking Multi-Cancer Early Detection Blood 


Test.” GRAIL Press Release (June 4, 2021). 


Grossman, Sanford J., and Oliver D. Hart. "The costs and benefits of ownership: A theory of 


vertical and lateral integration." Journal of political economy 94, no. 4 (1986): 691-719. 


Hart, Oliver. Firms, Contracts, and Financial Structure. Oxford University Press (1995). 


Herbalife Will Restructure Its Multi-level Marketing Operations and Pay $200 Million For 


Consumer Redress to Settle FTC Charges, July 15, 2016. 


Highmark Health. “Report of Compliance with Policy Protecting Competitively Sensitive 


Information.” Letter from David L. Holmberg and Lisa A. Martinelli of Highmark Health 


to Pennsylvania Insurance Department (April 24, 2019). 


Highmark Inc. “Policy Protecting Competitively Sensitive Information.” (origination September 


30, 2013 and revision January 23, 2017). https://highmark.com/content/dam/digital-


marketing/en/highmark/highmarkdotcom/pdfs/Highmark_Inc_CSI_Policy.pdf. 


Hoffman, D. Bruce. "Vertical merger enforcement at the FTC." In Credit Suisse 2018 Washington 


Perspectives Conference. Washington, DC. 2018. 


https://www.ftc.gov/system/files/documents/public_statements/1304213/hoffman_vertica


l_merger_speech_final.pdf.  



https://www.americanbar.org/content/dam/aba/administrative/antitrust_law/lp-files/sal-report-on-common-sssues-relating-to-the-digital-economy-and-competition-final-4162020.pdf

https://www.americanbar.org/content/dam/aba/administrative/antitrust_law/lp-files/sal-report-on-common-sssues-relating-to-the-digital-economy-and-competition-final-4162020.pdf

https://www.ftc.gov/news-events/blogs/competition-matters/2019/03/compliance-reports-reinforcing-commitment-effective

https://www.ftc.gov/news-events/blogs/competition-matters/2019/03/compliance-reports-reinforcing-commitment-effective

https://globalcompetitionreview.com/guide/the-guide-merger-remedies/third-edition/article/economic-analysis-of-merger-remedies

https://globalcompetitionreview.com/guide/the-guide-merger-remedies/third-edition/article/economic-analysis-of-merger-remedies

https://www.ftc.gov/system/files/documents/cases/1810005_northrop_bureau_statement_6-5-18.pdf

https://www.ftc.gov/system/files/documents/cases/1810005_northrop_bureau_statement_6-5-18.pdf

https://www.ftc.gov/system/files/documents/public_statements/1304213/hoffman_vertical_merger_speech_final.pdf

https://www.ftc.gov/system/files/documents/public_statements/1304213/hoffman_vertical_merger_speech_final.pdf
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Illumina Open Offer Letter. (March 29, 2021). https://www.illumina.com/content/dam/illumina-


marketing/documents/applications/cancer/illumina-open-offer.pdf. 


Illumina Supply Agreement with Tempus Labs Inc. signed June 29, 2021. 


Illumina. “Next-Generation Sequencing (NGS): Revolutionizing Patient Care in Your Oncology 


Practice.” (2017)  


International Competition Network. “Merger Remedies Guide: 2016.” ICN Merger Working 
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2021). https://www.bmj.com/content/372/bmj.m4933/rr. 


Maskin, Eric, and Jean Tirole. "Unforeseen contingencies and incomplete contracts." The Review 


of Economic Studies 66, no. 1 (1999): 83-114. 


Maskin, Eric. “Comments on the Foundations of Incomplete Contracts.” in The Impact of 


Incomplete Contracts on Economics. Phillippe Aghion, Mathias Dewatripont, Patrick 


Legros, and Luigi Zingales, eds. Oxford University Press (2016). 


OECD Secretariat. “Remedies in Merger Cases: Policy Roundtables 2011.” OECD (July 30, 


2012). 


Pennsylvania Insurance Department. “Re: Proposed Revisions to Highmark Health’s and its 
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PX No. 


PX0042 


PX0049 


PX0051 


PX2000 


PX2007 


PX2009 


PX2043 


PX2053 


PX2055 


PX2067R 


PX2068 


PX2068R 


PX2078 


PX2079 


PX2095 


PX2098 


PX2102 


PX No. 


PX2117 


PX2119 


PX2123 


PX2139 


PX2152 


PX2157 


PX2163 


PX2176 


PX2183 


PX2184 


PX2185 


PX2186 


PX2197 


PX2199 


PX2200 


PX2209 


PX2210 


PX No. 


PX2211  


PX2212 


PX2216 


PX2218 


PX2230 


PX2233 


PX2238 


PX2239 


PX2240 


PX2241 


PX2242 


PX2243 


PX2244 


PX2245 


PX2246 


PX2247 


PX2248 



https://www.justice.gov/atr/page/file/1098656/download

http://www.justice.gov/atr/public/press_releases/2010/254540.pdf

https://www.justice.gov/atr/page/file/1312416/download
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PX No. 


PX2249 


PX2250 


PX2251 


PX2252 


PX2254 


PX2254N 


PX2255 


PX2257 


PX2261 


PX2262 


PX2265 


PX2267 


PX2270 


PX2272 


PX2274 


PX2277 


PX2278 


PX2279 


PX2280 


PX2282 


PX2283 


PX2286 


PX2287 


PX2302 


PX2306 


PX2309 


PX2310 


PX2313 


PX2314 


PX2315 


PX2316 


PX2318 


PX2322 


PX2325 


PX2327 


PX2337 


PX No. 


PX2339 


PX2348 


PX2350 


PX2351 


PX2354 


PX2355 


PX2359 


PX2361 


PX2362 


PX2363 


PX2364 


PX4015 


PX4040 


PX4072 


PX4073 


PX4074 


PX4075 


PX4077 


PX4079 


PX4080 


PX4082 


PX4084 


PX4085 


PX4086 


PX4087 


PX4088 


PX4089 


PX4090 


PX4091 


PX4092 


PX4094 


PX4096 


PX4099 


PX4100 


PX4102 


PX4103 


PX No. 


PX4133 


PX5030 


PX5042N 


PX5042T 


PX5044 


PX5046 


PX5047 


PX6044 


PX6050 


PX8329 


PX8348 


PX8351 


PX8358 


PX8359 


PX8362 


PX8364 


PX8365 


PX8366 


PX8369 


PX8370 


PX8372 


PX8374 


PX8375 


PX8377 


PX8378 


PX8379 


PX8383 


PX8384 


PX8385 


PX8386 


PX8387 


PX8388 


PX8393 


PX8395 


PX8396 


PX8397 


FRNM00000002 (PX8368)  


FRNM00000254 (PX8369)  


FRNM00000256  


FRNM00000279 (PX8370)  
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FRNM00000629 (PX8371)  


FRNM00000702  


FRNM00000742  


FRNM00000771  


FRNM00000792 (PX8372)  


FRNM00001192 (PX8373)  


FRNM00001192  


FRNM00001197  


FRNM00003428 (PX8374) 


FRNM00003534 (PX8377) 


FRNM00003535  


FRNM00003558  


FRNM00003619  


FRNM00003621  


FRNM00003623 (PX8375)  


FTC-PROD-00002414 


FTC-PROD-00002440 


FTC-PROD-00014179 


FTC-PROD-00014179 


ILMN-FTCVOL_ 21271594  


ILMN_000593001  


ILMN_011367504  


ILMN_020467737  


ILMN_020648471  


ILMN_020649289  


ILMN_FTCVOL_000000118 


ILMN-FTCVALOR_00113187 


ILMN-FTCVOL_000000001 


ILMN-FTCVOL_000000080 
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ILMN-FTCVOL_000000080 


ILMN-FTCVOL_00000158  


ILMN-FTCVOL_00000345 


ILMN-FTCVOL_00000372 


ILMN-FTCVOL_00000388 


ILMN-FTCVOL_00000439 


ILMN-FTCVOL_00000501 


ILMN-FTCVOL_00000474 


ILMN-FTCVOL_00000512 


ILMN-FTCVOL_00069121  


ILMN-FTCVOL_00094636  


ILMN-FTCVOL_00459051  


ILMN-FTCVOL_00835586 


ILMN-FTCVOL_21271594  


ILMN-FTCVOL_21271594  


ILMN-FTCVOL_21905648 


ILMN-FTCVOL_21905648  


ILMN-FTCVOL_21992047  


ILMN-FTCVOL_21992047  


ILMN-FTCVOL_27117368  


ILMN-FTCVOL_27117368 


ILMN-FTCVOL_27117368  


ILMN-FTCVOL_21992047  


ILMN-FTCVOL-00000001  


ILMN-FTCVOL-00000053 


ILMN-FTCVOL-00000080 


ILMN-FTCVOL-00000118 


“Analysis of Agreement Containing Consent Order to Aid Public Comment: In the Matter of 


Sycamore Partners II, L.P., Staples, Inc., and Essendant Inc., File No. 181-0180, Docket 


No. C-4667.” 
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“Analysis of Proposed Agreement Containing Consent Order to Aid Public Comment: In the 


Matter of Northrop Grumman Corporation and Orbital ATK, Inc., File No. 181-0005.” 


“ILLUMINA, INC., et al., v. BGI GENOMICS CO., LTD, et al.” Order re Motions for 


Preliminary Injunctions. Case No. 19-cv-03770-WHO. United States District Court 


Northern District of California (August 11, 2020). 


“In the Matter of Broadcom Limited, a limited company, and Brocade Communications Systems, 


Inc. a corporation.” Decision and Order (Public Record Version). Docket No. C-4622 


United States of America Before the Federal Trade Commission (August 17, 2017). 


“In the Matter of Sycamore Partners II, L.P., a limited partnership; Staples, Inc., a corporation; 


and Essendant Inc., a corporation.” Agreement Containing Consent Order. File No. 181-


0180. United States of America Before the Federal Trade Commission.  


“United States of America v. Electronic Payment Services, Inc.” Competitive Impact Statement. 


No. 94-208. In the United States District Court for the District of Delaware. (April 21, 


1994). https://www.justice.gov/atr/case-document/file/494991/download. 


“United States of America v. Electronic Payment Services, Inc.” Final Judgment. No. 94-208. In 


the United States District Court for the District of Delaware. (October 14, 1994). 


https://www.justice.gov/atr/case-document/file/494991/download. 


“United States of America v. Google Inc. and ITA Software, Inc.” Final Judgment. Case: 1-11-cv-


00688 (RLW). In the United States District Court for the District of Columbia.. (October 


2011). https://www.justice.gov/atr/case-document/file/497636/download.  


“United States of America, et al. v. Ticketmaster Entertainment, Inc., et al.” Final Judgment. 


Case: 1-10-cv-00139. In the United States District Court for the District of Columbia.. 


(June 2010). https://www.justice.gov/atr/case-document/file/513331/download. 


Declaration of Rob Rock, reviewd July 16, 2021. 


Illumina 2020 SEC 10-K filing 


Illumina Terms and Conditions of Sales—IVD Products.  


U.S. Department of Justice. “Justice Department Requires Ticketmaster Entertainment Inc to 


Make Significant Changes to Its Merger with Live Nation Inc.” Press Release (January 25, 


2010). www.justice.gov/atr/public/press_releases/2010/254540.pdf  


Notes: We received and had access to Illumina’s Salesforce data and Illumina’s Response to 


Interrogatory 6. 


E. Legal And FTC Filings in this Matter 


“Federal Trade Commission v. Illumina, Inc. and GRAIL, Inc.” Answer of Defendants Illumina, 


Inc. and GRAIL, Inc. United States District Court for the District of Columbia. No. 1:21-


cv-00873-RC. 



https://www.justice.gov/atr/case-document/file/494991/download

https://www.justice.gov/atr/case-document/file/494991/download

https://www.justice.gov/atr/case-document/file/497636/download

https://www.justice.gov/atr/case-document/file/513331/download

http://www.justice.gov/atr/public/press_releases/2010/254540.pdf





CONFIDENTIAL: FTC DOCKET NO. 9401 
 


B-12 


“Federal Trade Commission v. Illumina, Inc. and GRAIL, Inc.” Complaint. United States District 


Court for the District of Columbia. No. 1:21-cv-00873-RC. 


“Illumina Responses to Rule 3.33(a), 3.33(c)(1) Notice Topic 6.” 


“Illumina’s Proposed Re-Acquisition of GRAIL, Inc. Vertical Foreclosure and Efficiencies 


Analysis.” (January 26, 2021). 


“In the Matter of Illumina, Inc., and GRAIL, Inc.” Complaint. United States of America Before 


the Federal Trade Commission. Docket No. 9401.  


“In the Matter of Illumina, Inc., and GRAIL, Inc.” Respondent GRAIL, Inc.’s Responses and 


Objections to Complaint Counsel’s Interrogatories. United States of America Before the 


Federal Trade Commission Office of Administrative Law Judges. Docket No. 9401.  


“In the Matter of Illumina, Inc., and GRAIL, Inc.”  Respondents’ First Set of Interrogatories to 


Complaint Counsel. United States of America Before the Federal Trade Commission Office 


of Administrative Law Judges. Docket No. 9401.  


“In the Matter of Illumina, Inc., and GRAIL, Inc.”  Responses and Objections of Respondent 


Illumina, Inc. to Complaint Counsel’s Interrogatories. United States of America Before the 


Federal Trade Commission Office of Administrative Law Judges. Docket No. 9401.  


“Proposed Acquisition by Illumina, Inc. of GRAIL, Inc.: Non-Invasive Prenatal Testing (“NIPT”) 


Market Analysis” (December 31, 2020)  


Consent Principles: Unilateral Behavioral Commitments submitted to the FTC on February 26, 


2021. 


Declaration of Rob Rock submitted on July 16, 2021. 


Defendant’s Interrogatory No.2 served on May 18, 2021. – Pls provide a copy for full citation 


Expert Report of Dr. Fiona Scott Morton submitted July 2, 2021 


Illumina submission to FTC dated December 31, 2021, “Non-Invasive Prenatal Testing (“NIPT”) 


Market Analysis. 


Illumina submission to FTC dated January 26, 2021, “Vertical Foreclosure and Efficiencies 


Analysis.” 


Illumina submission to FTC entitled “Consent Principles: xxx” 


Letter from J. Wells Harrell, U.S. Federal Trade Commission to Anna M. Rathbun, Esq., dated 


June 14, 2021, Supplemental Response to Defendants’ Interrogatory Nos. 1 and 18 and 


Request for Production No. 19. 


Letter from J. Wells Harrell, U.S. Federal Trade Commission to Michael Zaken, Esq. and Shireen 


Matthews, Esq., dated June 1, 2021, Supplemental Response to Defendants’ Interrogatory 


Nos. 3,4,5 and 16 
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Letter to FTC from Cravath, Swaine & Moore dated,  October 13, 2020, providing “description of 


the different technologies used for cancer screening tests (e.g., PCR, FISH, etc.), including 


how they compare to Next Generation Sequencing (NGS)-based tests (e.g., whether they 


provide early detection screening in asymptomatic patients).” 


 


F. GRAIL Agreements with Illumina 


Name Agreement Name 


Start 


Date 


End 


Date Attachment Name 


Grail Hong 


Kong Limited 


20180122OF300_Ci


rina STND 


2018-


01-22 


2018-


04-01 20180122OF300_Cirina STND.pdf 


Grail Hong 


Kong Limited 


2018 Grail 


STND_R1 


2018-


04-02 


2019-


02-14 2018 Grail STND.pdf 


Grail Hong 


Kong Limited 


2018 Grail 


STND_R1 


2018-


04-02 


2019-


02-14 2018 Cirina STND.pdf 


Grail Hong 


Kong Limited 


2018 Grail 


STND_R1 


2018-


04-02 


2019-


02-14 2018 Grail STND_R1.msg 


Grail Hong 


Kong Limited 


2018 Grail 


STND_R1 


2018-


04-02 


2019-


02-14 


Tony's reply on 30% off discount_ 2018 Cirina 


Standing Quote renewal.msg 


Grail Hong 


Kong Limited 


2018 Grail 


STND_R1 


2018-


04-02 


2019-


02-14 


Grail and Cirina HK no need sales approval due to 


MSA.msg 


Grail Hong 


Kong Limited 


2018 Grail 


STND_R1 


2018-


04-02 


2019-


02-14 2018 Grail STND_R1.pdf 


Grail, Inc. 


Grail Standing 


Quote 


2020-


02-15 


2021-


02-14 


Grail Re Seeking approval for Grail S2 at 64.07% 


discount.msg 


Grail, Inc. 


Grail Standing 


Quote 


2020-


02-15 


2021-


02-14 Grail SQ-20180402TL201.pdf 


Grail, Inc. 


Grail Standing 


Quote 


2020-


02-15 


2021-


02-14 Grail SQ-20180402TL201Pricing File.xlsx 


Grail, Inc. 


Grail Standing 


Quote 


2020-


02-15 


2021-


02-14 


Customer_Pricing_Format 


File_09Dec2016_GRAIL.xlsx 


Grail, Inc. 


Grail Standing 


Quote 


2020-


02-15 


2021-


02-14 


RE_ Discounts for Grail - email approval 


requested.pdf 


Grail, Inc. 


Grail Standing 


Quote 


2020-


02-15 


2021-


02-14 


Re 2019 Pricing Approval Strategic Account - Pacific 


Northwest Territory.msg 


Grail, Inc. 


Grail Standing 


Quote 


2020-


02-15 


2021-


02-14 Grail SQ-20190215TD200 Pricing File.xlsx 


Grail, Inc. 


Grail Standing 


Quote 


2020-


02-15 


2021-


02-14 Grail Standing Quote SQ-20190215TD200.pdf 


Grail, Inc. 


Grail Standing 


Quote 


2020-


02-15 


2021-


02-14 


Re 2019 Pricing Approval Strategic Account - Pacific 


Northwest Territory Approval S4-200.msg 


Grail, Inc. 


Grail Standing 


Quote 


2020-


02-15 


2021-


02-14 GRAIL_2016StandingQuote_SQ-20140404JS101.pdf 


Grail, Inc. 


Grail Standing 


Quote 


2020-


02-15 


2021-


02-14 Grail SQ-20190215TD201 Pricing File.xlsx 


Grail, Inc. 


Grail Standing 


Quote 


2020-


02-15 


2021-


02-14 Grail SQ-20190215TD201 Pricing File.xlsx 


Grail, Inc. 


Grail Standing 


Quote 


2020-


02-15 


2021-


02-14 


Re Seeking approval for 2018-2019 Customer 


Agreement Discounts - Grail and Natera.msg 


Grail, Inc. 


Grail Standing 


Quote 


2020-


02-15 


2021-


02-14 Grail SQ-20180402TL200 Pricing File.xlsx 
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Name Agreement Name 


Start 


Date 


End 


Date Attachment Name 


Grail, Inc. 


Grail Standing 


Quote 


2020-


02-15 


2021-


02-14 Grail_SQ-20180402TL200.pdf 


Grail, Inc. 


Grail Standing 


Quote 


2020-


02-15 


2021-


02-14 Grail Standing Quote Pricing File New.xlsx 


Grail, Inc. 


Grail Standing 


Quote 


2020-


02-15 


2021-


02-14 Grail_Approval Grail HT Trusight.pdf 


Grail, Inc. 


Grail Standing 


Quote 


2020-


02-15 


2021-


02-14 Grail Standing Quote SQ-20190215TD202.pdf 


Grail, Inc. 


Grail Standing 


Quote 


2020-


02-15 


2021-


02-14 Grail - Fixed price TD.pdf 


Grail, Inc. 


Grail Standing 


Quote 


2020-


02-15 


2021-


02-14 Grail SQ-20190215TD203 Pricing File.xlsx 


Grail, Inc. 


Grail Standing 


Quote 


2020-


02-15 


2021-


02-14 


Re_ 2020 Standing Quote Discounts - Approvals 


Needed MVO.pdf 


Grail, Inc. 


Grail Standing 


Quote 


2020-


02-15 


2021-


02-14 Grail Pricing File 2020.xlsx 


Grail, Inc. 


Grail Standing 


Quote 


2020-


02-15 


2021-


02-14 Grail SQ-20200215CJ100.pdf 


JV Grail 


Grail Standing 


Quote 


2020-


02-15 


2021-


02-14 


Grail Re Seeking approval for Grail S2 at 64.07% 


discount.msg 


JV Grail 


Grail Standing 


Quote 


2020-


02-15 


2021-


02-14 Grail SQ-20180402TL201.pdf 


JV Grail 


Grail Standing 


Quote 


2020-


02-15 


2021-


02-14 Grail SQ-20180402TL201Pricing File.xlsx 


JV Grail 


Grail Standing 


Quote 


2020-


02-15 


2021-


02-14 


Customer_Pricing_Format 


File_09Dec2016_GRAIL.xlsx 


JV Grail 


Grail Standing 


Quote 


2020-


02-15 


2021-


02-14 


RE_ Discounts for Grail - email approval 


requested.pdf 


JV Grail 


Grail Standing 


Quote 


2020-


02-15 


2021-


02-14 


Re 2019 Pricing Approval Strategic Account - Pacific 


Northwest Territory.msg 


JV Grail 


Grail Standing 


Quote 


2020-


02-15 


2021-


02-14 Grail SQ-20190215TD200 Pricing File.xlsx 


JV Grail 


Grail Standing 


Quote 


2020-


02-15 


2021-


02-14 Grail Standing Quote SQ-20190215TD200.pdf 


JV Grail 


Grail Standing 


Quote 


2020-


02-15 


2021-


02-14 


Re 2019 Pricing Approval Strategic Account - Pacific 


Northwest Territory Approval S4-200.msg 


JV Grail 


Grail Standing 


Quote 


2020-


02-15 


2021-


02-14 GRAIL_2016StandingQuote_SQ-20140404JS101.pdf 


JV Grail 


Grail Standing 


Quote 


2020-


02-15 


2021-


02-14 Grail SQ-20190215TD201 Pricing File.xlsx 


JV Grail 


Grail Standing 


Quote 


2020-


02-15 


2021-


02-14 Grail SQ-20190215TD201 Pricing File.xlsx 


JV Grail 


Grail Standing 


Quote 


2020-


02-15 


2021-


02-14 


Re Seeking approval for 2018-2019 Customer 


Agreement Discounts - Grail and Natera.msg 


JV Grail 


Grail Standing 


Quote 


2020-


02-15 


2021-


02-14 Grail SQ-20180402TL200 Pricing File.xlsx 


JV Grail 


Grail Standing 


Quote 


2020-


02-15 


2021-


02-14 Grail_SQ-20180402TL200.pdf 


JV Grail 


Grail Standing 


Quote 


2020-


02-15 


2021-


02-14 Grail Standing Quote Pricing File New.xlsx 


JV Grail 


Grail Standing 


Quote 


2020-


02-15 


2021-


02-14 Grail_Approval Grail HT Trusight.pdf 
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Name Agreement Name 


Start 


Date 


End 


Date Attachment Name 


JV Grail 


Grail Standing 


Quote 


2020-


02-15 


2021-


02-14 Grail Standing Quote SQ-20190215TD202.pdf 


JV Grail 


Grail Standing 


Quote 


2020-


02-15 


2021-


02-14 Grail - Fixed price TD.pdf 


JV Grail 


Grail Standing 


Quote 


2020-


02-15 


2021-


02-14 Grail SQ-20190215TD203 Pricing File.xlsx 


JV Grail 


Grail Standing 


Quote 


2020-


02-15 


2021-


02-14 


Re_ 2020 Standing Quote Discounts - Approvals 


Needed MVO.pdf 


JV Grail 


Grail Standing 


Quote 


2020-


02-15 


2021-


02-14 Grail Pricing File 2020.xlsx 


JV Grail 


Grail Standing 


Quote 


2020-


02-15 


2021-


02-14 Grail SQ-20200215CJ100.pdf 


JV Grail MB 


Grail Standing 


Quote 


2020-


02-15 


2021-


02-14 


Grail Re Seeking approval for Grail S2 at 64.07% 


discount.msg 


JV Grail MB 


Grail Standing 


Quote 


2020-


02-15 


2021-


02-14 Grail SQ-20180402TL201.pdf 


JV Grail MB 


Grail Standing 


Quote 


2020-


02-15 


2021-


02-14 Grail SQ-20180402TL201Pricing File.xlsx 


JV Grail MB 


Grail Standing 


Quote 


2020-


02-15 


2021-


02-14 


Customer_Pricing_Format 


File_09Dec2016_GRAIL.xlsx 


JV Grail MB 


Grail Standing 


Quote 


2020-


02-15 


2021-


02-14 


RE_ Discounts for Grail - email approval 


requested.pdf 


JV Grail MB 


Grail Standing 


Quote 


2020-


02-15 


2021-


02-14 


Re 2019 Pricing Approval Strategic Account - Pacific 


Northwest Territory.msg 


JV Grail MB 


Grail Standing 


Quote 


2020-


02-15 


2021-


02-14 Grail SQ-20190215TD200 Pricing File.xlsx 


JV Grail MB 


Grail Standing 


Quote 


2020-


02-15 


2021-


02-14 Grail Standing Quote SQ-20190215TD200.pdf 


JV Grail MB 


Grail Standing 


Quote 


2020-


02-15 


2021-


02-14 


Re 2019 Pricing Approval Strategic Account - Pacific 


Northwest Territory Approval S4-200.msg 


JV Grail MB 


Grail Standing 


Quote 


2020-


02-15 


2021-


02-14 GRAIL_2016StandingQuote_SQ-20140404JS101.pdf 


JV Grail MB 


Grail Standing 


Quote 


2020-


02-15 


2021-


02-14 Grail SQ-20190215TD201 Pricing File.xlsx 


JV Grail MB 


Grail Standing 


Quote 


2020-


02-15 


2021-


02-14 Grail SQ-20190215TD201 Pricing File.xlsx 


JV Grail MB 


Grail Standing 


Quote 


2020-


02-15 


2021-


02-14 


Re Seeking approval for 2018-2019 Customer 


Agreement Discounts - Grail and Natera.msg 


JV Grail MB 


Grail Standing 


Quote 


2020-


02-15 


2021-


02-14 Grail SQ-20180402TL200 Pricing File.xlsx 


JV Grail MB 


Grail Standing 


Quote 


2020-


02-15 


2021-


02-14 Grail_SQ-20180402TL200.pdf 


JV Grail MB 


Grail Standing 


Quote 


2020-


02-15 


2021-


02-14 Grail Standing Quote Pricing File New.xlsx 


JV Grail MB 


Grail Standing 


Quote 


2020-


02-15 


2021-


02-14 Grail_Approval Grail HT Trusight.pdf 


JV Grail MB 


Grail Standing 


Quote 


2020-


02-15 


2021-


02-14 Grail Standing Quote SQ-20190215TD202.pdf 


JV Grail MB 


Grail Standing 


Quote 


2020-


02-15 


2021-


02-14 Grail - Fixed price TD.pdf 


JV Grail MB 


Grail Standing 


Quote 


2020-


02-15 


2021-


02-14 Grail SQ-20190215TD203 Pricing File.xlsx 
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Name Agreement Name 


Start 


Date 


End 


Date Attachment Name 


JV Grail MB 


Grail Standing 


Quote 


2020-


02-15 


2021-


02-14 


Re_ 2020 Standing Quote Discounts - Approvals 


Needed MVO.pdf 


JV Grail MB 


Grail Standing 


Quote 


2020-


02-15 


2021-


02-14 Grail Pricing File 2020.xlsx 


JV Grail MB 


Grail Standing 


Quote 


2020-


02-15 


2021-


02-14 Grail SQ-20200215CJ100.pdf 


JV Grail MP 


Grail Standing 


Quote 


2020-


02-15 


2021-


02-14 


Grail Re Seeking approval for Grail S2 at 64.07% 


discount.msg 


JV Grail MP 


Grail Standing 


Quote 


2020-


02-15 


2021-


02-14 Grail SQ-20180402TL201.pdf 


JV Grail MP 


Grail Standing 


Quote 


2020-


02-15 


2021-


02-14 Grail SQ-20180402TL201Pricing File.xlsx 


JV Grail MP 


Grail Standing 


Quote 


2020-


02-15 


2021-


02-14 


Customer_Pricing_Format 


File_09Dec2016_GRAIL.xlsx 


JV Grail MP 


Grail Standing 


Quote 


2020-


02-15 


2021-


02-14 


RE_ Discounts for Grail - email approval 


requested.pdf 


JV Grail MP 


Grail Standing 


Quote 


2020-


02-15 


2021-


02-14 


Re 2019 Pricing Approval Strategic Account - Pacific 


Northwest Territory.msg 


JV Grail MP 


Grail Standing 


Quote 


2020-


02-15 


2021-


02-14 Grail SQ-20190215TD200 Pricing File.xlsx 


JV Grail MP 


Grail Standing 


Quote 


2020-


02-15 


2021-


02-14 Grail Standing Quote SQ-20190215TD200.pdf 


JV Grail MP 


Grail Standing 


Quote 


2020-


02-15 


2021-


02-14 


Re 2019 Pricing Approval Strategic Account - Pacific 


Northwest Territory Approval S4-200.msg 


JV Grail MP 


Grail Standing 


Quote 


2020-


02-15 


2021-


02-14 GRAIL_2016StandingQuote_SQ-20140404JS101.pdf 


JV Grail MP 


Grail Standing 


Quote 


2020-


02-15 


2021-


02-14 Grail SQ-20190215TD201 Pricing File.xlsx 


JV Grail MP 


Grail Standing 


Quote 


2020-


02-15 


2021-


02-14 Grail SQ-20190215TD201 Pricing File.xlsx 


JV Grail MP 


Grail Standing 


Quote 


2020-


02-15 


2021-


02-14 


Re Seeking approval for 2018-2019 Customer 


Agreement Discounts - Grail and Natera.msg 


JV Grail MP 


Grail Standing 


Quote 


2020-


02-15 


2021-


02-14 Grail SQ-20180402TL200 Pricing File.xlsx 


JV Grail MP 


Grail Standing 


Quote 


2020-


02-15 


2021-


02-14 Grail_SQ-20180402TL200.pdf 


JV Grail MP 


Grail Standing 


Quote 


2020-


02-15 


2021-


02-14 Grail Standing Quote Pricing File New.xlsx 


JV Grail MP 


Grail Standing 


Quote 


2020-


02-15 


2021-


02-14 Grail_Approval Grail HT Trusight.pdf 


JV Grail MP 


Grail Standing 


Quote 


2020-


02-15 


2021-


02-14 Grail Standing Quote SQ-20190215TD202.pdf 


JV Grail MP 


Grail Standing 


Quote 


2020-


02-15 


2021-


02-14 Grail - Fixed price TD.pdf 


JV Grail MP 


Grail Standing 


Quote 


2020-


02-15 


2021-


02-14 Grail SQ-20190215TD203 Pricing File.xlsx 


JV Grail MP 


Grail Standing 


Quote 


2020-


02-15 


2021-


02-14 


Re_ 2020 Standing Quote Discounts - Approvals 


Needed MVO.pdf 


JV Grail MP 


Grail Standing 


Quote 


2020-


02-15 


2021-


02-14 Grail Pricing File 2020.xlsx 


JV Grail MP 


Grail Standing 


Quote 


2020-


02-15 


2021-


02-14 Grail SQ-20200215CJ100.pdf 
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Name Agreement Name 


Start 


Date 


End 


Date Attachment Name 


JV Grail 


RWC 


Grail Standing 


Quote 


2020-


02-15 


2021-


02-14 


Grail Re Seeking approval for Grail S2 at 64.07% 


discount.msg 


JV Grail 


RWC 


Grail Standing 


Quote 


2020-


02-15 


2021-


02-14 Grail SQ-20180402TL201.pdf 


JV Grail 


RWC 


Grail Standing 


Quote 


2020-


02-15 


2021-


02-14 Grail SQ-20180402TL201Pricing File.xlsx 


JV Grail 


RWC 


Grail Standing 


Quote 


2020-


02-15 


2021-


02-14 


Customer_Pricing_Format 


File_09Dec2016_GRAIL.xlsx 


JV Grail 


RWC 


Grail Standing 


Quote 


2020-


02-15 


2021-


02-14 


RE_ Discounts for Grail - email approval 


requested.pdf 


JV Grail 


RWC 


Grail Standing 


Quote 


2020-


02-15 


2021-


02-14 


Re 2019 Pricing Approval Strategic Account - Pacific 


Northwest Territory.msg 


JV Grail 


RWC 


Grail Standing 


Quote 


2020-


02-15 


2021-


02-14 Grail SQ-20190215TD200 Pricing File.xlsx 


JV Grail 


RWC 


Grail Standing 


Quote 


2020-


02-15 


2021-


02-14 Grail Standing Quote SQ-20190215TD200.pdf 


JV Grail 


RWC 


Grail Standing 


Quote 


2020-


02-15 


2021-


02-14 


Re 2019 Pricing Approval Strategic Account - Pacific 


Northwest Territory Approval S4-200.msg 


JV Grail 


RWC 


Grail Standing 


Quote 


2020-


02-15 


2021-


02-14 GRAIL_2016StandingQuote_SQ-20140404JS101.pdf 


JV Grail 


RWC 


Grail Standing 


Quote 


2020-


02-15 


2021-


02-14 Grail SQ-20190215TD201 Pricing File.xlsx 


JV Grail 


RWC 


Grail Standing 


Quote 


2020-


02-15 


2021-


02-14 Grail SQ-20190215TD201 Pricing File.xlsx 


JV Grail 


RWC 


Grail Standing 


Quote 


2020-


02-15 


2021-


02-14 


Re Seeking approval for 2018-2019 Customer 


Agreement Discounts - Grail and Natera.msg 


JV Grail 


RWC 


Grail Standing 


Quote 


2020-


02-15 


2021-


02-14 Grail SQ-20180402TL200 Pricing File.xlsx 


JV Grail 


RWC 


Grail Standing 


Quote 


2020-


02-15 


2021-


02-14 Grail_SQ-20180402TL200.pdf 


JV Grail 


RWC 


Grail Standing 


Quote 


2020-


02-15 


2021-


02-14 Grail Standing Quote Pricing File New.xlsx 


JV Grail 


RWC 


Grail Standing 


Quote 


2020-


02-15 


2021-


02-14 Grail_Approval Grail HT Trusight.pdf 


JV Grail 


RWC 


Grail Standing 


Quote 


2020-


02-15 


2021-


02-14 Grail Standing Quote SQ-20190215TD202.pdf 


JV Grail 


RWC 


Grail Standing 


Quote 


2020-


02-15 


2021-


02-14 Grail - Fixed price TD.pdf 


JV Grail 


RWC 


Grail Standing 


Quote 


2020-


02-15 


2021-


02-14 Grail SQ-20190215TD203 Pricing File.xlsx 


JV Grail 


RWC 


Grail Standing 


Quote 


2020-


02-15 


2021-


02-14 


Re_ 2020 Standing Quote Discounts - Approvals 


Needed MVO.pdf 


JV Grail 


RWC 


Grail Standing 


Quote 


2020-


02-15 


2021-


02-14 Grail Pricing File 2020.xlsx 


JV Grail 


RWC 


Grail Standing 


Quote 


2020-


02-15 


2021-


02-14 Grail SQ-20200215CJ100.pdf 


JV Grail 


RWC 


Grail HiSeq X 


Customer 


Agreement 


2016-


08-11 


2017-


03-31 Re GRAIL Standing Agreement .msg 


JV Grail 


RWC 


Grail HiSeq X 


Customer 


Agreement 


2016-


08-11 


2017-


03-31 GRAIL_HiSeqX_SQ-20160811JS100.pdf 
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Name Agreement Name 


Start 


Date 


End 


Date Attachment Name 


JV Grail 


RWC 


Grail HiSeq X 


Customer 


Agreement 


2016-


08-11 


2017-


03-31 Discounts for Grail - email approval requested.msg 


 


G. Interviews 


Interview with Rob Rock, AlixPartners, July 2, 2021. 


Interview with Joel Fellis and Kymee Wang of Illumina, July 14, 2021. 


Interview with Katherine Ellison, Stacie Young, and Paul Scagnetti of Illumina, July 16, 2021. 


 


H. Pricing Analysis—Table 2 


“Amendment #5 to Supply Agreement.” Illumina, Inc. and Guardant Health, Inc. (executed 


12/30/2020). 


“Second Amended and Restated Supply, Service, and Support Agreement.” Illumina, Inc. and 


FMI. 


“Sixth Amendment to Supply Agreement.” Illumina, Inc. and Natera, Inc. (executed 5/18/2020). 


Exact Sciences Thrive LLC Standing Quote (February 15, 2021). Illumina, Inc. 


Freenome Standing Quote (February 15, 2021). Illumina, Inc. 
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I, Richard J. Cote, M.D., FRCPath, FCAP, declare as follows: 


I. BACKGROUND AND QUALIFICATIONS 


1. I am the Edward Mallinckrodt Professor and Chair at the Department of 


Pathology and Immunology, Washington University School of Medicine at St. Louis, Missouri.  


I am also the Pathologist-in-Chief at Barnes-Jewish Hospital of St. Louis, Missouri. 


2. I am a board-certified pathologist, serving over 25 years in senior academic, 


consultative, director and clinical roles with leading universities, hospitals and healthcare 


enterprises. 


3. Before joining Washington University in 2019, I was the Joseph R. Coulter Jr. 


Chair of the Department of Pathology, Professor of Biochemistry and Molecular Biology, and 


Founding Director of the Dr. John T. Macdonald Foundation Biomedical Nanotechnology 


Institute at the University of Miami Miller School of Medicine at Miami, Florida, since 2009.  I 


was also the Chief of Pathology at the Jackson Memorial Hospital and the Director of the 


Genitourinary Cancer Program at the University of Miami Sylvester Comprehensive Cancer 


Center at Miami, Florida. 


4. Prior to 2009, I was Professor at the Departments of Pathology and Urology at the 


University of Southern California (“USC”) Keck School of Medicine; Director of the 


Genitourinary Cancer Program and Attending Pathologist at USC Norris Comprehensive Cancer 


Center; Director of the Laboratory of Immunology and Molecular Pathology in Los Angeles, 


California; and Director of the USC Biomedical Nanoscience Initiative at the USC Keck School 


of Medicine.  I was also a Clinical Instructor at the Department of Pathology at the Cornell 


University Medical College in New York City before joining USC in 1990. 
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5. I received a B.A. in Chemistry and B.S. in Biology, both with honors, at the 


University of California at Irvine, and an M.D. from the University of Chicago Pritzker School 


of Medicine in Chicago, Illinois.  I completed a surgical internship at the University of Michigan 


at Ann Arbor, Michigan, and a residency in pathology at the New York Hospital of Cornell 


University Medical College, a clinical fellowship in pathology and research fellowship in Human 


Tumor Immunology at Memorial Sloan-Kettering Cancer Center, and a fellowship in Molecular 


Pathology at the New York University School of Medicine in New York City. 


6. My research is focused on the elucidation of cellular and molecular pathways of 


tumor progression and response to therapy.  I have special interests in micro-metastases and 


circulating tumor cell detection, characterization, and pathology of breast and genitourinary 


tumors.  I have led three of the largest clinical trials in breast, lung and bladder cancer, all based 


on discoveries from my research. 


7. I am the author of over 300 publications, and participate on numerous scientific 


advisory boards for both academic and industry related institutions.  I am a frequent lecturer and 


am the co-author of the standard textbooks “Immunomicroscopy: A Diagnostic Tool for the 


Surgical Pathologist” (now in its third edition), and “Modern Surgical Pathology” (now in its 


second edition).  I also serve as a member and advisor to a large number of national and 


international study groups, cancer programs and societies, including the National Cancer 


Institute. 


8. My laboratory is also focused on technology development, where my colleagues 


and I have developed immunohistochemical and molecular methods, such as antigen retrieval.  


With colleagues at the University of Miami, USC, California Institute of Technology (Caltech), 


and University of California at Berkeley, I have developed nanoscale technologies for cancer 
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diagnostic applications, including bionanosensors for the detection of serum tumor markers, and 


technologies for the capture, characterization and propagation of circulating tumor cell.  Through 


these efforts, I established the Biomedical Nanoscience Program at USC and the Dr. John T. 


Macdonald Biomedical Nanotechnology Institute at the University of Miami (BioNIUM) for the 


development of novel diagnostic platforms and targeted therapeutics.   


9. I also founded several technology companies, including several that focused on 


cancer testing and cancer analysis.  These companies include IMPATH, Clarient, Filtini, 


Sensitini and Circulogix.  IMPATH was one of the first companies to bring esoteric testing for 


cancer analysis to the market.  I founded IMPATH in 1988 to conduct cancer testing and analysis 


on a contract basis for smaller hospitals that did not perform cancer testing in their own 


laboratories.  It underwent IPO in 1996 and was acquired in 2004 by Genzyme, now a subsidiary 


of Sanofi.   


10. I also helped to start a cellular image analysis company, ChromaVision Medical 


Systems, Inc.  ChromaVision developed an Automated Cellular Imaging System (ACIS®) 


designed to assist physicians by detecting, counting and classifying cells of clinical interest based 


on color, size and shape.  It underwent IPO in 1997 and I served on ChromaVision’s Scientific 


Advisory Board between 1997 and 2000.  In 2003, I helped direct a re-engineering of the 


company and changed its name to Clarient in 2005.  Since 2005, Clarient’s revenues had grown 


at a 68 percent compounded annual growth rate until it was acquired by GE Healthcare in 2010. 


11. I founded Filtini in 2008 to develop membrane microfilters to trapping circulating 


tumor cells, which help in the detection of recurrence of bladder cancer.  I founded Sensitini in 


2009 to use monoclonal antibodies to detect tumor-specific antigens and trace amounts of toxin 


in the blood.  I also co-founded Circulogix in 2014 to develop the technology to enrich and 
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capture circulating tumor cells and circulating Cancer Associated Fibroblasts (“cCAF”) from 


body fluid samples (i.e., blood, urine, ascites) for cancer characterization using 


immunofluorescence, immunochemistry, fluorescence in situ hybridization (“FISH”), RNA in 


situ hybridization (“RNA ISH”), next-generation sequencing (“NGS”), and tissue culture. 


12. I hold numerous patents for cancer related and nanoscale technologies relating to 


the research conducted in my laboratories and companies.  I was recently elected in to the 


National Academy of Inventors based on the impact of my inventions. 


13. A full description of my background and qualifications is set forth in my 


curriculum vitae, attached hereto as Appendix A. 


II. SUMMARY OF OPINIONS 


14. Market Definition.  Dr. Scott Morton opines that “MCED tests form a relevant 


antitrust product market.”1  I understand that Dr. Scott Morton’s market definition assumes that 


all multi-cancer screening tests2 will be adopted as interchangeable substitutes, whether capable 


of screening for two cancer types, 10 cancer types or 50 cancer types, and regardless of other 


performance attributes and differentiated features.  I understand also that Dr. Scott Morton 


contends that because all of the “MCED test developers” that she identifies in her report 


currently use Illumina’s next-generation sequencing platform (“NGS”), that Illumina’s NGS 


platform is “critical” to such development.3   


 
1 July 2, 2021 Report of Dr. Fiona Scott Morton (“Morton Rpt.”) ¶ 12.b. 


2 I use the term “multi-cancer screening tests” to refer to screening tests that are used in asymptomatic patients 
with no history of cancer and that are capable of screening for more than one cancer type simultaneously from a 
single sample.  My use of this terminology or the term “MCED” is not intended to suggest that all tests that are 
included in that category are part of the same relevant antitrust market. 


3 I note here that this is factually incorrect, because developers of cancer screening tests are using other 
technologies, including other NGS technologies, besides Illumina, as I will expand on later in this report. 
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15. As I discuss in this report, Dr. Scott Morton’s analysis of test developers who are 


currently pursuing cancer screening tests capable of screening for more than one type of cancer 


(which she refers to as the “multi-cancer early detection” market) is flawed: 


 It is undisputed that a purported “multi-cancer screening market” does not exist 
today.  Only one multi-cancer screening test (GRAIL’s Galleri test) is currently 
commercially available, and only as a laboratory developed test (“LDT”).  Therefore, 
it is speculative to predict what the cancer screening market will look like in the 
future, and how cancer screening tests currently in development (and other cancer 
screening tests that are yet to be developed) will compete with each other, if at all. 


 The evidence suggests that it is unlikely that, besides the Galleri test and possibly the 
CancerSEEK test, any cancer screening test capable of screening for multiple cancers 
is unlikely to launch before 2025, and more realistically, even later.  Based on the 
evidence that I have reviewed as part of discovery, I estimate that the majority of test 
developers are, at minimum, more than five years behind Galleri in developing any 
cancer screening test that is capable of screening for more than one type of cancer 
simultaneously, and FDA approval for even the Galleri test is several years away.   


 Dr. Scott Morton asserts that all multi-cancer screening tests will compete with each 
other.  There is no evidence today that shows that a cancer screening test that is 
capable of simultaneously screening for only two or three types is likely to compete 
with a multi-cancer screening test for 50 types of cancer like Galleri.  Further, as 
development of these tests is only in its infancy, it is likely that if developed, they will 
have different performance characteristics.  Thus, it is possible that multiple such 
tests will be used depending on the clinical circumstances, including as complements.  
Indeed, GRAIL currently advocates that its Galleri test should be used in conjunction 
with current standard of care single cancer screening tests, establishing the predicate 
of the use of multiple technologies to screen for early cancer.4   


 Dr. Scott Morton entirely omits consideration of the other features of cancer 
screening tests in describing the purported product market.  But other features of 
cancer screening tests, such as their ability to detect a cancer signal of origin, are 
likely to affect which tests are considered substitutable by physicians.5 


 Dr. Scott Morton omits the fact that currently, there are several viable alternative 
NGS platforms for those cancer screening tests that are now in development, and as 


 
4 GRAIL, Galleri: GRAIL’s multi-cancer early detection test, at https://grail.com/our-products/ (“The Galleri 


test is intended to be complementary to, and not a replacement of, U.S. guideline-recommended cancer screening.”).   


5 See Expert Report and Declaration of Dr. Richard Abrams, M.D., July 16, 2021 (“Abrams Decl.”) ¶¶ 10.g, 
22, 27. 
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outlined further below, there are several more companies on the horizon, and likely 
even more once certain Illumina patents expire in 2023. 


16. Platforms for Cancer Screening.  Dr. Scott Morton opines that “MCED test 


developers rely on Illumina’s NGS products to run their tests because of the products’ high 


levels of throughput, accuracy, and cost effectiveness relative to other available technologies.”6  


Dr. Scott Morton also contends that “Illumina’s NGS products are critical inputs for MCED 


developers.”7  Based on my analysis below and my expertise as a researcher in the relevant 


industry, a scientist and a medical doctor, it is too speculative and indeed impossible to know at 


this time to know which provider’s platforms will be relied on by cancer screening test 


developers at the time that such tests are actually commercially available, particularly at wide 


scale.   


17. It is unlikely that any cancer screening test capable of screening for more than one 


type of cancer will obtain FDA approval before 2024 or 2025, at the earliest.  In my opinion, 


among the “MCED tests” that Dr. Scott Morton identifies as in development, only GRAIL’s 


Galleri test and Thrive’s CancerSEEK test have any chance of obtaining FDA approval in the 


2024/2025 timeframe.  Based on the evidence that I have reviewed, it appears to be unlikely that 


any test developer aside from GRAIL and Thrive will achieve FDA approval for their respective 


cancer screening tests before 2027 at the earliest, and more realistically, around 2030.   


18. Given these long timeframes, it is my opinion that all test developers pursuing 


cancer screening tests will have the option to switch to other clinical diagnostic platforms, 


including other NGS platforms, without meaningfully affecting timeframes for development and 


 
6 Morton Rpt. ¶ 12.c. 


7 Morton Rpt. ¶ 12.g. 
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approval.  It is common for test developers to need to switch between sequencing instruments 


offered by the same platform provider (e.g., different Illumina platforms).  As I discuss below, 


test developers are also able to develop a test in parallel on multiple platforms concurrently.  I 


expect that test developers will be able to switch between different platforms under the same 


timelines as needed to switch between different Illumina instruments, especially as the platforms 


slated to launch in the United States in the next few years appear to use chemistry that is 


reasonably similar to Illumina’s sequencing chemistry. 


19. Today, there are already sequencing platforms on the market that are capable of 


supporting cancer screening tests.  For example, Oxford Nanopore offers a platform that is 


capable of sequencing up to 10 Terabase pairs (“Tb”) per run and may be used to detect 


methylation and other epigenomic changes directly.  While Oxford Nanopore historically faced 


lower accuracy, the latest improvements in chemistry and bioinformatics enable the platform’s 


accuracy to the Q50 range.8  This platform is already being used by developers of potential 


cancer screening tests.9   


20. In addition, as the testimony of the sequencer platform developers has shown, 


several NGS platforms are launching in the next 1–2 years that will have the capability to 


support multi-cancer screening.  For example, Singular Genomics, which recently raised $258 


 
8 See ONT, Oxford Nanopore Tech Update: new Duplex method for Q30 nanopore single molecule reads, 


PromethION 2, and more, May 21, 2021, at https://nanoporetech.com/about-us/news/oxford-nanopore-tech-update-
new-duplex-method-q30-nanopore-single-molecule-reads-0. 


9 See, e.g., Marcozzi A et al., Accurate detection of circulating tumor DNA using nanopore consensus 
sequencing, bioRxiv July 15, 2020; doi: https://doi.org/10.1101/2020.07.14.202010; Martignano F et al., Nanopore 
sequencing from liquid biopsy: analysis of copy number variations from cell-free DNA of lung cancer patients, 
Molecular Cancer, Feb 12 2021;20:32. 







 


 


8 
 


CONFIDENTIAL – FTC DOCKET NO. 9401 


million in an IPO,10 has specifically targeted cancer screening test developers.11  Singular will 


launch its first sequencing platform early next year, including its library preparation targeted at 


cancer screening developers.12  In addition, certain of Illumina’s patents on its proprietary 


sequencing by synthesis technology will expire in 2023.13  I expect that these expirations will 


allow other sequencing by synthesis NGS platform developers to practice the technology covered 


by those patents, well in time to support the launch of the cancer screening tests in development.   


21. For example, BGI is currently enjoined from operating in the United States, but 


outside the United States is already considered an alternative.  Outside of the United States, 


certain test developers such as Natera have even switched to using BGI, including for oncology 


testing.  Once BGI is able to launch its sequencers in the United States, I expect that cancer 


screening test developers will also be able to use BGI.  In fact, I consider it highly likely that 


some cancer screening test developers will adopt alternative platforms for any number of reasons 


(as some already have, see above).   


22. In addition, Dr. Scott Morton’s statement that only NGS-based tests may be used 


for “MCED” is incorrect.  As noted, I disagree with Dr. Scott Morton’s contention that all cancer 


screening tests capable of simultaneously screening for more than one cancer are substitutable 


for each other.  I further note that while a screening test that will identify 50 types of cancer from 


 
10 GenomeWeb, Singular Genomics Systems Raises $258M in Upsized IPO, May 27, 2021, at 


https://www.genomeweb.com/business-news/singular-genomics-systems-raises-258m-upsized-ipo#.YO9JID2Smbg. 


11 June 16, 2021 Jorge Velarde (Senior VP Corporate Development and Strategy, Singular Genomics) Dep. Tr. 
108:15–19. 


12 Id. at 64:7–65:14. 


13 See Illumina, Illumina Inc. Announces that U.S. Federal Court Issues Preliminary Injunction Against BGI 
Companies, June 16, 2020, at https://investor.illumina.com/news/press-release-details/2020/Illumina-Inc-
Announces-that-US-Federal-Court-Issues-Preliminary-Injunction-Against-BGI-Companies/default.aspx. 
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a single blood sample that can also identify the cancer signal of origin is likely to use NGS 


technology, a screening test for fewer types of cancer, particularly two or three types of cancer, 


can use other diagnostic platforms, such as proteomics, PCR or microarray technology.  Based 


on the evidence that I have reviewed, I also anticipate that screening tests that detect fewer 


cancers are likely to be complementary to a test that identifies 50 types of cancers from a single 


blood sample.  For example, a physician may be interested in using a highly sensitive single 


cancer screening test for individuals with higher risk for that cancer, a view supported by Dr. 


Richard Abrams.14  Blood-based single cancer screening tests are also more likely to replace 


standard of care screening, whereas GRAIL has stated that its Galleri test would be in addition to 


guideline standard of care screening.15 


23. The adoption of and reimbursement for a diagnostic test is influenced by a 


number of factors, that first of all rests on evidence-based clinical utility, and a variety of 


important stakeholders.  In addition to public and private payors, any cancer screening test 


developer must attempt to persuade these stakeholders of the clinical utility of their test to 


achieve widespread adoption of their test.  These stakeholders include health technology 


assessment (“HTA”) and advisory bodies, patient advocacy groups, and medical specialty 


societies.  Each of these stakeholders plays an integral role in shaping the treatment pathway and 


innovation of oncology, thereby influencing reimbursement coverage in addition to utilization of 


oncology tests and treatments.  Given that development of blood-based cancer screening is in its 


infancy, and that there are likely to be vastly divergent approaches to cancer screening tests, it is 


 
14 Abrams Decl. ¶ 45. 


15 GRAIL, Galleri: GRAIL’s multi-cancer early detection test, at https://grail.com/our-products/ (“The Galleri 
test is intended to be complementary to, and not a replacement of, U.S. guideline-recommended cancer screening.”).   
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likely to take significant time and resources to educate these groups about novel cancer screening 


testing technologies, particularly those capable of doing multi-cancer screening, i.e., screening 


simultaneously for a large number of cancer types, like the Galleri test. 


24. In addition, diagnostic platforms are likely to continue to improve and develop 


capabilities that are not available today.  For example, companies like InterVenn, Seer, Luminex 


and SomaLogic are developing proteomics platforms that may be used for cancer screening.16  


All four diagnostic platform manufacturers are also in the process of developing cancer 


screening tests, including multi-cancer screening tests.  These tests do not use NGS. 


III. TECHNICAL BACKGROUND 


A. Cancer and Cancer Stages 


25. Cancer affects one in three people in the United States.17  As the second leading 


cause of death in the U.S., behind only heart disease, cancer leads to one in every four deaths in 


the U.S.18  Cancer has been found in all organs of the human body and cancers are typically 


named for the part of the body where the cancer originated.  The most common cancers are 


breast, prostate, lung, and colorectal cancers.19   


 
16 See also Morton Rpt. ¶¶ 32–33, fn. 63–64. 


17 American Cancer Society, Facts & Figures 2020 Reports Largest One-year Drop in Cancer Mortality, 
January 8, 2020, at https://www.cancer.org/latest-news/facts-and-figures-2020.html. 


18 CDC, Rate of New Cancers in the United States, June 2020, at 
https://gis.cdc.gov/Cancer/USCS/DataViz.html; American Cancer Society, What Is Cancer?, November 6, 2020, at 
https://www.cancer.org/cancer/cancer-basics/what-is-cancer.html. 


19 Id. 
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26. Cancer is characterized by the development of abnormal cells that divide 


uncontrollably.20  Cancers are understood to be caused by accumulated changes or mutations to 


the DNA inside cells.21,22  Often these changes are to genes that control cellular functions, such 


as those controlling cell growth and division, or DNA repair.  Increasing evidence suggests that 


cancer may be caused by genomic and epigenomic changes to DNA, including DNA 


methylation.23  Such changes may be inherited from our parents, or may be accumulated as a 


result of various factors, including from improper DNA repair and from the environment, such as 


exposure to smoking, radiation, viruses, and carcinogens.24 


27. As a result of the genomic and epigenomic changes to the DNA, cancer cells 


differ from normal cells in that they undergo rapid and uncontrolled growth.  Such uncontrolled 


growth leads to the formation of tumors.  As these abnormal cells continue to growth and divide, 


cancer cells may spread (metastasize) to other parts of the body from where the cancer 


originated.  As cancers progress, the cancer cells can enter the blood stream and the lymphatic 


system (lymph nodes), in a process called “metastasis”.  As cancer cells first enter the blood, 


 
20 Mayo Clinic, Cancer, https://www.mayoclinic.org/diseases-conditions/cancer/symptoms-causes/syc-


20370588. 


21 DNA stands for deoxyribonucleic acid and is a molecule made up of four chemical bases: adenine, guanine, 
cytosine and thymine, abbreviated A, G, C and T.  Each of these bases are known as “nucleotides.”  RNA stands for 
ribonucleic acid, which comprises uracil, abbreviated U, instead of thymine.  Together, DNA and RNA are referred 
to as “nucleic acids.” 


22 Mayo Clinic, Cancer, https://www.mayoclinic.org/diseases-conditions/cancer/symptoms-causes/syc-
20370588. 


23 Kamel HFM & Al-Amodi HSB, Cancer Biomarkers, in Role of Biomarkers in Medicine, Chapter 1, 
Intechopen, August 17, 2016, at https://www.intechopen.com/books/role-of-biomarkers-in-medicine/. 


24 National Cancer Institute, What Is Cancer?, February 9, 2015, at https://www.cancer.gov/about-
cancer/understanding/what-is-cancer.   
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they are called circulating tumor cells (“CTC”).  As these CTC enter other organs and grow, they 


form metastases, which is the major cause of cancer death. 


28. Stages of cancers are determined based on how much cancer there is in a patient’s 


body and where it’s located.  Cancer is commonly divided into five stages:25 


 Stage 0 can also refer to a cancer that has not yet invaded into surrounding normal 
tissue, which is also called carcinoma in situ.26  


 Stage I, which is also called early-stage cancer, means there is cancer present, but 
it is small and only in one area, where the cancer originated.  


 Stage II is still an early stage cancer, but the cancer is larger, and it may also have 
metastasized to regional lymph nodes 


 Stage III means the cancer is larger, has penetrated more deeply in to the organ of 
origin, and has spread to lymph nodes. 


 Stage IV, which is also called advanced or metastatic cancer, means the cancer 
has spread (metastasized) to other parts of the body. 


29. At its earliest stages, particularly Stages 0, I and II, cancer generally does not 


cause symptoms.  By the time symptoms develop, the cancer has very often progressed to Stages 


III or IV. 


 
25 National Cancer Institute, Cancer Staging, March 9, 2015, at https://www.cancer.gov/about-


cancer/diagnosis-staging/staging.  The American Joint Committee on Cancer (AJCC) and the Union for 
International Cancer Control (UICC) maintain the TNM (Tumor, Node, Metastasis) classification system, which 
characterizes the tumor by its size and amount of spread into nearby tissue, its spread into lymph nodes, and its 
metastatic status.  See American Cancer Society, Cancer Staging, June 18, 2020, at 
https://www.cancer.org/treatment/understanding-your-diagnosis/staging.html. 


26 Stage 0 can also refer to when a cancer has been treated prior to surgical removal (neoadjuvant therapy) and 
that cancer can no longer be found.   
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30. Cancer staging also helps oncologists determine the best treatment options, such 


as surgery, radiation, chemotherapy, targeted drug therapy, and immunotherapy, many of which 


are either invasive, or cause significant harm to normal cells in the body.27   


31. The earlier a cancer can be detected, the higher the cure rate.  Depending on the 


type of cancer, patients with Stage 0, I and II cancers can often be cured by surgery alone, or by 


a combination of surgery and other therapies, such as chemo- or radiation therapy.  Stage III 


cancer has a much lower cure rate.  While Stage IV cancer may be treated (resulting in 


prolongation of life), it is almost always incurable and will eventually result in the death of the 


patient.  While patients diagnosed with Stage IV cancer only account for approximately 18% of 


total cancer cases, they represent up to 48% of deaths caused by cancer within five years of 


diagnosis.28  Thus, detecting cancer at earlier stages has been the focus of intense research by the 


scientific community. 


32. Epidemiologically speaking, a cancer patient’s survival rates and prognosis 


correlates to the stage of cancer at the time of the diagnosis.  That is, the earlier the cancer is 


detected, the higher the likelihood that the patient will recover from cancer, and the longer the 


patient is likely to survive after the diagnosis.  In breast, colorectal, and prostate cancer, patients 


diagnosed at Stages I–III have average five-year survival rates between 70% and nearly 100%, 


 
27 American Cancer Society, Cancer Staging, June 18, 2020, at 


https://www.cancer.org/treatment/understanding-your-diagnosis/staging.html. 


28 Hubbell E et al., Modeled Reductions in Late-stage Cancer with a Multi-Cancer Early Detection Test, 
Cancer Epidemiol Biomarkers Prev., 2021 Mar;30(3):460-68. 







 


 


14 
 


CONFIDENTIAL – FTC DOCKET NO. 9401 


while patients with the same types of cancer who are diagnosed at Stage IV experience five-year 


survival rates of only 14–30%.29 


Figure 1: Five-Year Survival Correlated With Stage At Diagnosis 


 


These statistics highlight the significant need for improved early cancer detection tools.30  It is 


well understood that the rate of death for certain cancers, in particular breast, prostate, cervix and 


colon cancer, have declined over the past few decades in the U.S.31  This is almost entirely due to 


earlier detection of these tumor types by routine screening.32  For tumors that do not have 


effective screening technologies, such as pancreas, ovary and stomach cancers (to name a few), 


the rate of death has been largely unaffected, even in the face of advanced therapies.33  It is an 


 
29 National Cancer Institute, Surveillance, Epidemiology, and End Results (SEER) Program, Cancer Stat 


Facts, Survival by Stage, at https://seer.cancer.gov/statfacts/html/breast.html, 
https://seer.cancer.gov/statfacts/html/colorect.html, https://seer.cancer.gov/statfacts/html/prost.html. 


30 American Cancer Society, Crunching Numbers: What Cancer Screening Statistics Really Tell Us, July 16, 
2018, at https://www.cancer.gov/about-cancer/screening/research/what-screening-statistics-mean. 


31 American Cancer Society, Facts & Figures 2020 Reports Largest One-year Drop in Cancer Mortality, 
January 8, 2020, at https://www.cancer.org/latest-news/facts-and-figures-2020.html (“The death rate from cancer in 
the US declined by 29% from 1991 to 2017.”). 


32 Id. 


33 Id. at Fig. 7. 
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unfortunate fact that most types of cancers do not currently have effective screening 


technologies, again highlighting the need for better methods of early detection. 


B. Biomarkers for Cancer Testing 


33. Currently, many companies and academic groups are researching methods for 


early cancer screening.  Many of these methods detect biomarkers that indicate or suggest the 


presence of cancer.  In this section, I discuss the major types of known cancer screening 


biomarkers.34 


34. As a result of the accumulated genomic and/or epigenomic changes in the cancer 


cells, these cells exhibit uncontrolled cell division and proliferation as well as inhibited apoptosis 


(cell death).  Such uncontrolled cell division and proliferation result in further genomic and 


epigenomic changes to the cancer cells.  As cancer cells divide and proliferate, the genomic and 


epigenomic changes in the chromosomal DNA reproduce and propagate in the DNA of new 


cancer cells through DNA replication and subsequent modification.  A genome is the complete 


sequence of the nucleotides that comprise all of the chromosomal DNA of an individual. 


35. Portions of the chromosomal DNA may be transcribed into various types of 


RNA.  However, not all chromosomal DNA is transcribed.  Therefore, as the new cancer cells 


grow, the genomic and epigenomic changes in the DNA of the cancer cells may be reflected in 


the sequence and/or expression levels of various types of RNAs.  The portion of the genome that 


is transcribed into RNA is sometimes called the transcriptome.   


 
34 The term “biomarkers” or “cancer biomarkers” can also be used for other biological manifestations of 


cancer.  For example, one commonly used cancer biomarker is radiographic changes that can indicate the presence 
of cancer, such as in the detection of breast cancer by mammography.  I will primarily focus on molecular 
biomarkers in this report, except to discuss the current standard of care cancer screening tests, which include 
mammography. 
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36. A process called translation then propagates the alterations in the RNA into the 


sequence, levels, and/or functions of cellular and extracellular proteins.  The set of proteins that 


is generated through translation is sometimes called the proteome.   


37. As the altered proteins form various metabolic pathways, the metabolites in 


cancer cells are also altered, affecting cellular growth, division and proliferation.  Compared to 


normal cells, cancer cells therefore exhibit altered gene expression in the form of altered RNA 


and altered proteins, as well as altered metabolites.   


38. Cancer cells also produce extracellular vesicles called exosomes that play a role in 


regulating tumor growth, metastasis and angiogenesis (development of new blood vessels) in the 


progression of cancer.  Exosomes contain various components, such as proteins, DNA, and 


various types of RNA, which reflects the genomic and epigenomic changes in the DNA as well 


as the alternations in RNAs and proteins. 


39. As cancer cells grow and die, they release their contents, including DNA, RNA, 


proteins and metabolites into the blood and sometimes other body fluids, such as urine, saliva 


and sputum.  These released cellular constituents, also called “biomarkers”, can be detected by 


various technologies, and have been the source of intense scientific focus due to their potential to 


help diagnose cancer earlier, at a more curable stage.35  Similarly, exosomes and their constituent 


components may also be used as a biomarkers for cancer patients.36 


40. Many tests in routine use today may be used to detect cancer biomarkers.  


Detection of cancer biomarkers is commonly used to help screen for early stage cancer, for 


 
35 Kamel HFM & Al-Amodi HSB, Cancer Biomarkers, in Role of Biomarkers in Medicine, Chapter 1, 


Intechopen, August 17, 2016, at https://www.intechopen.com/books/role-of-biomarkers-in-medicine/. 


36 See, e.g., Dai J et al., Exosomes: key players in cancer and potential therapeutic strategy, Signal Transduct 
Target Ther., 2020 Aug 5;5(1):145.  
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example, detection of  Prostate Specific Antigen (“PSA”) in the blood for prostate cancer.  


Cancer biomarkers are often used for other applications, such as helping determine specific 


treatments to which a cancer is likely to respond (i.e., cancer therapy selection), by following the 


course of cancer therapy to see if the therapy is working, and to help detect recurrence of cancer.   


41. It is crucial to understand that cancer biomarkers are most often a very small 


portion of the DNA, RNA, proteins and metabolites that can be found in the blood and other 


body fluids.  This is particularly true when cancer is at its earliest, most curable stages, because 


the total amount of cancer cells in the body at these stages is very small.  Thus, detection of 


biomarkers that indicate the presence of an early stage, potentially curable cancer, has been 


technically very challenging. 


1. DNA Biomarkers 


42. DNA biomarkers, also called genomic biomarkers, are among the most common 


biomarkers for cancer used by researchers and test developers today.  DNA biomarkers from 


cancer cells may be identified in various types of samples from a cancer patient.   


43. DNA biomarkers may be extracted and evaluated directly from tissue biopsy 


samples.  DNA biomarkers may also be found in bodily fluids, such as blood, urine, saliva and 


sputum samples.  DNA biomarkers obtained from blood and other body fluids are known as cell-


free DNA (“cfDNA”) and more specifically, when detected in the blood, where they are known 


as circulating tumor DNA (“ctDNA”). 


44. DNA biomarkers may be used to identify both genomic and epigenomic changes 


that may be relevant for cancer.  Genomic changes include gene mutations, amplifications, and 


chromosomal rearrangements.  Specifically, such changes can include single-nucleotide variants 


(“SNVs”), insertions/deletions (“indels”), structural variant (“SV”), gene rearrangement or 
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amplifications, copy number variations (“CNV”), DNA fragmentations and loss of 


heterozygosity (“LOH”), as well as immune checkpoint inhibitors (“ICI”) efficacy indicators 


such as mismatch repair (“MMR”), microsatellite instability (“MSI”), and tumor mutational 


burden (“TMB”).   


45. Epigenomic changes are those things that occur to specific DNA molecules, or to 


proteins that regulate DNA function, but are not structural changes in the DNA sequence or copy 


number, and include histone modifications37 and DNA methylation.  These epigenomic changes 


have been of intense interest in the scientific community, and are now believed to be crucial in 


cancer formation and progression.   


46. Many technologies have been used to detect these genomic and epigenomic 


changes in cancer DNA biomarkers (including DNA methylation), including polymerase chain 


reaction (“PCR”), sequencing (such as next-generation sequencing), and microarray (see 


Sections IV.C below), as well as fluorescence in situ hybridization (“FISH”).   


2. RNA Biomarkers 


47. RNA biomarkers are another type of biomarker, which are also called 


transcriptomic biomarkers.  There are many types of RNA that may be used for RNA 


biomarkers, including, among other types, messenger RNA (“mRNA”), microRNA (“miRNA”), 


long noncoding RNA, circular RNA, small nuclear RNA (“snRNA”), and small/short interfering 


RNA (“siRNA”).  mRNA and miRNA biomarkers are the most commonly used type of RNA 


biomarkers.   


 
37 Histone is a protein that helps to comprise the structure of chromatin as support for genomic DNA in the 


chromosomes.  Histone methylation and histone demethylation are epigenomic modifications that alter chromatin 
structures and reduce or bolster gene expressions as a result. 
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48. As with DNA biomarkers, RNA biomarkers may also be extracted and evaluated 


from tissue and liquid biopsy samples.  As with ctDNA and cfDNA, bodily fluids may contain 


circulating cell free RNA (“cfRNA”), which in individuals with cancer, may contain circulating 


tumor RNA (“ctRNA”).  CTCs also contain RNA.  Often, the genomic and epigenomic changes 


to the DNA in cancer cells may be reflected in the RNA biomarkers, such as SNVs, indels, and 


RNA fusions, as well as in the levels, or presence/absence, of RNA biomarkers. 


49. As with DNA biomarkers, many technologies have been used to detect the 


genomic and epigenomic changes in cancer RNA biomarkers.  Such changes in RNA biomarkers 


may be detected directly using microarray (see Section IV.C below), RNA in situ hybridization 


(“RNA ISH”) and circulating cancer cell RNA imaging.  Alternatively, messenger RNAs 


(“mRNAs”) may be first reverse-transcribed into complementary DNA (“cDNA”), then the 


genomic and epigenomic changes38 may be detected using the same methods for DNA 


biomarkers, such as RT-PCR, and sequencing (see Section IV.C below).  


50. However, unlike DNA, which is stable in blood, RNA is unstable in blood and 


other body fluids as it is quickly digested by specific proteins (enzymes) that are found in all 


body fluids.  This had made RNA biomarkers more challenging to use in the blood and other 


body fluids than DNA biomarkers. 


 
38 The epigenomic changes like methylation to DNA and RNA may be directly detected by Oxford Nanopore’s 


nanopore sequencers or indirectly detected by short-read sequencers using a method like bisulfite conversion. 


Bisulfite conversion is a process in which potentially methylated DNA is treated with sodium bisulfite, leading 
to conversion of unmethylated cytosines (C) into uracils (U), while methylated cytosines (both 5-methylcytosine and 
5-hydroxymethylcytosine) remain unchanged, thus allowing determination of DNA methylation at the singe 
nucleotide level.  Another non-bisulfite method to determine DNA methylation has also been developed.  See, e.g., 
Liu Y et al., Bisulfite-free direct detection of 5-methylcytosine and 5-hydroxymethylcytosine at base resolution, 
Nature Biotech, Feb 25, 2019; 37:424-29, at 3.  
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3. Protein Biomarkers 


51. Protein biomarkers, also called proteomic biomarkers, are also commonly used as 


cancer biomarkers.  Many different types of proteins may be used as cancer biomarkers.  For 


example, breast cancer related HER-2 belongs to the type I transmembrane tyrosine kinase 


receptor family; BRCA1 is responsible for repairing DNA; carcinoembryonic antigen (“CEA”) is 


a glycoprotein present in the serum of patients of several types of cancers; and prostate‐specific 


antigen (“PSA”), also known as gamma-seminoprotein or kallikrein-3, is a glycoprotein enzyme 


secreted by the prostate gland into the seminal fluid with some escape into the serum.   


52. Some of the genomic and epigenomic changes to the DNA in cancer cells can be 


reflected in the protein biomarkers, such as point mutations, truncations, fusions, loss of 


functions, and in the levels, or presence/absence, of protein biomarkers.  Because alterations to 


RNA may affect stability of the RNAs in addition to affecting the translation of RNA into 


proteins, translated proteins that have been affected by DNA mutations may reflect additional 


alterations that cannot be observed by testing the RNAs alone, such as differences in expression 


levels, functional concentrations, or post-translational modifications, such as phosphorylation 


and glycosylation.  Therefore, directly measuring proteins, either through immunoassay, mass 


spectrometer analyses, or other methods, may provide additional information about cancer 


biology that cannot be obtained from DNA or RNA biomarkers alone.  Protein biomarkers may 


be examined in bodily fluids, or at a cell, tissue, organ, system, or the whole-body level.   


53. It is important to recognize that most of the protein biomarkers that are currently 


used for cancer diagnosis are also produced by normal cells, but their levels increase due to the 


growth of cancer.  Sometimes, the presence of a DNA mutation may lead to an altered protein 


that is more or less stable and thus detected at higher or lower levels in a cancer cell.  It is 
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important to recognize that most protein cancer biomarkers in use have a wide range of 


detectable levels in normal and non-cancer conditions, and the levels that result from a cancer 


generally do not rise above these non-cancer conditions until the tumor is large and at advanced 


stages.  The approach of using protein biomarker signatures for cancer early screening is an 


active area of academic and commercial interest, and studies have already determined that by 


using combinations of protein biomarkers, early cancer can be detected.39  Protein biomarkers 


are often used for following the course of treatment for patients with higher stage cancer, and to 


detect for recurrence in patients who have been treated for cancer. 


4. Metabolite Biomarkers 


54. Metabolite biomarkers, also called metabolomic biomarkers, are presently used 


less frequently than DNA, RNA and protein biomarkers.  Metabolite biomarkers are direct 


representations of cancer phenotypes, because they are the final products of interactions between 


altered proteins—which resulted from genomic and epigenomic changes in DNA and alterations 


in RNAs—and the cellular environment.  Therefore, how a cell’s metabolic pathways or 


processes change can have direct implications on whether the cell is cancerous.  Metabolite 


biomarkers include lipids, carbohydrates, nucleotides, and many other low-molecular-weight 


chemicals.  They can be detected in tissue biopsy samples, body fluids, and even in breath 


through detection of cancer volatile organic compounds (“VOC”) markers.40 


 
39 See, e.g., Gorelik E et al., Multiplexed immunobead-based cytokine profiling for early detection of ovarian 


cancer, Cancer Epidemiol Biomarkers Prev, 2005;14 (4), 981-7; Kozak KR et al., Identification of biomarkers for 
ovarian cancer using strong anion-exchange ProteinChips: potential use in diagnosis and prognosis, Proc Natl 
Acad Sci USA, 2003;100 (21), 12343-8; Mor G et al., Serum protein markers for early detection of ovarian cancer, 
Proc Natl Acad Sci USA, 2005;102 (21), 7677-82. 


40 See, e.g., Dai J et al., Exosomes: key players in cancer and potential therapeutic strategy, Signal Transduct 
Target Ther., 2020 Aug 5;5(1):145, at 19.  







 


 


22 
 


CONFIDENTIAL – FTC DOCKET NO. 9401 


55. At this time, metabolite biomarkers are examined for levels, or presence/absence, 


as well as identities using mass spectrometry, nuclear magnetic resonance spectroscopy 


(“NMR”), high-performance liquid chromatography (“HPLC”), and gas-liquid chromatography 


(“GLC”). 


5. Exosome Biomarkers 


56. Exosomes are best defined as extracellular vesicles that are released from cells, 


and whose membranes (walls) are composed of the plasma membrane of the cell.  These vesicles 


are generally small (40–100 nm), and contain a variety of cellular components, including DNA, 


RNA, proteins and metabolites.41  Because the membranes of exosomes are composed of 


portions of the cell membrane from which they are derived, they share the characteristics of the 


cell surface, including surface protein expression.  Because they are abundant, found in virtually 


all body fluids (including blood) and are representative of the cells from which they are derived, 


there is increasing interest by the academic and commercial communities in using exosomes as 


cancer biomarkers.42 


IV. CLINICAL ONCOLOGY TESTS AND TESTING MODALITIES 


57. While there are many technologies that may be used for early cancer screening, 


only a few of them are currently in use in commercial tests today.  In this section I discuss the 


different approaches that are used for cancer screening today, including the current standard of 


care, as well as the many technical modalities that can support cancer screening tests in the 


future. 


 
41 Edgar JR, Q&A: What are exosomes, exactly?, BMC Biology, June 13, 2016; 14:46, at 


https://bmcbiol.biomedcentral.com/articles/10.1186/s12915-016-0268-z. 


42 See, e.g., Wong CH, Chen YC, Clinical significance of exosomes as potential biomarkers in cancer, World J 
Clin Cases., 2019;7(2):171-90. 
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58. Most of the standard of care cancer screening tests currently recommended by the 


United States Preventive Services Task Force (“USPSTF”) are invasive, burdensome, and/or 


carry potential risks to patients.  What is more concerning is that there is no standard of care 


screening for the majority of cancer types.  For example, of the 13 top causes of cancer death in 


men and women, 9 have no current routine method of early detection.43   


A. Types of Clinical Oncology Tests  


59. As noted above, cancer screening and other tests using blood samples are referred 


to as “liquid biopsy” tests.  Tests of other body fluids (e.g., urine) can also be referred to as 


liquid biopsy, but for the purposes of this report we will generally use the term liquid biopsy to 


indicate a test done on a blood sample.  Because of the minimal invasiveness and ease of use of 


liquid biopsy, blood-based clinical oncology tests have become a standard and essential part of 


oncology management.  Because of the ease of obtaining a small sample of blood, there is 


enormous interest in developing blood-based cancer screening tests. 


60. Based on intended use and target patient populations, multiple types of clinical 


oncology tests have been developed to aid in the management of cancer, including:  (1) early 


cancer screening tests (tests designed to screen for early stage cancer in the general population/in 


asymptomatic individuals); (2) diagnostic aid to cancer tests (tests that can help aid in 


determining the specific type of cancer); (3) therapy selection tests (tests that can help determine 


the type of therapy to which a cancer might respond); (4) treatment response or acquired 


resistance monitoring tests (tests that can help monitor treatment response or acquired 


resistance); (5) minimal residual disease (“MRD”) tests (tests that can detect small residual 


 
43 American Cancer Society, Cancer Facts & Figures 2019, at https://www.cancer.org/content/dam/cancer-


org/research/cancer-facts-and-statistics/annual-cancer-facts-and-figures/2019/cancer-facts-and-figures-2019.pdf. 
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cancer burden after effective treatment); and (6) hereditary risk assessment tests (tests to help 


assess hereditary cancer risk).  These tests are typically performed at different stages of the 


“cancer continuum.”   


61. Early cancer screening tests are used in asymptomatic individuals to detect 


cancer at the earliest, most treatable stage.  As reviewed later in this report, there are several 


types of tests for detecting single types of cancer at early stage, including imaging 


(mammography for breast and CT for high risk lung cancer screening), blood (PSA for prostate), 


or stool (colorectal cancer).  In this report we will focus on blood-based tests for detecting 


multiple different types of cancer at early stage.  Work on the development of cancer screening 


tests has primarily focused on the interrogation of DNA, RNA, proteins, metabolites or 


exosomes.  Because blood-based cancer screening tests are designed to detect cancer at early 


stages, they must be very sensitive in order to detect the small amounts of analytes that small 


tumors release, though I discuss below the potential tradeoffs between sensitivity and specificity 


as it relates to early cancer screening, as well as the importance of detecting the cancer signal of 


origin. 


62. Diagnostic aid to cancer (“DAC”) tests:  Once a cancer is suspected or has been 


detected, it is sometimes difficult to confirm the cancer and determine the type of cancer.  DAC 


tests are used to help confirm the presence of cancer or to better specify the type of cancer in an 


individual who has cancer.  These tests include immunohistochemistry and molecular tests such 


as cytogenetics, as well as mutational analysis.  They can help to determine the origin of a cancer 


(the tissue type) or subtype of a cancer.   


63. Therapy selection tests examine biomarkers (e.g., known types of somatic 


mutations, hormone receptor status, oncogene protein expression) in individuals who have 
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already been diagnosed with cancer to help select the particular anti-cancer therapies to which 


the patient is most likely to respond.  Because at this stage a patient’s cancer is already been 


diagnosed via tissue biopsy or excision, therapy selection tests are more likely to rely on tissue 


biopsy samples as there is a much higher amount of cancer cells and other cancer biomarkers in 


the cancer tissue than are circulating in the body and available for testing.  However, there is 


growing use of blood-based testing for cancer biomarkers to help select therapy in patients 


diagnosed with cancer.  Particularly in the case of tissue-based cancer biomarker analysis, lower 


sensitivity testing methods may be used for therapy selection tests than for early cancer screening 


or diagnostic aid to cancer tests. 


64. Treatment response or acquired resistance monitoring tests test cancer patients 


while treatment is ongoing to determine whether the patient has responded or is responding to 


treatment, or has acquired resistance to the treatment.  These tests can include imaging, and 


increasingly liquid biopsy tests for proteins or circulating tumor cells (“CTC”). 


65. Minimal residual disease (“MRD”) tests are used to determine whether a 


patient’s cancer has recurred after successful treatment for cancer, i.e., when a patient is in 


remission without symptoms or signs of disease.  As the name implies, only a minimal amount of 


cancer cells and other cancer biomarkers are circulating in the body available to be tested at this 


stage.  There are two types of MRD tests, those that are “tumor-informed” and those that are 


“tumor-naïve.”  Tumor-informed MRD tests may use information about a patient’s cancer, i.e., 


the specific mutations/modifications that were present in the patient’s original tumor biopsy.  


Tumor-naïve MRD tests are capable of detecting the recurrence of cancer without information 


about a given patient’s cancer. 
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66. Hereditary risk assessment tests examine healthy individuals’ germline (i.e., 


inherited) mutations/variants in cancer susceptibility genes to assess risks of hereditary cancer, 


based on personal and family history.  These tests do not test any cancer that has actually 


developed in the individual being tested.  Because hereditary risk assessment tests are based on 


DNA collected from any tissue (for example, a mouth swab) or from saliva or blood, they do not 


have the sensitivity required for early cancer screening. 


B. Standard of Care Cancer Screening Tests 


67. USPSTF recommends screening for four cancer types, breast, cervical, lung and 


colorectal.44  However, other organizations, such as the American Cancer Society, also 


recommend screening for prostate cancer.  Below, I provide an overview of the cancer screening 


tests that are recommended as the “standard of care”: 


 Breast Cancer: “biennial screening mammography for women aged 50 to 74 
years.”  A mammogram is an X-ray of the breast.  While the amount of radiation 
in a mammogram is small, there may be risks with having repeated X-rays.45  
When suspicious results are obtained, the patients will undergo either a needle 
biopsy or fine needle aspiration (“FNA”), or a more extensive removal of tissue, 
to rule out a diagnosis of cancer. 


 Cervical Cancer: “every 3 years with cervical cytology [i.e., Pap test] alone in 
women aged 21 to 29 years”; for women aged 30 to 65 years, “every 3 years with 
cervical cytology alone, every 5 years with high-risk human papillomavirus 
(hrHPV) testing alone, or every 5 years with hrHPV testing in combination with 
cytology (cotesting).”  Both Pap test and hrHPV testing include gynecological 
examination of the vagina and the cervix, and collection of cells and mucus from 
the cervix and the area around it, while samples for hrHPV testing are 
subsequently analyzed using PCR.  They are invasive procedures.46   


 
44 USPSTF, A and B Recommendations, at 


https://www.uspreventiveservicestaskforce.org/uspstf/recommendation-topics/uspstf-and-b-recommendations. 


45 CDC, What Is Breast Cancer Screening?, last reviewed: Sep. 14, 2020, at 
https://www.cdc.gov/cancer/breast/basic_info/screening.htm. 


46 CDC, What Should I Know About Screening?, last reviewed: Jan. 12, 2021, at 
https://www.cdc.gov/cancer/cervical/basic_info/screening.htm.  The American Cancer Society has promulgated 
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 Colorectal Cancer: “screening for colorectal cancer in all adults aged 50 to 75 
years.”  Recommended stool-based tests include the high-sensitivity guaiac fecal 
occult blood test (“gFOBT”), fecal immunochemical test (“FIT”), and stool DNA 
test (“sDNA-FIT”).  Recommended direct visualization tests to screen for 
colorectal cancer include colonoscopy, CT colonography, and flexible 
sigmoidoscopy.  Colonoscopy is the gold standard for colorectal cancer screening 
and need only be done every ten years, but it is invasive and requires bowel 
preparation, anesthesia or sedation.  The gFOBT test requires dietary restrictions 
and 3 stool samples; the sDNA-FIT test involves collecting an entire bowel 
movement; CT colonography has potential radiation risk and requires bowel 
preparation; flexible sigmoidoscopy is also an invasive procedure.47 


 Lung Cancer: annual screening for lung cancer with low-dose computed 
tomography (“LDCT”) in adults aged 50 to 80 years who have a 20 pack-year 
smoking history and currently smoke or have quit within the past 15 years.  
LDCT carries non-negligible radiation risk and is expensive.48 


 Prostate Cancer: although not listed by the USPSTF, screening for prostate 
cancer involves a serum test (most commonly) for serum PSA, digital rectal 
examination (“DRE”), and when suspicious results are obtained, “sextant” 
prostate needle biopsies (6 biopsies per side, 12 or more total biopsies) that is now 
often done under radiographic guidance to determine the most suspicious areas.49  
A  problem with the PSA test is that many factors can affect PSA levels, including 
non-malignant conditions that affect the prostate, while DRE is uncomfortable, 
invasive and lacks specificity for cancer.50 


68. Standard, recommended screening tests nearly all come with major issues in their 


use, interpretation and follow-up.  The standard of care cancer screening tests and their follow-up 


to rule out a cancer diagnosis (generally, a surgical procedure) currently recommended by the 


 
guidelines for five cancers.  May 27, 2021 William Cance Dep. Tr. 34:6–11 (colorectal, breast, cervical, lung and 
prostate cancer).   


47 USPSTF, Screening for Colorectal Cancer, JAMA, 2021;325(19):1965-77, Table 1.  


48 CDC, Who Should Be Screened for Lung Cancer?, March 11, 2021, at 
https://www.cdc.gov/cancer/lung/basic_info/screening.htm. 


49 American Cancer Society, Recommendations for Prostate Cancer Early Detection, April 23, 2021, at 
https://www.cancer.org/cancer/prostate-cancer/detection-diagnosis-staging/acs-recommendations.html. 


50 CDC, What Is Screening for Prostate Cancer?, last reviewed: June 19, 2020, at 
https://www.cdc.gov/cancer/prostate/basic_info/screening.htm. 
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USPSTF are either invasive, burdensome, or carries potential risks to patients, creating a need 


for blood-based single cancer screening tests.  Importantly, it is the case with nearly all 


recommended screening tests that they are often “positive”, that is, signal the possible presence 


of cancer, in many more cases compared to the times they actually detect cancer.  As discussed 


below, this affects what is known as the “Positive Predictive Value” of such tests, which I 


discuss in the context of different metrics that may be used to evaluate and compare cancer 


screening tests. 


69. Notably, there are no standard of care screening tests for most types of cancer, 


including some of the major causes of cancer mortality, such as cancers of the pancreas, ovary, 


stomach, bone marrow, lymph nodes, etc.  In most of these cases, the cancers are not diagnosed 


before a patient exhibits symptoms, which generally will not occur until the cancer has 


progressed to a late and often incurable stage. 


C. Modalities Used for Cancer Screening 


70. Only a few of the biomarkers described above are currently detected or analyzed 


as part of standard early cancer screening tests today.  I briefly discuss in this section the types of 


technologies that may be used for cancer screening and that are being used for screening tests 


today or are being studied for screening tests in development.  Scientists and doctors recognize 


today that it is impossible to speculate which modality for cancer screening will be the most 


successful.51 


 
51 June 1, 2021 Dr. Charles Hill (Emory) Dep. Tr. 27:2–24 (multi-cancer early detection could use NGS 


technology, but may also use “microarray and other technologies to interrogate large portions of a genome or gene 
expression.”); Cance (ACS) Dep. Tr. 102:13–20 (“At this stage, it is unclear whether analyzing DNA mutations, 
DNA methylation patterns, chromosomal variations, RNA variations, protein markers, or some other method for 
detecting cancer in the blood will prove most effective.”). 
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1. Imaging 


71. For over half a century, imaging technologies have been the standard of care for 


early-stage cancer detection and screening in the United States.  Over the years, imaging 


technologies progressed from standard x-rays for mammography and lung to low-energy X-rays, 


3-D mammography, ultrasound, MRI (Magnetic Resonance Imaging), CT (Computed 


Tomography), and PET-CT (Positron Emission Tomography), etc.  Imaging technologies 


provide direct or indirect views of structures inside the body, which allow doctors to detect, 


locate and stage a tumor.  Imaging technologies thus may be used for cancer screening, 


diagnosis, and monitoring.  They are currently the most commonly used and commercially 


available technique for cancer screening.  For example, both the National Cancer Institute and 


the American Cancer Society recommend mammograms or MRIs along with mammograms for 


breast cancer screening, and a low-dose CT scan for lung cancer screening.52   


72. Although traditional imaging screenings are typically focused on screening for 


cancer in a single organ of the body, PET, CT, and PET-CT may in some circumstances be used 


for whole-body scanning, with PET-CT being more accurate in detecting cancer and provides 


fewer equivocal findings than PET alone, CT alone, or separately acquired PET and CT studies 


in a head-to-head comparison.53  However, PET-CT scan is not recommended for routine early 


cancer screening, mainly for cost and radiation concerns, but also the inability of PET-CT 


 
52 National Cancer Institute, Screening Tests, January 16, 2019, at https://www.cancer.gov/about-


cancer/screening/screening-tests; American Cancer Society, American Cancer Society Guidelines for the Early 
Detection of Cancer, July 30, 2020, at https://www.cancer.org/healthy/find-cancer-early/cancer-screening-
guidelines/american-cancer-society-guidelines-for-the-early-detection-of-cancer.html.   


53 Schöder H & Gönen M, Screening for cancer with PET and PET/CT: potential and limitations, J Nucl Med., 
2007 Jan;48 Suppl 1:4S-18S, at 12S. 
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scanning to detect very small tumors.54  Aim Medical Imaging has developed a full-body MRI 


imaging method that is achieves a diagnostic confidence comparable to that of a PET scan 


without the radiation from PET.55  Aim Medical Imaging’s full-body MRI can be used for cancer 


diagnosis, staging, assessment of therapeutic response, as well as for early cancer screening.  


73. The cost (actually, reimbursement) for imaging-based cancer screening is 


relatively low.  The national average total reimbursement for breast cancer screening is only 


about $353 per person screened, taking into consideration of follow-up ultrasonography, biopsy 


and MRI costs.56  Similarly, the average annual reimbursement of low-dose CT scan for lung 


cancer screening under Medicare is about $241 per person screened.57   


2. Proteomics 


74. Protein biomarkers have also been used for many years for early stage cancer 


detection and screening.  For example, PSA levels were first used to screen for prostate cancer in 


the 1980s.  Protein biomarkers are commonly analyzed using antibodies that specifically bind to 


the protein and covalently linked with certain modifiers for easy detection.  For example, 


chromogenic enzyme-linked antibodies specific to cancer biomarkers are used to detect the 


presence and location of such antigens in biopsy tissue samples in a technology called 


 
54 Id. at 12S–14S. 


55 Aim Medical Imaging’s Diffusion Weighted Imaging with Background Suppression (“DWIBS”) MRI 
method is able to distinguish a tumor in normal looking tissue by showing the relatively dense molecular structure of 
the rapidly dividing tumor.  See Aim Medical Imaging, MRI Services: Full Body Imaging, at 
https://aimmedicalimaging.com/mri-services/full-body-imaging/; Morone M et al., Whole-Body MRI: Current 
Applications in Oncology, Am. J Roentgenology, 2017; 209:W336–W349. 


56 Kunst N et al., Use and Costs of Breast Cancer Screening for Women in Their 40s in a US Population with 
Private Insurance, JAMA Intern Med., 2020;180(5):799-801, Table (reproduced below). 


57 Pyenson BS et al., Offering lung cancer screening to high-risk Medicare beneficiaries saves lives and is 
cost-effective: an actuarial analysis, Am Health Drug Benefits, 2014 Aug; 7(5):272-82, at 272.  







 


 


31 
 


CONFIDENTIAL – FTC DOCKET NO. 9401 


immunohistochemistry (“IHC”), which is commonly used for cancer diagnosis.  Enzyme or 


fluorescent dye-linked antibodies specific to cancer biomarkers are also used to detect the 


presence of such antigens in bodily fluids in technologies called ELISA (enzyme-linked 


immunosorbent assay) and immunochemistry (“IC”), which are used for both cancer diagnosis 


and screening.  Other similar techniques include immunocytochemistry (“ICC”), 


immunofluorescence (“IF”) and fluorescence-activated cell sorting (“FACS”), all of which 


utilize antibodies to provide visual details about protein biomarkers’ abundance, distribution, and 


localization.   


75. Proteomics is currently used in a variety of early screening tests for several 


cancers.  For example, a blood-based ELISA test for the level of PSA has been recommended by 


both the National Cancer Institute and the American Cancer Society for early stage screening of 


prostate cancer.58   


76. The costs for proteomics tests are fairly low.  Quest Diagnostics offers the PSA 


prostate cancer screening test for $78,59 while, according to the 2021 Fee Schedule, the Centers 


for Medicare & Medicaid Services (“CMS”) reimburses PSA prostate cancer screening at 


$19.31.60   


 
58 National Cancer Institute, Screening Tests, January 16, 2019, at https://www.cancer.gov/about-


cancer/screening/screening-tests; American Cancer Society, American Cancer Society Guidelines for the Early 
Detection of Cancer, July 30, 2020, at https://www.cancer.org/healthy/find-cancer-early/cancer-screening-
guidelines/american-cancer-society-guidelines-for-the-early-detection-of-cancer.html.   


59 See QuestDirect, Our Tests: Prostate Screening (PSA), at 
https://questdirect.questdiagnostics.com/products/prostate-screening-psa/b396328d-4eff-4e24-bf93-7a0ebe53c987. 


60 CMS, Clinical Laboratory Fee Schedule Files, CY 2021 Q1 Release (CLAB2021Q1), January 2021, at 
https://www.cms.gov/license/ama?file=/files/zip/21clabq1.zip. 
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3. Polymerase Chain Reaction 


77. Polymerase Chain Reaction (“PCR”) is a DNA amplification method that can be 


used for many different types of applications, including to detect specific genomic mutations or 


methylation biomarkers known to be associated with cancer.  Using PCR, copies of very small 


amounts of DNA sequences are exponentially amplified in a series of temperature changes.  PCR 


tests can be used to evaluate all types of samples, including cancer biopsy tissue, urine, stool, 


saliva or blood plasma.  PCR can use either DNA, such as cell-free DNA present in the blood 


plasma, or, through a reverse transcription process that first reverse-transcribes RNA is into 


complementary DNA (“cDNA”), use RNA as templates for the genomic amplification in RT-


PCR (real time-PCR).  PCR is highly sensitive and requires only minimal amount of sample for 


detection and amplification of specific sequences.   


78. Since its invention in 1983, many improved PCR techniques have been developed 


and used in clinical cancer testing.  Multiplex PCR allows simultaneous detection of multiple 


targets in a single test, with a different pair of primers for each target.  Multiplex PCR can 


generate higher throughput than traditional (single-plex) PCR and obtains more information with 


less sample.  For example, Thermo Fisher’s Ion AmpliSeq Exome RDY Kit enables ultrahigh-


multiplex PCR exome enrichment of approximately 294,000 primer pairs across 12 primer pools, 


or about 24,500 primer pairs in each PCR pool, showing the ultrahigh capability of the new PCR 


technology.61   


79. Another category of new PCR technology is digital PCR (dPCR).  For example, 


Bio-Rad’s droplet digital PCR (ddPCR) conducts amplification on microfluidic water-oil 


 
61 Thermo Fisher, Ion AmpliSeq Exome RDY Kit, at http://tools.thermofisher.com/content/sfs/brochures/Ion-


AmpliSeq-Exome-Kit-Product-Flyer.pdf. 
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emulsion droplets and can be used to directly quantify and clonally amplify nucleic acids (i.e., 


DNA, cDNA and RNA) in a smaller sample.  The ddPCR technology allows detection of rare 


tumorigenic mutations in a high background of normal DNA.62  Thermo Fisher’s microfluidic 


digital PCR OpenArray™ system uses a microscope slide-sized plate with 3,072 through-holes, 


on a system that can run up to four OpenArray plates simultaneously, allowing for generation of 


over 12,000 data points in a single run.63  Combinati is developing an Absolute Q Microfluidic 


Array Partitioning (MAP) dPCR system with 20,000 microchambers,64 pushing the microfluidic 


digital PCR technology forward even further.   


80. Because of its high sensitivity, PCR is currently used in a variety of early 


screening tests for several cancers.  For example, both the National Cancer Institute and the 


American Cancer Society recommend a stool-based PCR test for early stage screening of 


colorectal cancer and human papillomavirus (“HPV”) PCR test for early stage screening of 


cervical cancer.65   


 
62 Bio-Rad, Droplet Digital™ PCR (ddPCR™) Technology, at https://www.bio-rad.com/en-us/applications-


technologies/droplet-digital-pcr-ddpcr-technology?ID=MDV31M4VY. 


63 Thermo Fisher, QuantStudio 12K Flex Real-Time PCR System, at 
https://tools.thermofisher.com/content/sfs/brochures/cms_081550.pdf. 


64 Combinati, Digital PCR just got more reliable, at https://combinati.com/product/absolute-q/. 


65 National Cancer Institute, Screening Tests, 16, 2019, at https://www.cancer.gov/about-
cancer/screening/screening-tests; American Cancer Society, American Cancer Society Guidelines for the Early 
Detection of Cancer, July 30, 2020, at https://www.cancer.org/healthy/find-cancer-early/cancer-screening-
guidelines/american-cancer-society-guidelines-for-the-early-detection-of-cancer.html.   
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81. Many PCR-based cancer screening tests have low costs, though some are 


reimbursed at higher costs.  For example, while the maximum cost of Cologuard could be 


$649,66 the CMS 2021 Fee Schedule for an HPV PCR test is only $35.09.67  


4. Microarrays 


82. A microarray is an orderly arrangement of many individual fragments of probes, 


such as DNAs, RNAs, or proteins, attached to a solid support, called chips.  Such chips may be 


glass microscope slides or may comprise a different material.  The probes on the chip hybridize 


(bind) with fluorescent-labeled, complementary target sequences or molecules in the sample 


undergoing analysis.  Upon hybridization, the existence and amount of the target sequence or 


molecule is determined by the presence and intensity of fluoresce at the location of the 


complementary probe.  Microarray-based genomic tests may be used to detect the presence or 


absence of specific genomic mutations and/or methylations in a sample, because mutated and/or 


methylated DNA bind to the probes differently than normal DNA.  Researchers, e.g., the Cancer 


Genome Atlas and the Human Tumor Atlas Network, are continually generating data and 


improving algorithms to identify new associations that may be incorporated into microarray-


based tests.   


83. Microarrays provide a high-throughput platform for simultaneously screening tens 


of thousands of biomolecular interactions.  For example, Thermo Fisher’s GeneChip™ Human 


Genome U133 Plus 2.0 Array allows for analysis of over 47,000 human genes and transcripts at 


 
66 Healthline Media, Cologuard for Cancer Screening: What You Need to Know, at 


https://www.healthline.com/health/cologuard#cost. 


67 CMS, Clinical Laboratory Fee Schedule Files, CY 2021 Q1 Release (CLAB2021Q1), January 2021, at 
https://www.cms.gov/license/ama?file=/files/zip/21clabq1.zip. 
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one time.68  Thermo Fisher’s Genome-Wide Human SNP Array 6.0 chip features 1.8 million 


genetic markers for single nucleotide polymorphisms (SNPs) and copy number variations 


(CNVs).69  Agilent Technologies’ SurePrint G3 Human Gene Expression Microarrays allow for 


analysis of over 56,600 genes and transcripts at one time.70  Agilent Technologies’ Human 


Genome CGH Microarrays offers up to 1 million probes for genome-wide CNV identification 


and characterization.71  Agilent Technologies’ Human DNA Methylation Microarrays use 60-


oligomer probes for 28,500 CpG islands in human, representing 237,227 unique probes for DNA 


methylation.72 


84. Microarray-based cancer screening tests are more expensive than PCR and 


proteomic tests.  For example, the Agendia MammaPrint® Breast Cancer Test for tumor profiling 


costs in the range of $3,000 to $4000.73  But the base microarray test is not as expensive.  


 
68 Thermo Fisher, GeneChip™ Human Genome U133 Plus 2.0 Array, at 


https://www.thermofisher.com/order/catalog/product/900466#/900466. 


69 Thermo Fisher, Genome-Wide Human SNP Array 6.0, at 
https://www.thermofisher.com/order/catalog/product/900466#/900466. 


70 Agilent Technologies, Human Gene Expression Microarrays - Details & Specifications, at 
https://www.agilent.com/en/human-gene-expression-microarrays-details-specifications. 


71 Agilent Technologies, Human Genome CGH Microarrays, at https://www.agilent.com/en/product/cgh-cgh-
snp-microarray-platform/cgh-cgh-snp-microarrays/human-cnv-microarrays/human-genome-cgh-microarrays-
228399. 


72 Agilent Technologies, Human DNA Methylation Microarrays, at 
https://www.agilent.com/en/product/methylation-chip-on-chip-microarray-platform/epigenetic-specialty-
microarrays/dna-methylation-microarrays/human-dna-methylation-microarrays-228445. 


73 Schattner E., MammaPrint, Agendia’s Breast Cancer Test, Is Having A U.S. Moment. Can It Reduce 
Overtreatment?, Apr 21, 2016, at https://www.forbes.com/sites/elaineschattner/2016/04/21/mammaprint-a-
molecular-breast-cancer-test-is-having-a-moment-early-mindact-trial-results/?sh=5d63ebd5b395. 
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Thermo Fisher’s GeneChip™ Human Exon 1.0 ST Array, which assesses over 1 million exon 


clusters, costs about $750 each.74 


5. Next Generation Sequencing 


85. Sequencing is the process of determining the order of nucleotides, i.e., the 


sequence, in genomic materials, such as DNA and RNA.  The first generation of sequencing 


technology was based on the chain termination method developed by Dr. Frederick Sanger in 


1975, often known as “Sanger Sequencing”.75   


86. Next generation sequencing (“NGS”), allows parallel sequencing of millions of 


small DNA fragments that are combined by software into longer, full-length sequences (see 


Section IX below).  With bisulfite conversion and similar techniques,76 NGS sequencing can be 


used not only to detect genomic mutations and fragmentations, but also epigenomic 


modifications such as methylation.   


87. Because cancer is caused by accumulated changes to genes that control cellular 


functions, a possible approach to cancer screening would be to identify all changes to such genes 


by interrogating all relevant gene sequences through sequencing.  With the massive parallel 


 
74 See Thermo Fisher, GeneChip™ Human Exon 1.0 ST Array, at 


https://www.thermofisher.com/order/catalog/product/900650#/900650. 


75 Applied Biosystems (ABI, now part of Thermo Fisher) introduced the automated ABI Prism 3700 DNA 
Analyzer in the 1990s, which allowed parallel sequencing of 96 samples of between 600 and 1,000 nucleotides in 
length, or a maximum of 100,000 nucleotides per run, and a very low error rate at an average of one error per 
10,000-100,000 nucleotides.  (Kircher M& Kelso J, High-throughput DNA sequencing--concepts and limitations, 
Bioessays, 2010 Jun;32(6):524-36, at 525.)  However, the human genome consists of approximately 3,200,000,000 
basepairs (3,200 Mbp (mega-basepairs) or 3.2 Gb (giga-basepairs)) of nucleotides in about 30,000 to 40,000 genes.  
Many genes are thousands or tens of thousands of basepairs in length, making whole genome sequencing using 
Sanger sequencers a difficult task.   


76 Bisulfite conversion is a process in which potentially methylated DNA is treated with sodium bisulfite, 
leading to conversion of unmethylated cytosines (C) into uracils (U), while methylated cytosines (both 5-
methylcytosine and 5-hydroxymethylcytosine) remain unchanged, thus allowing determination of DNA methylation 
at the singe nucleotide level.  See supra fn. 38. 
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sequencing capability, NGS is scalable and has high throughput (see Section IX below), and can 


systemically study cancer genomes in their entirety, which allows for partial or full 


characterization of a patient’s genomic profile and thus personalized cancer management.  


However, NGS-based technologies also have their limitations, such as requiring investment in 


computer capacity and storage to handle the large volume (of tens of gigabytes) of data as well 


as personnel expertise to skillfully extract and comprehensively analyze and interpret the 


clinically important information.   


88. GRAIL’s Galleri is the only NGS-based early cancer screening test currently on 


the market in the United States and is currently marketed at $949 per test.77  No NGS-based early 


cancer screening tests have obtained FDA approval or mechanisms for reimbursement, either by 


Medicare or by private payors. 


6. Multiomics 


89. An increasing number of companies are developing tests combining information 


from multiple analytes, including DNA (genome), RNA (transcriptome), protein (proteome), for 


increased sensitivity in cancer detection, called multiomic tests.  For example, Exact/Thrive’s 


CancerSEEK pipeline screening test assesses levels of nine protein biomarkers as well as 


mutations in 16 genes for the early detection of cancers of multiple organs:  ovary, liver, 


stomach, pancreas, esophagus, kidney, bladder, colorectum, lung or breast, in addition to a PET-


CT step for positive test results.78  Freenome similarly combines data from whole-genome 


sequencing, DNA methylation, and protein quantification for the early detection of colorectal 


 
77 GRAIL, Test pricing and benefit coverage, https://www.galleri.com/the-galleri-test/cost. 


78 Lennon AM et al., Feasibility of blood testing combined with PET-CT to screen for cancer and guide 
intervention, Science, 2020 Jul 3; 369(6499):eabb9601 (“Lennon 2020”), at 6. 
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cancer from a blood test.79  PrognomiQ, a recent spin-off of Seer, is also developing early cancer 


screening tests by combining proteomic information, obtainable using Seer’s Proteograph 


platform, with genomic, metabolomic, and other health data.80 


D. Features of Cancer Screening Tests 


90. There are several metrics that may be used to assess the performance of oncology 


tests, including blood-based early stage cancer screening tests.  As discussed below, these 


include sensitivity, specificity and cancer signal of origin (also known as tissue of origin) 


analyses.  In addition to the number of cancers that a screening test is capable of detecting, these 


metrics provide further grounds for differentiating between different tests and defining whether 


physicians are likely to substitute one test for another.  In addition to these technical metrics, 


physicians may also evaluate and select tests based on other factors, such as the ease of using the 


test.    


91. Sensitivity, also called true positive rate, measures the proportion of actual 


positive samples that are correctly identified as such, or how often a test correctly generates a 


positive result for people who have the condition for which they are being tested.  Low 


sensitivity leads to high false negative rates.  A concept that is related to false negative rate is the 


Negative Predictive Value (“NPV”), which is the percentage of patients with a negative test who 


do not have cancer.  NPV represent the probability a patient does not have cancer when the test 


result is negative.   


 
79 Lin CJ et al., Evaluation of a sensitive blood test for the detection of colorectal advanced adenomas in a 


prospective cohort using a multiomics approach, ASCO Gastrointestinal Cancers Symposium Abstract # 43, Jan. 
15, 2021, at https://www.freenome.com/s/2021_Lin-et-al-ASCO-GI-Poster_a_final.pdf; Putcha, et al., Blood-Based 
Detection of Early-Stage Colorectal Cancer Using Multiomics and Machine Learning, ASCO Gastrointestinal 
Cancers Symposium Abstract # 66, Jan. 23-25, 2020, at https://www.freenome.com/s/2020_ASCOGI_Poster.pdf.  


80 PrognomiQ, Reimagining Early Disease Detection and Treatment, at https://prognomiq.com/. 
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92. Compared with therapy selection tests where the patient has developed tumors, 


early stage cancer patients have only small amounts of cancer cells in the body and only a minute 


amount of materials from cancer, including circulating tumor DNA (ctDNA), mRNA, protein, 


and circulating cancer cells, in the blood.81  Therefore, a relatively high sensitivity is an 


important requirement for an early cancer screening test designed for use in asymptomatic 


individuals.   


93. Specificity, also called true negative rate, measures the proportion of actual 


negative samples that are correctly identified as such, or how often a test correctly generates a 


negative result for people not having the condition for which they are being tested.  Low 


specificity leads to high false positive rates.  A concept that is related to false positive rate is the 


Positive Predictive Value (“PPV”), which is the percentage of patients with a positive test who 


actually have cancer.  PPV represent the probability a patient has cancer when the test result is 


positive.  The PPV is a particularly important metric for cancer screening tests.  Because a cancer 


screening test is a test used in the general population, i.e., healthy individuals, the baseline rate of 


cancer in that population is very low.  As a result, the rate of true positives—individuals with 


cancer in the population—will be extremely low, around 4 in 1000 individuals.82  Therefore, 


even if a test is highly specific with a low false positive rate, the likelihood that a person with a 


positive test result actually has cancer may still be relatively low given the low baseline rate of 


cancer in the population.  For example, a specificity of 99.5% still translates into about a 40–


50% PPV—one of every two individuals with a positive test result would be a false positive. 


 
81 For example, only 0.01% of the cfDNA is attributable to ctDNA at this early stage.  See Haque IS & 


Elemento O, Challenges in Using ctDNA to Achieve Early Detection of Cancer, bioRxiv 237578, at 3.   


82 National Cancer Institute, Cancer Statistics, Sep. 25, 2020, at https://www.cancer.gov/about-
cancer/understanding/statistics. 
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94. Both false positive results and false negative results of a cancer screening test will 


have significant negative impact on the patient’s well-being.  False negative findings cause 


physicians to not diagnose a cancer that either is already or will soon cause harm to the patients, 


and miss precious early treatment opportunities; while false positive results leads to unnecessary 


follow-ups and even often harmful procedures to rule out cancer, let alone the severe emotional 


distress to patients and their families.  Therefore, high specificity, i.e., low false positive rates, is 


also important for a cancer screening test.   


95. However, there is typically a tradeoff between specificity and sensitivity.  Given 


the same conditions, a test applying cutoff thresholds that minimizes false positives, i.e., higher 


specificity, may often have a lower sensitivity than a test that results in a higher false positive 


rate.  Based on my experience, existing single cancer screening tests typically have very high 


sensitivity rates and correspondingly lower specificity/higher false positive rates.  For example, a 


colonoscopy has a sensitivity of 92.5% and a specificity of 73.2%.83  Cologuard has a sensitivity 


of 92.3% and a specificity of 86.6%.84  Mammography for breast cancer screening has a 


sensitivity of 86.9% and a specificity of 88.9%,85 and the PPV is only 4%, meaning that only 4 of 


100 positive tests actually identify breast cancer.86  This means that most patients with a 


“positive” mammography result will have to undergo further invasive testing, but will end up 


 
83 Issa IA & Noureddine M, Colorectal cancer screening: An updated review of the available options, World J 


Gastroenterol, 2017; 23(28): 5086-96, 5089. 


84 FDA, Summary of safety and effectiveness data (SSED) for Cologuard®, August 11, 2014, at 2 &5, at 
https://www.accessdata.fda.gov/cdrh_docs/pdf13/P130017B.pdf. 


85 Breast Cancer Surveillance Consortium, Screening Mammography Sensitivity, Specificity, & False Negative 
Rate, March 23, 2017, at https://www.bcsc-research.org/statistics/screening-performance-benchmarks/screening-
sens-spec-false-negative. 


86 Marcus PM, Chapter 3: Performance measures, in Assessment of cancer screening: a primer, National 
Cancer Institute (US); November 2019, at https://www.ncbi.nlm.nih.gov/books/NBK550207/. 
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with a negative cancer diagnosis.  However, a test developer focusing on a cancer screening test 


for a large number of cancer types must focus on attaining a very high specificity rate, and a high 


PPV, which will often result in correspondingly lower sensitivity rates.  This is because, when 


screening the general population of individuals over age 50, or those with a family history of 


cancer, it is critical that the morbidity and expense of following up on a false positive test is 


minimized.  By contrast, a test developer focusing on a single cancer screening test or a test 


directed to only a handful of targeted cancer types may elect to focus on sensitivity more than 


specificity.  This is confirmed by Dr. Abrams in his declaration.87  This again points out the 


fundamental differences in design that are likely to differentiate tests used to detect early stage 


cancer. 


96. Cancer Signal of Origin (multi-cancer screening tests only):  a blood test, unlike a 


biopsy of a specific organ, does not automatically indicate the possible cancer signal of origin for 


the cancer to be detected.  Therefore, for a blood-based multi-cancer screening test to be most 


effective, identification of the possible cancer signal of origin is highly desirable.  Identification 


of a cancer signal of origin ensures that the necessary follow-up from a positive test result is 


efficiently directed to a targeted imaging step or a biopsy, such that those patients who receive a 


positive test result will not suffer undue anxiety waiting for further testing.   


97. Importantly, a cancer screening test that is capable of detecting multiple cancer 


types that returns a positive result, but does not indicate the possible cancer signal of origin, 


would result in a possibly extensive, invasive and expensive workup to rule in or out the 


presence of cancer.  Recalling the discussion above, no cancer screening test will be perfect, and 


 
87 Abrams Decl. ¶ 29. 
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even at the extremely high PPV of 50%, only one half of the patients with a positive screening 


test will actually have cancer.  In this example, especially for the patients who do not have 


cancer, the workup would likely be even more prolonged, invasive and expensive than for a 


patient who does have cancer, as the patient without cancer would be forced to undergo a 


particularly extensive workup to definitively rule out cancer.  On the other hand, a multi-cancer 


screening test that does indicate the possible cancer signal of origin will require much less 


extensive and more focused initial follow-up.  Providing accurate cancer signal of origin to 


facilitate cancer diagnosis will improve clinical utility and patient compliance, thus impact 


decision-making by physicians using cancer screening tests.88   


98. My view regarding the importance of the cancer signal of origin is supported by 


the analysis performed by Dr. Richard Abrams, as well as the internal survey performed by 


Thrive discussed below.  Dr. Abrams is a primary care physician who is on the clinical faculty at 


the University of Colorado School of Medicine and has practiced medicine for 30 years with a 


focus on identification and management of risk factors for cardiovascular disease and early 


detection of cancer.89 


V. DEVELOPMENT TIMELINE FOR CANCER SCREENING 


99. It is undisputed that developing a cancer screening test, particularly a cancer 


screening test that simultaneously identifies more than one type of cancer, is a challenging 


endeavor.90  Many years of research and development are needed to generate an assay that has 


the appropriate biomarkers needed to have the requisite sensitivity and specificity, not to mention 


 
88 See also Abrams Decl. ¶¶ 10.g, 22, 27. 


89 See Abrams Decl. ¶¶ 1-4. 


90 See, e.g., June 24, 2021 Gabriel Otte (Freenome) Dep. Tr. 30:2–13. 
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ability to detect cancer signal of origin.  For example, GRAIL was launched in 2016 within 


Illumina, and only this year has been able to launch its multi-cancer screening test as an LDT.  


GRAIL is still years away from seeking FDA approval for its multi-cancer screening test.   


100. Similarly, Thrive was originally founded based on the research from a company 


called PapGene that was developed from Johns Hopkins University.91  PapGene was started in 


2014.92  Thrive has still not launched a commercial version of its cancer screening test, 


CancerSEEK, seven years later.93  Last year, Thrive was acquired by Exact Sciences.  Thrive is 


continuing to investigate whether to add additional biomarkers or otherwise modify its assay.94  


Neither GRAIL nor Thrive has commenced the registrational trials that they will need to 


complete before seeking FDA approval for their respective cancer screening tests, and they have 


stated that they are unlikely to obtain FDA approval before the 2024/2025 timeframe.   


101. Other purported test developers are much further behind.  For example, Freenome 


was founded in 2014.95  Freenome commenced development of its purported multiomics 


platform, which it aspires to use for early cancer screening of multiple cancer types, in 2016.96  


By Freenome’s own admission, it has not completed development of its multiomics platform,97 


 
91 June 2, 2021 Bert Vogelstein (Thrive) Dep. Tr. 27:22–28:14. 


92 Id. 


93 June 24, 2021 Christoph Lengauer (Third Rock) Dep. Tr. 121:18–122:8.   


94 Id. at 88:6–22.  See also Vogelstein (Thrive) Dep. Tr. 48:10–49:10 (“I don’t know what analytes will be 
incorporated into Thrive’s – the tests that Thrive will eventually offer.”). 


95 Otte (Freenome) Dep. Tr. 13:11–13. 


96 Id. at 26:17–21. 


97 Id. at 24:12–25:2. 
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and only its colorectal cancer screening test is close to being studied in a clinical trial.98  


Freenome has not published any data in any journal relating to a multi-cancer screening test.  


Test developers that have started after Freenome, such as FMI and Natera, are even further 


behind in the product development cycle, and thus the timeline for those products would be 


expected to launch more than ten years from now. 


A. Developing a New Cancer Screening Test or Adding New Cancers to an 
Existing Screening Test is Difficult and Takes Years 


102. The exemplary timeline in Figure 2 and the testimony from the test developers 


shows that developing a new cancer screening test or adding a new cancer type to an existing 


cancer screening test is not a trivial process, and requires long timeframes (double digit years) 


and enormous resources (money, personnel,  infrastructure, etc.).   


Figure 2:  Exemplary Timeline of Three-Cancer Screening Assay Development and 
Clinical Studies99 


 
 


 
98 Id. at 25:3–15 (The multiomics platform “was not up to the standard of an FDA-approved test, meaning an 


FDA clinical trial.”). 


99 ROCHE-00000446 (Perettie Dep. Ex. 6) at -450. 
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103. Even if a company is seeking to add a new cancer type to a cancer screening test, 


it cannot skip new biomarker discovery, assay development, case-control study, and 


validation/clinical steps, even if it can reduce sample collection time by relying on previously 


collected samples for certain steps.  As Figure 2 and the test developer testimony suggests, if 


successful, this process would take multiple years before a new cancer screening test or a test 


with the new cancer added can be brought to market as an LDT test, and perhaps as long as a 


decade before coming to market as an FDA-approved test.   


1. Sample Collection and Initial Research 


104. While test developers may pursue these steps in different orders, the initial steps 


typically involve sample collection, research and biomarker discovery.  Specifically, the 


company needs to collect samples for the new cancer type to perform the new biomarker 


discovery; even if this company had previously collected samples for one cancer type, these 


existing samples would not have the new proposed cancer type.100  During the sample collection 


period, the test developer may also perform initial technology development and preliminary 


feasibility studies.  For example, as part of the preliminary feasibility assessment, the developer 


would assess what the development plan would look like, how much it would cost and its 


probability of success.101   


105. Biomarker discovery involves efforts by the test developer to identify which 


biomarkers are the best at predicting that an individual has cancer, and particularly, if that 


 
100 See Otte (Freenome) Dep. Tr. 91:1–23 (“First stage is research where we get samples that we know are 


from cancer patients versus from healthy patients and look at the signatures across the different analytes that we’re 
looking at and whether they differ between the cancer and the healthy patients.”). 


101 May 21, 2021 Cynthia Perettie Dep. Tr. 80:4–13. 
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biomarker may be used to distinguish between an individual who has cancer and a healthy 


subject.  Biomarker discovery may involve research to understand what the biological drivers 


are, and depending on the drivers and the relevant mutations, a given biomarker may be 


selected.102  While test developers may review the scientific literature, given the interest of test 


developers in developing a test that is unique and differentiated, developers are likely to attempt 


to identify new biomarkers and loci that are not present in the literature.103  Once the test 


developer has discovered relevant biomarkers from the research step, which can take three to 


five years, the developer moves into assay development or optimization.104  The research stage 


can often be a substantial investment, costing in the ballpark of $100 to $150 million when 


accounting for the samples analyzed and the requisite processing.105 


106. With respect to the time for the research step for adding a new cancer type to an 


existing test, although it is possible that the R&D process may be shortened because the 


company has already elected to pursue a mutation or methylation-based approach, the company 


seeking to identify additional cancer types using the cancer screening test would need to pursue 


new biomarker discovery for the new cancer(s).  To date, scientists have not discovered any 


biomarkers that are “pan cancer”, and this is not unexpected given what we understand about the 


biological drivers.  Therefore, even though companies may chance upon one or a few relevant 


biomarkers for the new cancer type during development of their previous cancer screening test, 


full biomarker discovery would still be required to identify a panel of biomarkers for the new 


 
102 Id. at 80:20–25. 


103 See id. at 81:1–10. 


104 See Otte (Freenome) Dep. Tr. 92:17–93:8. 


105 Id. 
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cancer type(s) to ensure the accuracy, specificity and sensitivity needed for an early cancer 


screening test.  The challenge is multiplied manyfold as the number of cancers under 


consideration to be screened increases. 


107. After the test developer is satisfied with the biomarkers selected for the assay, the 


test developer enters the “development” stage, and focuses on optimizing the assay across 


different metrics, including costs, quality control and other performance characteristics.106  The 


length of the development stage often depends on the complexity of the assay.  For example, an 


assay that is investigating multiple cancer types, or is analyzing multiple analytes may require 


more time than the assay development stage for a single cancer assay.107  The development stage 


can take multiple years and also impose a cost of about $50 to $100 million.108 


2. Validation/Clinical Studies 


108. After the test developer has completed the initial research and development steps, 


to support the marketing and reimbursement of a clinical oncology test as either a laboratory 


developed test (“LDT”) or in vitro diagnostic test (“IVD”) with FDA approval, oncology test 


developers must perform clinical studies to validate the efficacy of any clinical oncology test in 


detecting cancer, and to identify the cancers that such tests are intended to detect at an early 


stage.109  The studies that are required to validate a diagnostic test, and in particular a multi-


 
106 Id. at 91:1–15. 


107 See id. 


108 Id. at 95:16–96:6. 


109 Dr. Cance of the American Cancer Society (“ACS”) recognizes that “ACS would not consider guidelines 
for MCED tests until there was a plethora of evidence for their efficacy and that it was reviewed – and that was 
subsequently reviewed by our guidelines development group.”  (Cance (ACS) Dep. Tr. 35:19–36:6.)  The American 
Cancer Society would “rely on published results of those clinical trials to help it establish screening guidelines for 
MCED tests.”  (Id. at 36:22–25; see also 50:3–7 (“multi-cancer detection tests need more data and validation in 
order to assist with cancer diagnosis determinations.”).) 







 


 


48 
 


CONFIDENTIAL – FTC DOCKET NO. 9401 


cancer screening test, is well-established to be the biggest expense incurred by a clinical test 


developer in pursuing an early cancer screening test.110  While the requirements for an LDT test 


are likely to be much less stringent than would be required for FDA approval, in order for an 


LDT to gain traction with relevant stakeholders, it will have to undergo extensive and rigorous 


clinical validation. 


109. For an LDT test that will be conducted by a CLIA-certified laboratory,111 a test 


developer may conduct any one of several types of clinical trials.   


110. Retrospective, case-control study.  The simplest of these is known as a “case-


control study.”  In the case of the development of a cancer screening test, a study that analyzes 


specimens (e.g., blood) collected from patients for whom the cancer status is already known 


(positive or negative) is “retrospective” because it is backward-looking.  A retrospective, case-


controlled cohort study uses pre-collected samples from at least two cohorts of individuals:  one 


with samples from patients diagnosed with the target cancer or cancers; one with samples from 


healthy donors who have been “matched” by age or other parameters to the cohort of cancer 


patient.112  A case-control study may also have a third cohort of samples from patients diagnosed 


with non-malignant diseases of the same organ or organs for the relevant cancer types.   


 
110 For example, FMI’s COO states that “clinical trials are very expensive” and “in the tens of thousands per 


patient” (June 18, 2021 Konstantin Fiedler (FMI) Dep. Tr. 71:2–11), and Natera states that “[t]he level of investment 
needed to develop an early detection test is very high . . . because the studies are larger.”  (March 3, 2021 John 
Fesko (Natera) IH Tr. 90:3–13).  See also May 27, 2021 Nitin Sood (Guardant) Dep. Tr. 26:23-27:8 (“Both 
development and clinical trials are very expensive.”). 


111 The Centers for Medicare & Medicaid Services (CMS) regulates all laboratory testing (except research) 
performed on humans in the U.S. through the Clinical Laboratory Improvement Amendments (CLIA) passed by 
Congress in 1988, which established quality standards for all laboratory testing to ensure the accuracy, reliability 
and timeliness of patient test results regardless of where the test was performed.  Before a clinical laboratory can 
apply for state licensure to operate, it must first obtain CLIA certification from the CMS and become a CLIA-
certified laboratory.  See, e.g., CMS, Clinical Laboratory Improvement Amendments (CLIA), Last Modified: 
03/09/2021, at https://www.cms.gov/regulations-and-guidance/legislation/clia. 


112 Cance (ACS) Dep. Tr. 60:24–61:6 (describing case control studies). 
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111. There are no specific sample size requirements for such case-control studies.113  


Such studies vary from fewer than 100 samples in each cohort to several thousands of samples114 


in larger studies.  Such studies range in cost and time from a few months at a cost of less than a 


million dollars up to a few years at a cost of tens of million dollars.  For example, FMI/Roche 


anticipates that a case-control, validation study115 of a potential cancer screening test would take 


about 500 patients and $2.8 million in sample collection and testing costs.116  As reviewed in the 


next section, this is significantly less than the cost of a prospective study. 


112. Prospective, observational study.  In contrast to a retrospective study, a study 


which collects blood from patients who are asymptomatic, and thus have no signs of cancer, and 


then follows these patients for a period of time to see who develops cancer, is “prospective” or 


forward-looking.  Participants in a prospective study are enrolled into the study before they 


develop or are diagnosed with the disease or outcome in question—in the case of cancer 


screening tests, cancer.117 


113. A study is “observational,” where the investigator will not act upon study 


participants, but instead will observe natural relationships between factors and outcomes.  In an 


 
113 Id. at 60:19–23. 


114 When a large number of samples are needed, the study often need to collect samples from multiple hospitals 
and medical centers, and are thus termed “multicenter” studies.  


115 A validation study is used to observe, document, and understand variation in the data generated under 
specific laboratory conditions.  Validation helps define the scope or range of conditions under which reliable results 
may be obtained. 


116 See ROCHE-00000864 (Perettie Dep. Ex. 7) at “Sample cost model” tab. 


117 Dr. Cance testified that “the ideal test [] for most drugs, clinical trials, tests, the ideal test is a prospective 
randomized trial, where people would be randomly, in this case, given the test or not, and followed and seeing when 
– if they develop cancer and if they died from cancer. . . .  In a detection test, the concern that it takes years and 
years to follow people along, which makes it impractical to use that as the sole criteria.”  Cance (ACS) Dep. Tr. 
61:18–62:9. 
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observational study, the physician overseeing the patient will not be informed of any test results 


at least until after the study is over.   


114. In contrast to a retrospective case-control study, FMI/Roche estimated that a 


prospective observational study of a potential cancer screening test would require samples from 


at least 5,000 patients over three years of sample acquisition, from both inside Roche and from 


blood banks, at a cost of about $100 million.118  However, many prospective observational 


studies for cancer screening tests have been even bigger.  For example, Guardant spent between 


$70–100 million and year-and-a-half to two years to collect about 10,000 or more samples for its 


prospective observational colorectal cancer screening trial, and this for screening of a single type 


of cancer.119  Prospective studies for tests that will analyze multiple cancer types simultaneously 


are likely to require more samples and more funding correspondingly. 


115. Prospective, interventional study.  A study is “interventional” where the 


investigator intercedes as part of the study design.  In other words, upon a positive finding in a 


cancer screening study, the physician overseeing the patient will be informed, and is likely to 


order follow-up tests to rule in or out cancer, and then corresponding treatments if the patient is 


diagnosed with cancer.  The cost of prospective interventional studies is obviously higher than 


for even a prospective observational study. 


116. For any prospective study, the study size should be big enough to provide 


sufficient statistical power (with considerations of the associated variabilities) to answer the 


questions posed by the pre-specified endpoints under investigation, and not too big to avoid 


exposing participants of unnecessary procedures and treatments and to reduce unnecessary cost. 


 
118 See ROCHE-00000864 (Perettie Dep. Ex. 7) at “Sample cost model” tab.  


119 June 2, 2021 Chudova (Guardant) Dep. Tr. 28:18–29:17; 31:11–32:7; 130:14–131:17. 
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117. Although I understand that the FDA has provided little guidance on what studies 


it will require for a cancer screening test for more than one cancer type, based on my experience 


with past clinically approved products, I expect that the requirements for obtaining premarket 


approval from the FDA will be more stringent than for a test developer to commercialize an 


LDT.  Based on my experience as a physician and a researcher, it is my expectation that the FDA 


will only consider results from well-controlled clinical studies in “a significant portion of the 


target population” that will demonstrate that the test “will provide clinically significant 


results.”120  Specifically, for the FDA to approve a cancer screening test it is likely that the 


developer of a potential cancer screening test would need to conduct a large, prospective, 


interventional study in asymptomatic patients.121   


118. In other words, for an early cancer screening test, whose target population 


comprises asymptomatic individuals who do not have a diagnosis of cancer, the clinical study 


cannot use samples from cancer patients, but will need to collect fresh samples prospectively 


from a large enough set of individuals to qualify as “a significant portion of the target 


population.”  Recalling that the incidence of cancer in an asymptomatic population is only 4 in 


1000 individuals, this means that any proposed study will need to include many thousands of 


such individuals to provide the opportunity to find diverse cancer types and to have enough 


 
120 21 CFR § 860.7; FDA, PMA Clinical Studies, current as of 05/22/2020, at https://www.fda.gov/medical-


devices/premarket-approval-pma/pma-clinical-studies#determination (“There is reasonable assurance that a device 
is effective when it can be determined, based upon valid scientific evidence, that in a significant portion of the target 
population, the use of the device for its intended uses and conditions of use, when accompanied by adequate 
directions for use and warnings against unsafe use, will provide clinically significant results. The valid scientific 
evidence used to determine the effectiveness of a device shall consist principally of well-controlled investigations.”). 


121 See, e.g., June 22, 2021 Kevin Conroy (Exact) Dep. Tr. 34:1–13 (“until you’ve run a large prospective 
study, you don’t know what the true performance of the test is in the population that it’s intended to be used.”); June 
8, 2021 Fesko (Natera) Dep. Tr. 35:1–12 (“Asymptomatic cancer involves the search for rare events, and rare events 
require larger trials to get statistical power to comprehensively evaluate sensitivity and specificity of a diagnostic 
technology.”). 
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patients who will be diagnosed with cancer to be statistically valid.  Further, the study must be 


interventional to evaluate whether the early cancer screening test can “provide clinically 


significant results.”   


119. In this case, I anticipate that “clinically significant results” will include a 


determination that a higher than expected proportion of the diagnosed cancers are detected at 


early, potentially curable stage, and may even require follow-up of these patients to determine if 


early diagnosis and intervention did indeed result in higher than expected cure rates.  Such 


clinical studies will take months of planning, one or more years of recruiting participants at 


multiple sites,122 testing and analysis of samples, diagnostic follow-up to rule in or out cancer, 


further therapeutic intervention for those that are diagnosed with cancer, multiple years of 


follow-ups,123 and at least multiple hundreds of millions of dollars in cost and expense over a 


minimum of 5–7 years.  And, this would not include the years of work and expense that would 


be needed to develop a potential multi-cancer screening test in the first place. 


120. As a result, completion of successful clinical studies in a population covering the 


intended use of a cancer screening product is one of the biggest hurdles for an early cancer 


screening test.  For example, Exact/Thrive is currently planning the SOAR registrational trial124 


with 80,000 participants that the FDA has stated may be adequate to support the PMA 


 
122 See, e.g., Chudova (Guardant) Dep. Tr. 132:7-133:10. 


123 A study may be called a “longitudinal” study where subjects are followed over time with continuous or 
repeated monitoring of risk factors or health outcomes, or both.  


124 A “registrational” trial is where the study is intended (as of the time the first patient is enrolled) to obtain 
sufficient data and results to support the filing of an application for regulatory approval.  Depending on the product 
being tested, a registrational trial is often a randomized, controlled trial, or a prospective, interventional trial. 
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application of the CancerSEEK test.125  Exact/Thrive expects that SOAR will be a multi-year 


study costing about $250 million.126  Similarly, GRAIL will begin collecting additional 


analytical and clinical validation data for its PMA submission starting in 2021; it anticipates that 


this collection and analysis will take at least two years and cost about $34 million.127  GRAIL 


anticipates that it will submit a PMA application to the FDA for Galleri in 2023 to allow for 


potential approval in 2024 or 2025.128   


121. Further, the results from a clinical study of a screening test for a single specific 


cancer cannot be used to support a screening test for a different cancer type or multiple cancer 


types.  For a retrospective, case-control study, only the healthy samples may be re-used to 


evaluate the efficacy of the new test, because samples from the cancer cohort would not have the 


new cancer or cancers under investigation.  As for a prospective, interventional study, the results 


of an earlier trial on a single cancer cannot be used because the intervention being analyzed for 


the new cancer types covered by the new screening test will be different from the intervention in 


the original study.129   


 
125 See Exact_Ill_Resp_00000685 at -724 (noting that the proposed study is adequate “if the study is 


successfully executed and meets its stated objectives.”). 


126 June 4, 2021 Dave Daly (Thrive) Dep. Tr. 178:4–18. 


127 See GRAIL HSR 4(c)-2 Submission, PX5044 at PX5044-027 (PATHFINDER 2 projection); GRAIL 
Narrative Responses & Compliance Certificate at pp. 14, 17. 


128 GRAIL Narrative Responses & Compliance Certificate at pp. 14, 17. 


129 This is different from a bridging or comparison study in support of switching an NGS sequencing platform 
or switching a technical modality discussed in  X.B below, because there, the intervention stays the same despite the 
methodological change; whereas here, the interventions would be different.  However, such specimens may be used 
for a prospective, observational study under some circumstances. 
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122. Some test developers also pursue a verification step before entering into large 


scale prospective clinical validation trials.130  In a verification step, the test developer uses the 


working assay that will be evaluated in the validation trial and uses a smaller number of samples 


to ensure that the workflow will work and ensure a minimum level of quality control and 


consistency before commencing the trial.131  It is estimated that this step will take a few months, 


but can take longer if verification identifies problems with the assay that should have been 


addressed during the development stage.132 


3. Addition of a New Cancer to An Existing Test 


123. Relying primarily on the testimony of Caris President David Spetzler, Dr. Scott 


Morton asserts that once you have an existing cancer screening test, it becomes easier to add 


additional cancers.133  I disagree with Dr. Scott Morton and take issue with Dr. Spetzler’s 


rationale:  he suggested that the FDA may not require a full prospective validation when Caris 


tries to add breast cancer screening to its hypothetical colon cancer screening test and that there 


may be a relaxed standard of clinical evidence once a developer has been approved for one 


indication.134  Based on my experience as a physician and practicing in clinical oncology for 


 
130 Otte (Freenome) Dep. Tr. 100:2–101:2 


131 Id. 


132 Id. 


133 Morton Rpt. ¶ 37. 


134 February 12, 2021 Spetzler (Caris) IH Tr. 94:2–95:1 (“Q. When do you think that you would be able to 
expand to the breast cancer screening? A. So, again, I think it just depends on how those conversations go. Right? 
So, you know, let’s say we’ve got our 10,000 colon. Well, 5,000 of them are women. We know that they didn’t 
develop breast cancer because, you know, we’re screening them and following them for colon cancer. And we’ve 
got, you know, say, 5,000 breast cancer samples that we profiled already. You know that -- they may say, “Okay, 
hey, go ahead,” or maybe, “We want to see a full prospective validation.” I can’t -- I can’t predict what they’re 
going to say. The second one may be, you know, more similar to kind of the original study, you know, but it may be 
as we start to do more of these and more of these and more of these, it’s kind of like, okay, the preponderance of the 
evidence is so great now that this works everywhere, that it gets easier to say yes to. Q. Is it fair to say there are 
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many years, should FDA adopt either of these approaches, it would be a significant retreat from 


its longstanding practice to only consider studies of “a significant portion of the target 


population” that will demonstrate that the test “will provide clinically significant results.”   


124. In my view, it would take much longer for a prospective, interventional clinical 


study to demonstrate the efficacy of the cancer screening test in asymptomatic population, and 


then for the FDA to approve the LDT test as an IVD test (whether as a single-site or as a 


distributable kit).  The whole process will likely take seven to ten years, at minimum.  Therefore, 


contrary to Dr. Scott Morton’s contention, it does not make sense for a series of IVD tests to be 


created by adding cancers one-by-one, because a costly new prospective, interventional clinical 


study would likely be required for each additional cancer. 


VI. EXEMPLARY CLINICAL ONCOLOGY TESTING WORKFLOW 


125. Before I discuss the characteristics of specific tests, I address briefly an 


exemplary testing workflow.  Dr. Scott Morton contends that “Illumina’s NGS products are 


critical inputs for MCED developers.”135  But even to the extent that a cancer screening test 


developer uses Illumina’s NGS product, the sequencing step is only one part of a multi-step 


workflow.   


 
efficiencies of scale sort of here? So as you apply more cancers that this product is capable of screening for, it 
becomes easier to -- to get approval for that particular type of cancer? A. Yes. Yeah.”) 


In addition, Dr. Scott Morton asserts that Illumina executives recognize this same fact, quoting an Illumina 
executive’s observation that “companies ‘can simply work on showing incremental benefit’ of additional cancers.”  
Morton Rpt. ¶ 37 (citing PX2023 at 001).  Dr. Scott Morton either misunderstood this or took this out of context: 
Illumina recognized that companies can work on showing the incremental benefit of an early detection test for 
colorectal cancer over the existing screening modalities that exist today (“This is one reason several companies 
(Exact, Guardant, Freenome) are all starting with a cancer type that is already screened-colorectal (with colonoscopy 
primarily), so they can simply work on showing incremental benefit.”)  Further, I believe Dr. Scott Morton may be 
conflating two separate issues—the comparative difficulty in developing a single vs. multi-cancer screening test.  It 
is clearly more difficult to develop a multi-cancer screening test, particularly one that will also determine the cancer 
signal of origin. 


135 Morton Rpt. ¶ 12.g. 
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Figure 3:  Testing Workflow  


 


126. As shown in the above figure, sequencing comprises only one step in the overall 


testing workflow.  The steps are (i) specimen collection, (ii) sample preparation (nucleic acid 


extraction), (iii) library preparation, all of which are involved in preparing the sample, (iv) 


sequencing, (v) data processing and (vi) data interpretation/reporting.  For any test that uses 


sequencing, only two of these six steps involve Illumina’s NGS instruments. 


127. First, an appropriate sample specimen is collected, such as a tissue biopsy sample, 


or blood sample for liquid biopsy.  A blood sample is collected by a phlebotomist.  The samples 


are stored at low temperature and the relevant portion of the sample, such as the abnormal tissue 


or blood plasma, is separated for further use.  For a sample that is collected as part of a regular 


check-up, it will be received by the lab within a day or a few days. 


128. Second, the sample is processed so that the nucleic acid (DNA and/or RNA) 


contents are extracted and purified from the samples.  The nucleic acids are often quantitated and 


purity-assessed, so that a desired amount of relatively pure nucleic acids can be used for further 


processing.  This step is commonly referred to as sample preparation, or “sample prep,” which is 


performed by a trained lab technician, and takes about 1 to 2 hours. 


129. Third, the purified nucleic acids undergo library preparation.  Library preparation 


processes are proprietary to assay developers and are used to transform the purified nucleic acids 


into a library of DNA/RNA fragments that is capable of being sequenced using a sequencing 
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instrument.  For short-read sequencers, the DNA/RNA is first fragmented into pieces comprising 


a length that is suitable for the read-length of the sequencer, typically 100–150 bps.  For RNA, a 


cDNA synthesis step is added to convert single stranded RNA into complementary, double-


stranded DNA.  Then adaptors suitable for the NGS sequencer, which are either included as part 


of the proprietary library preparation kit or purchased from one of many providers, are added 


(i.e., ligated) to the end of the fragmented DNA.  For short-read sequencers, the ligated DNA is 


typically amplified using PCR, using the adaptor sequence as primers.  The adaptor-ligated (and 


amplified for short-read sequencers) samples are called sequence “libraries.”  This step is 


commonly referred to as library preparation, or “library prep,” which is performed by a trained 


lab technician, and takes about 2.5 hours for DNA library prep and about 5.5 hours for RNA 


library prep. 


130. Fourth, the DNA libraries are sequenced using the NGS sequencers.  This 


sequencing step is commonly automated by the sequencer and the sequencing time varies 


significantly between sequencers.  For example, Thermo Fisher’s Ion GeneStudio™ S5 


sequencer with Ion 550™ Chip takes about 8.5–11.5 hours, whereas Illumina’s NovaSeq 6000 


with S4 flow cells takes about 45 hours.136 


131. Fifth, the data generated by the sequencer (which varies depending on the type of 


sequencer)137 is converted into DNA base sequences, i.e., A, G, C, T, and U for bisulfite 


 
136 See Sections IX.A, IX. B.  


137 For example, the data may be image information generated by the fluorescent tags or electrical current 
information generated by the DNA strand passing through the nanopore. 
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converted methylated C.138  This step is called data processing, and is often conducted at the 


same time or soon after the sequencing step. 


132. Last, the sequence data is analyzed and interpreted by the software proprietary to 


the test developer, often driven by artificial intelligence, to classify the samples with genomic 


changes, epigenomic modifications, chromosomal changes, and RNA fusions, and report is 


generated showing ultimate results of the test.  This step is called data interpretation and 


reporting, and can take anywhere from an hour to much longer, depending on the application. 


VII. GRAIL’S GALLERI TEST 


A. Overview of GRAIL’s Galleri Test 


133. GRAIL has developed a multi-cancer screening test, Galleri, that simultaneously 


screens for over 50 different types of cancers from a single blood sample.139  Galleri is the first 


blood-based multi-cancer early screening test to be offered to asymptomatic patients with no 


history of cancer, and was launched on a limited basis in April 2021 as an LDT.  Galleri is 


designed to detect cancer through epigenomic analysis of a single blood draw before a patient 


ever shows symptoms (e.g., lesions, lumps, or other signs of cancer).  In clinical studies, Galleri 


has detected over 50 types of cancers, of which 45 do not currently have a recommended 


screening procedure in the US.140  Notably, Galleri appears to have high sensitivity and 


 
138 Oxford Nanopore’s long-read sequencers can directly detect methylated C and other base modifications 


because its base-detection sensor is sensitive to such modifications.  See Section IX.E below. 


139 GRAIL-DOC-01555372 at slide 22 (providing overview of Galleri), slide 100. 


140 See GRAIL, GRAIL Confirms Q2 2021 Introduction of Galleri, First-of-Kind Multi-Cancer Early Detection 
Blood Test, Jan. 11, 2021, available at https://grail.com/press-releases/grail-confirms-q2-2021-introduction-of-
galleri-first-of-kind-multi-cancer-early-detection-blood-test/; see also GRAIL, GRAIL Presents Interventional 
PATHFINDER Study Data at 2021 ASCO Annual Meeting and Introduces Galleri, a Groundbreaking Multi-Cancer 
Early Detection Blood Test, June 4, 2021, available at https://grail.com/press-releases/grail-presents-interventional-
pathfinder-study-data-at-2021-asco-annual-meeting-and-introduces-galleri-a-groundbreaking-multi-cancer-early-
detection-blood-test/; GRAIL, New Research Suggests Multi-Cancer Early Detection Blood Test Could Reduce 
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specificity for forms of cancer that have no routine screening options, are usually detected at late 


stage and thus are often lethal.141 


134. Unlike certain other cancer screening test developers, who are taking a mutational 


approach to detecting cancer (including as one type of biomarker in a multiomics approach), the 


Galleri test detects cfDNA released by cancer cells using a targeted methylation assay.142  


Specifically, GRAIL looks at regions of the genome for clusters of CpG dinucleotides that are 


methylated or unmethylated.143  GRAIL has developed a machine learning algorithm that 


differentiates abnormal tumor cfDNA methylation patterns from normal cfDNA methylation 


patterns.144  The machine learning algorithm (a form of artificial intelligence) used by Galleri can 


continue to “learn” as more cases are analyzed, and thus is capable of becoming more accurate 


over time as GRAIL gains more data differentiating true and false positives.   


135. To date, GRAIL has developed three versions of Galleri.  Version 1 (“v1”) of 


Galleri was used in GRAIL’s Circulating Cell-Free Genome Atlas substudy (CCGA2) and the 


PATHFINDER Study, discussed below.  Subsequently, GRAIL simplified the laboratory 


processes, reduced reagent usage, updated its data processing pipelines, and updated Galleri’s 


 
Late-Stage Cancer Diagnoses by More Than Half, Dec. 16, 2020, https://grail.com/press-releases/new-research-
suggests-multi-cancer-early-detection-blood-test-could-reduce-late-stage-cancer-diagnoses-by-more-than-half/. 


141 Chen X, et al., Prognostic Significance of Blood-Based Multi-cancer Detection in Plasma Cell-Free DNA, 
Clin Cancer Res June 4 2021 DOI: 10.1158/1078-0432.CCR-21-0417; GRAIL-DOC-01555372 at slide 60 (noting 
that clinical trials indicate that Galleri can preferentially detect lethal cancers). 


142 For a detailed explanation of GRAIL’s targeted methylation assay see GRAIL-DOC-01606625 at -654-663, 
678–680.  


143 April 29, 2021 Interview with Alex Aravanis (Illumina); GRAIL-DOC-01555372 at slides 30–40.   


144 Bryce AH et al., Performance of a Cell-Free DNA-Based Multi-Cancer Detection Test as a Tool for 
Diagnostic Resolution of Symptomatic Cancers, AACR 2021 Poster, https://grail.com/wp-
content/uploads/2021/04/Bryce_6506-2021-AACR-DAC-CPC-Audio-Poster-26MAR2021.pdf.  
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cancer classifier algorithm based on additional training data to create a Version 2 (“v2”) of the 


Galleri test.145  GRAIL launched v2 of the Galleri test as an LDT on June 7, 2021.  GRAIL is 


currently developing a third version of Galleri, which GRAIL intends to submit for FDA 


approval.146  GRAIL will begin collecting additional analytical and clinical validation data for its 


PMA submission starting in mid-2021; it anticipates that this collection and analysis will take at 


least two years.147  GRAIL anticipates that it will submit a PMA application to the FDA for 


Galleri in 2023 to allow for potential approval in 2024 or 2025.148   


136. Depending on the type of cancer, Galleri v1 can detect Stage I and Stage II 


cancers between 18–43% of the time overall.149  Galleri’s current sensitivity rate for v2 of its test 


(which is the version that is available as an LDT) is 51.5% for all cancer types across stages.  


This includes cancers that have no screening test today, are usually only found at advanced stage 


and thus have a high mortality rate.  These results suggest that the Galleri test as currently 


constructed has the ability to save lives by detecting dangerous cancers at an earlier, potentially 


curable stage.  Galleri’s specificity for v2 of its test is 99.5%.150  At this time, Galleri is not 


meant as an alternative or replacement to standard cancer screening procedures, but rather a 


 
145 GRAIL Narrative Responses & Compliance Certificate, p. 14. 


146 May 26, 2021 Hans Bishop (GRAIL) Dep. Tr. 204:23–205:7. 


147 GRAIL Narrative Responses & Compliance Certificate, p. 14. 


148 Id. 


149 Liu MC, et al., Sensitive and specific multi-cancer detection and localization using methylation signatures 
in cell-free DNA, Ann Oncol. 2020; 31(6):745-59 (“Liu 2020”), at 745.  See also GRAIL-DOC-01555372 at slide 
54; GRAIL-2R-00000046 at slide 42 (showing Galleri v1 can detect Stage I and Stage II cancers between 25-75% of 
the time.)  


150 Klein EA et al., Clinical validation of a targeted methylation-based multi-cancer early detection test using 
an independent validation set, Ann Oncol. June 24, 2021 (“Klein 2021”) at 1; GRAIL-LIT-00224348 at slides 9, 13. 
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complement to recommended screenings, designed to detect more cancers earlier while 


minimizing the harms that may come from a false positive result.151 


B. Galleri Test Workflow 


137. To run the Galleri test, GRAIL’s CLIA-certified laboratory follows a multi-step 


workflow that follows a standard procedure used for many NGS-based tests.  GRAIL uses a 


number of suppliers for inputs used in performing the Galleri test.  (See Appendix C attached.) 


Figure 4:  Galleri Test Workflow152 


 


 First, the Galleri test uses blood biopsy specimen collected from participants.  
Blood plasma is separated from blood cells.   


 Second, cfDNA (i.e., the nucleic acids) are isolated through sample prep.   


 
151 See GRAIL-DOC-01555372 at slides 76–90; see also GRAIL-DOC-01908604 at slides 18–20; GRAIL-


LIT-00071012 at slides 13–14.  See also Cance (ACS) Dep. Tr. 50:10–19 (“Until they are fully validated and 
studied, multi-cancer early detection tests may complement but not replace the existing screening methods.”); March 
21, 2021 Declaration of Dr. William G. Cance (PX8398) ¶ 9. 


152 Alexander G, et al., Analytical performance of a cfDNA-based targeted methylation muti-cancer early 
detection test for population-scale screening, AACR 2021.  See AACR, April 14, 2021, available at 
https://www.aacr.org/blog/2021/04/14/aacr-annual-meeting-2021-facilitating-early-cancer-detection-with-liquid-
biopsy/. 







 


 


62 
 


CONFIDENTIAL – FTC DOCKET NO. 9401 


 Third, the sample undergoes library preparation and enrichment.  At this step, 
GRAIL’s laboratory prepares the cfDNA and prepares it to be compatible with a 
sequencer.  GRAIL fragments the DNA samples into smaller pieces of DNA and 
adds specialized adapters to both ends of the DNA fragments, which allow the 
fragments to bind to a flow cell, a surface designed for those DNA fragments to 
attach to for the purpose of sequencing.153  GRAIL also enriches certain sections 
of the genome that are important for the test.154   


Like other tests that rely on NGS sequencing, the proprietary steps for GRAIL’s 
test occur in the library prep stage, where GRAIL prepares the samples so that the 
analytes it seeks to analyze are detected, and at the last phase where it uses its 
proprietary algorithm to interpret the base calls that the NGS sequencer has 
provided.  


 Fourth, the prepared sample then is sequenced.  GRAIL’s laboratory currently 
uses the Illumina NovaSeq 6000 with an S4 flow cell to process the Galleri 
assay.155   


At this step, the library is loaded onto a flow cell and placed on the sequencer.  
The sequencer amplifies the DNA fragments through “cluster generation,” which 
copies the fragments into millions of copies of single-stranded DNA.   


 Fifth, the sequencer then identifies the nucleotides in the fragments (“base 
calling”) and gives the predicted accuracy of each base call.   


 Sixth, GRAIL uses its proprietary algorithm (i.e., the classifier) to analyze the raw 
data from the sequencer to identify the presence of cancer and the origin of the 
cancer signal.  GRAIL also prepares a report for the physician to provide the 
results of the Galleri test. 


C. Galleri’s Clinical Studies 


138. GRAIL has undertaken three major clinical studies to validate its test, while 


another clinical study is currently in the enrollment process.156  These clinical studies are 


discussed in further detail below: 


 
153 June 25, 2021 Alex Aravanis (Illumina) Dep. Tr. 117:8–11. 


154 June 24, 2021 Arash Jamshidi (GRAIL) Dep. Tr. 59:9–23. 


155 See Jamshidi (GRAIL) Dep. Tr. 31:11–17. 


156 GRAIL-DOC-01555372 at slides 46–47 (providing overview of GRAIL’s clinical development program 
and associated population-scale studies). 
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1. Circulating Cell-Free Genome Atlas Study 


139. The Circulating Cell-Free Genome Atlas Study (“CCGA”), started in August 


2016, is GRAIL’s foundational study.  It is a prospective, multicenter, case-control, 


observational study with longitudinal follow-up.157  It involved the collection of de-identified 


biospecimens (blood and tissue samples) and clinical data from clinical networks in the United 


States and Canada, involving the enrollment of 15,254 participants and a cost of about $30 


million.158  Of those participants, 44% did not have a known cancer diagnosis while 56% had a 


newly diagnosed cancer ranging from early to late-stage.159  GRAIL collected up to 80 mL of 


blood from each participant, while also collecting tissue samples of the individuals with a known 


cancer diagnosis.160  Under the CCGA study, GRAIL followed up with its participants for a 


period of 5 years.161   


140. GRAIL designed the CCGA study to determine if cfDNA sequencing, in 


combination with machine learning, would be able to (1) detect a large number of cancers at a 


high enough specificity to be used as an early cancer screening test for the general population, 


and (2) determine the tissue of origin of detected cancers (an essential tool in determining next-


 
157 Liu 2020 at 745. 


158 Id.; PX5044. 


159 Liu 2020 at 747. 


160 Id. 


161 GRAIL-DOC-01555372 at slide 48. 
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steps once cancer has been detected in a patient).162  CCGA is expected to be completed in 


March 2024; in total, CCGA study will have spanned nearly eight years.163 


141. The design of CCGA involves three sub-studies.  The first sub-study was 


designed to discover and differentiate cancer biomarkers, to determine the most effective way to 


identify multiple cancers and their signal of origin, and train GRAIL’s machine learning 


algorithms to detect those biomarkers.164  This is the step described above generally as “research 


and biomarker discovery.”  GRAIL then proceeded to the step described above as “development” 


in CCGA2, which was designed to perform further analysis, training, and validation of v1 of the 


Galleri test:  specifically, to discover methylation patterns of identified cancer biomarkers 


associated with known cancer types, and then train and validate a machine-learning classifier to 


differentiate methylation patterns associated with cancer vs. non-cancer as well as predict the 


origin of the cancer signal.  This training and validation was to demonstrate the feasibility of 


detecting cancer and predicting signal of origin with minimal false positives.165  The third sub-


study was designed to further validate the assay for multi-cancer detection and the identification 


of the cancer signal of origin.166  The sub-studies are described in additional detail below. 


 
162 Liu, 2020 at 747. 


163 GRAIL-DOC-01555372 at slide 47. 


164 Klein EA et al., Development of a comprehensive cell-free DNA (cfDNA) assay for early detection of 
multiple tumor types: The Circulating Cell-free Genome Atlas (CCGA) study, J Clinical Oncology May 20, 
2018;36(15_suppl):12021, DOI: 10.1200/JCO.2018.36.15_suppl.12021 (“Klein 2018”). 


165 Liu 2020; GRAIL-DOC-01555372 at 46. 


166 Klein 2021.   
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a. CCGA1 


142. In CCGA1, GRAIL investigated a variety of approaches to determine which 


approach performed the best for purposes of an early cancer detection test.  CCGA1 focused 


exclusively on a single analyte, blood, and investigated multiple types of biomarkers, including 


cancer-derived mutations (single nucleotide variants and small variants), chromosome alterations 


(copy number and fragment features such as length and endpoint analysis through whole-genome 


sequencing), and methylation patterns (through whole genome bisulfite sequencing).  Through 


the CCGA1 sub-study, GRAIL concluded that interrogating genome-wide methylation patterns 


using bisulfite sequencing outperformed targeted sequencing and whole-genome sequencing 


approaches to detect cancer-derived mutations or chromosome alterations.167  In other words, 


GRAIL concluded through this study that interrogating methylation was the best approach for 


detecting cancer signals, and that some regions of the genome and their methylation status were 


more informative than others with regards to cancer signals.168  Also, GRAIL found that 


methylation patterns are highly effective at identifying the origin of the cancer signals.169  


GRAIL selected a targeted methylation-based assay (Galleri v1) for further development in 


CCGA2.  In total, CCGA1 took two years (though GRAIL had already commenced research and 


biomarker discovery before commencing CCGA1). 


b. CCGA2 


 
167 Liu 2020 at 753; Klein 2018. 


168 Jamshidi (GRAIL) Dep. Tr. at 60:8–62:4; 65:11–67:19. 


169 Oxnard GR et al., Simultaneous multi-cancer detection and tissue of origin (TOO) localization using 
targeted bisulfite sequencing of plasma cell-free DNA (cfDNA), Ann Oncol. 2019;30(suppl 5):LBA77; Liu MC et 
al., Genome-wide cell-free DNA (cfDNA) methylation signatures and effect on tissue of origin (TOO) performance, J 
Clin Oncol. 2019;37(suppl 15):3049. 







 


 


66 
 


CONFIDENTIAL – FTC DOCKET NO. 9401 


143. The second CCGA sub-study, CCGA2, was designed to perform analysis, 


training, and validation of the Galleri v1 test, using the Galleri v1 assay developed using the 


findings from CCGA1.  CCGA2 included 6,689 participants, which were divided into a training 


set of 4,720 participants and an independent validation set of 1,969 participants, of which 4,316 


participants (training: 3052; validation: 1264) were ultimately included in the final analysis 


population.170  The results of the CCGA2 study, published in Annals of Oncology in March 


2020, showed that Galleri was capable of detecting more than 50 cancer types at a specificity of 


99.3%.171  Galleri v1 achieved a sensitivity of 43.9% for all cancer types.172  Galleri v1 


demonstrated a cancer signal of origin prediction accuracy of 93%.173  CCGA2 took another two 


years. 


c. CCGA3 


144. CCGA3, the third CCGA sub-study, was designed to evaluate Galleri’s 


performance by testing a large cohort of samples from participants with and without cancer and 


to validate Galleri v2 as a multi-cancer early detection test capable of population-wide testing.174  


CCGA3 ultimately reported that GRAIL’s Galleri v2 test achieved a specificity of 99.5% across 


more than 50 cancer types, a false-positive rate of 0.5%, sensitivity of 51.5% for all cancers, and 


 
170 Liu 2020 at 750. 


171 Liu 2020 at 745, 754. 


172 Liu 2020 at 745, 754; see GRAIL-DOC-01555372 at slide 70. 


173 Liu 2020 at 745, 754; GRAIL-DOC-01555372 at slide 68. 


174 GRAIL-DOC-01555372; March 23, 2021 Bishop (GRAIL) IH Tr. 80:16–25 (“One of [the] objectives [of 
CCGA-1 was to compare and contrast different scientific approaches to detecting cancer.  The second study, CCGA-
2, after we had downselected what we thought was the winner from CCGA-1, was to confirm and get more 
information about its performance, and CCGA-3 was about validating that performance.”). 
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a signal of origin prediction accuracy of 88.7%.175  Galleri v2 is the test currently being offered 


by GRAIL as an LDT. 


2. PATHFINDER 


145. Starting in December 2019, GRAIL began enrolling participants for its 


prospective, multi-center study PATHFINDER.  PATHFINDER’s primary goal is to assess the 


extent and types of diagnostic testing required to achieve a diagnostic resolution after a patient 


has received a cancer screening test result that indicates “Signal Detected;” meaning the potential 


presence of cancer, along with a predicted or indeterminate tissue of origin.176  Another goal of 


PATHFINDER is to test the performance of Galleri’s v1 assay and review patient experiences 


and satisfaction with the test.  It is the first study in which Galleri results were returned to 


participants and their clinicians to allow them to undertake the necessary diagnostic steps 


necessary for a proper cancer diagnosis after receiving the results of a Galleri test.  This study 


allowed GRAIL to evaluate the implementation of Galleri in clinical practice.   


146. PATHFINDER recruited 6,662 participants over the age of 50 and divided them 


into two different cohorts, a cohort with additional risk of a positive cancer result (3695; ~55% 


of total enrollment), and another cohort containing participants without any heightened risk 


(2934).  Heightened cancer risk was based on a history of smoking, genetic cancer 


predisposition, or a personal history of malignancy more than 5 years previously.  For each 


participant, blood samples were drawn and analyzed using the v1 version of the Galleri test. 


 
175 Klein 2021, at 1. 


176 Beer TM, et al, Interim Results of PATHFINDER, a Clinical Use Study Using a Methylation-Based Multi-
Cancer Early Detection Test, American Society of Clinical Oncology, June 4-8., 2021, J Clin. Oncol. 39(15):suppl 
3010 (“Beer 2021”). 
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147. GRAIL recently released interim PATHFINDER results.177 These results were 


positive and largely confirmed the previous studies.  In the interim results, Galleri achieved a 


45% PPV.178  By the end of the study, GRAIL predicts v1 of Galleri will show approximately 


30% PPV with a sensitivity of approximately 30% as well.179  GRAIL believes that the 


performance of v2 of Galleri (the current commercial version) reduces the number of false 


positives of the test compared to v1 of the assay.180  GRAIL expects to complete the 


PATHFINDER study in January 2022.181   


3. STRIVE 


148. STRIVE is a prospective, observational, longitudinal, cohort study of 


approximately 100,000 women undergoing mammography for screening indications and 


associated medical care, whose samples were taken around the time of a screening mammogram 


appointment.  The goals of the STRIVE study are to confirm the performance of Galleri in a 


population with no known active cancer diagnosis, validate Galleri’s ability to detect breast 


cancer and to evaluate Galleri’s test performance and sensitivity in the clinically meaningful 


subgroup of breast cancer patients.182  The STRIVE study took its first sample in February 2017 


and finished enrollment in November 2018.  The STRIVE study is actively following up on the 


 
177 Beer 2021; see GRAIL-LIT-00224349 (GRAIL presentation titled “PATHFINDER Interim Analysis 


Results”). 


178 Id.  


179 Interview with Dr. Eric Fung (GRAIL), June 14, 2021. 


180 See GRAIL-LIT-00224349 at slides 31–32. 


181 Clinicaltrials.gov, The PATHFINDER Study: Assessment of the Implementation of an Investigational Multi-
Cancer Early Detection Test Into Clinical Practice, updated January 14, 2021, at 
https://clinicaltrials.gov/ct2/show/study/NCT04241796. 


182 GRAIL-DOC-01555372 at slide 71. 
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participants from their first blood draw until the first documented invasive cancer diagnosis 


(assessed up to 30 months), collecting data on cancer diagnosis and treatment.183 


4. SUMMIT 


149. SUMMIT is a prospective, observational, cohort study.184  The primary objective 


of SUMMIT is to evaluate Galleri’s performance in a smoking population, meaning those with a 


high risk of lung cancer, with no known active cancer diagnosis.  SUMMIT enrolled 


approximately 13,000 participants between the ages of 50-77 with a substantial smoking history 


exclusively from the United Kingdom.185  SUMMIT enrolled its first patient in April of 2019 and 


completed enrollment in May 2021.  Participants in SUMMIT will provide annual blood draws 


for three years, rather than a one-time blood draw.  The study intends to follow up with each 


participant through medical records and the National Cancer Registry for a period of 10 years.   


VIII. DR. SCOTT MORTON’S MARKET DEFINITION ANALYSIS IS FLAWED 


150. Dr. Scott Morton states that “Several biotech companies are currently developing 


MCED tests.  In addition to Grail, I believe that Exact Sciences Corp. (‘Exact’), Thrive Earlier 


Detection Corp. (‘Thrive’), Guardant, Inc. (‘Guardant’), Singlera Genomics, Inc. (‘Singlera’), 


Caris Life Sciences, Inc. (‘Caris’), Freenome, Inc. (‘Freenome’), Helio Health, Inc. (‘Helio’), 


Natera, Inc. (‘Natera’), and Foundation Medicine (‘FMI’) also have MCED tests in various 


stages of development.”186  Dr. Scott Morton provides no empirical evidence to back this claim, 


 
183 Clinicaltrials.gov, The Strive Study: Development of a Blood Test for Early Detection of Multiple Cancer 


Types, updated July 31, 2020, at https://clinicaltrials.gov/ct2/show/NCT03085888. 


184 See GRAIL-DOC-01555372 at slide 46–47, 72. 


185 Clinicaltrials.gov, The Summit Study: A Cancer Screening Study (SUMMIT), updated May 19, 2021, at 
https://clinicaltrials.gov/ct2/show/NCT03934866; GRAIL, Summit Study, https://grail.com/clinical-studies/summit-
study/. 


186 Morton Rpt. ¶ 85.   
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and in my opinion there is no basis to conclude that the companies she identifies as purportedly 


developing “MCED” tests will, in fact, be adopted for the same indications as Galleri anytime in 


the foreseeable future. 


151. First, while many companies other than GRAIL are using various approaches and 


technical modalities to develop early cancer screening tests, none of these other companies are in 


as advanced a state of development as GRAIL.  At this time, the only multi-cancer screening test 


on the market is GRAIL’s Galleri test, which was launched as an LDT to concierge practices in 


the United States earlier this year.  StageZero’s Aristotle test, which will screen for ten cancer 


types using microarray technology, is anticipated to launch as an LDT later this year.187  Both 


Galleri and Aristotle are years away from submitting applications for premarket approval from 


the FDA.188   


152. Second, based on the evidence that I have reviewed, the purported multi-cancer 


screening test developers that Dr. Scott Morton has highlighted, by and large, are more than five 


years away from commercializing a test that is capable of screening for more than one cancer 


type simultaneously and not one of them has demonstrated the ability to simultaneously screen 


for 50 types of cancer simultaneously.189  In her report, Dr. Scott Morton has highlighted Thrive, 


Guardant, Singlera, Caris, Freenome, Helio Health, Natera, and FMI as “MCED” developers.190  


However, except for Thrive, Singlera and Helio Health, the test developers that Dr. Scott Morton 


 
187 June 10, 2021 Dimitri Stamatiou (StageZero) Dep. Tr. 15:5–13, 33:8–12; 68:17–69:6.  


188 May 28, 2021 Joshua Ofman (GRAIL) Dep. Tr. 225:16–227:4; Stamatiou (StageZero) Dep. Tr. 35:25–
36:11. 


189 See Cance (ACS) Dep. Tr. 49:4–21.  Dr. Cance testified that “GRAIL is farther ahead in its development 
process than the other companies that are developing MCED tests that we discussed today.”  Id. at 62:10–14. 


190 Morton Rpt. ¶ 85. 
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has identified have not demonstrated in scientific publications that they possess a cancer 


screening test that is capable of simultaneously detecting more than one cancer type 


simultaneously from a single sample, let alone for over 50 cancer types.191  Even Helio Health 


and Singlera have now elected to focus initially on single-cancer screening before seeking to 


expand their test to cover multiple cancer types.192  Dr. Scott Morton notes throughout her report 


that GRAIL identified certain of these test developers as “key competitors” to Galleri in an 


August 2019 presentation.193  However, since then, GRAIL has made substantial progress on 


Galleri’s development, and the other test developers have provided discovery in this matter that 


shows that their pipeline tests are not comparable to Galleri. 


153. Certain early cancer screening tests on the market and in development have 


demonstrated with clinical evidence only that they are capable of detecting only one cancer.  For 


 
191 Daly (Thrive) Dep. Tr. 145:1-20; Cohen JD et al., Detection and localization of surgically resectable 


cancers with a multi-analyte blood test, Science. 2018 Feb 23;359(6378):926-30 (“Cohen 2018”); Lennon 2020 
(Thrive has conducted successful case-control and prospective, interventional studies of its CancerSEEK test for 10 
cancers (ovary, liver, stomach, pancreas, esophagus, kidney, bladder, colorectum, lung and breast).  See also June 2, 
2021 Yuan (Gary) Gao (Singlera) Dep. Tr. 99:20-24 (Singlera’s cancer screening test PanSeer can currently detect 
five cancers: lung, liver, stomach, colorectal, and pancreatic); Otte (Freenome) Tr. at 32:14-33:1 (Freenome has only 
looked at 7 or 8 cancers, while GRAIL has looked at around 50; Getty (Guardant) Dep. Tr. 23:1-8; 17:18-18:2 
(Guardant’s current plans for adding cancer types to its screening tests beyond colorectal include only lung and 
breast cancer); Perettie (FMI/Roche) Dep. Tr. 66:10–17, 160:25–161:20 (FMI is still in the midst of developing its 
screening test, but is currently developing only three different assays for colorectal, lung and liver cancer); Fesko 
(Natera) IH Tr. 78:8-20 (Natera has not conducted any clinical trials of its multicancer early detection test); Fesko 
(Natera) Ex. 3, FTC-V-ILLUMGRAIL-NAT-00008453 at -8499 (As of January 2021, Natera’s asymptomatic 
screening test “focused initially on [colorectal cancer]” was listed on its oncology product roadmap—but in a 
category ‘other’ with no launch date associated with it; May 25, 2021 Kenneth Chahine (Helio) Dep. Tr. 30:22-32:2 
(Helio Health is also developing early screening blood-based tests for colon, breast and lung cancer.  Helio Health 
intends to start combining these tests to create multicancer tests but is focusing on developing the single cancer tests 
first. Clinical trials on the multi-cancer tests have not started); May 26, 2021 Sean George (Invitae) Dep. Tr. 25:2-8 
(Invitae does not have a cancer screening test in development.)   


192 Chahine (Helio) Dep. Tr. 30:22–32:2 (Helio is also developing early screening blood-based tests for colon, 
breast and lung cancer. Helio intends to start combining these tests to create multicancer tests but is focusing on 
developing the single cancer tests first. Clinical trials on the multi-cancer tests have not started.); Gao (Singlera) 
Dep. Tr. 107:16–108:5. 


193 See, e.g., Morton Rpt. ¶¶ 86, 89, 99, 105, 109, 117, 120.  
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example, the tests for colon cancer on the market today such as Cologuard and FIT are not 


capable of detecting other cancers.  Similarly, the tests in development by Guardant and 


Freenome are not being studied in clinical trials for more than one cancer, though Guardant is 


seeking to study liver cancer in a separate trial.  Instead, most early cancer detection test 


developers, including Freenome and Guardant, are developing or have developed early cancer 


screening tests for only single cancers, primarily colorectal cancer, with a plan to potentially test 


other cancers in future, even as separate single cancer screening tests.194  Other test developers 


that Dr. Scott Morton has identified, such as Caris, Natera and FMI, have, at best, begun the long 


process of obtaining samples for identifying biomarkers and have not even completed biomarker 


discovery to identify relevant loci for single cancer screening test.  They are years away from 


completing an assay that is capable of screening for more than one cancer simultaneously and 


appear to be focusing on oncology tests for other cancer stages.195   


154. Third, as Dr. Scott Morton recognizes, single-cancer early detection tests are 


likely to be differentiated from a multi-cancer screen test like Galleri.196  However, while Dr. 


Scott Morton concludes that a single cancer screening test and a 50-cancer screening test are 


unlikely to compete,197 she assumes that a two or three cancer screening test would compete with 


a 50-cancer screening test.  The evidence today does not show that a physician would substitute a 


test that simultaneously screens for one to three cancer types for a test that screens that 


 
194 See infra ¶¶ 192-200 (Freenome); 201-215 (Guardant). 


195 See infra ¶¶ 160-172 (Caris); 184-191 (FMI); 225-236 (Natera).   


196 Morton Rpt. ¶¶ 38-39. 


197 Morton Rpt. ¶¶ 146, 148-149. 
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simultaneously screens for 50 cancer types, and Dr. Scott Morton has cited none; the 


considerations for each type of test are dramatically different.   


155. Dr. Scott Morton goes further and states that: “[b]ecause it is unlikely that 


customers would switch from an MCED test to one or more currently available cancer screening 


tests, a single-cancer liquid biopsy screening test, or to a test developed for a different non-


screening application, a hypothetical monopolist of all MCED products would likely be able to 


profitably impose a SSNIP above the MCED price.”198  Again, I find this statement unsupported 


by the evidence, or by common medical practice and precedent.  In medical practice today, it is 


common for tests with overlapping findings to be used together, as combined they give a fuller 


view of a potential disease process.199  A common example of this would be CT and MRI.  In the 


case of early cancer screening tests, it is easy to see how a multi-cancer screening test like 


Galleri could be used with single cancer, or two or three cancer (or more), screening tests, 


depending on their respective performance characteristics for the cancers in question.  In fact, as 


currently constructed, the GRAIL Galleri test is designed to be used in conjunction with single 


cancer screening tests.200  Further, it is common medical practice to switch to tests, procedures 


and treatments that are shown, by medical evidence, to have superior performance characteristics 


or other advantageous properties.  This view is also supported by a practicing primary care 


physician, Dr. Abrams.201 


 
198 Morton Rpt. ¶ 149. 


199 See Abrams Decl. ¶ 31. 


200 GRAIL, Galleri: GRAIL’s multi-cancer early detection test, available at https://grail.com/our-products/. 


201 Abrams Decl. ¶ 33. 
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156. At this time, it is impossible to predict how different cancer screening tests that 


may be launched in the future will compete with each other, if at all.202  For example, a cancer 


screening test that is capable of detecting five types of cancer at very high sensitivity and 


specificity may very well be used as a complement to a multi-cancer screening test that is 


capable of detecting 50 types of cancer at somewhat lower sensitivity and specificity, or some 


combination of lower and higher specificities and sensitivities.  A cancer screening test that is 


capable of detecting five types of cancer but that does not identify the relevant cancer signal of 


origin where cancer is detected might very well need to be used in conjunction with a screening 


test that does identify cancer signal of origin,203 or at a minimum with an additional imaging 


step, as Exact/Thrive’s CancerSEEK test requires.   


157. In addition to the number of cancers screened by a given test, cancer screening 


tests are likely to have a wide variety of other features that will determine whether such 


screening tests will be substitutes or complements to one another, including whether the test 


identifies the cancer signal of origin, whether the test relies exclusively on a single blood sample 


and what the test’s proposed intended use will be.204 


 
202 See, e.g., March 19, 2021 Alex Aravanis (Illumina) IH Tr. 105:16–24 (“Not knowing what Thrive is doing, 


not knowing what cancers, not knowing the studies they’re going to do or what claims, it’s very possible that there 
won’t be overlap, but it’s theoretically possible there may be some.  I would think it would be highly unlikely that 
they were identical offerings.”).  See also Cance (ACS) Dep. Tr. 52:19–24 (describing MCED tests as 
complementary to current screening methods until they are fully validated). 


203 Otte (Freenome) Dep. Tr. 151:9–153:1; June 1, 2021 Michael Nolan (Freenome) Dep. Tr. 307:14-18 (“But 
for us, you know, we want a multicancer test to answer clinical questions, not create more of them.  So it would be 
important for us to be able to get to tissue or origin.”). 


204 Perettie (FMI/Roche) Dep. Tr. 208:16-209:6 (“Is it fair to say that it’s possible that different cancer 
screening tests will have different goals in – in terms of whether some may identify the presence of cancer in the 
body whereas others may be able to localize the cancer to a particular organ or tumor? A. That’s possible, yes.  As 
they come out they may look different. Q. And what do you see as the – as the profile of FMI’s cancer screening test 
in development? A. I think ideally what we’d like to see, it’s still in development, would be a two part test, one that 
does the identification that that person may have cancer, and then the second one that gives you a more specific 
outcome.”); ROCHE-00000446 at -449; Cooper (Progenity) Dep. Tr. 70:15-72:23 (testifying that a test with an 
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158. Dr. Scott Morton appears to entirely omit consideration of whether a cancer 


screening test identifies the cancer signal of origin.  Dr. Scott Morton has not presented evidence 


showing that physicians would conclude that a multi-cancer screening test that identifies the 


cancer signal of origin is a close substitute to a multi-cancer screening test that does not provide 


that information.  While GRAIL’s Galleri test, which will detect 50 types of cancer, also 


identifies the cancer signal of origin, I am not aware of any other cancer screening test in 


development that screens for multiple types of cancer that has demonstrated the same capability 


and Dr. Scott Morton has identified none.  Exact/Thrive’s CancerSEEK, the only other cancer 


screening test that has performed prospective interventional trials relating to the simultaneous 


detection of more than one cancer type, will not launch with a test that provides a molecular 


cancer signal of origin.205  Dr. Scott Morton does not examine whether this distinction is 


important to substitution within the relevant product market she defines.  In my opinion, and as 


shown by the survey evidence, this distinction is likely to be highly relevant to physicians’ 


decision-making, and is likely to affect the amount of substitution one should anticipate between 


two multi-cancer tests, one with tumor of origin detection capabilities and one without. 


159. In the same vein, although Dr. Scott Morton appears to focus on “liquid biopsy” 


screening tests, the tests that she has identified include some that do not rely exclusively on 


 
intended use in detection of colorectal and ovarian cancer would be complementary to a test with an intended use in 
detection of lung, stomach, and esophageal cancer); Fesko (Natera) IH Tr. At 78:21-79:15 (“Q. Generally speaking, 
who are the prospective customers of Natera’s multi-cancer early detection test? A. I think the vision for early 
detection is that one day every patient, as part of their annual physical, can have access to a test that will screen 
asymptomatically for evidence of cancer. However, there’s a lot of intermediary steps before we get to that ideal, 
and they would largely be patients that are at high risk of developing cancer. So you could imagine patients could be 
bucketed according to age, you know, risk factors, genetic predisposition. And these programs are likely to be 
adopted and more effective initially in these high-risk groups. And even before that, you would probably be using it 
in patients who are cancer survivors looking at recurrence, which is a very enriched, high-risk group.”). 


205 May 27, 2021 Josephine Harada (Exact/Thrive) Dep. Tr. 147:5–10, 235:13–18; Lengauer (Third Rock) 
Dep. Tr. 57:5–19, 60:2–23. 
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liquid biopsies.  For example, Exact/Thrive’s CancerSEEK assay involves the use of a PET-CT 


scanning step as part of the test.  Without the PET-CT scanning step, it appears that 


Exact/Thrive’s CancerSEEK test cannot achieve the requisite specificity and sensitivity.  Dr. 


Scott Morton has not provided evidence showing that physicians would consider a multi-cancer 


screening test that relies exclusively on liquid biopsy (and requires follow-up that is indicated 


only for the specific type of cancer from a positive result) and a multi-cancer screening test that 


requires a mandatory full-body scan for patients who have received a positive result to be 


substitutable, regardless of the other features.206 


A. Caris Life Sciences 


160. Caris Life Sciences (“Caris”) is a molecular diagnostics company based in Irving, 


Texas.  Dr. Scott Morton contends that Caris is a potential competitor to GRAIL based on its 


stated interest in developing a multi-cancer screening test.207  As I discuss below, there is no 


indication based on the available scientific evidence regarding Caris’s work to date that it is 


close to developing a test that will have similar attributes as Galleri, including the ability to 


screen for 50 types of cancer simultaneously and detect cancer signal of origin.  If Caris is 


developing such a test, the only inference from the available scientific evidence is that it is years 


behind Galleri.  There is no empirical basis to conclude, as Dr. Scott Morton hypothesizes, that 


Caris has any prospect of “leapfrogging” Galleri, or that Caris is likely to develop a close 


substitute to Galleri in the foreseeable future. 


 
206 See Abrams Decl. ¶¶ 10.f, 38, 46.  See also Otte (Freenome) Dep. Tr. 19:9–20:22 (“[A]ny false positive 


rates in a multicancer test would likely lead to very expensive follow-up procedures that you wouldn’t necessarily 
want to do, like a full body PET CT.”). 


207 Morton Rpt. ¶¶ 111–14. 
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1. Caris’s Cancer Screening Efforts 


161. Caris announced publicly in May 2021 that it would be pursuing a liquid biopsy-


based early detection test.208  Based on the information provided during discovery from both the 


FTC and from Caris, I understand that Caris has only recently commenced its efforts for a single 


cancer screening test.209  As Dr. Scott Morton recognizes, Caris has not set a date for when it will 


launch that test, Carisome, as a cancer screening test.210  As discussed below, based on the 


evidence that I have reviewed, I would characterize Caris as in the early research/biomarker 


discovery stage of developing its early cancer screening tests.   


162. Caris also appears to be targeting exclusively those cancers that already have a 


proven approval pathway,211 while Galleri screens for over 45 cancer types that have no 


available cancer screening tests today.  In my opinion, the evidence suggests that a screening test 


focused on cancers that already have standard-of-care screening protocols would be adopted as 


 
208 Ashford M, Caris Life Sciences, Fueled by New Funding, Plans to Expand Liquid Biopsy Testing, Precision 


Oncology News, May 19, 2021, at https://www.precisiononcologynews.com/cancer/caris-life-sciences-fueled-new-
funding-plans-expand-liquid-biopsy-testing#.YOBhobuSlPY. 


209 Spetzler (Caris) IH Tr. 82:13-83:18 (“Q. And then for the – the screening application, you’re conducting a 
noninferiority study against colonoscopy; is that right? A. Yes. Q. When do you expect that study to be completed? 
A. It really depends upon a couple of things. So we have yet to run that study design past the FDA and make sure 
they’re okay with it. We expect them to be fine with it. But then, you know, there’s always kind of negotiation 
around the size of the study. So, typically, you know, like to see a study that is going to have, you know, 150 to 
maybe 300 cancer patients in it. And so then the question becomes how many patients do you have to enroll to get 
that many confirmations of cancer which could be upwards of, you know, 5,000 to 10,000 patients that get the 
screen to get there. So we have just started to get those samples in. Colonoscopy procedures are considered to be an 
elective procedure right now. So COVID is having a really significant effect on our ability to approve patients to 
that. But, you know, with the rollout of the vaccine, you know, in hopefully another six months or less, we’ll mostly 
be back to normal, in which case there should actually be a huge flood of people going in for colonoscopies. So that 
was a very long, complicated way of saying ‘I don’t know.’ There are a lot of factors that are – you know, make 
timing right now very difficult to predict.”)  


210 Morton Rpt. ¶ 111. 


211 As noted, Caris elected to start with cancers that have existing treatment paradigms given the easier 
pathway to national coverage determinations.  Spetzler (Caris) IH Tr. 84:7–85:14. 







 


 


78 
 


CONFIDENTIAL – FTC DOCKET NO. 9401 


more of a complement than direct substitute to a screening test such as Galleri that includes 45 


cancer types for which there is no screening protocol today. 


163. Caris has stated in an RFI response to the European Commission that it intends to 


launch a screening assay “to identify the presence of cancer” in the 2022–2023 timeframe.212  


Similarly, Dr. David Spetzler, the President of Caris, testified at his investigational hearing (in 


response to questioning from the FTC), that it was his “best guess” that Caris could launch a 


liquid biopsy-based screening product for colorectal cancer in 2023.213   


164. Dr. Spetzler testified that Caris has clinical studies underway in terms of “sample 


collection” for the screening test, namely, the collection of samples from individuals who are 


scheduled for a colonoscopy and that Caris plans to perform a noninferiority study comparing its 


colorectal cancer screening test to a colonoscopy.214  Dr. Spetzler also testified that Caris was 


also in the process of “sample collection” from women who were scheduled for a breast biopsy 


as well.215  When asked when Caris’s colonoscopy non-inferiority study would conclude, Dr. 


Spetzler testified that he did not know.216  He estimated that Caris would need to enroll at least 


5,000 to 10,000 patients in the trial to obtain sufficient samples for the test, and that it would cost 


 
212 Caris Life Sciences SDT_Illumina 02492 at CLS-RFI 0002.  Caris stated in this response that “[t]his 


product is intended to supplement and/or replace current cancer screening tools by other technologies” and listed 
“Cologuard, colonoscopy with pathology, mammography (US), CA125/pelvic (US).”  (Emphasis added.) 


213 Spetzler (Caris) IH Tr. 93:23–94:1. 


214 Spetzler (Caris) IH Tr. 80:3–25. 


215 Spetzler (Caris) IH Tr. 80:25–81:1. 


216 Spetzler (Caris) IH Tr. 82:13–83:18. 
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approximately $15–$20 million total.217  Dr. Spetzler estimated that Caris would conclude its 


colonoscopy non-inferiority trial at the end of 2022. 


165. Caris currently does not have any clinical trials relating to screening for multiple 


cancers listed on clinicaltrials.gov.  Since 2010, Caris has been accumulating a 100,000 


participant observational biorepository that makes quality biospecimens and associated clinical 


data available for cancer research.218  While I anticipate that this biorepository will be valuable 


for testing samples for additional biomarker discovery, and potentially for conducting early stage 


retrospective studies, Caris will require additional sample collection efforts after it completes its 


initial research and development efforts to fully validate a cancer screening test. 


166. Caris’s internal documents similarly show little progress in the area of cancer 


screening, let alone multi-cancer screening.  Caris contends that its blood-based screening assay 


will be known as “Carisome”, after Caris’s exosome platform.  At this stage, Caris’ Carisome is 


a blood-based tumor profiling test for solid tumors that Caris plans to launch in the second 


quarter of this year.219  Carisome, like Caris’s MI Tumor Seek, is purportedly a multiomics test 


evaluating both tumor DNA (exome) and tumor RNA (transcriptome) collected from patient 


blood plasmas, which includes both DNA and RNA contained in exosome particles, cfDNA and 


cfRNA.220   


 
217 Spetzler (Caris) IH Tr. 82:17–84:6. 


218 Clinicaltrials.gov, Caris Biorepository Research Protocol, at 
https://clinicaltrials.gov/ct2/show/NCT01499394. 


219 FTC-CarisLife-00002072 at -2110, -2223. 


220 Id. at -2067-71. 







 


 


80 
 


CONFIDENTIAL – FTC DOCKET NO. 9401 


167. According to Dr. Spetzler, Caris aspires to repurpose its cancer-profiling 


technology from its MI GPSai tissue test and apply it to generate a cancer screening test capable 


of detecting multiple cancer types.  Specifically, Dr. Spetzler contends that because Caris has 


obtained molecular signatures for 21 types of cancers from tissue samples in the MI GPSai 


algorithm that Caris had developed to be used in conjunction with MI Tumor Seek, Caris would 


be able to use the same algorithm for cancer screening once it is validated using the data from the 


screening patients.221  Today, however, Caris’ MI GPSai and MI Tumor Seek are tumor profiling 


tests for therapy selection.  Tumor profiling tests for therapy selection lack the sensitivity to be 


used for cancer screening.   


168. More importantly, there is a fundamental difference between a tumor profiling 


assay and an assay designed to screen for early stage cancer.  Tumor profiling assays are 


designed to detect mutations that may be tied to a specific therapy (i.e., are clinically actionable).  


While a screening assay may have some overlap with a profiling assay, it is the case that most 


tumors do not carry actionable mutations, and many tumors do not have any of the mutations that 


would be in a profiling assay.  Caris itself has acknowledged this in its RFI response to the 


European Commission, where it stated that “[b]lood-based cancer therapy selection tests are for 


use after a patient has been diagnosed with cancer, while blood-based screening tests are for use 


in a much broader population to detect if a person is likely to have cancer.  It is highly unlikely 


these two tests could be used interchangeably for solid cancers since the 


analyte/biomarker/signature to be measured will likely differ.”222 


 
221 Spetzler (Caris) IH Tr. 89:14–90:19; see also Caris, MI GPSai, at https://www.carislifesciences.com/mi-


gpsai/; see also FTC-CarisLife-00002497 at -00150. 


222 Caris Life Sciences SDT_Illumina 02492 at CLS-RFI 0003. 
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169. Caris has not demonstrated through scientific studies or clinical trials that this 


pathway would be a viable one, or that it would accelerate development of its cancer screening 


test, and I see no scientific basis for its contention that a profiling assay could somehow be 


converted to a screening assay.  Thus, I contend that Caris will need to go through an initial 


biomarker discovery and validation phase if it plans to launch early cancer screening tests. 


170. In my view, while it can be valuable for test development to be informed by 


current scientific knowledge and even current assays used in a different cancer testing context, 


such as in the above example of tumor profiling tests, it is unclear whether such existing targets 


are helpful in shortening the research and development pipeline.223  For example, even though 


the Vogelstein group at Johns Hopkins initially selected biomarkers from publications that it 


predicted would be useful for cancer screening, it nonetheless required four years of research and 


assay construction to translate that academic research into the clinical context.224   


2. Other Oncology Test Development Efforts 


171. Caris currently markets the following types of oncology tests: 


Test Name 
Type of Analytes/ 
Biomarkers Used 


Type of Test Approval Status 


MI Tumor Seek225 Whole exome 
sequencing, copy 
number variations, 
insertions/deletions, 


592 gene panel 
from solid tumor 
biopsy sample for 
therapy selection 


FDA-approved, 
IVD assay 


 
223 Vogelstein (Thrive) Dep. Tr. 27:22–28:14 (“A. [PapGene] was founded I think in 2014, ‘15, something like 


that. . . .  Q. So Thrive started with the acquisition of PapGene; is that --  A. Correct.”); Cohen 2018 (February 23, 
2018). 


224 Vogelstein’s group first published on their approach using somatic mutations to detect cancers in 2011.  See 
Kinde I et al., Detection and quantification of rare mutations with massively parallel sequencing, Proc. Natl. Acad. 
Sci. USA, 108, 9530–9535 (2011).  A 2014 publication shows the addition of protein biomarkers to the test, see 
Bettegowda C et al., Detection of Circulating Tumor DNA in Early- and Late-Stage Human Malignancies, Sci. 
Transl. Med., 6, 224ra24 (2014), which lead to the CancerSEEK test they published in 2018.  Cohen 2018 at 2. 


225 Caris, MI Tumor Seek™, at https://www.carismolecularintelligence.com/wp-content/uploads/2018/10/MI-
Tumor-Seek-Profile-Menu.pdf. 
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Test Name 
Type of Analytes/ 
Biomarkers Used 


Type of Test Approval Status 


microsatellite 
instability, tumor 
mutational burden, 
whole 
transcriptome 
sequencing of RNA 
fusions and variant 
transcripts. 


MI Exome CDx226 Whole exome 
sequencing 
analysis. 


Solid tumor biopsy 
therapy selection 
/companion 
diagnostic 


PMA submitted 


MI Transcriptome 
CDx227 


Whole 
transcriptome 
sequencing 
analysis. 


Solid tumor biopsy 
therapy selection 
/companion 
diagnostic 


PMA submitted 


MI FOLFOXai228 Artificial 
intelligence (AI)-
based predictor for 
use with MI Tumor 
Seek panel. 


Predicts response to 
FOLFOX 
chemotherapy for 
metastatic 
colorectal cancer 


N/A; for use with 
FDA-approved MI 
Tumor Seek test 


MI GPSai229 Artificial 
intelligence (AI)-
based predictor for 
use with MI Tumor 
Seek panel. 


Analyze tumor 
origin and guide 
treatment options 
for patients who 
have been 
diagnosed with 
cancer of unknown 
primary (CUP). 


N/A; for use with 
FDA-approved MI 
Tumor Seek test 


 
226 Caris, Caris Life Sciences Submits Two PMA Applications to the FDA for Whole Exome and Whole 


Transcriptome Sequencing, at https://www.carislifesciences.com/about/news-and-media/caris-life-sciences-submits-
two-pma-applications-to-the-fda-for-whole-exome-and-whole-transcriptome-sequencing/. 


227 Id. 


228 Abraham JP et al., Clinical Validation of a Machine-learning-derived Signature Predictive of Outcomes 
from First-line Oxaliplatin-based Chemotherapy in Advanced Colorectal Cancer, Clin Cancer Res., 2021 Feb 
15;27(4):1174-83. 


229 Caris, MI GPSai, at https://www.carislifesciences.com/mi-gpsai/. 
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Test Name 
Type of Analytes/ 
Biomarkers Used 


Type of Test Approval Status 


CarisADAPT  
Biotargeting 
System230 


Aptamer-based 
proteomics 
platform.  


Cancer and 
therapeutic 
biomarker 
identification, and 
for cancer profiling 
and detection.231 


N/A 


 
172. Caris’ MI Tumor Seek, MI Exome and MI Transcriptome are solid tumor biopsy 


tests that are not suitable for early cancer screening, because even after combining genomic and 


transcriptomic mutational information, such tumor profiling tests for therapy selection lack the 


sensitivity needed to differentiate the very low level of ctDNA present in the blood at early 


cancer stages, in addition to the fundamental differences in profiling vs. screening assays as 


outlined above.   


B. Exact Sciences / Thrive Earlier Detection 


173. Exact Sciences Corp. (“Exact”) is a molecular diagnostics company based in 


Madison, Wisconsin.  Thrive Earlier Detection Corp. (“Thrive”), now a part of Exact, is a 


molecular diagnostics company based in Cambridge, Massachusetts and Baltimore, Maryland.  


Thrive was founded in 2019 by licensing technologies developed at the Johns Hopkins 


University by founding professors Bert Vogelstein, Kenneth W. Kinzler, and Nickolas 


Papadopoulos.232  As I noted above, while Thrive was founded in 2019, it builds on research 


 
230 Caris, CarisADAPT: Biotargeting System, at https://www.carislifesciences.com/product-


pipeline/#carisadapt. 


231 Hornung T et al., ADAPT identifies an ESCRT complex composition that discriminates VcaP from LNCaP 
prostate cancer cell exosomes, Nucleic Acids Res. 2020 May 7;48(8):4013-27; Tonapi SS et al., Aptamer C10.36 
Reveals a Ribonucleoprotein Complex on the Surface of Non-Hodgkin Lymphoma Cells Providing Candidates for 
Multi-Target Therapeutics, ASH Dec. 7, 2017, Blood (2017) 130 (Supplement 1): 3346, Abstract 802. 


232 Lengauer (Third Rock) Dep. Tr. 98:22-99:1; Johns Hopkins Technical Ventures, Johns Hopkins Technology 
that Integrates Earlier Cancer Detection into Routine Medical Care Receives Record Venture Investment, May 30, 
2019, available at https://ventures.jhu.edu/news/cancerseek-thrive-liquid-biopsy-venture-funding/. 
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from the Vogelstein group and from Vogelstein’s efforts in his prior company, PapGene, which 


was founded in 2014. 


174. Dr. Scott Morton identifies Thrive as an MCED test developer.233  As discussed in 


this section, Dr. Scott Morton contends that Thrive’s pipeline CancerSEEK test will compete 


with GRAIL’s Galleri test.  Dr. Scott Morton has presented no evidence, however, that the 


current version of CancerSEEK in development is capable of competing with the Galleri test 


unless significant changes are made to the assay.  Specifically, the CancerSEEK assay is only 


designed to detect 10 cancer types, not the over 50 types of cancers by Galleri.  Also, the 


CancerSEEK assay does not identify the cancer signal of origin, which is why it is combined 


with a whole-body PET-CT.234  As Thrive’s own survey results show, determining the origin of 


the cancer without the need for whole-body examination is a highly desirable attribute of a 


potential cancer screening test.  Thus, there is little evidence to indicate that CancerSEEK will 


serve as a close substitute to Galleri. 


1. Exact/Thrive’s CancerSEEK Test 


175. As alluded to above, Exact/Thrive is currently developing a cancer screening test 


known as “CancerSEEK.”  CancerSEEK is a multiomics test.  The reported version of 


CancerSEEK requires several steps.235  First, the first version of the CancerSEEK blood test 


assessed the levels of 25 biomarkers:  16 gene mutations and nine protein biomarkers (including 


 
233 Morton Rpt. Table 1; ¶¶ 95–100. 


234 Harada (Exact/Thrive) Dep. Tr. 147:5–10; Lengauer (Third Rock) Dep. Tr. 57:20–58:19 (“[W]e have 
committed to PET-CT as the method, reflex test after positive cancer test.”).  In their earlier study (Cohen 2018) the 
investigators indicated that CancerSEEK was capable of determining the origin of the cancer only about 63% of the 
time, far different from the 89% for Galleri.  Compare Cohen 2018 at 3 with Klein 2021 at 1. 


235 See Lennon 2020. 
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61 variant regions of interest within the genes, called “amplicons”).236  In clinical trials, two 


blood tests were performed in the Thrive workflow.237  Initially, a baseline CancerSEEK test was 


performed and then an additional confirmatory blood test was performed on the positive 


individuals to assess only the particular DNA or protein markers that were abnormal in the 


baseline, as well as to rule out the presence of clonal hematopiesis (CHiP).238  Individuals 


remaining positive after the two blood tests were then scanned using full-body PET-CT 


imaging.239  Therefore, the CancerSEEK assay as it exists today is not a liquid biopsy-only test, 


and does not solely rely on NGS.240   


176. To date, CancerSEEK has been studied in two trials:  a case-control study 


conducted by Thrive’s founders at Johns Hopkins University involving 1817 participants (1005 


cancer patients and 812 healthy individuals),241 and the prospective, interventional DETECT-A 


 
236 Id. at 3. 


237 Id.  


238 Lengauer (Third Rock) Dep. Tr. 226:1–227:20; Lennon 2020 at 3. 


239 Id.; see also Harada (Exact/Thrive) Dep. Tr. 136:5–14.  This is different from GRAIL’s Galleri test, where 
cancer status is confirmed using conventional diagnosis methods for the corresponding cancers; no full-body PET-
CT scan is required for patients who return a positive result from the Galleri test.   


240 Dr. Josephine Harada, Thrive’s VP of Business Development, confirmed that CancerSEEK is not able to 
identify tissue of origin (also referred to as cancer signal of origin) through just the liquid biopsy.  Harada 
(Exact/Thrive) Dep. Tr. 135:21–136:4.  In the earlier case-control study conducted by Thrive’s founders, 
CancerSEEK was able to localize the cancer signal of origin to two anatomic sites in a median of 83% of patients.  
Cohen 2018 at 3.  However, this method was not used in the DETECT-A study, where Thrive opted for a full-body 
PET-CT instead.  Of the 54 patients identified by PET-CT as having “imaging concerning for cancer,” only 15 was 
determined to have cancer, with only a 27.8% detection rate.  Lennon 2020, at 4, Fig. 2.  Therefore, full-body PET-
CT is a fairly poor tool for cancer signal of origin determination, compared with the 88.7% accuracy of cancer signal 
of origin prediction achieved by GRAIL’s Galleri v1 in the CCGA3 study.  Klein 2021, at 1. 


241 Cohen 2018 at 1. 
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(Detecting cancers Earlier Through Elective mutation-based blood Collection and Testing) study 


conducted by Thrive involving 10,006 female participants.242   


177. Dr. Scott Morton asserts that CancerSEEK’s technology is “capable of detecting 


all cancer types” and that the test “currently detects a comparable number of cancers to 


Galleri.”243  However, there appears to be no scientific evidence to support such an assertion and 


indeed, the evidence contradicts Dr. Scott Morton’s assertion.  Although all cancer types (with 


some exclusions) were purportedly included in the DETECT-A study,244 in fact the nature of the 


assay (focusing on 16 genes and 9 protein biomarkers) was such that it was clearly designed to 


focus on only a few cancers that might be detected in a liquid biopsy screening test using those 


limited markers.245  The study actually only detected cancers of 10 organs:  ovary, liver, 


stomach, pancreas, esophagus, kidney, bladder, colorectum, lung and breast.246  Based on these 


results and the assay design itself, the evidence does not support the proposition that 


CancerSEEK currently detects the same number of cancer types as GRAIL’s Galleri test.  


Exact/Thrive has not shown in any subsequent data that CancerSEEK is capable of detecting 


more cancer types than were identified in the DETECT-A study. 


178. In the DETECT-A study, CancerSEEK obtained specificities of 95.3% in its 


baseline blood test (that is, with a single blood test), 98.9% with baseline and confirmational 


blood tests without PET-CT imaging, and 99.6% with both blood tests and PET-CT imaging, and 


 
242 Lennon 2020 at 2. 


243 Morton Rpt. ¶ 98. 


244 Lennon 2020 at 2. 


245 Skin cancers, central nervous system cancer and leukemias all have very low likelihood of being detected 
by a blood-based screening test, and thus excluded from the study. 


246 Lennon 2020 at 4. 
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overall sensitivity of 27–30%.247  Assessed using another test benchmark, CancerSEEK obtained 


PPV (positive predictive value, see Section IV.D above) of 5.9% with its single baseline blood 


test, 19.4% with baseline and confirmational blood tests without PET-CT imaging, and 28.3% 


with both blood tests and PET-CT imaging.248   


179. Exact/Thrive is currently conducting a retrospective, case-controlled DETECT-


SCAN study that is designed to examine the performance of CancerSEEK for breast cancer and 


colon cancer.249   


180. Exact/Thrive is also planning a DETECT-SOAR clinical trial with 80,000 


participants to support the PMA application of the CancerSEEK test.250  According to 


Exact/Thrive’s internal documents, the DETECT-SOAR study will use “v1.1 Baseline plus” of 


the CancerSEEK test,251 which may include short variants (22 genes & 58 amplicons), “> 6 


Proteins”, aneuploidy (chromosome instability in the form of gains and/or losses whole-


chromosomes), “Aplus” (machine learning based DNA fragment analysis), and DNA 


methylation analysis.252  Adding the DNA methylation analysis developed by Exact, which is 


still under evaluation, could be important to the CancerSEEK test because Exact/Thrive 


recognized that the previous CancerSEEK test does not provide a molecular cancer signal of 


origin determination and that DNA methylation profiles may be used to classify cancer signal of 


 
247 Id. at 8 & Table 2. 


248 Id. at 7 & Table 2. 


249 Daly (Thrive) Dep. Tr. 46:3–19. 


250 Exact_Ill_Resp_00000685 at -726. 


251 Daly (Thrive) Dep. Tr. 204:6–12; Thrive_Ill_Resp_00000196 (Daly Dep. Ex. 6) at slide 87. 


252 Thrive_Ill_Resp_00000196 (Daly Dep. Ex. 6) at slides 52-68, 87; Thrive_Ill_Resp_00000061 at slide 20; 
ES_Ill_Subp_00436550 at -slides 48, 135–139); Lengauer (Third Rock) Dep. Tr. 17:19–20:2, 264:3–6.  
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origin.253  Exact/Thrive expects incorporation of the methylation approach into CancerSEEK 


may take 6 to 12 months.254  Exact/Thrive is planning to use one blood draw for CancerSEEK in 


the DETECT-SOAR study.255   


181. Exact/Thrive has also started collecting samples for an ASCEND-2 case-control 


study with about 1320 cancer samples and up to 3500 healthy controls to further train the 


CancerSEEK biomarkers and algorithm this year, before the start of the DETECT-SOAR 


study.256   


182. I understand that the first version of the CancerSEEK assay that Thrive will 


commercialize will not include cancer signal of origin identification.257  In my opinion, the 


inability of CancerSEEK to identify the cancer signal of origin through liquid biopsy alone is a 


key differentiator and means that if CancerSEEK were to launch today in its current form, it is 


unlikely to be a close substitute for GRAIL’s Galleri test.258  Thrive’s own VP of Business 


Development, Josephine Harada, agreed with this statement, testifying that “having accurate 


tissue of origin capability would be a differentiating factor for a product” and that “certainly if I 


were working in a marketing capacity, I would, you know, convey that message – key 


 
253 Thrive_Ill_Resp_00000196 (Daly Dep. Ex. 6) at slide 57; ES_Ill_Subp_00436550 at slide 135; Conroy 


(Exact) Dep. Tr. 14:7-22. 


254 Thrive_Ill_Resp_00000196 (Daly Dep. Ex. 6) at slide 80; ES_Ill_Subp_00436550 at slide 48.  These efforts 
may have started in April 2021. 


255 See Lengauer (Third Rock) Dep. Tr. 233:17–22. 


256 ES_Ill_Subp_00436550 at slides 64, 137; Lengauer (Third Rock) Dep. Tr. 156:12–157:7, 172:22–173:16. 


257 Harada (Exact/Thrive) Dep. Tr. 147:5–10; Lengauer (Third Rock) Dep. Tr. 57:20–58:19 (“[W]e have 
committed to PET-CT as the method, reflex test after positive cancer test”). 


258 See also Abrams Decl. ¶¶ 10.f, 36, 42. 
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message.”259  A survey conducted by Thrive of primary care physicians and radiologists shows 


that cancer signal of origin determination is a “[h]ighly desirable feature that is a must-have to 


defend competitive market position,” especially for those cancer types that are either prevalent or 


difficult to diagnose with PET-CT.260  The survey also stated that “[a]ll primary care physicians 


and radiologists indicated that tissue of origin reporting would be very helpful and, in most 


cases, critical part of the CancerSEEK test offering.”261   


183. In deposition testimony, Exact/Thrive has stated that it anticipates seeking FDA 


approval in 2024 and launch the CancerSEEK test upon FDA approval between 2025 and 


2027.262  The evidence suggests that Exact/Thrive’s timeline for launching an FDA-approved 


version of CancerSEEK may be unrealistic, because Exact/Thrive has not yet finalized five 


different types of biomarkers proposed for “v1.1 Baseline plus” of the CancerSEEK test, which 


most likely will cause complications and delays.  For example, Exact/Thrive anticipates adding 


methylation as a biomarker, but will not finalize the CancerSEEK biomarkers before fall 2021,263 


and will not make a decision whether to launch CancerSEEK as an LDT before receiving more 


case-control study data that includes a methylation biomarker.264  In addition, Exact/Thrive will 


not start enrolling patients for the DETECT-SOAR registrational study to support its PMA 


 
259 Harada (Exact/Thrive) Dep. Tr. 137:6–14. 


260 Thrive_Ill_Resp_00000177 at slide 4; see also Harada (Exact/Thrive) Dep. Tr. 142:3–14; 143:2–9. 


261 Harada (Exact/Thrive) Dep. Tr. 144:1–11; Thrive_Ill_Resp_00000177 at slide 19. 


262 Conroy (Exact) Dep. Tr. 33:14–19, 227:22–228:10. 


263 Lengauer (Third Rock) Dep. Tr. 20:3–21:16, 103:13–104:21; ES_Ill_Subp_00436550 at slide 48. 


264 Conroy (Exact) Dep. Tr. 35:24–36:9, 40:3–14. 
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application to the FDA until early 2022.265  Exact/Thrive acknowledge that there could be delays 


in the DETECT-SOAR study because incorporation of the methylation approach and timelines 


are not yet locked.266   


C. FMI / Roche 


184. Foundation Medicine, Inc. (“FMI”) is a subsidiary of the Roche Group based in 


Cambridge, Massachusetts.  Dr. Scott Morton contends that FMI is a potential competitor to 


GRAIL based on its stated interest in developing a cancer screening test capable of screening for 


multiple cancer types simultaneously.267  As I discuss below, there is no indication based on 


FMI/Roche’s work to date that FMI/Roche will be a competitor to GRAIL in the foreseeable 


future, and depending on the test that FMI/Roche develops in the future, it is unclear if it will be 


a competitor to GRAIL or will develop a complementary test. 


1. FMI/Roche’s Plan to Develop a Cancer Screening Test 


185. According to FMI/Roche’s internal documents and deposition testimony, FMI 


decided to pursue a cancer screening test in December 2020/January 2021, with no final design 


and no target cancer population.268  Currently, FMI is considering the NextSeq and the NovaSeq 


 
265 Conroy (Exact) Dep. Tr. 33:14–19; ES_Ill_Subp_00436550 at slides 135–139. 


266 ES_Ill_Subp_00436550 at slide 48. 


267 Morton Rpt. ¶¶ 125–26. 


268 Perettie (Roche/FMI) Dep. Tr. 73:17–21 (“The actual research and work on it began towards, I think, like 
December of last year, January of this year”); 74:5–13 (Researchers at FMI “haven’t started clinical trials” in 
“connection with its early screening test development”; trials are anticipated “probably two years from now”); 
77:18–78:11 (After a November 2020 presentation, “FMI decided to move forward with at least doing exploratory 
studies about pursuing a blood-based screening and treatment paradigm” relating to cancer.).   
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platforms from Illumina, though FMI is also conducting pilot programs using the Ultima 


platform.269 


186. FMI’s cancer screening test under development is in “stealth mode” without any 


public information available, but may combine genomic information with DNA methylation 


information into a liquid biopsy test.270  FMI prepared a slide in November 2020 relating to its 


interest in pursuing a “best-in-class blood-based screening and treatment paradigm” for 


cancer.271  FMI started developing its cancer screening test in December 2020 or January 2021—


after the Illumina/GRAIL transaction was announced—and has recently commenced preliminary 


(i,e,, pre-biomarker discovery) technology development and sample acquisition for three cancers 


(colon, liver and lung).272  At the end of 2022, FMI will make the decision about whether to 


proceed with its cancer screening research and development efforts, and what approach it will 


take.273  Only once FMI makes a preliminary feasibility decision in mid-2022 will FMI 


commence biomarker discovery.274  FMI testified that while certain biomarkers are available 


from the literature, FMI intends to identify unique biomarkers from its own development in this 


area.275 


 
269 Perettie (Roche/FMI) IH Tr. 68:11–13 (“Today we are looking at the NextSeq and the NovaSeq.”); Perettie 


(Roche/FMI) Dep. Tr. 93:16–19 (“Roche and FMI [are] exploring another NGS platform that’s being developed by 
Ultima”); 93:25–94:16; 109:8–16; ROCHE-00000864 (Perettie Dep. Ex. 7) (“3 Nova Ultima Sequencers”). 


270 Perettie (Roche/FMI) IH Tr. at 57:2–11; 59:6–10; Perettie (Roche/FMI) Dep. Tr. 174:12–18. 


271 ROCHE-00000446 (Perettie Dep. Ex. 6); Perettie (Roche/FMI) Dep. Tr. 78:2–11; 78:21–24. 


272 Perettie (Roche/FMI) Dep. Tr. 72:7–15; 73:17–21; 79:3–20; 160:25–161:20. 


273 Perettie (Roche/FMI) Dep. Tr. 79:21–80:3; ROCHE-00000446 at -450. 


274 Perettie (Roche/FMI) Dep. Tr. 80:4–25; ROCHE-00000446 at -450 


275 Perettie (Roche/FMI) Dep. Tr. 81:1–10; 176:14–177:5. 
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187. FMI anticipates starting registrational cohort studies of 10,000 patients each for 


three separate cancers (colon, liver and lung) in mid-2022, and expects to continue biomarker 


discovery and assay development while those studies are ongoing.276  FMI expects to conclude 


clinical trials around mid-2025, and plans to launch its cancer screening tests in the 2027–2030 


time frame.277  Given the unpredictability of cancer screening test development and the early 


stage of FMI/Roche’s work, FMI testified that if it needed to make major changes to the assay 


that was studied in the registrational trial, FMI “may have to start over.”278  In addition to the 


registrational cohort trials, FMI also plans to conduct small Phase II trials relating to liver and 


lung cancer, as well as final case control and validation trials in the 2025–2027 timeframe.279  


FMI/Roche estimates it would take over $1.1 billion to develop such a cancer screening test.280 


 
276 Perettie (Roche/FMI) Dep. Tr. 80:14–19. 


277 Perettie (Roche/FMI) Dep. Tr. 82:1–15, 88:10–23; Fiedler (FMI) Dep. Tr. 20:13–21 (“the cancer screening 
product is in very early development and there has been no final decision made on the technology platform”); 70:7–
22 (“FMI anticipates launching its cancer screening test” “at the end of the decade”). 


278 Perettie (Roche/FMI) Dep. Tr. 84:3–9. 


279 ROCHE-00000446 at -450. 


280 ROCHE-00000446 at -451. 
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Figure 5:  FMI/Roche’s Estimate of Investment Required for the Cancer Screening Test 


 
 


188. FMI anticipates that given that different cancer screening tests will have different 


features that it is possible that a patient will take multiple cancer screening tests in sequence.281 


189. FMI and Roche currently do not have any clinical trials relating to screening for 


multiple cancers listed on clinicaltrials.gov.   


2. FMI/Roche’s Other Oncology Test Development Efforts 


190. FMI/Roche currently markets the following types of oncology tests: 


Test Name 
Type of Analytes/ 
Biomarkers Used 


Type of Test Approval Status 


FoundationOne® 
CDx282 


DNA base 
substitutions, 
insertion/deletions, 
and copy number 
variants. 


324 gene panel 
from solid tumor 
biopsy sample for 
therapy selection 


FDA-approved, 
IVD assay 


 
281 Perettie (Roche/FMI) Dep. Tr. 209:13–19 (“[I]n the future, there may be multiple kinds of cancer screening 


tests, ones that are used for that initial preliminary identification step and others that are used for a more specific 
outcome.”); 208:16–209:6. 


282 FMI, FoundationOne® CDx, at https://www.foundationmedicine.com/test/foundationone-cdx. 
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Test Name 
Type of Analytes/ 
Biomarkers Used 


Type of Test Approval Status 


FoundationOne® 
Liquid CDx283 


DNA base 
substitutions, 
insertion/deletions, 
rearrangements, 
and copy number 
variants. 


318 gene panel 
from blood biopsy 
sample for therapy 
selection 


FDA-approved, 
IVD assay 


FoundationOne® 
Heme284 


DNA base 
substitutions, 
insertion/deletions, 
rearrangements, 
and copy number 
variants, RNA 
fusions, and 
genomic signatures. 


DNA of 406 genes 
and RNA of 265 
genes panel for 
patients with 
hematologic 
malignancies, 
sarcomas or solid 
tumors from blood 
or solid tumor 
biopsy sample for 
therapy selection 


N/A 


Roche’s AVENIO 
assays285 


DNA single 
nucleotide 
variations, 
insertion/deletions, 
rearrangements, 
and copy number 
variants. 


Three kits each – 
“Targeted” kits 17 
genes; “Expanded” 
kits 77 genes; 
“Surveillance” kits 
197 genes – for 
analyzing blood or 
tumor biopsy 
tissues for therapy 
selection 


N/A; RUO & LDT 
available 


 
191. FMI’s FoundationOne® CDx, FoundationOne® Liquid CDx, FoundationOne® 


Heme and Roche’s AVENIO assays are a solid tumor and blood biopsy tests that are not suitable 


for early cancer screening, because even after combining genomic and transcriptomic mutational 


and genomic signature information, such tumor profiling tests for therapy selection lack the 


 
283 FMI, FoundationOne® Liquid CDx, at https://www.foundationmedicine.com/test/foundationone-liquid-cdx. 


284 FMI, FoundationOne® Heme, at https://www.foundationmedicine.com/test/foundationone-heme. 


285 Roche Sequencing and Life Science, AVENIO family of NGS oncology assays, at 
https://sequencing.roche.com/en/products-solutions/products/ngs-oncology-assays/tumor-tissue-analysis-kits/tumor-
tissue-targeted-kits.html. 
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sensitivity needed to differentiate the very low level of ctDNA present in the blood at early 


cancer stages.286   


D. Freenome 


192. Freenome is a biotechnology company based in South San Francisco, California.  


As noted above, Freenome was started in 2014 and commenced development of its multiomics 


platform (which it intends to use for cancer screening) in 2016.287  As discussed below, 


Freenome has published data only relating to a single cancer, colorectal, and has commenced 


additional clinical trials only relating to colorectal cancer screening. 


193. Dr. Scott Morton contends that Freenome is a potential competitor to GRAIL 


based on its stated interest in developing a cancer screening test for multiple cancer types.288  As 


I discuss below, there is no indication based on Freenome’s work to date that Freenome will be a 


competitor to GRAIL in the foreseeable future, and depending on the test that Freenome 


develops in the future, it is unclear if it will be a competitor to GRAIL or will develop a 


complementary test. 


1. Freenome’s Multiomics Platform Has Not Demonstrated the Ability to 
Screen for Multiple Cancers Simultaneously. 


194. Dr. Scott Morton alleges that Freenome’s “test is capable of screening for seven 


different cancers.”289  However, Dr. Scott Morton has not presented evidence supporting this 


contention, and I have seen none.  The former CEO of Freenome, Gabriel Otte, testified that 


 
286 See ROCHE-00000273 at -289 (sensitivity required for an assay detecting late stage cancer much lower 


than one for detection in an asymptomatic patient). 


287 Otte (Freenome) Dep. Tr. 13:11-13; 26:17-21. 


288 Morton Rpt. ¶¶ 115–17. 


289 Morton Rpt. ¶ 115. 
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Freenome is developing a “multiomics cancer screening assay” and are currently “in the process 


of assessing the clinical performance of the CRC [i.e., colorectal] portion of that test.”290  


Though Freenome has only published data relating to colorectal cancer (see below), Freenome 


has testified that it has been purportedly pursuing internal research and biomarker discovery 


relating to seven cancer types (colorectal, breast, lung, prostate, liver, pancreatic and ovarian).291  


In addition, Freenome has testified that it may choose to market screening tests for certain of 


these cancer types as targeted single cancer tests (e.g., prostate) and may combine only two or 


three of the cancer types into one cancer screening test (e.g., liver, pancreatic and ovarian).292  


Freenome has also testified that Freenome’s “test looks at far fewer cancer types than GRAIL’s 


assay.”293   


195. Freenome has even testified that many physicians would disagree with GRAIL’s 


approach with the Galleri test of simultaneously screening for 50 cancer types, stating that 


“[o]ther physicians really, really don’t like [it].  They don’t even like three, let alone 50, because 


they believe that it would lead to this sort of diagnostic odyssey that, you know, they wouldn’t 


even know how to handle with respect to the next steps for the patient.”294 


196. Dr. Scott Morton has presented no evidence, and I am aware of none, suggesting 


that a test screening for two cancer types would be a close substitute to a cancer screening test 


 
290 Otte (Freenome) Dep. Tr. 16:7–17. 


291 Otte (Freenome) Dep. Tr. 22:18–25. 


292 Otte (Freenome) Dep. Tr. 18:3–20:22; 32:14-33:1; 151:9–13; June 1, 2021 Michael Nolan (Freenome) Dep. 
Tr. 72:18-73:8.  


293 Otte (Freenome) Dep. Tr. 32:16–33:1.  In its responses to the European Commission’s Request for 
Information, Freenome said it was developing a cancer screening test “with a lead indication for colorectal cancer 
screening” and did not mention any other cancer types.  FRNM00003703 at -705. 


294 Otte (Freenome) Dep. Tr. 151:16–152:7. 
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for more than 50 cancer types.  Indeed, Mr. Otte testified that “as a patient”, he would “take 


both” GRAIL’s multi-cancer screening test and Freenome’s test, and therefore, views 


Freenome’s multiomics test as “complementary” to Galleri.295 


197. In addition, Freenome has described its methylation capabilities as being in their 


early stages with “more to come”, particularly in the test’s ability to identify a cancer signal of 


origin, and has said they are “still a ways away from a clinical trial” for a test capable of 


screening simultaneously for multiple cancers.296   


198. Even to the extent that Freenome is able to add additional cancers to its single 


cancer screening test by “turning on the capability” in its multiomics assay, the evidence 


suggests that such a test is many years away.297  Freenome has stated that the “development stage 


[is] still ongoing for the multiomics platform” and is still in the process of further developing that 


platform into a clinical assay.298  After that, Freenome would still need to pursue verification for 


each of the additional cancers that it intends to test using its multiomics platform (either as 


multiple single cancer tests or as a two to three cancer test) before it is ready to commence 


clinical trials on any cancer other than colorectal cancer.299  If Freenome’s multiomics platform 


fails validation for certain cancers because it does not meet the specificity and sensitivity 


 
295 Otte (Freenome) Dep. Tr. 152:9–153:1.  Freenome’s internal documents suggest that it plans to develop 


only more single-cancer screening tests in the near future, including at a feasibility stage for prostate, pancreatic, and 
liver cancer and potentially, breast and lung cancer.  FRNM00000002-125 at -0047-0049; -0061-0062.   


296 Nolan (Freenome) Dep. Tr. 305:25–308:2. 


297 Morton Rpt. ¶ 115; see also Otte Depo. Tr. 23:5–19. 


298 Otte (Freenome) Dep. Tr. 24:12–25:2; 95:16–20. 


299 Otte (Freenome) Dep. Tr. 91:24–92:2; 102:5–9. 
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metrics, Freenome would need to further revise the assay and start over.300  Freenome currently 


does not have any clinical trials relating to screening for multiple cancers listed on 


clinicaltrials.gov.   


2. Freenome’s Colorectal Cancer Screening test  


199. Freenome is currently developing a blood biopsy colorectal cancer screening test 


by combines data from whole-genome sequencing, DNA methylation, and protein quantification 


using a multiomics approach.301  Based on data from its first 574 participants from the 


prospective, observational AI-EMERGE trial (which will have 3,275 participants), Freenome is 


able to achieve single cancer specificity of 94% with sensitivity of 91% using this multiomics 


approach.302   


200. Freenome is currently conducting a 14,000 participants, prospective, 


observational cohort study to validate its blood-based multiomics test for the early detection of 


colorectal cancer.303  Freenome has budgeted that this trial for a single cancer will cost 


approximately $100 million.304 


 
300 Otte (Freenome) Dep. 104:18–23. 


301 Lin CJ et al., Evaluation of a sensitive blood test for the detection of colorectal advanced adenomas in a 
prospective cohort using a multiomics approach, ASCO Gastrointestinal Cancers Symposium Abstract # 43, Jan. 
15, 2021, at https://www.freenome.com/s/2021_Lin-et-al-ASCO-GI-Poster_a_final.pdf; Putcha, et al., Blood-Based 
Detection of Early-Stage Colorectal Cancer Using Multiomics and Machine Learning, ASCO Gastrointestinal 
Cancers Symposium Abstract # 66, Jan. 23-25, 2020, at https://www.freenome.com/s/2020_ASCOGI_Poster.pdf.  


302 Id.  


303 Clinicaltrials.gov, Prevention of Colorectal Cancer Through Multiomics Blood Testing (PREEMPT CRC), 
at https://clinicaltrials.gov/ct2/show/study/NCT04369053. 


304 Otte (Freenome) Dep. Tr. 104:8–17. 
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E. Guardant Health 


201. Guardant Health (“Guardant”) is a molecular diagnostics company based in 


Redwood City, California.  Guardant was founded in 2011, and launched its first product, a 


therapy selection test around the same time.305  Guardant started development of its colorectal 


cancer screening test in 2016, and expects to complete enrollment in its ECLIPSE trial this year.  


Therefore, consistent with the timelines I discussed above, it has taken Guardant about five years 


to complete the research, development and verification steps for a single cancer screening test, 


with additional validation and clinical trials still to come. 


202. Dr. Scott Morton contends that Guardant is a potential competitor to GRAIL 


based on its stated interest in developing a cancer screening test capable of screening 


simultaneously for multiple cancers.306  As I discuss below, there is no indication based on 


Guardant’s work to date that Guardant will be a competitor to GRAIL in the foreseeable future, 


and depending on the test that Guardant develops in the future, it is unclear if it will be a 


competitor to GRAIL or will develop a complementary test. 


1. Guardant Has Not Demonstrated the Ability To Simultaneously Screen for 
Multiple Cancers. 


203. Based on the evidence that I have reviewed, I have seen no evidence that supports 


the proposition that Guardant will launch in the foreseeable future a cancer screening test that is 


 
305 Nasdaq, Guardant Health, Inc. (GH), at https://www.nasdaq.com/market-


activity/ipos/overview?dealId=927439-87823; February 24, 2021 Darya Chudova (Guardant) IH Tr. 17:15–25. 


306 Morton Rpt. ¶¶ 101–06. 
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a close substitute to the Galleri test.  As discussed below, Guardant is currently going through 


late stage development of a screening test for colorectal cancer.307   


204. Although Guardant contends that it has performed research relating to other 


cancers, Guardant has published no data about any cancer screening test other than colorectal 


cancer.  However, even from testimony, it appears that Guardant is still in the middle of research 


and biomarker discovery for cancers beyond colorectal cancer.  For example, when asked about 


their timeline for launching a test screening for more than one cancer type, Guardant testified 


that the “timeline is probably very preliminary” and that Guardant is “planning significant 


development activities starting this year in terms of both technical development of the program 


as well as start of clinical validation studies on additional cancer types.”308   


205. While Guardant has filed a pre-submission document regarding its cancer 


screening test for more than one cancer with the FDA, this document did not identify the specific 


cancers that Guardant intends to target and the FDA declined to award breakthrough device 


designation for Guardant’s purported pipeline test.309  Guardant has also testified that its 


“platform in its foundation doesn’t have anything specific for [] individual cancer types other 


than selection of the regions of the genomes that are most representative for that specific 


cancer.”310  Guardant also acknowledged that “[t]here’s also [the] possibility that we would need 


 
307 Chudova (Guardant) IH Tr. 19:15–23 (“[W]e’re also developing products that are not on the market yet that 


are designed to – as screening products for early detection of cancer.  We refer to these products as LUNAR-2.  
We’re specifically developing a screening test for colorectal cancer at the moment and going through late stage 
development of that product with the goal of obtaining, again, the regulatory approval for the product.  It’s currently 
in development.”); see also 93:21–94:2. 


308 Chudova (Guardant) IH Tr. 99:23–100:6 (emphases added); see also Chudova (Guardant) Dep. Tr. 137:24-
138:8 (“I’m not going to be able to give you a precise timeline for this, but it’s been in the rough planning phase.”). 


309 Chudova (Guardant) Dep. Tr. 52:9–15; 54:23–55:3; 133:22–134:8. 


310 Chudova (Guardant) Dep. Tr. 23:19–24:13. 
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to bring other biomarkers to support the sensitivity and specificity requirements in those other 


cancers, but that’s an area of development at this point.”311   


206. Even if Guardant’s development of a two or three cancer screening test were more 


advanced, Guardant does not appear to be pursuing a cancer screening test that will target the 


same cancers as the Galleri test.  In particular, Guardant has prioritized cancers with existing 


screening guidelines such as lung, breast and colorectal ahead of cancers without such 


guidelines312, like the 45 cancer types that Galleri screens for with no cancer screening test 


available today.  Indeed, Guardant has testified that it aspires to add individual cancers, 


specifically breast cancer and then lung cancer screening to its LUNAR portfolio, but has 


demonstrated no data or internal results supporting a test capable of screening for 50 cancer 


types.313  In addition, even for the cancers that Guardant is prioritizing, its expected launch date 


is many years away.  Guardant has stated it does not plan to launch its breast cancer screening 


test until 2027.314   


207. Dr. Scott Morton claims that Guardant has determined that its existing biomarkers 


are sufficient to show tissue of origin in six to ten cancer types.315  Dr. Scott Morton provided no 


basis for this, and Guardant testified that this determination is based on “internal development 


 
311 Chudova (Guardant) Dep. Tr. 23:19–24:13; 26:10–17 (“In the multi-screening context, we imagine a larger 


number of epigenomic biomarkers to be profiled for relevance to the other cancer types and also determination of 
the tissue of origin or the tumor.”). 


312 Chudova (Guardant) Dep. Tr. 141:15–142:3. 


313 June 3, 2021 William Getty Dep. Tr. 162:7-23; see GH_000008210_R at -8211_R.   


314 Getty Dep. Tr. 164:20-165:9; GH_000008210_R at -8229_R. 


315 Morton Rpt. ¶ 102 (citing testimony of Guardant’s Senior VP of Technology Darya Chudova). 
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data” that has not been validated or published.316  Guardant’s internal documents suggest that 


validating cancer signal of origin is years away.317   


208. In addition, Guardant currently does not have any clinical trials relating to 


screening for multiple cancers simultaneously listed on clinicaltrials.gov.  Guardant expects to 


start a “basket trial” next year or at the end of this year that focuses on breast cancer and lung 


cancer, and does not have a plan as to what other cancer types it might also be investigating or 


any timeline for a potential launch.318   


2. Guardant’s LUNAR-2 Colorectal Cancer Screening Tests  


209. Guardant is currently developing an NGS-based blood biopsy early cancer 


screening test using genomic and methylation signatures called LUNAR-2, to detect and 


screening for early-stage colorectal cancer.319  In 2019, Guardant reported a 107 participant study 


with 72 patients with Stage I–IV colorectal cancer and 35 age-matched cancer-free individuals.  


LUNAR-2 test was 94% sensitive at 94% specificity, with sensitivity at 97% in Stage I/II, 90% 


in Stage III, and 100% in stage IV.320  The authors also found that DNA methylation analysis 


significantly enhanced ctDNA detection relative to somatic mutational analysis alone (94% vs. 


56%; p<0.0001).321  In 2020, Guardant reported a 201 participant study with 113 patients with 


 
316 Chudova (Guardant) Dep. Tr. 151:8–152:2; see also 26:18–27:10. 


317 See GH_000006734 at -6747; GH_000009201 at slide 4. 


318 Getty (Guardant) Dep. Tr. at 165:10-167:19; February 11, 2021 William Getty (Guardant) IH Tr. 150:25-
151:7. 


319 Guardant Health, SOLUTIONS: EARLY DETECTION, at https://guardanthealth.com/solutions/. 


320 Kim ST et al., Combined genomic and epigenomic assessment of cell-free circulating tumor DNA (ctDNA) 
improves assay sensitivity in early-stage colorectal cancer (CRC), AACR 2019; Mar 29-Apr 3 2019; Cancer Res 
2019;79(13 Suppl):Abstract nr 916. 


321 Id. 
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stage I-III colorectal cancer and 88 age-matched colonoscopy screen-negative individuals.  


LUNAR-2 test was 90.3% sensitive at 96.6% specificity, with sensitivity at 90% in Stage I; 88% 


in Stage II; 96% in Stage III.322   


210. In 2019, Guardant initiated the approximately 10,000 participants ECLIPSE 


prospective observational trial to evaluate the performance of the LUNAR-2 colorectal cancer 


screening test and support its submission to the FDA.323  ECLIPSE is expected to complete 


enrollment in 2021.324  The ECLIPSE trial will be in patients who are undergoing regular 


screening procedures for colorectal cancer using colonoscopy, and the aim of the study is to be 


able to assess performance of Guardant’s CRC screening device in comparison to standard of 


care, which is colonoscopy.325 


211. Guardant has completed a 40 participant, prospective observational pilot study in 


lung cancer,326 and is conducting a 590 participant, prospective observational study in the U.S. 


and a 700 participant, prospective observational study in South Korea to evaluate the LUNAR-2 


test in lung cancer.327 


 
322 Westesson O et al., Integrated genomic and epigenomic cell-free DNA (cfDNA) analysis for the detection of 


early-stage colorectal cancer, AACR 2020; Apr 27-28, 2020; Cancer Res 2020;80(16 Suppl):Abstract nr 2316. 


323 Clinicaltrials.gov, Evaluation of the ctDNA LUNAR Test in an Average Patient Screening Episode 
(ECLIPSE), at https://clinicaltrials.gov/ct2/show/NCT04136002. 


324 Guardant Health, SOLUTIONS: EARLY DETECTION, at https://guardanthealth.com/solutions/. 


325 Chudova (Guardant) Dep. Tr. 31:11–22. 


326 Clinicaltrials.gov, Changes in Circulating Tumor-Specific DNA in Patients With Non-Metastatic Non-Small 
Cell Lung Cancer, at https://clinicaltrials.gov/ct2/show/NCT03746262. 


327 Clinicaltrials.gov, Biomarkers for Risk Stratification in Lung Cancer, at 
https://clinicaltrials.gov/ct2/show/NCT03774758; Clinicaltrials.gov, Cell Free DNA for the Diagnosis and 
Treatment in Early NSCLC, at https://clinicaltrials.gov/ct2/show/NCT03791034. 







 


 


104 
 


CONFIDENTIAL – FTC DOCKET NO. 9401 


212. Guardant’s internal documents suggest that Guardant may launch the LUNAR-2 


colon cancer screening test as an IVD upon FDA approval in 2023.328   


213. Importantly, unlike the Galleri test, Guardant intends to market its LUNAR-2 


colorectal cancer screening test as an alternative to the current standard of care for that cancer 


(i.e., colonoscopy).  This means that the sensitivity and specificity requirements are very 


different from what GRAIL has targeted for the Galleri test. 


3. Guardant’s Other Oncology Test Development Efforts 


214. Guardant currently markets the following types of oncology tests:329 


Test Name 
Type of Analytes/ 
Biomarkers Used 


Type of Test Approval Status 


Guardant360® CDx DNA SNVs, 
insertions/indels, 
copy number 
amplifications, and 
fusions 


61 gene panel from 
blood plasma 
sample for therapy 
selection 


FDA-approved, 
IVD assay 


Guardant360® LDT  DNA SNVs, 
insertions/indels, 
copy number 
amplifications, 
fusions, and blood 
tumor mutational 
burden 


Over 80 gene panel 
from blood plasma 
sample for therapy 
selection 


LDT assay 


GuardantOMNI DNA genomic 
profiling 
incorporating 
majority of genes 
evaluated in cancer 
drug development 
pipelines and 
biomarkers for 
immuno-oncology 
applications, 


500-gene panel 
from blood plasma 
sample for therapy 
selection  


RUO assay 


 
328 GH_000006705 at -722; GH_000007025 at -7026.  See also Morton Rpt. ¶ 101. 


329 FDA, Physician Insert: Guardant360® CDx, at 
https://www.accessdata.fda.gov/cdrh_docs/pdf20/P200010C.pdf; Guardant Health, BIOPHARMA SOLUTIONS, at 
https://guardanthealth.com/biopharma-solutions/. 
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Test Name 
Type of Analytes/ 
Biomarkers Used 


Type of Test Approval Status 


including tumor 
mutational burden 


Guardant Reveal™ 
(formerly known as 
LUNAR-1) 


DNA genomic 
alterations and 
methylation  


MRD monitoring 
test using blood 
plasma sample  


LDT assay 


 
215. Guardant’s Guardant360® CDx, Guardant360® LDT and GuardantOMNI tests are 


therapy selection tests based on NGS sequencing of genomic materials, and would not be 


sensitive enough for multi-cancer screening tests. 


F. Helio Health 


216. Helio Health (formerly known as Laboratory for Advanced Medicine (“LAM”)) is 


a molecular diagnostics company based in Irvine, California.  It also has an office in Beijing, 


China.  LAM was founded in 2014.330  As Dr. Scott Morton admits, Helio Health’s test is “still in 


the early stages of development”, and cancer screening for more than one cancer is a “long-term 


goal.”331  Indeed, Helio has testified that it has no FDA trials in progress for Helio’s colon, breast 


and lung cancer tests, and Helio has stated to its investors that it has no plans for a pan-cancer 


clinical trial in the United States.332  Based on the evidence, while Helio may be in the 


validation/clinical stages for its liver cancer test, it appears to be at best in the early stages of 


research and development for the other cancers, including in a future cancer screening test. 


217. Dr. Scott Morton contends that Helio Health is a potential competitor to GRAIL 


based on its stated interest in developing a cancer screening test for more than one cancer.333  As 


 
330 HelioHealth_00000608 at -612. 


331 Morton Rpt. ¶¶ 118–19;  see also Chahine (Helio) Dep. Tr. 31:5–15. 


332 HelioHealth_00000717 at -719; see also Chahine (Helio) Dep. Tr. 98:3-25;. 


333 Morton Rpt. ¶¶ 118–20. 
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I discuss below, there is no indication based on Helio Health’s work to date that Helio Health 


will be a competitor to GRAIL in the foreseeable future, and depending on the test that Helio 


Health develops in the future, it is unclear if it will be a competitor to GRAIL or will develop a 


complementary test. 


218. In particular, Helio’s approach is unlikely to yield a test that is capable of 


screening a comparable number of cancers as Galleri.  Helio discloses that its pipeline of cancer 


testing and screening products, includes tests for colon, breast, lung and “multi-cancer” 


indications.334  Both Helio’s recent announcements, as well as its prior work on IvyGene, shows 


that it has only ever studied five cancers:  breast, colon, liver, nasopharyngeal and lung.335  Helio 


also testified that its likely future cancer screening test will be developed by combining multiple 


single cancer tests into tests screening for two cancer types after obtaining approval for each 


one.336  Helio has decided to pursue this approach after previously following an approach that 


simultaneously screened for multiple cancer types because “from a cost of development, a multi-


 
334 Helio, Helio Health Announces China NMPA Acceptance of Registration Application for Helio Liver Test, 


March 24, 2021, at https://www.heliohealth.com/news_cp/helio-health-announces-china-nmpa-acceptance-of-
registration-application-for-helio-liver-test/.  Helio had previously developed a multi-cancer screening test called 
IvyGene but has since abandoned those efforts.  See Chahine (Helio) Dep. Tr. 15:11–20 (not listing IvyGene as a 
product); Laboratory for Advanced Medicine, Laboratory for Advanced Medicine Commercializes Non-Invasive, 
Artificial Intelligence-Based IvyGene Blood Test for Cancer Detection, May 30, 2018, at 
https://www.heliohealth.com/news_cp/laboratory-for-advanced-medicine-commercializes-non-invasive-artificial-
intelligence-based-ivygene-blood-test-for-cancer-detection/; GenomeWeb, Helio Heath Aims to Market Blood-
Based Liver Cancer Screening Assay in Early 2021, Oct 29, 2020, at https://www.genomeweb.com/molecular-
diagnostics/helio-heath-aims-market-blood-based-liver-cancer-screening-assay-early-2021#.YH9LMGdKibi. 


335 Hao X et al., PNAS 2017; 114 (28) 7414-19; Helio Health, Helio Health Announces China NMPA 
Acceptance of Registration Application for Helio Liver Test, March 24, 2021, at 
https://www.heliohealth.com/news_cp/helio-health-announces-china-nmpa-acceptance-of-registration-application-
for-helio-liver-test/.  LAM pursued several small case-control trials relating to breast, colon, liver, lung and 
nasopharyngeal cancer. 


336 Chahine (Helio) Dep. Tr. 30:22–31:4 (“So our vision is as we get single cancer approvals to combine those 
in a single test.  So you can envision having a liver.  Then you have a liver-colon, liver-breast, et cetera.  But the 
vision is definitely to combine tests as they become available.”). 
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cancer test versus a single cancer test would be dramatically more costly.”337  Even in its past 


research, Helio has never demonstrated any ability to screen for anywhere near 50 cancer types, 


as the Galleri test does today. 


219. Dr. Scott Morton has not presented any evidence showing that the Helio two 


cancer-type test (or even a test screening for five cancer types), including many cancers with an 


existing cancer screening test, is a close substitute of the Galleri test, which simultaneously 


screens for more than 50 cancer types, 45 of which have no current screening test.   


1. The Helio Liver Test  


220. In 2020, Helio Health renamed the IvyGene liver cancer panel to the “Helio Liver 


Test,” and aims to market it in early 2021 as an LDT, followed by an FDA-approved test in 


2022.338  In addition to NGS-based cfDNA methylation biomarkers, Helio is also using ELISA to 


identify protein biomarkers linked to liver cancer, including the alpha-fetoprotein (AFP).339  


Helio is taking a multiomics approach, by combining methylation data, protein biomarkers, and 


patients’ demographic information using an AI algorithm to determine whether the patient has 


early-stage liver cancer.340   


 
337 Chahine (Helio) Dep. Tr. 31:19–32:2. 


338 GenomeWeb, Helio Heath Aims to Market Blood-Based Liver Cancer Screening Assay in Early 2021, Oct 
29, 2020, at https://www.genomeweb.com/molecular-diagnostics/helio-heath-aims-market-blood-based-liver-
cancer-screening-assay-early-2021#.YH9LMGdKibi.   


339 Id. 


340 I note here that Helio is using NGS for its discovery studies, which are focused on DNA methylation.  In 
this regard, it is notable that the Oxford Nanopore sequencing platforms may be superior for this application.  
Further, it is clear that Helio is pursuing a path of using very limited numbers of biomarkers, e.g., 9, 8, 5 and even 
one marker, and that they have done some of their clinical studies not with NGS but with ddPCR.  See, e.g., Xu, Rh 
et al., Circulating tumour DNA methylation markers for diagnosis and prognosis of hepatocellular carcinoma, 
Nature Mater, 2017;16:1155–61, at https://doi.org/10.1038/nmat4997.  See also Luo H et al., Circulating tumor 
DNA methylation profiles enable early diagnosis, prognosis prediction, and screening for colorectal cancer, Sci 
Transl Med., 2020 Jan 1;12(524):eaax7533.  I  note that there was an Editorial Expression of Concern issued for this 
article regarding the erroneous information about the ddPCR assay provided by the authors.  Id. 
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221. Helio (and LAM) have conducted a few different trials relating to its liver cancer 


test, including certain trials relying on Bio-Rad’s droplet digital platform (ddPCR) rather than 


NGS.341  I summarize here the results from the liver cancer trials.  In March 2019, LAM 


presented results of a blinded validation study to evaluate individual panels of DNA methylation 


markers developed for the detection of liver cancer.  In the 154 participant liver cancer panel 


study with 60 Stage I–IV liver cancer patients, 30 patients of another cancer type, 10 patients 


with benign liver disease and 30 healthy individuals, the IvyGene liver cancer panel showed an 


overall sensitivity of 95% and specificity of 97.5%.342  


222. In November 2020, Helio presented results of a prospective validation study to 


evaluate the Helio Liver Test, together with protein markers and demographics,  for the detection 


of liver, breast or colorectal cancers.  In the 631 participant study with 291 liver cancer patients 


and 340 age-matched healthy controls, the multiomics test achieved an overall sensitivity of 


93.0% and a specificity of 95.6%, with sensitivities for Stages I, II, III and IV at 77.8%, 99.8%, 


96.8%, and 98.6%, respectively, at a 95% specificity.343  Helio further discloses that the Helio 


 
341 GenomeWeb, IvyGene Advancing UCSD Epigenetic Method for Blood-Based Cancer Test, Oct 16, 2017, at 


https://www.genomeweb.com/molecular-diagnostics/ivygene-advancing-ucsd-epigenetic-method-blood-based-
cancer-test#.YIA_IGdKibi. 


342 Roy D et al., Circulating cell-free DNA methylation assay: Towards early detection of multiple cancer 
types, AACR; March 29 - April 3, 2019. Abstract 837 / 23, at 
https://www.abstractsonline.com/pp8/#!/6812/presentation/3821. 


343 Roy D et al., The Diagnostic Value Of cfDNA Methylation-Based Biomarkers For Detection Of 
Hepatocellular Carcinoma: An Independent Validation, AASLD; Nov 13-16, 2020. Abstract 1136, Hepatology 
2020, 72(1) (Suppl), at https://aasldpubs.onlinelibrary.wiley.com/doi/10.1002/hep.31579. 
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Liver Test alone only achieved sensitivity of 88.7% in Stage I–II liver cancer patients, while 


sensitivity for AFP alone was 57.5% and for ultrasound was approximately 47%.344   


223. In February 2019, LAM started a 1,600 participant, prospective observational 


CLiMB trial to compare the performance of the IvyGene Dx Liver Cancer Test with ultrasound, 


CT or MRI for the detection of liver cancer within a population that is at high risk for liver 


cancer due to liver cirrhosis.345  The CLiMB trial is expected to complete in 2023.  The Helio-led 


team has enrolled at least 500 of 800 high-risk patients and anticipates releasing the results of the 


trial by early next year.346 


224. Helio also partnered with Chinese collaborators to validate the Helio Liver Test in 


a blinded case-control study, called “Evaluate Methylation Markers for Detection of Liver 


Cancer Study” (VICTORY).  The study evaluated 1,093 individuals in China with liver cancer 


and benign liver diseases as well as healthy controls, and Helio “plan[s] to share the encouraging 


details of the VICTORY trial at a later date.” 347  The results of the VICTORY study, which has 


not been published yet, was used as the basis of Helio’s registration submission for the Helio 


Liver Test in China.348 


 
344 Helio, Helio Health Announces China NMPA Acceptance of Registration Application for Helio Liver Test, 


March 24, 2021, at https://www.heliohealth.com/news_cp/helio-health-announces-china-nmpa-acceptance-of-
registration-application-for-helio-liver-test/. 


345 Clinicaltrials.gov, Clinical Trial for the IvyGene Liver Cancer Test (CLiMB), at 
https://clinicaltrials.gov/ct2/show/NCT03694600. 


346 GenomeWeb, Helio Heath Aims to Market Blood-Based Liver Cancer Screening Assay in Early 2021, Oct 
29, 2020, at https://www.genomeweb.com/molecular-diagnostics/helio-heath-aims-market-blood-based-liver-
cancer-screening-assay-early-2021#.YH9LMGdKibi. 


347  347 Helio, Helio Health Announces China NMPA Acceptance of Registration Application for Helio Liver 
Test, March 24, 2021, at https://www.heliohealth.com/news_cp/helio-health-announces-china-nmpa-acceptance-of-
registration-application-for-helio-liver-test/. 


348 Id. 
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G. Natera 


225. Natera, Inc. (“Natera”) is a molecular diagnostics company based in San Carlos, 


California and Austin, Texas.  Natera was founded in 2004 with an initial focus on genetic 


testing in women’s health, including non-invasive prenatal testing (“NIPT”).349  Though Natera 


contends that it will launch its colorectal cancer screening test in 2022 as an LDT and will launch 


an “MCED” test in 2023,350 as I discuss below, I have seen no evidence to support such a 


timeline.  Even as recently as March 2020, Natera’s oncology roadmap did not even mention an 


asymptomatic cancer screening test.351   


226. The evidence that I have reviewed suggests that Natera is, at best, at the very 


early stages of research for a colorectal cancer screening test,352 though Natera contends that it 


can adapt the biomarkers that it has identified from other cancer testing contexts (e.g., MRD) to 


cancer screening.353  As I discussed above, while data from a different context may be helpful 


preliminarily for biomarker discovery purposes, it is unlikely to accelerate the development of a 


cancer screening test for multiple cancer types or to add  a new cancer type to an existing 


screening test.354  This is particularly the case for Natera, where the nature of their biomarker 


 
349 Natera, About Us, https://www.natera.com/company/about-us/. 


350 Morton Rpt. ¶ 121; see Rabinowitz (Natera) Dep. Tr. 238:3–239:21; Fesko (Natera) Dep. Tr. 217:13–21. 


351 FTC-V-ILLUMGRAIL-NAT-00008081 at -8133.  In May 2019, the CEO of Natera told investors that 
Natera is “not focused on asymptomatic cancers [screening] or early detection.”  May 9, 2019 Earnings Call at 6. 


352 Fesko (Natera) Dep. Tr. 214:5–215:3 (admitting that Natera is in the “research phase.”). 


353 See, e.g., Rabinowitz (Natera) Dep. Tr. 235:5–240:10.  Natera even contends, without support, that it could 
market the MRD test directly as an asymptomatic cancer screening test.  Fesko (Natera) Dep. Tr. 134:22–135:6.   


Even if Natera’s approach were a viable one, even Natera does not contend that it has data from the MRD 
context for 50 types of cancer, but rather only 15.  See, e.g., Fesko (Natera) Dep. Tr. 77:13–78:20. 


354 See Section V.A above. 
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discovery would specifically not be applicable to early cancer screening, as I will further discuss 


below. 


227. Dr. Scott Morton contends that Natera is a potential competitor to GRAIL based 


on its stated interest in developing an “MCED” test.355  As I discuss below, however, there is no 


suggestion based on Natera’s work to date that Natera will be a competitor to GRAIL in the 


foreseeable future, and depending on the test that Natera develops in the future, it is unclear if it 


will be a competitor to GRAIL or will develop a complementary test. 


1. Natera Aspires to Develop a Colorectal Cancer Screening Test and a 
Cancer Screening Test for Multiple Cancers in the Future 


228. Dr. Scott Morton refers to Natera’s own description of its test as “a pan-cancer 


test capable of detecting all types of cancer”,356 yet neither Natera’s internal ordinary course 


documents nor its published studies provide any support for this claim.  To date, Natera has not 


published any studies relating to cancer screening.   


229. Natera’s internal documents suggest that, as of late 2020, Natera has envisioned 


an early cancer screening test for asymptomatic individuals focused initially only on colorectal 


cancer, and from there, Natera aspires to branch out to other, unspecified cancers.357  


Specifically, Natera has testified that it intends to use the early-stage tumor samples it collected 


from Signatera MRD test, the mutational data it collected from sequencing of the tumor samples, 


the methylation data it collected from collaboration with Aarhus University in Denmark as well 


as from Natera’s internal methylation biomarker development, and the sample prep and library 


 
355 Morton Rpt. ¶¶ 121–24. 


356 Morton Rpt. ¶ 124. 


357 FTC-V-ILLUMGRAIL-NAT-00008453 at -8499; Rabinowitz Dep. Tr. 238:3–239:21. 
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prep technology, including the “massively multiplexed PCR” amplification technology used in 


Signatera.358   


230. The evidence I have reviewed suggests that Natera’s planned timeline of 


launching a cancer screening test for multiple cancers in 2023 is unrealistic, particularly as 


Natera contends that its early cancer screening test will use “methylated DNA” in its blood 


test.359  If Natera will use methylated DNA, it will essentially have to start from the earliest 


discovery phase outlined in Figure 2 (technical development, sample acquisition and biomarker 


discovery), as there is no evidence or indication from the literature, announcements, 


collaborations or testimony that any work on methylated DNA has begun, and thus is many years 


away from a test for multiple cancers.  Further, Natera contends in its testimony that it will be 


able to use the biomarkers that it has identified for its Signatera MRD test.  However, Natera’s 


CEO as recently as November 2020 stated to its investors that “Signatera technology is not 


something that can be used for early detection.”360  In addition, as Natera acknowledged in 


testimony, cancer screening is a different use case from MRD, as MRD tests are used in patients 


who have already been diagnosed with cancer.361   


231. I note that the MRD test that Natera has developed actually depends on the pre-


diagnosis of cancer.  The Natera MRD test is based on identifying DNA point mutations that are 


specific to an individual patient’s cancer, and each patient requires assessment of their cancer 


 
358 Rabinowitz Dep. Tr. 235:5–240:10. 


359 FTC-V-ILLUMGRAIL-NAT-00000001 at -007 (“Natera is also developing a liquid biopsy for early 
detection test for asymptomatic screening (pan-cancer) which will target methylated DNA in blood tests.”). 


360 November 5, 2020 Q3 Earnings Call at 18. 


361 Fesko (Natera) Dep. Tr. 134:14–21. 
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cells to identify the mutations that cancer might have.362  As is obvious, this type of assay is 


inapplicable to a cancer screening test, which is performed in asymptomatic individuals who do 


not have a cancer diagnosis or tumor tissue to analyze. 


232. Even if there was a way for Natera to adopt the tumor profiling results it has 


collected for a cancer screening test, there are several issues that would structurally impede any 


rapid adaptation of its findings to such an test:   


 First, as Natera acknowledges, Natera would need to do the analytical work to 
understand how to even potentially use these tumor profiling results as a cancer 
screening test.363  More realistically, Natera would need to conduct several years 
of biomarker discovery and assay development, as GRAIL and Thrive have done, 
to determine whether the biomarkers used for MRD can be used for cancer 
screening, an application that requires significantly greater sensitivity and 
specificity than MRD.364   


 Second, Natera would need to conduct, at minimum, large scale case-control 
studies and then prospective, observational or interventional trials to develop the 
use case data.  I am not aware of Natera performing work to prepare for such 
clinical studies, and neither Natera nor Dr. Scott Morton provide any evidence to 
suggest that any of these clinical studies has been contemplated, let alone 
started.365 


 
362 See, e.g., Reinert T et al., Analysis of Plasma Cell-Free DNA by Ultradeep Sequencing in Patients With 


Stages I to III Colorectal Cancer, JAMA Oncol., 2019 May 9;5(8):1124-31; Coombes C, et al. Personalized 
Detection of Circulating Tumor DNA Antedates Breast Cancer Metastatic Recurrence, Clin Cancer Res., 2019 Jul 
15;25(14):4255-63; Christensen E et al., Early Detection of Metastatic Relapse and Monitoring of Therapeutic 
Efficacy by Ultra-Deep Sequencing of Plasma Cell-Free DNA in Patients With Urothelial Bladder Carcinoma, J 
Clin Oncol., 2019 Jun 20;37(18):1547-57. 


363 Fesko (Natera) Dep. Tr. 135:12–22 (“You would have to profile the performance of that test.  You would 
have to develop analytical validation data.  It wouldn’t make sense to market a test that you haven’t profiled in that 
specific cohort.”); 136:2–5 (agreeing that Natera has not profiled Signatera in a cohort for asymptomatic screening); 
see also 220:14–17. 


364 See Sections IV.D, V.A above. 


365 See, e.g., Fesko (Natera) IH Tr. 78:8–20 (“Q.  You mentioned clinical trials.  Has Natera conducted any 
clinical trials of its multi-cancer early detection test?  A.  We have not conducted any clinical trials yet, but we have 
put plans in place to test the samples of existing clinical trials, if that makes sense, so to use banked samples from 
trials that have already run or are running.  Q. Does Natera have any other plans for any clinical trials for its multi-
cancer early detection test?  A.  Not at this time.”) (emphasis added). 
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233. Further, it appears that the very test that Natera is “adapting” for use as an early 


cancer screening test is itself not complete, and more importantly, does not use methylation.366  


Specifically, Natera has testified that it plans to augment the non-tumor-informed MRD panel 


“over time . . . with methylation markers” through a collaboration with Aarhus University.367  


Thus, any early cancer screening test Natera may develop is likely to be further delayed after the 


development of the non-tumor-informed MRD panel is complete. 


234. In addition, even after the assay development is complete, significant investment 


is necessary to obtain FDA approval for any early cancer screening test, especially a multi-


cancer screening test, as a test developer must conduct clinical trials.  Natera testified that it 


“may need to run a study with 40 or 50,000 patients simply because you’re looking for very rare 


events in a population that will . . . only be positive for asymptomatic cancer in very few 


cases.”368  However, Natera currently does not have any colorectal cancer screening trial or 


multi-cancer screening clinical trial listed on clinicaltrials.gov.369,370  Therefore, even according 


to Natera’s own timeline, which assumes that a clinical trial would take “anywhere from one to 


 
366 FTC-V-ILLUMGRAIL-NAT-00008561 at -8576 (noting Natera tissue-naïve assay “showing promise” but 


“must augment with methylation”); -8595 (slide on Natera’s asymptomatic screening program notes that they 
“[n]eed to add methylation capability”); -8688 (goal of the Aarhus University collaboration is to “[d]evelop 
methylation capability for tissue free MRD and early detection”.)  


367 Rabinowitz (Natera) Tr. 236:19–21 (emphasis added). 


368 Fesko (Natera) IH Tr. 90:3–13.  


369 I note from my review of clinicaltrials.gov that Natera does appear to have conducted a 12-person case-
control trial relating to ovarian cancer screening.  https://clinicaltrials.gov/ct2/show/NCT03485651.  However, 
Natera does not appear to have performed an analysis of the readout from this trial nor published any data.  
Therefore, this particular effort appears to have been abandoned, especially given that Natera previously mentioned 
such screening efforts on its 2016 and 2017 earnings calls, but later explicitly stated the opposite in 2019.  Compare, 
e.g., Nov. 9, 2016 Earnings Call at 7 (discussing exploring breast and ovarian cancer screening); May 9, 2017 
Earnings Call at 18; with May 9, 2019 Earnings Call at 6. 


370 Fesko (Natera) IH Tr. 78:8–20. 
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three years”371, which in my opinion is an underestimate, Natera’s colorectal cancer screening 


test could launch, at the earliest, in the 2024 or 2025 timeframe, with any other screening tests to 


launch even later. 


235. Due to the lack of R&D resources, Natera has ranked the early cancer screening 


program lower on priority than several “hot emerging items” for Signatera, including: (i) 


developing and launching the non-tumor-informed MRD panel that target a set of known gene 


variants; (ii) bringing a larger version of Signatera with more probes as part of CLIA 


standardized offering; (iii) bringing the tumor sequencing for Signatera in-house, and (iv) 


supporting companion diagnostics trials with pharmaceutical companies.372   


236. Finally, the biomarkers Natera currently is focusing on are only for colorectal 


cancer,373 and the 40,000 plasma sample Aarhus University are all from the Danish national 


study for colorectal cancer screening.374  Although Aarhus University has cohorts for lung 


cancer, for breast cancer, and for other indications, those cohorts do not appear to be part of the 


current collaboration with Natera.375  As a low-priority project, Natera’s colorectal cancer 


screening test is likely to take even longer to develop and launch than the exemplary timeline 


that I discussed above, and any screening tests for other cancer types it may develop and launch 


would be years after that, in the 2030 timeframe at the earliest.  This appears to be consistent 


with the timeline reflected in Natera’s ordinary course documents, which do not provide any 


 
371 Fesko (Natera) Dep. Tr. 87:15–19. 


372 Rabinowitz (Natera) Dep. Tr. 241:5–245:11. 


373 Id. at 238:3–14; 240:11–21.  


374 FTC-V-ILLUMGRAIL-NAT-00008156 at -8191; Fesko (Natera) Dep. Tr. 156:11–160:8. 


375 Fesko (Natera) Dep. Tr. 160:10–14; FTC-V-ILLUMGRAIL-NAT-00008156 at -8191. 
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launch date for an asymptomatic screening test focused on colorectal cancer, let alone for other 


cancers.376 


H. Singlera 


237. Singlera Genomics (“Singlera”) is a molecular diagnostics company based in 


Shanghai, China with an office in La Jolla, California.  Singlera was founded in 2014 to focus on 


early cancer detection.377  Though Singlera has been focusing on early cancer screening for 


seven years, it still views itself as “early in the run.”378  As discussed below, based on my review 


of the evidence, it appears that Singlera is in the research and development stage for a cancer 


screening test for five cancer types, and in the clinical stage for its ColonES colorectal cancer 


screening test. 


238. Dr. Scott Morton contends that Singlera is a potential competitor to GRAIL based 


on its stated interest in developing a cancer screening test for multiple cancer types.379  As I 


discuss below, there is no indication based on Singlera’s work to date that Singlera will be a 


competitor to GRAIL in the foreseeable future, and depending on the test that Singlera develops 


in the future, it is unclear if it will be a competitor to GRAIL or will develop a complementary 


test.   


 
376 Fesko (Natera) Dep. Tr. 185:22–187:4; FTC-V-ILLUMGRAIL-NAT-00008453 at -8499;  see also Fesko 


(Natera) Dep. Tr. 215:10–17 (Fesko has never “seen a[] [Natera] oncology roadmap that has an asymptomatic 
screening test launched in 2022.”). 


377 Gao (Singlera) Dep. Tr. 16:3–5; 17:11–15; 97:17–98:6. 


378 Gao (Singlera) Dep. Tr. 17:5–10. 


379 Morton Rpt. ¶¶ 107–10. 
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1. Singlera’s PanSeer Test 


239. Singlera’s PanSeer test is a pipeline NGS-based cfDNA methylation RUO cancer 


screening test that uses Singlera’s cell-free methylated DNA immunoprecipitation sequencing 


(“cfMeDIP-seq”) method that is capable of methylome analysis of small quantities (1-10 ng) of 


cfDNA to provide broad insight into genome-wide DNA methylation patterns of cfDNA without 


the increased costs associated with whole-genome sequencing.380  PanSeer examines about 


10,613 to over 20,000 methylation markers in cfDNA for the detection of five (5) cancer types – 


colorectal, esophageal, liver, lung, and stomach.381  The PanSeer test only requires 


approximately 2 million sequencing reads per sample,382 and is compatible with both Illumina’s 


MiSeq or NextSeq systems and Thermo Fisher’s Ion Torrent S5 systems, though it appears to 


primarily use the NextSeq 550Dx system from Illumina.383 


240. In a retrospective, observational study of 418 participants from part of the 


Taizhou Longitudinal Study384 with samples from 113 post-diagnosis cancer patients, 98 pre-


diagnostic cancer patients, and 207 healthy individuals, PanSeer achieved a 96.1% specificity, 


87.6% sensitivity in post-diagnostic cancer patients, and 94.9% sensitivity in 98 pre-diagnostic 


 
380 Shen SY et al., Preparation of cfMeDIP-seq libraries for methylome profiling of plasma cell-free DNA, Nat 


Protoc. 2019 Oct;14(10):2749-80.  


381 Chen X. et al., Non-invasive early detection of cancer four years before conventional diagnosis using a 
blood test, Nature Communications July 21, 2020; 11:3475 (“Chen 2020”), at 3; Singlera Genomics, Singlera 
Genomics’ PanSeer assay technology, at https://singleraoncology.com/technology/. 


382 Chen 2020 at 7. 


383 Singlera Genomics, Singlera Genomics’ PanSeer assay technology, at 
https://singleraoncology.com/technology/; see also Gao.(Singlera) Dep. Tr. 78:18–20. 


384 Dr. Scott Morton describes this as a “proof of concept study . . . on 100,000 blood samples.”  (Morton Rpt. 
¶ 108.)  In fact, only a very small portion of the samples from 100,000 participants of the Taizhou Longitudinal 
Study were used.  See Chen 2020 at 3. 
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cancer patients.385  Singlera envisions, however, that any patient testing positive on PanSeer 


would then undergo additional blood test and/or follow-up imaging to allow tissue of origin 


mapping.386 


241. Dr. Scott Morton alleges that Singlera “may add more cancers prior to 


commercialization and could end up detecting as many as 150 cancers”,387 but nothing in 


Singlera’s internal documents or published studies provide any support for this claim.  No 


analytical or clinical data that Singlera has collected provides support for the proposition that 


PanSeer can detect more than 5 cancer types, let alone 50 or 150 cancer types. 


242. Dr. Scott Morton alleges that Singlera “hopes to start its FDA trial for PanSeer in 


two to three years, and expects it can launch an FDA-approved commercialized product in the 


next six or seven years.”388  However, Dr. Gao’s subsequent deposition testimony suggests that 


such a timeline does not appear to be feasible.389  In particular, Dr. Gao testified that Singlera is 


“far away” from starting clinical trials for PanSeer in the United States, and that they “are still 


not in the really starting clinical trial state.”390  For a pan-cancer trial, Dr. Gao estimates that a 


clinical trial would need to be for 100,000 or 200,000 people, somewhere around eight or 10 


years.391  Therefore, by Dr. Gao’s own calculation, PanSeer is at least eight to ten years away 


 
385 Chen 2020 at 1, 4 Table 1. 


386 Id. at 6. 


387 Morton Rpt. ¶ 107 (citing Gao (Singlera) IH Tr. 28:15-30:9). 


388 Morton Rpt. ¶ 108 (citing Gao (Singlera)  IH Tr. 96:5–12). 


389 Gao (Singlera) Dep. Tr. 81:13–85:12. 


390 Gao (Singlera) Dep. Tr. 113:25–114:4; 81:15–82:10. 


391 Gao (Singlera) Dep. Tr. 122:20–123:16. 
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from potential launch in the United States.  Singlera does not currently have any clinical trials 


relating to screening for multiple cancers listed on clinicaltrials.gov. 


2. Singlera’s ColonES® Tests 


243. In addition to the PanSeer cancer screening test in development, Singlera is also 


developing single cancer screening tests for colorectal cancer and likely lung cancer.   


244. The ColonES® rapid colon cancer assay is a targeted bisulfite NGS sequencing 


test of ctDNA methylation signatures from blood plasma.  Singlera reported that it had an initial 


Pre-Submission Meeting with the FDA regarding its ColonES® test in the fall of 2019, and a 


second Pre-Submission Meeting on April 21, 2020, and that Singlera planned to start the 


ColonES® pivotal study in the United States in the second half of 2020.392  In 2018, Singlera 


reported the results of its ColonES retrospective study to screen for early stage colorectal cancer 


and precancerous advanced adenomas.  In this 1,243 participant study with 291 Stage I colorectal 


cancer patients, 133 Stage II patients, 124 Stage III patients, and 102 Stage IV patients, 204 


advanced adenomas patients and 429 healthy individuals, the ColonES® test achieved 


sensitivities of 93% for colorectal cancer and 88% for advanced adenoma with a specificity of 


99%.393 


 
392 Singlera Genomics, Singlera Genomics Meets with FDA for Rapid Colon Cancer Assay and Has a Clear 


Path Forward, May 11, 2020, at https://www.prnewswire.com/news-releases/singlera-genomics-meets-with-fda-for-
rapid-colon-cancer-assay-and-has-a-clear-path-forward-301056859.html. 


393 Singlera Genomics, Singlera Genomics unveils results of ColonES study demonstrating detection of 
advanced adenoma and colorectal cancer, Oct. 18, 2018, at https://www.prnewswire.com/news-releases/singlera-
genomics-unveils-results-of-colones-study-demonstrating-detection-of-advanced-adenoma-and-colorectal-cancer-
300733775.html; Gole J et al., Circulating tumor DNA methylation haplotypes in plasma can accurately detect 
early-stage colorectal cancer and advanced adenomas in a single blinded study, ASHG 2018; Oct. 16-20, 2018, 
Abstract 2793W. 
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245. Singlera has also conducted a prospective, observational study in China of 300 


participants for the detection of early-stage lung cancer.394  Singlera has not reported results of 


this study yet. 


246. Despite these efforts with clinical trials in China, Dr. Gao believes that Singlera is 


“far from” starting FDA clinical trials for ColonES in the United States.395  Dr. Gao testified that 


Singlera will need a three to four year study for at least 10,000 people for the trial.396  In 


addition, according to Dr. Gao, Singlera is considering a qPCR version—not NGS—of the 


ColonES test to be launched in China first.397  Therefore, by Dr. Gao’s own testimony, Singlera 


appears to anywhere from three to seven years away from completing clinical trials for ColonES, 


and likely even longer. 


I. StageZero 


247. StageZero Life Sciences (“StageZero”), formerly known as Genenews, is a 


molecular diagnostics company based in Richmond Hill, Canada and Richmond, Virginia.  


StageZero plans to launch a blood-based cancer screening test as an LDT this year.398  StageZero 


was founded in 2000, and began working on its colorectal cancer screening test (called 


 
394 Clinicaltrials.gov, Non-Invasive ctDNA Methylation Detection for Lung Nodule Patients, at 


https://clinicaltrials.gov/ct2/show/NCT03685669. 


395 Gao (Singlera) Dep. Tr. 113:8–23. 


396 Gao (Singlera) Dep. Tr. 120:9–121:5 (“I would imagine either it will take at least three to four years for 
doing a 10,000 people ColonES study.  Either it will take longer maybe for pan-cancer but I would imagine in the 
general five-year time frame.  If you are starting your clinical trial today, it takes three to five years.  If you are not, 
could be seven years.”). 


397 Gao (Singlera) IH Tr. 90:12 – 91:16 (“we’re thinking we will first seek a stripped-down PCR version in 
China first.”). 


398 Stamatiou (StageZero) Dep. Tr. 33:8–12, 35:25–36:11. 
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ColonSentry) in 2003.399  StageZero also began research and development on its Aristotle cancer 


screening test in the 2003-2004 timeframe.400 


1. StageZero’s Aristotle Cancer Screening Test 


248. StageZero intends to provide, on a limited basis to a network of oncologists, a 


microarray-based cancer screening LDT test, together with partners Health Clinics and Care 


Oncology, called Aristotle.401  Aristotle is a microarray-based blood biopsy test that interrogates 


mRNA from whole blood (blood transcriptome)402 to detect gene expression profiles indicative 


of 10 discrete cancers. Aristotle will detect 9 cancers relevant for women (the “female” test):  


ovarian, breast, cervical, endometrial, colorectal, bladder, stomach, liver and nasopharyngeal, 


and 6 cancers for men (the “male” test): prostate, colorectal, bladder, stomach, liver and 


nasopharyngeal.403   


249. In contrast to the DNA methylation or genomic mutation based approaches used 


by GRAIL, Thrive, and other companies, StageZero uses an approach called immunoediting, 


under the theory that when normal cells transform into clinically-detectable cancer, the human 


immune system protects the human body from cancer and forces the developing tumors to 


undergo immunogenic “sculpting” through three phases: elimination, equilibrium and escape.404  


 
399 Stamatiou (StageZero) Dep. Tr. 10:22–11:9; 25:1–4. 


400 Stamatiou (StageZero) Dep. Tr. 29:21–23. 


401 StageZero, StageZero Life Sciences Introduces Aristotle, The First Multi-Cancer Test From A Single 
Sample of Blood, April 5, 2021, at https://irdirect.net/prviewer/release_only/id/4679415. 


402 Dempsey AA et al., Aristotle: A single blood test for pan-cancer screening, J Clin Oncol. May 25, 2020; 
38(15_suppl):e15037.  


403 StageZero, Aristotle™: 10 Cancers – One Sample of Blood, Unlimited Possibilities, at 
https://www.stagezerolifesciences.com/aristotle.html; see also Stamatiou (StageZero) Dep. Tr. 69:4–70:7. 


404 Smyth MJ et al., Cancer immunosurveillance and immunoediting: the roles of immunity in suppressing 
tumor development and shaping tumor immunogenicity, Adv Immunol, 31 Dec 2005;90:1-50. 
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As a result of this immunoediting, gene expressions in the transforming cancer cells, i.e., the 


mRNA from the transcriptome, display signature profiles, and cause a corresponding change in 


the mRNA profiles in the peripheral blood plasma.  StageZero’s Aristotle detects this change 


using Thermo Fisher/Affymetrix’s GeneChip™ Gene Expression Profile microarray—not 


NGS—which tests more than 36,000 gene transcripts and variants.405  In a 2,845 unique blood 


samples validation study with 1,013 samples from patients diagnosed with 10 cancers and 1,832 


control samples including 1,042 samples from healthy subjects and the remaining from patients 


diagnosed with non-cancer diseases, Aristotle achieves sensitivity from 55.6% to 100% for 


various cancers at 99.0% specificity, with PPVs from 5.6–77.7% and mean false positive rate 


ranging from 0.3% to 6.8%.406   


250. StageZero states that the Aristotle test can fully discriminate each cancer,407 but 


has not fully disclosed how the tissue of the origin of the cancers are determined.  StageZero has 


also testified that it is useful to provide to patients results that discriminate the risk of each 


cancer, rather than all cancers as a whole.408 


 
405 Dempsey AA et al., Aristotle: A single blood test for pan-cancer screening, J Clin Oncol. May 25, 2020; 


38(15_suppl):e15037; Thermo Fisher, GeneChip™ PrimeView™ Global Gene Expression Profile Assay, at 
https://www.thermofisher.com/order/catalog/product/905400?us&en#/905400?us&en. 


406 Dempsey AA et al., Aristotle: A single blood test for pan-cancer screening, J Clin Oncol. May 25, 2020; 
38(15_suppl):e15037. 


407 StageZero, Aristotle™: 10 Cancers – 1 Sample of Blood –Unlimited Possibilities, at 
https://www.stagezerolifesciences.com/about1.html. 


408 Stamatiou (StageZero) Dep. Tr. 84:16–20. 
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251. StageZero expects to launch the Aristotle test in the second or third quarter of 


2021.409  StageZero currently does not have any multi-cancer clinical trial listed on 


clinicaltrials.gov.   


J. Genesys Biolabs 


252. Genesys Biolabs, a business unit of 20/20 GeneSystems, Inc., is a molecular 


diagnostics company based in Rockville, Maryland.  Genesys Biolabs currently provides a 


cancer screening test for lung, liver, pancreas, ovaries, kidneys, prostate and colon cancers. 


1. Genesys Biolabs’ OneTest™ 


253. Genesys Biolabs currently provides a proteomics-based LDT blood test, called 


OneTest™.410  OneTest measures a panel of seven widely used cancer protein biomarkers (AFP, 


CEA, PSA, CA 19-9, CA 125, CA 15-3, and CYFRA 21-1)—not NGS —from a single blood 


biopsy sample, to simultaneously screens for cancers from the lung, liver, pancreas, ovaries, 


kidneys, prostate and colon using immunoassay on the Roche Cobas e411 immunoassay 


analyzer.411  In a prospective observational study of 41,516 participants taking health check-up 


examination at the Chang Gung Memorial Hospital in Taoyuan, Taiwan between May 2001 and 


April 2013, the OneTest panel of protein biomarkers, together with squamous cell-specific 


antigen, a biomarker associated with head and neck cancer not common in the U.S., achieved 


57% sensitivity at 88.7% specificity, with PPV of 3.7%, and NPV of 99.6%.412  The panel’s 


 
409 Stamatiou (StageZero) Dep. Tr. 33:8–12. 


410 Genesys Biolabs, OneTest for early detection of cancer, at https://onetestforcancer.com/. 


411 Genesys Biolabs, OneTest for early detection of cancer, at Why Get Tested?, What is Unique and 
Advantageous about OneTest? & Accuracy, Reliability & Scientific Support, at https://onetestforcancer.com/learn/. 


412 Wen YH et al., Cancer screening through a multi-analyte serum biomarker panel during health check-up 
examinations: Results from a 12-year experience, Clin Chim Acta. 2015 Oct 23;450:273-76, at 274.  
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sensitivity for liver, lung, prostate, and colorectal cancers was 90.9%, 75.0%, 100%, and 76.9%, 


respectively, but the panel had a poor sensitivity for identifying head and neck cancer (17.6%), 


breast cancer (37.5%), and cervical cancer (44.4%).413   


254. Genesys Biolabs currently does not have any clinical trials relating to screening 


for multiple cancers listed on clinicaltrials.gov.   


K. InterVenn Biosciences 


255. InterVenn Biosciences (“InterVenn”) is a biotechnology company based in South 


San Francisco, California.  InterVenn is known to be developing early cancer detection tests for 


ovarian cancer, colorectal cancer, pancreatic cancer, lung cancer, melanoma, renal cell 


carcinoma, and nasopharyngeal carcinoma. 


1. InterVenn’s VISTATM proteomics platform 


256. InterVenn currently provides an AI-enabled, mass spectrometry glycoproteomics 


based proteomics platform—not NGS—called VISTA™.414  VISTA is a scalable platform to 


assess glycoprotein post-translational modifications in a site-specific manner across thousands of 


peptides and glycopeptides.  It can quantify thousands of glycoproteoforms in a single 


measurement using only 10 microliters of serum/plasma.415  The VISTA platform can be used to 


identify new cancer biomarkers.  For example, using multienzyme digestion and glycopeptide 


enrichment, InterVenn simultaneously monitored the abundances of over 600 glycopeptides, 


showing its potential for clinical deployment in the fields of cancer.416  InterVenn has used 


 
413 Id. 


414 InterVenn, VISTA™, at https://intervenn.com/enabling-technologies/vista/. 


415 Id. 


416 Li Q et al., Site-Specific Glycosylation Quantitation of 50 Serum Glycoproteins Enhanced by Predictive 
Glycopeptidomics for Improved Disease Biomarker Discovery, Anal. Chem. 2019, March 18;91(8):5433-45. 
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VISTA to conduct oncology research in over a dozen different cancers, including ovarian, renal, 


lung, liver, prostate, pancreas, nasopharyngeal, and colorectal cancer and several others.417  In 


November 2020, InterVenn announced that its VISTA panel has demonstrated multi-indication 


performance in early cancer detection for different cancers with sensitivities and specificities 


consistently above 90 and as high as 98%.418 


2. InterVenn’s DawnTM Immuno-Oncology test 


257. InterVenn currently provides a glycoproteomics-based clinical diagnostic test 


called DawnTM to help physicians make the best possible choice for patient outcomes when 


deploying immuno-oncology therapies.419  InterVenn currently has data to support DawnTM in 


pancreatic cancer, lung cancer, melanoma, and are working on other cancers.420  In a 181 


samples case control study with 45 samples from patients with pancreatic ductal adenocarcinoma 


and 136 control samples, the Dawn pancreatic cancer screening test achieved sensitivity of 91% 


and specificity of 86%.421 


L. Seer 


258. Seer, Inc. (“Seer”) is a biotechnology company based in Redwood City, 


California.  Seer has a proteomics platform—not NGS—that may be used to develop multi-


 
417 InterVenn, InterVenn Biosciences Raises $34M to Commercialize Glycoproteomic LDT for Ovarian Cancer 


and Immuno-oncology; taps John Leite, Ph.D., as Chief Business Officer, Nov. 16, 2020, at 
https://intervenn.com/blog/intervenn-biosciences-raises-34m-to-commercialize-glycoproteomic-ldt/. 


418 BusinessWire, InterVenn Biosciences Reports Results on Vista™ : a Multi-Indication Liquid Biopsy 
Research Panel Built on Glycoproteomics, Nov. 10, 2020, at 
https://www.businesswire.com/news/home/20201110005748/en/InterVenn-Biosciences-Reports-Results-on-
Vista%E2%84%A2-a-Multi-Indication-Liquid-Biopsy-Research-Panel-Built-on-Glycoproteomics. 


419 InterVenn, DawnTM, the Immuno-Oncology Test We Need, at https://intervenn.com/product-pipeline/io/. 


420 Id. 


421 Kasi PM et al., Serum glycoproteomic-based liquid biopsy for the detection of pancreatic ductal 
adenocarcinoma, ASCO 2020; J Clin. Oncol. 2020 Feb;38(4_suppl):763. 
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cancer screening tests.  Seer’s subsidiary, PrognomIQ, is known to be developing early cancer 


detection tests.  


1. Seer’s Proteograph™ proteomics platform 


259. Seer is developing a Proteograph™ automated workflow proteomics platform that 


combines its proprietary magnetic nanoparticles for highly parallel protein separation with 


commonly used liquid chromatography-mass spectrometry (LC-MS) technology for efficient 


proteomic profiling.422  The Proteograph platform allows for multiplexing of the protein markers 


using tandem mass tags (TMTs), thus increasing the throughput of proteomic detections.423   


260. Seer has used its Proteograph platform to detect over 2,000 proteins from blood 


plasma samples of healthy and non-small cell lung cancer patients in a cancer classification 


study, demonstrating the applicability of the Proteograph platform to early cancer screening.424  


In a 288 participant study with 125 lung cancer patients, 81 patients with comorbidity, and 82 


health individuals, Seer’s Proteograph platform was used to analyze 1779 plasma proteins and 


Seer identified clusters of proteins with at least 10 members that should differential behavior in 


lung cancer patients compared with healthy and comorbid individuals.425   


261. Seer currently does not have any clinical trials listed on clinicaltrials.gov.   


 
422 Blume JE et al., Rapid, deep and precise profiling of the plasma proteome with multi-nanoparticle protein 


corona, Nature Communications July 22, 2020; 11:3662. 


423 Id. at 2. 


424 Id. at 1. 


425 Siddiqui A et al., Plasma protein-protein interactome (PPI) maps derived from the protein corona captured 
at the nano-bio interface of nanoparticles reveal differential networks for non-small cell lung cancer (NSCLC) and 
control subjects, AACR April 27-28, 2020, Cancer Res 2020;80(16 Suppl):Abstract nr 6571. 
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2. PrognomiQ, a recent spin-off of Seer 


262. PrognomiQ is a subsidiary and a recent spin-off of Seer.  It is also developing 


early cancer screening tests by combining rich proteomic information, obtainable using Seer’s 


Proteograph platform, with genomic, metabolomic, and other health data.426  There are no details 


available publicly about PrognomiQ’s technologies or plans. 


263. PrognomiQ currently does not have any clinical trials listed on clinicaltrials.gov.   


M. Somalogic 


264. Somalogic is a biotechnology company based in Boulder, Colorado.  Somalogic 


has a proteomics platform—not NGS—that may be used to develop screening tests for multiple 


cancers.  Somalogic is known to be developing an early cancer detection test for lung cancer.  


1. Somalogic’s SomaScan proteomics platform  


265. Somalogic developed an aptamer-microarray based proteomics platform called 


SomaScan that can measure approximately 7,000 unique human protein analytes in small 


volumes of biological samples.427  The SomaScan Platform uses a proprietary protein-capture 


reagents called SOMAmer® (Slow Off-rate Modified Aptamer) reagents, which consist of short 


single-stranded DNA sequences with hydrophobic modifications.  These chemical modifications 


facilitate the aptamer binding to proteins and enhance the specificity and affinity of protein-


nucleic acid interactions.  As a result, these modified aptamers can bind target proteins with 


specificity, and also be recognizable as nucleotide sequences by specific DNA hybridization 


probes.  The SomaScan Platform measures the levels of target proteins by capturing them using 


 
426 PrognomiQ, Reimagining Early Disease Detection and Treatment, at https://prognomiq.com/. 


427 Somalogic, A Single Platform for Discovery, Validation, and Delivery, at 
https://lifesciences.somalogic.com/technology/. 
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these unique target-binding, fluorescent labeled aptamers, and then measures the corresponding 


aptamer concentrations using microarrays of complementary DNA probes.428   


266. As a highly multiplexed, sensitive, quantitative, and reproducible proteomic tool, 


the SomaScan platform is not only used for identification of relevant protein biomarkers relating 


to cancers, but also for biomarker detection and analysis.  For example, researchers at the Indiana 


University School of Medicine recently used the SomaScan platform to identify potential serum 


protein biomarkers and pathways for pancreatic cancer cachexia.429  Researchers at MIT used the 


SomaScan platform, in part, to identify a panel of prostate cancer proteases biomarkers.430  


Researchers in Germany also used the SomaScan platform to identify links between the 


recurrence of ovarian carcinoma and proteins released into the tumor microenvironment.431  


Researchers in the U.K. and Spain collaborated with Somalogic to use the SomaScan platform to 


analyze protein biomarkers isolated from exosomes in plasma and urine of prostate cancer 


patients.432   


267. Somalogic currently does not have any clinical trials relating to screening for 


multiple cancers listed on clinicaltrials.gov.   


 
428 Id. 


429 Narasimhan A et al., Identification of Potential Serum Protein Biomarkers and Pathways for Pancreatic 
Cancer Cachexia Using an Aptamer-Based Discovery Platform, Cancers (Basel). 2020 Dec; 12(12): 3787. 


430 Dudani JS et al., Classification of prostate cancer using a protease activity nanosensor library, PNAS Sep. 
4, 2018;115(36):8954-59. 


431 Finkernagel F et al., Dual-platform affinity proteomics identifies links between the recurrence of ovarian 
carcinoma and proteins released into the tumor microenvironment, Theranostics 2019; 9(22):6601-17.  


432 Welton JL et al., Proteomics analysis of vesicles isolated from plasma and urine of prostate cancer patients 
using a multiplex, aptamer-based protein array, J Extracell Vesicles. 2016 Jun 29;5:31209; Webber J et al., 
Proteomics analysis of cancer exosomes using a novel modified aptamer-based array (SOMAscan™) platform, Mol 
Cell Proteomics. 2014 Apr;13(4):1050-64.  
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IX. ILLUMINA’S PLATFORM IS ONE OF MANY VIABLE NGS PLATFORMS FOR 
CANCER SCREENING 


268. Dr. Scott Morton states in her report that “all MCED test developers rely on 


Illumina’s NGS technology to run their tests because of the high levels of throughput, accuracy, 


and cost effectiveness relative to other available technologies.  Non-NGS alternatives, and even 


non-Illumina NGS alternatives such as PacBio and Thermo Fisher, do not appear to be suitable 


for any MCED tests in development.”433  At least Thermo Fisher’s and Oxford Nanopore’s NGS 


platforms on the market in the United States are capable of supporting early cancer screening, 


and ONT is also explicitly targeting liquid biopsy tests.434  Other NGS platform developers that 


are launching in the United States in the near future, such as BGI and Singular Genomics, are 


explicitly targeting the MCED test developers.   


Table 1:  Selection of Commercial Stage NGS Companies 


Company 
Key Product 


Example 
Description of Technology 


Illumina NovaSeqTM 6000 
Capable of sequencing up to 48 genomes in 
approximately two days in a single run using a dual 
S4 flow cell 


Oxford Nanopore 
Technologies 


PromethION 48 


Enables large-scale DNA or RNA sequencing using 
48 independent flow cells containing nanopores, 
with up to 10 Tb of output per sequencing run and 
over 200 Gb median output per flow cell; capable of 
sequencing up to 96 genomes in approximately three 
days in one run 


Thermo Fisher 
Scientific 


Ion Torrent 
Genexus System 


Enables in-house processing of NGS samples and 
automates specimen-to-report workflow so that 
library preparation, sequencing, and analysis can 
take place in one platform 


BGI Genomics DNBSEQ-T7 
Capable of sequencing up to 60 genomes in 
approximately one day and of whole genome, deep 


 
433 Morton Rpt. ¶ 62. 


434 See, e.g., Nanopore Community Meeting (1st – 3rd December, 2020), at https://vimeo.com/486554558, 
NCM 2020 Nanopore Update Tr. 50:12-1:2; December 2019 Nanopore Community Meeting at 
https://nanoporetech.com/resource-centre/long-and-short-it, NCM 2019 The Long and Short of It Tr. 6:12-20; 9:14-
10:10. 
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Company 
Key Product 


Example 
Description of Technology 


exome, epigenome, transcriptome, and tumor panel 
sequencing projects, containing four flow cells per 
run  


GenapSys 
GenapSys 
Sequencer 


Technology is based on a novel electric-based 
platform and a complementary metal oxide 
semiconductor (CMOS) chip system, allowing for 
detection of single base incorporations 


 
269. As Dr. Aravanis, GRAIL’s former Chief Science Officer (and current Chief 


Technology Officer at Illumina), testified, GRAIL’s “Galleri test does not require [] the Illumina 


technology.  It just requires a reasonable sequencing output at a reasonable accuracy.”435  


Similarly, the other multi-cancer screening tests and single cancer screening tests in development 


do not require Illumina’s technology for their research, development, clinical trials, or 


commercialization.  Although Illumina’s quality, throughput and cost are understandably 


attractive to test developers,436 with continuing improvements in NGS technologies, several 


leading companies in the NGS sequencing space have indicated their intentions to further reduce 


sample turnaround time and cost, highlighting their increasing accessibility and breadth of 


potential future applications.   


  


 
435 Aravanis (Illumina) Dep. Tr. 201:23–202:5.  


436 In this analysis, I considered the following benchmarks that can be used to compare sequencers to each 
other, including:  1). Throughput, 2). Accuracy, 3). Cost, and 4). Runtime/turnaround-time. 
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Table 2:  Costs of Exemplary Commercialized NGS Sequencers 


Company Name of Technology 
Approximate Cost per 


Gb 


Illumina 
NovaSeqTM 6000  


(2xS4 Flow Cells PE150) 
$4.00437 


ONT PromethION $2. 55438 


BGI 
DNBSEQ-T7 $4.00439 


DNBSEQ-T10x4RS / Tx $1.00440 
 
The evidence that I have reviewed suggests that many NGS platforms will become available in 


the foreseeable future that are capable of supporting multi-cancer screening and are well-poised 


to compete with Illumina.   


270. In addition, the NGS landscape is changing rapidly with many innovations from 


various platform manufacturers, and as discussed above, no other cancer screening test is likely 


to be considered a close substitute for Galleri for the foreseeable future.  As noted below, even 


more alternatives to Illumina’s platforms will launch in the next year, and others are expected to 


launch by 2023.   


271. As I note below, it is extremely likely that a test developer will need to switch 


between different sequencing platforms (such as between different Illumina NGS platforms) 


during the course of developing a screening test.  Other screening test developers have already 


needed to switch platforms (e.g., Thrive switched CancerSEEK from HiSeq to NovaSeq).  Given 


 
437 See, e.g., ILMN-FTCVOL_26781185 at “2021 Full Instrument Specs”; ILMN-FTCVOL_10614901 (“Q4 


2020 Platform Spec Sheet”); FTC_ILMN_00020894 at -900 (“[F]or a customer at the highest volume discount tier 
today, the per gigabase sequencing price is $4, using a NovaSeq instrument with an S4 300 flow cell.”). 


438 ONT, Product comparison, at https://nanoporetech.com/products/comparison (showing as low as $625 per 
flow cell at 245 Gb best yield). 


439 BGI, Human Whole Genome Sequencing from $400!, at https://www.bgi.com/us/human-whole-genome-
sequencing-from-600/; BGI, Whole Genome Sequencing from $400/sample, at 
https://www.bgi.com/global/landing/human-whole-genome-sequencing-2/. 


440 See Genengnews, MGI Delivers the $100 Genome at AGBT Conference, Feb 26, 2020, at 
https://www.genengnews.com/news/mgi-delivers-the-100-genome-at-agbt-conference/. 
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the increased availability of competing NGS platforms in the next few years, screening test 


developers have many opportunities to switch from Illumina’s platform to another platform.  It is 


also possible for test developers to concurrently develop tests on more than one platform to 


protect their supply chain.  For example, Singlera has stated that its cancer screening test is 


capable of using both Illumina’s NGS platform and Thermo Fisher’s platform.441  As test 


developers become more comfortable with alternatives to Illumina’s NGS platform, it is my 


opinion that they are likely to concurrently develop and validate their test on multiple NGS 


platforms.  It is highly speculative to assume that Illumina’s platforms will be the only 


commercially attractive platform for cancer screening test developers during the relevant time 


frame.   


A. Illumina’s Sequencing-By-Synthesis Platform 


272. Illumina’s first sequencing instrument, the Genome Analyzer, was capable of 


simultaneously sequencing several million very short sequences (up to 26 nucleotides) in a single 


sequencing run.442  Illumina’s NGS sequencers use a sequencing-by-synthesis (“SBS”) approach.  


As noted above in Section VI, the adapters are attached to the ends of the nucleic acid fragments 


from the sample.443   


 
441 See Singlera Genomics, Singlera Genomics’ PanSeer assay technology, at 


https://singleraoncology.com/technology/.  


442 Kircher M& Kelso J, High-throughput DNA sequencing--concepts and limitations, Bioessays. 2010 
Jun;32(6):524-36, at 527-28. 


443 These adapters include DNA regions that are complementary to the oligonucleotide strands on the “flow 
cell” used in the Illumina instrument.  This allows the fragments to bind or “hybridize” to the oligos on the flow cell.  
DNA polymerases, which are enzymes that synthesize DNA, create copies of the hybridized fragments (which are 
now attached to the surface of the flow cell).  This step is known as “cluster generation,” which results in the 
creation of copies of each DNA fragment from the sample on the flow cell surface.   
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273. As noted above, DNA comprises four chemical bases:  “A” for adenine, “G” for 


guanine, “C” for cytosine and “T” for thymine.  DNA consists of two paired strands of 


nucleotides that wind around each other to form a double helix.  In forming paired strands, the 


nucleotides of one strand pair up with nucleotides of another strand in a complementary way:  A 


only pairs with T, C only pairs with G.  If the sequence of one strand is known, the sequence of 


the complementary strand can be determined.   


274. Using Illumina’s SBS method, the DNA strand of interest (sometimes referred to 


as the “target strand”) is sequenced by synthesizing a complementary strand.  Sequencing begins 


at the end of an adapter region, with a polymerase adding the nucleotides that are complementary 


to the target strand on the fragment.444  The nucleotides added for sequencing are fluorescently 


labeled and incorporated into the newly synthesized complementary DNA strand one at a time.  


As the nucleotide is added, the instrument identifies which nucleotide has been added based on 


the fluorescent signal that is emitted using an image sensor.445  This is known as “sequencing-by-


synthesis” because the nucleic acid strand is synthesized by the polymerase in the process of 


identifying the nucleic acid sequence. 


275. As of 2007, only a fraction of the applications that currently rely on NGS today 


were using sequencing.  This stemmed from the substantial cost of sequencing and the issues 


with throughput and accuracy of the sequencing instruments.  Instead of using sequencing, 


applications that relied on analyzing genomic data used other technologies, such as PCR or 


 
444 Although earlier Illumina instruments began sequencing from only one end of the DNA fragment, Illumina 


instruments today are capable of “paired-end” sequencing where sequencing progresses from both ends and 
sequences both strings of the DNA fragment for increased accuracy. 


445 Illumina, Explore Illumina sequencing technology, at https://www.illumina.com/science/technology/next-
generation-sequencing/sequencing-technology.html. 
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microarray.  It is key to recognize that the additional benefits from sequencing (e.g., for 


discovery purposes) are alone insufficient to drive the adoption of sequencing for a particular 


application.  In the past five years, sequencing has penetrated into new applications that 


previously relied on other methods of genomic analysis, as a result of continued innovations 


from Illumina as well as by other sequencing providers that reduced the cost of sequencing and 


increased the throughput and accuracy. 


276. Since the initial introduction of the Genome Analyzer, Illumina has significantly 


improved its NGS sequencers’ capabilities.  Initially, the length of the sequence reads were 


limited to 26 nucleotides because of steeply increasing sequencing errors as the reads became 


longer.  Within three years of its introduction, the Genome Analyzer was able to simultaneously 


sequence more than 200 million fragments per run and generate sequence reads of up to 100 


nucleotides from each strand, generating more than 50 Gb of sequence output.446  The Genome 


Analyzer was replaced in 2010 by the HiSeq sequencers, which were subsequently replaced by 


the NovaSeq sequencers.   


277. Illumina currently provides five classes of NGS sequencers based on the same 


sequencing-by-synthesis mechanism of action.  The below chart shows each of the Illumina 


instruments and their current throughput:447 


 
446  Kircher M& Kelso J, High-throughput DNA sequencing--concepts and limitations, Bioessays. 2010 


Jun;32(6):524-36, at 528. 


447 Illumina, Illumina Sequencing Systems, at 6-7, at https://emea.illumina.com/content/dam/illumina-
marketing/documents/products/brochures/brochure_sequencing_systems_portfolio.pdf; Illumina, Fuel your lab with 
NextSeq 550, at https://www.illumina.com/systems/sequencing-platforms/nextseq.html; Illumina, Explore the 
NextSeq 1000 and the NextSeq 2000, at https://www.illumina.com/systems/sequencing-platforms/nextseq-1000-
2000.html; Illumina, NextSeq 500 System WGS solution, at 
https://www.illumina.com/documents/products/appnotes/appnote-nextseq-500-wgs.pdf. 
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Instrument(s) Throughput Read Length Run Time 
iSeq™ Simultaneous 


sequencing of 4 
million DNA 
fragments 


2x150 nucleotides 
to generate outputs 
of ~1.2 Gb per run 


8–19 hours 


MiniSeq™ Simultaneous 
sequencing of 8–25 
million DNA 
fragments  


2x150 nucleotides 
to generate outputs 
of ~1.9 to ~7.5 Gb 
per run. 


4–24 hours 


MiSeq™ Simultaneous 
sequencing of 1–25 
million DNA 
fragments 


2x150 to 3x300 
nucleotides to 
generate outputs of 
~300 Mbp to ~15 
Gb per run 


10–56 hours 


NextSeq™ 500 Simultaneous 
sequencing of 130–
400 million DNA 
fragments 


2x150 nucleotides 
to generate outputs 
of ~ 40 to 120 Gb 
per run 


15–29 hours 


NextSeq™ 550/550 
Dx 


Simultaneous 
sequencing of 130–
400 million DNA 
fragments 


2x150 nucleotides 
to generate outputs 
of ~ 16.25 to 120 
Gb per run 


12–30 hours 


NextSeq™ 2000 Simultaneous 
sequencing of 400 
million to 1.2 billion 
DNA fragments 


2x150 nucleotides 
to generate outputs 
of ~ 40 to 360 Gb 
per run 


11-48 hours 


HiSeq X448 Simultaneous 
sequencing of 6 
billion DNA 
fragments 


2x150 nucleotides 
to generate outputs 
of ~1600 to ~1800 
Gb per run 


 


NovaSeq 6000 Simultaneous 
sequencing of 800 
million to 20 billion 
DNA fragments 


2x150 to 2x250 
nucleotides to 
generate outputs of 
~80 Gb to ~6 Tb 
per run 


13–45 hours 


Lightning  
(in development)449 


Simultaneous 
sequencing of 1.6 
billion to 52 billion 
DNA fragments 


2x150+ nucleotides 
to generate outputs 
of 165 Gb to ~16 
Tb per run 


36 hours 


 


 
448 The HiSeq X has been discontinued and Illumina will support only through March 31, 2024.  Illumina, 


Whole-genome sequencing power, at https://www.illumina.com/systems/sequencing-platforms/hiseq-x.html. 


449 The Lightning platform has not been released yet.  ILMN-FTCVOL_00578047-078 at -063, -069. 
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Illumina NGS sequencers are about 99.9% accurate (>87% of bases >Q30) in calling the correct 


base from the DNA sequence.450   


278. The sequencing costs for Illumina NGS sequencers have been significantly 


reduced over time.  With improvement in NGS sequencers’ capabilities, Illumina drove down the 


price for sequencing as well.  Twenty years ago, the human genome project took the joint effort 


of more than 200 scientists 13 years and about $3 billion to read a single human genome of about 


3 Gbs.451  When Illumina introduced the Genome Analyzer, the cost to sequence a full human 


genome was about $10 million, which dropped to about $200,000 in 2009.452  In January 2014, 


Illumina announced the achievement of $1000 genome with its introduction of the HiSeq X 


system at 30x coverage (about 100 Gbs).453  In August 2020, Illumina announced the 


introduction of the $600 genome with the NovaSeqTM 6000 v1.5 Reagent Kit.454  The current per 


gigabase (“Gb”) cost of sequencing using Illumina’s NovaSeq 6000 instrument with the highest 


throughput S4 flow cell is approximately $4 per Gb, assuming that the flow cells are being used 


at full capacity.455   


 
450 Illumina, Quality Scores for Next-Generation Sequencing, at 


https://www.illumina.com/content/dam/illumina-marketing/documents/products/technotes/technote_Q-Scores.pdf. 


451 Check Hayden, E., Technology: The $1,000 genome, Nature March 19, 2014; 507:294–95 (“Check Hayden 
2014”), at 295. 


452 Id. at 294; Illumina, The $1,000 Genome, August 10, 2015, at 
https://www.illumina.com/content/dam/illumina-marketing/documents/company/featured-articles/the-1000-dollar-
genome.pdf.  


453  Illumina, The $1,000 Genome, August 10, 2015, at https://www.illumina.com/content/dam/illumina-
marketing/documents/company/featured-articles/the-1000-dollar-genome.pdf.; Sheridan, C. Illumina claims $1,000 
genome win, Nat Biotechnol February 07, 2014;32:115. 


454 Illumina, Illumina Announces the NovaSeqTM 6000 v1.5 Reagent Kit Unlocking Deeper Discoveries with 
the $600 Genome, August 6, 2020, at https://www.illumina.com/company/news-center/press-
releases/2020/9c48adf5-5b78-4e18-8116-3c7c8b3ad79f.html. 


455 See, e.g., ILMN-FTCVOL_26781185 at “2021 Full Instrument Specs”. 
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279. Illumina’s NGS sequencers can perform bisulfite methylation sequencing to 


enable comprehensive profiling of methylation patterns at single-base resolution across the 


whole genome, or in targeted epigenomic regions of interest.456  Illumina’s methylation 


sequencing mainly uses the bisulfite-conversion method, which uses sodium bisulfite to convert 


unmethylated cytosines into uracils and leave methylated cytosines unconverted, thus allowing 


analysis of DNA methylation profiles through NGS sequencing.  Bisulfite conversion sequencing 


can be done with targeted methods such as amplicon methyl-seq or target enrichment, or with 


whole-genome bisulfite sequencing.  Additionally, alternative chemistries can be used with NGS 


for identification of hydroxymethylation (5-hMc) in conjunction with methylation (5-mc) 


analysis.457  In addition, Methylated DNA immunoprecipitation sequencing (“MeDIP-Seq”) and 


DNA immunoprecipitation sequencing (“DIP-Seq”) are also commonly used to study DNA 


methylation modifications, where DNA methylation specific antibodies are used to isolated 


methylated DNA via immunoprecipitation, followed by DNA purification and sequencing to 


identify the methylated DNA fragments genome-wide.458   


280. Illumina’s NGS sequencers can also be used to study DNA-protein interactions by 


combining chromatin immunoprecipitation (“ChIP”) assays, a method of preparing the DNA 


sample, with NGS sequencing (“ChIP-Seq”), which has revealed insights into gene regulation 


events that play a role in various diseases and biological pathways, such as development and 


 
456 Illumina, Comprehensive exploration of the methylome, at 


https://www.illumina.com/techniques/sequencing/methylation-sequencing.html. 


457 Id. 


458 Illumina, MeDIP-Seq/DIP-Seq, at https://www.illumina.com/science/sequencing-method-explorer/kits-and-
arrays/medip-seq-dip-seq.html. 
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cancer progression.459  ChIP-Seq may be used to assess protein-DNA interactions at a genome-


wide level to understand chromatin dynamics and epigenomic modifications.  Following ChIP 


library prep protocols, DNA-bound protein is immunoprecipitated using a specific antibody; the 


bound DNA is then coprecipitated, purified, and sequenced.460 461 


B. Thermo Fisher’s Ion Torrent Sequencing Platform 


281. Ion Torrent Systems Inc., now part of Thermo Fisher, developed and released the 


Ion Torrent NGS sequencers in 2010.  As with the Illumina sequencers, the nucleic acids to be 


sequenced must undergo sample preparation before sequencing.  The DNA fragments are 


attached to microscopic beads and the fragments undergo amplification using PCR so that each 


bead is covered with many copies of the fragment to be sequenced.  Each time a nucleotide is 


incorporated into the sequence (e.g., for the sequencing by synthesis), a hydrogen ion is released.  


The Ion Torrent sequencers use semiconductors to measure the pH change resulting from the 


release of hydrogen ions during the incorporation reaction to identify the nucleotides in the 


sample being sequenced.462   


282. Thermo Fisher currently markets four Ion Torrent NGS systems:  the Ion PGM 


Dx System, the Ion Proton System, the Ion GeneStudio S5 Systems, and the Ion Torrent Genexus 


 
459 Illumina, Precise analysis of DNA–protein binding sequences, at 


https://www.illumina.com/techniques/sequencing/dna-sequencing/chip-seq.html. 


460 Id. 


461 I note that the bisulfite-conversion sequencing, MeDIP-Seq, DIP-Seq and ChIP-Seq are all library prep 
methods to prepare DNA for sequencing, and thus do not change the method or price of sequencing conducted on 
the sequencers. 


462 Thermo Fisher, Ion Torrent Next-Generation Sequencing Technology, at 
https://www.thermofisher.com/us/en/home/life-science/sequencing/next-generation-sequencing/ion-torrent-next-
generation-sequencing-technology.html. 
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System.  The below chart shows each of the Thermo Fisher instruments and their current 


throughput: 


Instrument(s) Throughput Read Length Run Time 
Ion PGM Dx463 Simultaneous 


sequencing of 4 to 
5.5 million DNA 
fragments 


200 nucleotides to 
generate outputs of 
~ 0.6 to ~1 Gb per 
run 


4.4 hours 


Ion Proton464 Simultaneous 
sequencing of ~ 60 to 
80 million DNA 
fragments 


200 nucleotides to 
generate outputs of 
up to 15 Gb per run 


~2.5 hours 


Ion GeneStudio S5465 Simultaneous 
sequencing of ~ 2 to 
130 million DNA 
fragments 


200 to 600 
nucleotides to 
generate outputs of 
~ 0.3 to 50 Gb per 
run 


~3 to 12 hours 


Ion Torrent 
Genexus466 


Simultaneous 
sequencing of ~ 48 to 
60 million DNA 
fragments 


200 to 400 
nucleotides to 
generate outputs of 
10 to 12 Gb per run 


12 hours 


 
The Ion Torrent NGS sequencers are about 98.4–99.2% accurate (>Q20) in calling the correct 


base from the DNA sequence.467  Thermo Fisher’s Ion Torrent sequencers’ run time is typically 


 
463 Thermo Fisher, Ion PGM Dx System, at 


https://www.thermofisher.com/content/dam/LifeTech/Documents/PDFs/PG1716-PJT2366-COL31810-RUSH-NPI-
PGM-Dx-Update-Spec-Sheet-Global-FHR.pdf. 


464 Thermo Fisher, Ion Proton System Specifications, at https://www.thermofisher.com/us/en/home/life-
science/sequencing/next-generation-sequencing/ion-torrent-next-generation-sequencing-workflow/ion-torrent-next-
generation-sequencing-run-sequence/ion-proton-system-for-next-generation-sequencing/ion-proton-system-
specifications.html. 


465 Thermo Fisher, Ion GeneStudio S5 series, at http://assets.thermofisher.com/TFS-Assets/CSD/Specification-
Sheets/PG1720-PJT2769-COL22253-P-on-GeneStudio-S5-Spec-Sheet-Global-FLR.pdf. 


466 Thermo Fisher, GX5™ Chip and Genexus™ Coupler, at 
https://www.thermofisher.com/order/catalog/product/A40269?us&en#/A40269?us&en. 


467 Thermo Fisher, State of the art of Ion Torrent technology, at 
https://www.thermofisher.com/content/dam/LifeTech/Documents/PDFs/State-of-the-art-of-Ion-Torrent-
technology.pdf. 
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less than 12 hours, significantly faster than Illumina’s 11-45 hours run time for the NextSeq and 


NovaSeq NGS sequencers. 


283. Thermo Fisher’s Ion GeneStudio S5 Systems are also equipped to perform three 


types of genome-wide methylation profiling strategies: (i) bisulfite conversion; (ii) enzymatic 


genomic partition to separate the genome into methylated and unmethylated compartments with 


methylation-sensitive restriction enzymes, thus allowing more sensitive detection of DNA 


methylation through NGS sequencing; and (iii) enrichment of methylated DNA using affinity 


purification of methylated genomic DNA fragments, thus similarly allowing more sensitive 


detection of DNA methylation through NGS sequencing.468  Thermo Fisher also offers chromatin 


immunoprecipitation sequencing (“ChIP-Seq”) for its Ion Torrent sequencers.469  Researchers 


have also developed protocols to perform methylated DNA immunoprecipitation sequencing 


(“MeDIP-Seq”) using Thermo Fisher’s Ion Torrent sequencers; MeDIP Seq may be used to 


study DNA methylation genome-wide.470 


284. Thermo Fisher has a significant presence in the clinical oncology market with 


respect to tests used for late stage therapy selection.471  In fact, Thermo Fisher’s share of the 


clinical oncology segment has increased over the last five years.472  It is also considering 


 
468 Thermo Fisher, Methylation Analysis by Sequencing, at https://www.thermofisher.com/us/en/home/life-


science/sequencing/epigenetic-sequencing/methylation-analysis.html. 


469 Thermo Fisher, Chromatin Immunoprecipitation Sequencing by Ion Torrent Next-Generation Sequencing, 
at https://www.thermofisher.com/us/en/home/life-science/sequencing/epigenetic-sequencing/chromatin-
immunoprecipitation/chromatin-immunoprecipitation-sequencing-ion-torrent-next-generation-sequencing.html. 


470 Corley MJ et al., Semiconductor-based sequencing of genome-wide DNA methylation states, Epigenetics. 
2015;10(2):153-66, at https://www.tandfonline.com/doi/full/10.1080/15592294.2014.1003747. 


471 Thermo-Grail_00481569 at -71 


472 June 2, 2021 Andrew Felton (Thermo Fisher) Dep. Tr. 91:16–19. 
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development of a high-throughput platform “capable of up to 1 billion to 2 billion reads per run 


enabling key application areas, e.g., large solid tumor and liquid biopsy panels” that could be 


developed in two to three years.473   


285. Even though the technical parameters of Thermo Fisher’s Ion Torrent platform 


may be inferior to Illumina’s high-end sequencers, the Ion Torrent sequencers are nonetheless 


suitable for certain multi-cancer screening tests.  Thermo Fisher agrees that its sequencers are 


capable of being used for multi-cancer screening tests, and researchers are successfully 


developing new ways to use Thermo Fisher products for early cancer screening applications.474  


If a test developer came to Thermo Fisher and wanted to reconfigure its assay to run on Thermo 


Fisher’s platforms, Thermo Fisher would assist in putting the test onto its platform.475   


C. BGI’s DNBSEQ Platform 


286. BGI Genomics, formerly known as the Beijing Genomics Institute, is a Chinese 


genome sequencing company.  It acquired California-based sequencing company Complete 


Genomics in 2013 and launched its BGISEQ-500 NGS sequencer in 2015 based on Complete 


Genomics’ core technology.476  BGI’s NGS sequencers use an SBS technology that is similar to 


Illumina’s NGS sequencing technology.  BGI’s technology also measures the light emission 


when a fluorescent labeled base is incorporated into the DNA strand.477  BGI recently introduced 


 
473 Id. at 117:3–120:9; Ex. 7 (Thermo-GRAIL_00308779), at 10. 


474 Felton (Thermo Fisher) Dep. Tr. 65:7–67:24; 68:3–11. 


475 Felton (Thermo Fisher) Dep. Tr. 143:20–144:4.  


476 BGI, BGI Launches Its Desktop Sequencer BGISEQ-500!, at 
https://www.bgi.com/global/company/careers/bgi-launches-its-desktop-sequencer-bgiseq-500/. 


477 BGI, BGISEQ Service Overview, at https://www.bgi.com/dev/wp-content/uploads/sites/19/2018/06/US-
GLOBAL_BGISEQ-500_WholeExomeSeq_ServiceOverview_2018-06-13-5.pdf.  See also Drmanac, R et al., 
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a CoolMPS™ (Massively Parallel Sequencing) technology that measures the light emission 


when a fluorescently-labeled antibody specifically binds to the base that has been incorporated 


into the DNA strand.478   


287. BGI, together with its manufacturing arm—MGI Tech—currently markets 


DNBSEQ NGS sequencers479 outside of the United States.  BGI is currently enjoined from 


launching its sequencing instruments and related reagents in the United States; the preliminary 


injunction is based on a set of patents that expire in 2023.480  It is undisputed that, but for BGI’s 


unavailability in the United States under an injunction, BGI’s technology is substitutable for 


Illumina’s NGS technology in throughput, accuracy, turnaround time and cost.481  The below 


chart shows each of the BGI instruments and their current throughput:482 


Instrument(s) Throughput Read Length Run Time 
DNBSEQ-G50 Simultaneous 


sequencing of ~ 100 
to 500 million DNA 
fragments 


50 to 2x150 
nucleotides to 
generate outputs of 
up to ~ 150 Gb per 
run 


10–66 hours 


DNBSEQ-G400 
FAST 


Simultaneous 
sequencing of ~ 550 
million DNA 
fragments 


100 to 2x150 
nucleotides to 
generate outputs of 


13–37 hours 


 
Human Genome Sequencing Using Unchained Base Reads on Self-Assembling DNA Nanoarrays, Science. (2009). 
327 (5961): 78-81. 


478 Drmanac S et al., CoolMPS™: Advanced massively parallel sequencing using antibodies specific to each 
natural nucleobase, bioRxiv, 19 Feb 2020, at https://doi.org/10.1101/2020.02.19.953307.   


479 DNBSEQ-G50/G400/T7 and MGISEQ-200/2000/T7 are different names used by BGI/MGI for the same 
product models in selected countries and China, respectively.  See MGI Tech, MGI’s "life science super computer" 
DNBSEQ-T7 officially delivered to business partners, Sep. 9, 2019, at https://en.mgi-tech.com/News/info/id/10. 


480 Businesswire, Illumina Inc. Announces that U.S. Federal Court Issues Preliminary Injunction Against BGI 
Companies, June 16, 2020, at https://www.businesswire.com/news/home/20200616005978/en/Illumina-Inc.-
Announces-that-U.S.-Federal-Court-Issues-Preliminary-Injunction-Against-BGI-Companies. 


481 See Morton Rpt. ¶ 77. 


482 MGI Tech, Sequencers, at https://en.mgi-tech.com/products/. 
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Instrument(s) Throughput Read Length Run Time 
up to 330 Gb per 
run 


DNBSEQ-G400 Simultaneous 
sequencing of ~ 
1,500 to 1,800 
million DNA 
fragments 


50 to 2x200 
nucleotides to 
generate outputs of 
up to 1,440 Gb 
(1.44 Tb) per run 


13–37 hours 


DNBSEQ-T7 Simultaneous 
sequencing of ~ 20 
billion DNA 
fragments 


100 to 2x150 
nucleotides to 
generate outputs of 
up to 6,000 Gb (6 
Tb) per run 


<24 hours 


DNBSEQ-T10×4RS 
/ DNBSEQ-Tx483 


Simultaneous 
sequencing of ~ 80 
billion DNA 
fragments 


100 to 2x150 
nucleotides to 
generate outputs of 
up to 20 Tb per day 


<24 hours 


 
BGI’s DNBSEQ sequencer’s accuracy is comparable to Illumina’s sequencers, and guarantees 


≥80% of bases with quality score of ≥Q30 (over 99.9% accurate).484  BGI’s highest throughput 


instrument has a higher throughput than the highest performance instrument and flow cell 


currently offered by Illumina, the NovaSeq 6000 with the S4 flow cell (up to 6 Tb/run), as well 


as Illumina’s proposed Lightning system, which has a projected throughout of 16 Tb per run (see 


Section IX.A above). 


288. BGI/MGI offers the MGIEasy Whole Genome Bisulfite Sequencing Library Prep 


Kit for DNA methylation analysis using bisulfite conversion.485  BGI also provide whole-


genome bisulfite sequencing and target region bisulfite sequencing for either genome-wide DNA 


 
483 MGI Tech, MGI Introduces DNBSEQ-T10×4RS Genetic Sequencing System at the ICG-15, Oct. 30, 2020, 


at https://en.mgi-tech.com/news/183/. 


484 BGI, DNBSEQTM SERVICE OVERVIEW Low-Pass Human Whole Genome Sequencing, at 
https://www.bgi.com/global/wp-content/uploads/sites/3/2020/09/DNBseq-Low-Pass-Human-Whole-Genome-
Sequencing.pdf. 


485 MGI Tech, Sequencers, at https://en.mgi-tech.com/products/. 
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methylations profiling or DNA methylations profiling in specific regions of interest.486  BGI also 


offers ChIP-Seq services to analyze protein interaction with DNA using its DNBSEQ 


sequencers.487  Sequencers capable of sequencing DNA that has been prepared using chromatin 


immunoprecipitation (ChIP) are also capable of sequencing DNA that has been prepared using 


methylated-DNA immunoprecipitation (MeDIP).  As noted, MeDIP-Seq may be used to study 


DNA methylation genome-wide. 


289. The sequencing costs for BGI’s DNBSEQ NGS sequencers are lower than those 


for Illumina’s NovaSeq instrument.  For example, BGI advertises Whole Genome Sequencing 


service for $400 in the U.S. and worldwide on the DNBSEQ platforms, at about $4 per Gb.488 489 


BGI also announced that its DNBSEQ-T10×4RS sequencers can generated $100 genomes, 


making it per Gb cost only $1.00.490 


D. GenapSys’ GenapSys Sequencer Platform 


290. GenapSys, Inc. launched its GenapSys Sequencer in 2019.  This new NGS 


sequencing platform uses semiconductors to measure the minute impedance change, i.e., the 


 
486 BGI, Whole Genome Bisulfite Sequencing, at https://www.bgi.com/us/sequencing-


services/epigenetics/whole-genome-bisulfite-sequencing/; BGI, Target Region Bisulfite Sequencing, at 
https://www.bgi.com/us/sequencing-services/epigenetics/target-region-bisulfite-sequencing/. 


487 BGI, ChIP-Seq, at https://www.bgi.com/us/sequencing-services/epigenetics/chip-seq/. 


488 BGI, Human Whole Genome Sequencing from $400!, at https://www.bgi.com/us/human-whole-genome-
sequencing-from-600/; BGI, Whole Genome Sequencing from $400/sample, at 
https://www.bgi.com/global/landing/human-whole-genome-sequencing-2/. 


489 In a recent successful bid for a 100,000 Patients Rear Disease Whole Genome Sequencing Project by BGI’s 
subsidiary in Wuhan, China, BGI offered RMB￥1,348 per sample for whole-genome sequencing service, which is 
equivalent to about $200 per genome and $2 per Gb.  See Chinese Government Procurement Network, 
Announcement of Winning the Bid for the Procurement Project of the Whole Genome Sequencing Plan for 100,000 
Rare Disease Patients in West China Hospital, Sichuan University, at 
http://www.ccgp.gov.cn/cggg/zygg/zbgg/202105/t20210527_16339807.htm. 


490 See Genengnews, MGI Delivers the $100 Genome at AGBT Conference, Feb 27, 2020, at 
https://www.genengnews.com/news/mgi-delivers-the-100-genome-at-agbt-conference/. 
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change in the effective resistance of the reaction solution, resulting from the incorporation 


reaction.491  GenapSys’s technology also relies on a sequencing-by-synthesis approach. 


291. The GenapSys Sequencer is compact, having simple fluidics and no moving parts, 


but its performance is comparable to a mid-output NextSeq 550 instrument and certain of 


Thermo Fisher’s NGS sequencers.  GenapSys discloses that GenapSys Sequencer can 


simultaneous sequence about one (1) million up to 144 million DNA fragments at a maximum 


read length of 150 nucleotides to generate outputs from about 150 Mbp to about 20 Gb per 


run.492  The GenapSys Sequencer is about 99.9% accurate (>80% of bases >Q30) in calling the 


correct base from the DNA sequence.493 


292. GenapSys’ NGS sequencer has comparably low costs for both the equipment and 


per run cost.  Reports suggest that the list price of the GenapSys Sequencer is only $9,900 and a 


sequencing kit for a 16 MM chip single run costs $299.494  GenapSys announced in January 2021 


that the cost on its 144 MM chip to be shipped this year would be about $27 per Gb.495 


E. ONT’s Nanopore Sequencing Platform 


293. Oxford Nanopore Technology (“ONT”), a spin-out from the University of 


Oxford, launched its MinION sequencer in 2014.  MinION and ONT’s subsequent products use 


its nanopore sequencing technology.  ONT’s nanopore sequencing technology measures the 


 
491 GenapSys, The GenapSys Sequencer, at https://www.genapsys.com/products/genapsys-sequencer/. 


492 Id.; Karow J, GenapSys Targeting Smaller Labs With New Low-Cost Sequencer, GenomeWeb, Nov 26, 
2019, at https://www.genomeweb.com/sequencing/genapsys-targeting-smaller-labs-new-low-cost-
sequencer#.YEailk6Smbh. 


493 GenapSys, The GenapSys Sequencer, at https://www.genapsys.com/products/genapsys-sequencer/. 


494 Genomeweb, GenapSys Raises $90M in Series C Round, Launches Sequencer in US, at 
https://www.genomeweb.com/sequencing/genapsys-raises-90m-series-c-round-launches-sequencer-us. 


495 Vilella A, #JPM2021, at https://twitter.com/albertvilella/status/1350034975505182721. 
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minute change in electrical conductance across biological nanopores when DNA molecules 


thread through those nanopores under the control of enzyme motors, using nanopore sensors with 


the ability to differentiate nucleotides.496  ONT’s nanopore sequencers provide continuous long 


reads of single DNA strands and are also long-read sequencers.  Recent innovations by ONT in 


the past year have included adaptations to its sequencers and library preparation that makes this 


platform more suitable for use for multi-cancer screening.   


294. ONT currently markets four NGS sequencers, one more in development.  The 


below chart shows each of the ONT instruments and their current throughput:497 


Instrument(s) Throughput Read Length Run Time 
Flongle  
(pocket-sized, 
portable device) 


Simultaneous 
sequencing of up to 
126 DNA strands 


No limit to read 
length; highest to 
date is 4 million. 
Total throughput 
per run is up to ~ 2 
Gb per run 


1 min–16 hours 


MinION  
(pocket-sized, 
portable device) 


Simultaneous 
sequencing of up to 
512 DNA strands 


No limit to read 
length; highest to 
date is 4 million. 
Total throughput 
per run is ~ 10 to 
20 Gb, up to 42 Gb  


1 min–72 hours 


GridION 
(compact benchtop) 


Simultaneous 
sequencing of up to 
2,560 DNA strands 


No limit to read 
length; highest to 
date is 4 million. 
Total throughput 
per run is up to 210 
Gb 


1 min–72 hours 


PromethION Simultaneous 
sequencing of up to 
128,400 DNA strands 


No limit to read 
length; highest to 
date is 4 million. 
Total throughput 
per run is up to 
10,000 Gb (10 Tb) 


1 min–72 hours 


 
496 ONT, Company history, at https://nanoporetech.com/about-us/history; Deamer D, Akeson M, Branton D, 


Three decades of nanopore sequencing, Nat Biotechnol. 2016 May 6;34(5):518-24.  


497 ONT, Product comparison, at https://nanoporetech.com/products/comparison. 
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Instrument(s) Throughput Read Length Run Time 
Plongle 
(in development)498 


Parallel sequencing 
with 96 flow cells 


No limit to read 
length; highest to 
date is 4 million. 
Total throughput 
per run is up to 
20,000 Gb (20 Tb) 


1 min–72 hours 


 
ONT’s highest throughput instrument, the PromethION, has a higher throughput than the highest 


performance instrument and flow cell currently offered by Illumina, the NovaSeq 6000 with the 


S4 flow cell. 


295. Because it does not require PCR amplification, ONT’s long-read sequencing also 


eliminates amplification bias while preserving base modifications, making it ideal for 


epigenomic analysis such as methylation profiling.499  ONT recently released a Cas9 targeted 


nanopore sequencing kit, which enables high depth sequencing and retains methylation patterns 


and other base modifications.500  ONT’s nanopore sequencing technology is capable of directly 


detecting methylation and other epigenomic markers on DNA or RNA, without the bisulfite 


conversion step used by other sequencing technologies (e.g., for Illumina’s sequencing 


technology) that can cause sample degradation, and that can complicate data analysis.  Using 


ONT’s nanopore sequencing, researchers have directly identified epigenomic modifications at 


nucleotide resolution, including DNA methylation, with detection of other epigenomic 


modifications possible through training base-calling algorithms.501  The use of ONT’s nanopore 


 
498 ONT, Plongle, at https://nanoporetech.com/products/plongle. 


499 Mantere T et al., Long-Read Sequencing Emerging in Medical Genetics, Front. Genet., May 07, 2019; 
10:426, at 2; Folkard D et al., Methylation with Oxford Nanopore Technologies, at 
https://nanoporetech.com/resource-centre/methylation-oxford-nanopore-technologies. 


500 ONT, Cas9 Sequencing Kit, at https://store.nanoporetech.com/us/cas9-sequencing-kit.html.  


501 ONT, Epigenetics and methylation analysis, at 
https://nanoporetech.com/applications/investigation/epigenetics-and-methylation-analysis. 
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direct sequencing also means that DNA methylation and other base modifications data is 


captured together with sequence data and is available for analysis at any future timepoint.502  


ONT’s MinION nanopore sequencer has also been used by researches for ChIP-Seq to study 


protein-DNA binding activity and strength.503  Researchers are also improving the Rapid 


Analysis of ChIP-Seq data (RACS) software for the analysis of ONT’s nanopore sequencing 


data.504  Sequencers capable of sequencing DNA that has been prepared using ChIP are also 


capable of sequencing DNA that has been prepared using MeDIP.  MeDIP-Seq may be used to 


study DNA methylation genome-wide. 


296. Three of the primary reasons Dr. Scott Morton contends that Illumina NGS 


platforms cannot be replaced by other NGS platforms, in particular long-read platforms such as 


ONT, are throughput, accuracy and price of sequencing.505  The evidence does not support this 


contention.  As shown above, new generations of ONT sequencers have at least the throughput 


of Illumina NGS.  As previously demonstrated in Table 2, the cost of sequencing on ONT 


platforms may actually be less than Illumina.  Finally, with regard to accuracy, ONT has 


announced that its single-molecule modal accuracy is now >99.3% (Q20) using its “Q20+” 


chemistry, and also developed a new approach termed “Duplex” sequencing, which enables the 


sequencing of both template and complementary strands and accuracy “trending towards 99.9% 


 
502 Id. 


503 See, e.g., Borlin CS et al., The transcription factor Leu3 shows differential binding behavior in response to 
changing leucine availability, FEMS Microbiology Letters, 367, 2020, fnaa107, at 
https://academic.oup.com/femsle/article/367/13/fnaa107/5863187. 


504 See, e.g., Saettone A et al., RACS: rapid analysis of ChIP-Seq data for contig based genomes, BMC 
Bioinformatics (2019) 20:533, at https://bmcbioinformatics.biomedcentral.com/articles/10.1186/s12859-019-3100-2. 


505 Morton Rpt.¶ 66. 







 


 


149 
 


CONFIDENTIAL – FTC DOCKET NO. 9401 


(Q30)”.506  In addition, methods have been developed to obtain consensus sequences from 


homogenous DNA samples by genome assembly, resulting in accuracies of more than 99.999% 


(Q50).507  These results are at least comparable to Illumina. 


297. If there were to be some advantage to short-read over long-read sequencers, as Dr. 


Scott Morton contends, I note that ONT sequencers are also suitable for short-read sequencing.  


Soon after its launch, scientists started to develop methods to use ONT sequencers for short-read 


sequencing.  For example, in 2016, researchers from the Albert Einstein College of Medicine 


developed a method that enabled rapid real-time sequencing of short DNA fragments using the 


MinION nanopore sequencer in a test for aneuploidy.508  In 2019, researchers from the Stanford 


University developed a rolling-circle amplification method to produce long stretches of 


concatemeric repeats of short DNA sequences <100 bp from cfDNA that is sensitive enough to 


achieve SNV (single-nucleotide variants) discrimination in mixtures of sequences and enables 


quantitative detection of specific variants present at ratios of <10% using MinION nanopore 


sequencer.509  In 2020, researchers from Utrecht University of the Netherlands developed a 


CyclomicsSeq method that uses similar rolling-circle amplification to accurately detect lowly 


 
506 ONT, Oxford Nanopore Tech Update: new Duplex method for Q30 nanopore single molecule reads, 


PromethION 2, and more, May 21, 2021, at https://nanoporetech.com/about-us/news/oxford-nanopore-tech-update-
new-duplex-method-q30-nanopore-single-molecule-reads-0; ONT, 1D squared kit available in the store: boost 
accuracy, simple prep, May 9, 2017, at https://nanoporetech.com/about-us/news/1d-squared-kit-available-store-
boost-accuracy-simple-prep. 


507 Id.  See also ONT, At NCM, announcements include single-read accuracy of 99.1% on new chemistry and 
sequencing a record 10 Tb in a single PromethION run, December 3, 2020, at https://nanoporetech.com/about-
us/news/ncm-announcements-include-single-read-accuracy-991-new-chemistry-and-sequencing. 


508 Wei S & Williams Z, Rapid Short-Read Sequencing and Aneuploidy Detection Using MinION Nanopore 
Technology, Genetics, Jan 2016;202:37–44.  


509 Wilson BD et al., High-Fidelity Nanopore Sequencing of Ultra-Short DNA Targets, Anal. Chem., April 30, 
2019;91, 6783-89. 
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abundant (0.02%) circulating tumor DNA (ctDNA) from liquid biopsies of patients with head-


and-neck squamous cell carcinoma (HNSCC) using MinION nanopore sequencer.510  In 


February 2021, researchers from Italy also showed successful use of low-coverage MinION 


nanopore sequencing for profiling of copy number variation from plasma cfDNA from liquid 


biopsies of lung cancer patients as a reliable alternative to Illumina sequencing.511  Such research 


suggests that ONT’s nanopore sequencers are “a reliable alternative to Illumina sequencing, with 


the advantages of minute instrumentation costs and extremely short analysis time” for 


developing cancer screening tests.512  ONT has also announced its support of the liquid biopsy 


market.513 


298. ONT’s NGS sequencers have low capital costs for the instruments themselves – 


MinION is listed at only $1,000.514  The per gigabase sequencing costs for ONT’s NGS 


sequencers are comparable to those for the highest throughout Illumina NGS sequencers.  For 


example, the University of Wisconsin-Madison Biotechnology Center offers ONT nanopore 


sequencing at $730 for a single cell, $1250 for GridION and $2100 for a PromethION run.515  A 


PromethION customer reported repeatedly achieving 220 Gb of sequencing data output per 


 
510 Marcozzi A et al., Accurate detection of circulating tumor DNA using nanopore consensus sequencing, 


bioRxiv July 15, 2020; doi: https://doi.org/10.1101/2020.07.14.202010. 


511 Martignano F et al., Nanopore sequencing from liquid biopsy: analysis of copy number variations from cell-
free DNA of lung cancer patients, Molecular Cancer, Feb 12 2021;20:32. 


512 Id. at 1.   


513 See, e.g., Nanopore Community Meeting (1st – 3rd December, 2020), at https://vimeo.com/486554558, 
NCM 2020 Nanopore Update Tr. 50:12-52:25; December 2019 Nanopore Community Meeting at 
https://nanoporetech.com/resource-centre/long-and-short-it, NCM 2019 The Long and Short of It Tr. 6:12-20; 9:14-
10:10. 


514 ONT, MinION, at https://nanoporetech.com/products/minion. 


515 University of Wisconsin-Madison Biotechnology Center, DNA Sequencing Facility, at 
https://www.biotech.wisc.edu/services/dnaseq/platforms/oxford-nanopore-technologies. 
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single $625 flow cell, making per Gb cost for the PromethION only $3/Gb.516  ONT states that 


its PromethION can achieve best in field yield per flow cell of 254 Gb at $625 flow cell, making 


best per Gb cost for the PromethION only $2.55.517 


299. In my opinion, particularly based on the data from the 2020 and 2021 studies, 


ONT’s Nanopore sequencers can be successfully used now for multi-cancer screening tests, and 


will only gain in commercial viability and likely use for cancer screening applications in the 


future.518   


F. There Are Many Promising NGS Sequencers in Development and Likely 
Entrants to the U.S. Market 


300. In addition to the NGS sequencers from Illumina, Thermo Fisher, BGI, 


GenapSys, PacBio and ONT that are already available commercially, several companies are 


developing new NGS platforms that are capable of achieving the necessary throughput, 


turnaround time, cost and accuracy that is needed for supporting multi-cancer screening tests. 


1. Singular Genomics’ G4 System 


301. Singular has developed a sequencing-by-synthesis NGS platform comprising their 


NGS instrument, called the G4 Instrument, and associated consumable kits, which they refer to 


collectively as the G4 Integrated Solution or the G4 System.519  Singular has also developed 


 
516 Amadeus Capital,The long and the short of Amadeus’ investment in Oxford Nanopore Technologies, 


February 15, 2021, at https://www.amadeuscapital.com/the-long-and-the-short-of-amadeus-investment-in-oxford-
nanopore-technologies/; ONT, Product comparison, at https://nanoporetech.com/products/comparison. 


517 ONT, Product comparison, at https://nanoporetech.com/products/comparison (showing $625 per flow cell 
at 245 Gb best yield). 


518 I further note that cancer screening tests that use DNA methylation approaches, like Galleri, do not require 
as high of accuracy as single nucleotide mutation-based approaches.  Aravanis (Illumina) IH Tr. 157:22–159:7. 


519 Singular Genomics Systems, Inc., Form S1, filed with the SEC on May 7, 2021 (PX8561, “Singular S1”) at 
1-2. 
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multiomics platform that incorporates NGS called the PX System.520  Singular has completed 


pilot testing of its G4 System, involving their first external third-party evaluation, and is about to 


launch its early-access program.521  Singular intends to launch the G4 System by the end of 2021 


and to ship units in the first half of 2022.522   


302. Singular’s mission is to develop fast, powerful, efficient, flexible sequencing 


platforms to solve challenges, such as long analysis times, labor intensive protocols, sample 


batching requirements and high cost, that sequencing technologies face in oncology, including 


for early cancer detection.523   


303. The G4 System’s performance characteristics are comparable or better to 


Illumina’s NextSeq and NovaSeq systems:524  


 Throughput of greater than 100 million paired-end reads per flow cell  for four 
flow cells; targeted 330 million reads per flow cell at commercial launch for a 
total of 1,320 million reads 


 Read lengths of 50 bases to 150 bases  


 Targeted 400 Gbs per sequencing run  


 High speed sequencing at 4.0 minute cycle time, with a targeted 2.5 minute cycle 
time that will generate a sequencing time of approximately 16 hours to complete a 
2x150 base run 


 
520 PX8561, Singular S1 at 1-2; Velarde (Singular) Dep. Tr. 17:8–16. 


521 Velarde (Singular) Dep. Tr. 22:12–23:6. 


522 Singular S1 at 1-2; Velarde (Singular) Dep. Tr. 30:10–31:1. 


523 Singular S1 at 92. 


524 Singular S1 at 4-5; Velarde (Singular) Dep. Tr. 45:6–20; 108:21–110:4 (“on our system we would be able to 
achieve 100 gigabases of sequencing per flow cell.  So that would then yield 400 gigabase output per instrument”; 
G4 System will “achieve runs faster than the current Illumina systems can”; G4 System will provide flexibility with 
“four independent flow cells” that each has “independent lanes” and are “independently addressable by the 
system”). 
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 High accuracy of 99.7% on 150 base reads (>70% Q30 on base calls, with 
targeted >80% Q30 on base calls at launch); 99.99% (Q40) accuracy with the 
“HD-Seq” methodology 


 Independent, flexible throughput that uses flow cells with independent lanes, 
enabling libraries to be kept separate in each lane while still retaining high 
throughput capacity.   


304. Singular expects that the G4 System will “compete with Illumina for sales of 


sequencers and integrated systems to multicancer early detection test developers.”525  Singular’s 


library preparation kit was specifically developed to detect DNA that is shed by cancer and used 


for liquid and tissue biopsies.526  Cancer screening test developers have given positive feedback 


on Singular’s G4 System.  Specifically test developers have stated that tests that were developed 


on Illumina’s NGS platforms will work on the G4 System, because the G4 System “was 


designed so that it doesn’t disrupt customers’ workflows” when switching from Illumina.527  


Exact Sciences has also invested $5 million in Singular.528   


305. Singular anticipates that the G4 System will compete with Illumina and can 


replace Illumina’s MiSeq, HiSeq, NextSeq, and NovaSeq platforms under certain 


configurations.529  Singular is targeting the middle market for the G4 System, with pricing 


competitive to Illumina’s NextSeq 2000.530   


 
525 Velarde (Singular) Dep. Tr. 108:15–19. 


526 Id. at 64:7–65:14. 


527 Id. at 97:15–98:4; 111:2–112:21. 


528 March 5, 2021 Kevin Conroy (Exact) IH Tr. 126:19–21. 


529 Singular S1 at 6, 103; SGS_000234; PX8563-004; Velarde (Singular) Dep. Tr. at 137:11–23. 


530 Velarde (Singular) Dep. Tr. 88:1–2. 
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2. Ultima Genomics’ UG100 NGS Sequencer 


306. Ultima Genomics, a biotechnology company based in Newark, California, is 


developing a low-cost alternative sequencing-by-synthesis platform to Illumina’s highest 


throughput instrument and flow cell (NovaSeq 6000 with S4 flow cells) aimed at high-volume 


users.531  Ultima Genomics is currently in “stealth mode,” which means that they are not making 


public representations as to the capabilities of their sequencer or their commercial progress, but 


have established and are actively developing relationships with potential customers in an early 


access program.532  Through this early access program, Ultima Genomics provides its sequencer 


to customers to learn about their priorities and accuracy requirements, while the customers learn 


about Ultima Genomics’ sequencer.533   


307. Ultima Genomics’ sequencer, tentatively called UG100, is “a high-volume 


sequencing system that leverages its high volume capabilities to deliver lower unit costs of 


sequencing to [high-volume] customers” who use high-volume instruments such as Illumina’s 


NovaSeq.534  The UG100 sequencer runs two flow cells in parallel, and has achieved 4 to 4.5 


billion reads per run, with a throughput of about 1.5 Tb per run.535  Ultima Genomics’ target is 


for the UG100 sequencer to produce more than 100 Gb per hour, 10 billion reads at 250 bp to 


300 bp read length, 3 terabases per flow cell, 6 terabases per run, and $100 per genome.536  


 
531 June 22, 2021 Josh Lauer (Ultima) Dep. Tr. 34:13–36:7; 146:17–148:3. 


532 Id. at 19:5–20:10; 26:10–28:8. 


533 Id. at 28:9–29:12; 43:20–45:2. 


534 Id. at 35:2–8. 


535 Id. at 41:7–14; 42:14–17; 50:21–51:5. 


536 Id. at 49:17–50:4; ROCHE-00001205 at 3, 5. 
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UG100’s accuracy is currently lower than Illumina’s NovaSeq 6000, but a representative from 


the company testified that it expects the accuracy that it has achieved to be competitive with 


Illumina’s NovaSeq 6000 with S4 flow cells, at a targeted 75% Q30 accuracy.537  The UG100 


has a faster run time than Illumina’s NovaSeq 6000.538  While Ultima is not certain as to the 


exact specifications the UG100 will offer, the UG100 is presently a working sequencer, placed 


with customers, that offers high throughput at a low cost.539   


308. Ultima Genomics has delivered two UG100 sequencers to the Broad Institute to 


date, at $1.2 million each, and has also contracted with Personalis and Regeneron for its early 


access program.540  Ultima Genomics plans to formally launch its UG100 sequencer in 2022.541  


Ultima Genomics further plans to make its technology compatible with existing solutions in the 


broad ecosystem to help its customers switch from existing Illumina platforms over to Ultima’s 


platform.542   


309. Additionally, Ultima intends for the UG100 to be utilized by companies 


developing cancer early detection tests.543  For example, FMI has considered using Ultima 


Genomics’ sequencer for its planned interventional study for a liquid biopsy screening assay.544  


 
537 Lauer (Ultima) Dep. Tr. 46:13–21; 94:10–95:21. 


538 Id. at 47:13–49:3. 


539 Id. at 147:8–148:3. 


540 Id. at 32:8–33:9; 34:2–12.  I note that the Broad Institute of MIT and Harvard is a well-known and well-
respected biomedical and genomic research center.   


541 Id. at 75:10–76:5; Perettie (FMI/Roche) Dep. Tr. 94:10–13. 


542 Lauer (Ultima) Dep. Tr. 100:3–101:9. 


543 Id. at 70:21–72:5. 


544 See, e.g., ROCHE-00000864 at -864, 867, 869; Perettie (Roche/FMI) Dep. Tr. 106:21–109:23. 
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Roche describes Ultima’s sequencer as a “low cost-high throughput competitor to Illumina’s 


NovaSeq” that is capable of sequencing a genome for the cost of $100.545  FMI is currently in the 


process of running three pilot tests on Ultima’s platform and the first pilot showed “promising 


results.”546  The Ultima sequencer can detect cfDNA dilutions to 1/10,000.547  Ultima Genomics’ 


UG100 sequencer is likely to be competitively viable as an alternative for use with multi-cancer 


screening tests.548 


3. Roche’s Nanopore NGS sequencer 


310. Roche Diagnostics, parent of the company that previously brought to the market 


the first NGS sequencer—the 454 GS FLX Titanium sequencer—in 2005,549 recently acquired 


two NGS sequencer developers:  Stratos Genomics that is developing a nanopore DNA 


sequencing technology utilizing Sequencing by Expansion (SBX),550 and Genia Technologies 


that is developing a single-molecule, nanopore technology.  Based on the evidence I have 


 
545 ROCHE-00001195 at 2. 


546 Perettie (Roche/FMI) Dep. Tr. 93:25–94:9.  


547 ROCHE-00001205 at 8.  


548 Roche/FMI testified that they could launch a cancer screening assay as an LDT using Ultima’s clinical 
grade sequencing platform in the 2025 to 2027 timeframe.  Perettie (Roche/FMI) Dep. Tr. 97:2–13; Perettie 
(Roche/FMI) IH Tr. 60:25–64:4 (“I would say we would have an assay potentially on their platform in 2025, and 
then we would have to do an FDA approval process on top of that.  So we could have an LDT potentially on their 
platform in that timeframe and then another one or two years to get an FDA-approved assay.”  “So I would say our 
guess today is that we might have a product, if we went on the Ultima platform, let’s say, in 2026[,] on nanopore, it 
would probably be 2028, 2029”.); compare, e.g., Perettie (Roche/FMI) Dep. Tr. 88:22–89:3 (“Q.  And so you would 
say maybe late 2026, early 2027 about when FMI would launch its cancer screening test; is that right  A. That is 
correct.  Q.  And does that timeline assume that FMI is using Illumina sequencers”). 


549 Kircher M & Kelso J, High-throughput DNA sequencing--concepts and limitations, Bioessays, 2010 
Jun;32(6):524-36, at 526. 


550 Roche, Roche acquires Stratos Genomics to further develop DNA based sequencing for diagnostic use, May 
22, 2020, at https://www.roche.com/media/releases/med-cor-2020-05-22b.htm. 
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reviewed, I understand that Roche expects to bring to market an NGS nanopore sequencer by the 


2024 time frame.551   


311. Roche is combining the SBT nanopore sequencing technology acquired from 


Genia and the SBX Xpandomer technology acquired from Stratos into one system with 


combined short and long reads on the same platform, called AVENIO Central (Project “HTP 


XT”).552  As planned, AVENIO Central’s SBX short read function can achieve over 2,000 


million reads per hour at a median read length of 350 bp and a throughput of 760 Gb per hour, 


while its SBX long read function can achieve over 2 million reads per hour at an median read 


length of 4,000 bp and a throughput of 8.6 Gb per hour.553  At this time, AVENIO Central 


achieves around 200 million reads per hour.554  Although AVENIO Central’s accuracy is 


currently less than Illumina’s NovaSeq 6000 at this time, it has much shorter turnaround time of 


only about 90 minutes (compared to up to 45 hours for the NovaSeq 6000 instrument).555  


Roche’s planned launch parameters for AVENIO Central sequencer would significantly out-


perform Illumina’s NovaSeq 6000 with S4 flow cells.556   


312. Roche reports that it aims to launch AVENIO Central in an early access program 


for a handful of centers in late 2023 or early 2024, to obtain FDA approval for the Nanopore 


 
551 Roche, Roche acquires Genia Technologies to strengthen next generation sequencing pipeline, June 2, 


2014, at https://www.roche.com/media/releases/med-cor-2020-05-22b.htm. 


552 See ROCHE-00000319 at -327–28. 


553 Id. at -333.  


554 Feb. 18, 2021 Neil Gunn (Roche) IH Tr. 80:7–14. 


555 See ROCHE-00000319 at -333; Perettie (Roche/FMI) Dep. Tr. 122:20–24; 213:12–24. 


556 See ROCHE-00000319 at -332; ROCHE-00000446 at -464; Perettie (Roche/FMI) Dep. Tr. 121:2–122:3. 
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platform in late 2024 or early 2025, and to have IVD market entry in 2024-2027.557  A customer 


could develop an LDT on Roche’s AVENIO Central platform starting in 2024.558  Roche expects 


the AVENIO Central platform to be used for oncology (by labs like FMI), NIPT and genetics.559   


313. Roche has invested about $250 million per year in R&D for the AVENIO Central 


platform, for a total of $1.5 billion, including acquisition costs, as of 2021.560  Roche is targeting 


a price of $0.38 to $1.50 per Gb, which is far cheaper than Illumina’s NovaSeq and even 


Illumina’s upcoming Lightning platforms.561   


4. Element Biosciences 


314. Element Biosciences, is developing a currently unnamed NGS platform through 


its sequencing-by-trapping technology.562  Element has made multiple finished prototypes of this 


NGS platform.563  Element’s focus for its platform is to provide high-quality, low cost, easy-to-


use DNA sequencing tools in order to increase accessibility of sequencing to individual labs.564  


Element intends to launch its NGS platform around mid-2022.565  Element has had introductory 


discussions with clinical oncology test developers, including Invitae, Thrive, and Freenome, and 


 
557 ROCHE-00000319 at -323; Perettie (Roche/FMI) Dep. Tr. 110:1–111:6; Gunn IH Tr. 164:4–25.   


558 Gunn (Roche) IH Tr. 94:3–21.   


559 See ROCHE-00000319 at -344; Perettie (Roche/FMI) Dep. Tr. 115:7–21; IH Tr. 84:16–85:4.   


560  Gunn (Roche) IH Tr. 65:11–66:7. 


561 See ROCHE-00000319 at -334; Gunn (Roche) IH Tr. 110:1–12. 


562 Element Biosciences, WO2020242901 - Polymerase-Nucleotide Conjugates For Sequencing By Trapping, 
at https://patentscope.wipo.int/search/en/detail.jsf?docId=WO2020242901. 


563 June 25, 2021 Molly He (Element Biosciences) Dep. Tr. 22:17–24:25; 25:18–26:7. 


564 Id. at 22:2-9; 34:24-35:9. 


565 Id. at 26:16–25. 
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is targeting clinical oncology applications.566  Element touts its proprietary biochemistry which it 


believes will result in high data quality and throughput at a lower cost.567  Element anticipates 


launching its sequencer within the next year.568   


315. Element’s NGS platform will have flexible flow cell batching, eliminating the 


need to batch samples in large quantities.569  Element anticipates that the price per gigabase of 


sequencing and the run cost per flow cell on its NGS platform will be between that of Illumina’s 


NextSeq platform and the NovaSeq platform.570  It will have 800 million reads with two flow 


cells, of 2 x 150 read length with a run time of less than 40 hours.571   


316. Element is also developing a library prep conversion kit to make it easier and at 


minimized switching cost for Illumina customers to switch to Element’s NGS platform.572  


Element believes that its conversion kit will allow Illumina’s customers to use their original 


libraries on Element’s sequencer.573  Element anticipates that its NGS platform will be 


competitive with Illumina’s NGS systems.   


317. In my opinion, Element’s NGS sequencer is likely to be competitively viable as 


an alternative for use with cancer screening tests in the near future.   


 
566 Id. at 126:5-14; ELEMENT_00001; ELEMENT_00339; ELEMENT_00366; ELEMENT_00261 at 


ELEMENT_00279. 


567 ELEMENT_00339 at -00357.  


568 He (Element) Dep. Tr. 26:16-25. 


569 Id. at 64:24–65:12. 


570 Id. at 61:25–62:16; 64:2–14. 


571 ELEMENT_00261 at -00311.  


572 He (Element) Dep. Tr. 75:11–77:16 (explaining the redacted portion of Ex. 2, ELEMENT_00261 at -
00317). 


573 He (Element) Dep. Tr. 76:18-77:7 
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5. Omniome 


318. Omniome is developing an NGS sequencer using its proprietary sequencing-by-


binding technology.574  Sequencing-by-binding decouples the nucleotide incorporation and 


sequence interrogation steps and incorporate into the growing DNA strand an unmodified 


nucleotide instead.575  The exact chemistry of the Omniome’s sequencing-by-binding technology 


has not been disclosed. 


319. Omniome’s sequencer will have comparable throughput and run times to 


Illumina’s NexSeq sequencers, but with better accuracy—98%> Q50 to 99% Q70—“10 to 100x 


better than” the accuracy of Illumina’s sequencers.576  Omniome expects that, at launch, its NGS 


sequencer will have higher accuracy, longer sequence read and lower reagent costs than 


Illumina’s sequencers.577   


320. Omniome delivered an early prototype system to Encodia, Inc., a privately-held 


biotech company developing next-generation solutions for proteomics research, around the end 


of 2019 to early 2020,578 and plans to pursue additional third-party testing of an early 


noncommercial version of the instrument in the second half of 2021.579  Omniome currently 


plans to launch its sequencer in early 2023.580   


 
574 Omniome, Sequencing By Binding From Omniome™, at https://www.omniome.com/technology/. 


575 June 2, 2021 Kenneth Song (Omniome/Ariosa) Dep. Tr. 41:6–42:15. 


576 Id. at 82:10–13, 100:10–101:4; Ex. 4 OMNIOME-FTC ILL-00001469–504 at -0000491-93. 


577 Song (Omniome/Ariosa) Dep. Tr. at 43:8–21, 58:2–8, 68:22–72:1; Ex. 3 OMNIOME-FTC ILL-00000069 at 
-00000082. 


578 Song (Omniome/Ariosa) Dep. Tr.at 53:5–15; Encodia, About, at https://www.encodia.com/about.html. 


579 Song (Omniome/Ariosa) Dep. Tr. at 54:6–13; 56:11–20. 


580 Id. at 28:16-29:1; 56:11–20. 
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321. Omniome expects its NGS sequencer will be used for “applications like cancer,” 


and has general interest in oncology, including companies that are developing blood-based early 


cancer screening tests.581   


322. In my opinion, Omniome’s NGS sequencer is likely to be competitively viable as 


an alternative for use with multi-cancer screening tests in the near future. 


G. Other NGS Platforms on the Market Now and in Near Future Are Viable 
Alternatives to Illumina’s NGS Platforms 


323. Dr. Scott Morton opines that “MCED test developers in the United States have 


indicated that NGS systems from Thermo Fisher and other NGS providers would not be viable 


alternatives to Illumina” and “[c]urrently, no other NGS platform has the technical capabilities 


required to run MCED tests.”582  I disagree.   


324. Although the NGS sequencers currently on the market may have variation in 


design and technology, both BGI’s and ONT’s sequencers have comparable capacities and costs 


to Illumina’s highest throughput sequencers, including those instruments that are currently being 


used for early cancer screening, the NextSeq and NovaSeq platforms.  If Illumina’s NGS 


sequencers were to become unavailable or less attractive for whatever reason, e.g., bad customer 


service, shortage of sequencers or consumables, or price increase, customers developing cancer 


screening tests on Illumina’s SBS platform can switch to another platform.583  Besides GRAIL’s 


Galleri test and potentially Thrive’s CancerSEEK test, it will be many years before cancer 


screening test that is capable of screening for multiple cancers will be widely available 


 
581 Id. at 59:19–63:13, 66:17–23; Ex. 3, OMNIOME-FTC ILL-00000069 at -00000075. 


582 Morton Rpt. ¶¶ 152, 154. 


583 See Section X below. 
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commercially.  By that time, additional NGS instruments are likely to be on the market in the 


United States that are comparable to Illumina’s highest throughput instruments on the basis of 


throughput, accuracy, turnaround time and cost.   


325. Of these alternative platforms, BGI’s DNBSEQ platform is closest to Illumina’s 


SBS platforms, and has outperformed Illumina in both capacity and price.  When it becomes 


available in the U.S., I have little doubt that it will be adopted and viewed by laboratories as a 


substitute for Illumina’s NGS sequencers, including its highest throughput instruments.  I also 


expect that BGI’s DNBSEQ platform will be a substitute for Illumina’s Lightning platform, 


which will be launched in the next few years.584   


326. Switching between Illumina’s SBS platforms and BGI’s platforms has already 


happened outside of United States.  Natera and BGI Genomics formed a partnership in 2019 to 


commercialize Natera’s Signatera NGS-based cancer monitoring test on BGI’s DNBSEQ 


platform in China,585 and has now launched the Signatera in China “that incorporates MGI 


sequencing platforms.”586   


327. BGI also provides applications and panels in the United States and elsewhere that 


show that its platform is capable of analyzing ctDNA.  BGI’s Cancer+ Discovery Panel is a pan-


cancer therapy selection panel assay profiling 508 cancer-related genes for 102 cancer 


 
584 ILMN-FTCVOL_00578047 at -063, -069. 


585 See Natera, Natera and BGI Genomics Announce $50M Partnership to Commercialize Signatera Oncology 
Test in China and to Develop Reproductive Health Tests in Select Markets on BGI’s DNBseq™ Technology 
Platform, March 11, 2019, https://investor.natera.com/news-releases/news-release-details/natera-and-bgi-genomics-
announce-50m-partnership-commercialize. 


586 BGI, BGI Genomics and Natera Announce Commercial Launch of the BGI/Natera Signatera Assay in 
China, June 24, 2021, at https://www.bgi.com/us/company/news/bgi-genomics-and-natera-announce-commercial-
launch-of-the-bgi-natera-signatera-assay-in-china/. 
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therapeutics approved by the FDA or currently undergoing clinical trials.587  BGI also provides 


an MGIEasy Whole Genome Bisulfite Sequencing Library Prep Kit for detection of DNA 


methylation on BGI’s sequencers, which requires extremely low amounts of DNA input, suitable 


for assays similar to GRAIL’s Galleri test and Guardant’s LUNAR-2 test. 


328. In my opinion, based on the recent improvements that ONT has made to its 


sequencing instruments in terms of accuracy, as well as the recent studies showing the 


applicability of ONT’s instruments for cancer screening, ONT is also a viable alternative to 


Illumina’s instruments for cancer screening test developers, including for simultaneously 


screening for multiple cancers.  With the introductions of ONT’s “Duplex” sequencing and 1D2 


technology, read accuracy on the long-read sequencers is now comparable to the short-read 


sequencers, while ONT and data analysis software companies are continuously trying to make 


further improvements.  As discussed above, the long-read sequencing platforms have advantages 


that may be beneficial to multi-cancer screening tests, including detecting structural variants, 


identifying transcript isoforms, and eliminating amplification bias while preserving base 


modifications for methylation profiling—the same technology used by GRAIL’s Galleri test and 


Guardant’s pipeline LUNAR-2 test—but without the requirement for bisulfite conversion that 


reduces signal strength.588   


329. In addition, as discussed above in connection with ONT nanopore sequencers, 


scientists have developed methods to use long-read sequencers for short-read sequencing that are 


sensitive enough to achieve SNV (single-nucleotide variants) discrimination in plasma cfDNA of 


 
587 See BGI, BGI SENTIS™ Cancer+ Discovery Panel, at https://www.bgi.com/global/molecular-


genetics/sentis-oncology/bgi-sentis-cancer-discovery-panel/. 


588 Mantere T et al., Long-Read Sequencing Emerging in Medical Genetics, Front. Genet., May 07, 2019; 
10:426, at 2. 







 


 


164 
 


CONFIDENTIAL – FTC DOCKET NO. 9401 


liquid biopsy samples.  Further, Roche recently developed a ConcatSeq technology that 


concatenates (joins) multiple tagged short DNA fragments into long DNA stands and allows 


significant increase in outputs on ONT’s long-read sequencers, making them even stronger 


alternatives.589   


330. Further, ONT’s PromethION’s output is comparable to that of Illumina’s 


NovaSeq 6000, making it a good alternative to Illumina’s SBS platforms.  Furthermore, ONT’s 


nanopore sequencers have lower costs and shorter turnaround times, making them even superior 


choices over Illumina’s SBS platforms in these aspects.   


331. For certain types of cancer screening tests, as well as for distributable IVD tests, 


Thermo Fisher’s sequencers are also a viable alternative.  Although the throughput of the 


Thermo Fisher sequencers are currently lower than Illumina’s NovaSeq sequencers, they are 


comparable to Illumina’s NextSeq 550 instrument, which is also currently being pursued for 


cancer screening test development.  Thermo Fisher’s Ion AmpliSeq™ Methylation Panel has 


been used to study low input, targeted DNA methylation in cancer590—the same technology used 


by GRAIL’s Galleri test and Guardant’s LUNAR-2 test.  Thermo Fisher’s Oncomine Precision 


Assay, a pan-cancer therapy selection panel assay for the Ion Torrent Genexus System, has been 


adopted by the Lung Cancer Genomic Screening Project for Individualized Medicine (LC-


SCRUM-Asia) to advance precision medicine in Asia.591   


 
589 Schlecht U et al., ConcatSeq: A method for increasing throughput of single molecule sequencing by 


concatenating short DNA fragments, Scientific Reports, July 2017; 7(1), 5252. 


590 See Pickle LT et al., The first low input, three-day NGS Ion AmpliSeqTM Methylation Panel and protocol,  
Advances in Genome Biology and Technology (AGBT) Annual Meeting 2019, Poster #142, at 
https://assets.thermofisher.com/TFS-Assets/CSD/posters/agbt2019-methylation-poster-pickle.pdf. 


591 See Thermo Fisher Scientific, Cancer Genomic Screening Program LC-SCRUM-Asia Adopts Latest Thermo 
Fisher Scientific NGS Solutions, Sept. 29, 2020, at https://thermofisher.mediaroom.com/2020-09-29-Cancer-
Genomic-Screening-Program-LC-SCRUM-Asia-Adopts-Latest-Thermo-Fisher-Scientific-NGS-Solutions. 
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332. One of the main benefits of Thermo Fisher’s platform in comparison to the 


Illumina platform is the availability of workflows that require less sample preparation time from 


technicians, which can help to reduce the cost of performing the test.  For example, Thermo 


Fisher’s Oncomine pan-cancer therapy selection panel assays for the Ion GeneStudio S5 and Ion 


Torrent Genexus System profile 161 to over 500 unique cancer-related genes.  The Oncomine 


assays provide an end-to-end workflow that includes sample preparation on the Ion Chef System, 


scalable sequencing with the Ion GeneStudio S5 or Ion Torrent Genexus Systems, and post-


sequencing analysis on Ion Reporter Software with a results report provided by Oncomine 


Reporter.592  This end-to-end workflow on the Oncomine assays can provide a single-day from 


sample to report turnaround time, during which only less than 20 minutes of lab technician 


hands-on time is needed.  This hands-on time is about 13 times less than the almost three hours 


of hands on time needed on Illumina’s sequencers that only have manual sample preparation, 


thus significantly reducing the overall cost for clinical cancer testing.593  In addition, as discussed 


above, Singlera is developing its PanSeer test as compatible with both Illumina’s MiSeq or 


NextSeq systems and Thermo Fisher’s Ion Torrent S5 systems.594 


333. Dr. Scott Morton asserts that: “Illumina instruments are unique among short-read 


systems in that they allow sequencing from both ends of the DNA fragment.  This is called 


‘paired-end sequencing,’ which is Illumina proprietary technology not offered by Thermo Fisher 


 
592 Thermo Fisher Scientific, Oncomine Comprehensive Assays, at 


https://www.thermofisher.com/us/en/home/clinical/preclinical-companion-diagnostic-development/oncomine-
oncology/oncomine-cancer-research-panel-workflow.html. 


593 See, e.g., Thermo Fisher Scientific, Oncomine Precision Assay on Ion Torrent Genexus System, at 7-16, at 
https://www.oncomine.com/hubfs/Downloadable%20PDFs/Genexus_Webinar_Slides.pdf. 


594 Singlera Genomics, Singlera Genomics’ PanSeer assay technology, at 
https://singleraoncology.com/technology/. 
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or other sequencing platforms.”595  While Illumina’s sequencers support paired-end sequencing, 


it is neither “unique among short-read systems,” nor unique to Illumina.  In fact, BGI’s 


DNBSEQ sequencer, the GenapSys system, Singular Genomics’ G4 System, and Element’s NGS 


platform all expressly support this technology.596  In addition, while not promoting this feature, 


Thermo Fisher has released a paired-end sequencing protocol for its Ion PGM sequencer.597  


There is no reason why this protocol cannot be used on the other Ion Torrent platforms.  


Moreover, as discussed above, ONT’s “Duplex” sequencing and 1D2 technology, which enable 


the sequencing of both strands of DNA, are also equivalent to paired-end sequencing 


technologies for long-read sequencers.598   


334. In addition, the NGS sequencers under development, in particular, the sequencers 


under development by Singular, Ultima, Roche, Element and Omniome are very promising and, 


in my estimation, appear likely to become alternatives to Illumina’s NGS sequencers for cancer 


screening tests.  The proposed products from Singular, Ultima, Roche, Element and Ominome all 


likely to have the accuracy, sensitivity and throughput needed to develop a competitive early 


cancer screening tests. 


 
595 Morton Rpt. ¶ 72. 


596 See MGI Tech, Sequencers, at https://en.mgi-tech.com/products/; Robison K, Bold Genapsys Talk at 
JPM20, Jan. 14, 2020, at http://omicsomics.blogspot.com/2020/01/genapsys-at-jpm20.html; Singular S1 at 3-5; 
Velarde (Singular) Dep. Tr. 47:2–21; ELEMENT_00261 at -00309, -00311. 


597 GenomeWeb, New Paired-End Protocol for Ion PGM Increases Accuracy when Analyzed with 
SoftGenetics' Algorithm, Dec 20, 2011, at https://www.genomeweb.com/clinical-sequencing/new-paired-end-
protocol-ion-pgm-increases-accuracy-when-analyzed-softgenetics#.YO3SDT2Smbg. 


598 ONT, Oxford Nanopore Tech Update: new Duplex method for Q30 nanopore single molecule reads, 
PromethION 2, and more, May 21, 2021, at https://nanoporetech.com/about-us/news/oxford-nanopore-tech-update-
new-duplex-method-q30-nanopore-single-molecule-reads-0; ONT, 1D squared kit available in the store: boost 
accuracy, simple prep, May 9, 2017, at https://nanoporetech.com/about-us/news/1d-squared-kit-available-store-
boost-accuracy-simple-prep. 
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335. In fact, it may be beneficial for a company developing a distributed IVD cancer 


screening test to develop its test on multiple sequencing platforms to allow for easier adoption of 


its tests by local laboratories having different NGS sequencers.  For example, Singlera is 


developing its PanSeer early cancer screening assay to be compatible with both sequencers from 


Illumina, such as MiniSeq and NextSeq, and sequencers from Thermo Fisher, including the Ion 


Torrent S5.599 


X. CUSTOMERS CAN ADAPT ASSAYS DEVELOPED ON ILLUMINA’S SBS 
PLATFORMS TO ANOTHER PLATFORM 


336. Dr. Scott Morton states that “MCED test developers in the United States have 


indicated that NGS systems from Thermo Fisher and other NGS providers would not be viable 


alternatives to Illumina. . . .  MCED test developers have noted that the operational cost of 


switching to an alternative NGS system would be ‘untenable’ or the developer would have a 


business that is not viable from a cost perspective. . . .  An MCED test developer designs its test 


to work with a particular NGS instrument.  Even switching between NGS instrument from the 


same manufacturer can cause months or more of redevelopment effort and associated costs.  


Changes to the NGS instrument or reagents can fundamentally alter the MCED test under 


development.”600  As I discuss in this section, Dr. Scott Morton’s conclusion does not take into 


account alternative methods of switching between platforms, including concurrent development 


on multiple platforms.  Dr. Scott Morton also neglects to address that cancer screening 


 
599 See Singlera Genomics, Singlera Genomics’ PanSeer assay technology, at 


https://singleraoncology.com/technology/. 


600 Morton Rpt. ¶¶ 152–153. 
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developers will inevitably need to switch between different Illumina instruments in the course of 


developing their respective screening tests.601   


A. Customers Can Adapt the Assays that Were Developed on Illumina’s NGS 
Platforms to Another NGS Sequencing Platform  


337. I disagree with Dr. Scott Morton’s opinion that switching costs between Illumina 


sequencers and alternative sequencers are “untenable” or “not viable from a cost perspective.”602  


338. Test developers routinely re-validate their tests to account for new developments 


in their tests, new and improved technology relating to consumables or sequencers, or for any 


number of other reasons.  These revalidations are part of a good test developer’s business plan.  


As Dr. Scott Morton recognizes in her report, “[e]ven switching between NGS instruments from 


the same manufacturer can cause months or more of redevelopment effort and associated 


costs.”603  As anyone familiar with routine clinical laboratory testing will understand, it is not 


just common, but routine to switch platforms or to upgrade platforms (which from a re-validation 


point of view is equivalent).  This is built into all clinical labs’ workflow and plan for long-term 


functioning for the lab.  Given that test developers will need to undergo such redevelopment 


simply to maintain their use of Illumina’s instruments, these are multiple opportunities for test 


developers to switch to alternative sequencing platforms, or validate an alternative sequencing 


platforms for the purposes of managing their supply chain. 


 
601 Illumina’s own model contemplates that a portion of test developers will switch to an alternative sequencing 


platform developer in the process of upgrading Illumina instruments.  May 27, 2021 Joydeep Goswami (Illumina) 
Dep. Tr. 16:2-20. 


602 Morton Rpt. ¶ 152. 


603 Morton Rpt. ¶ 153. 
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339. For the companies developing the early cancer screening tests, these requirements 


for such switching to a different NGS platform or another cancer screening modality are no 


different from the requirements for their modifying their tests to using different biomarkers, 


different reagents, or different testing equipment, for versioning, costs, or whatever the reason, 


either during or after the initial development of the tests, which happens rather frequently.  


340. For example, during Thrive’s initial development of the CancerSEEK test, 


including for the DETECT-A study, Thrive used Illumina’s HiSeq 4000 and MiSeq instruments 


as its NGS platforms.604  Thrive has since switched to Illumina’s NovaSeq 6000 for its NGS 


platform and plans to use it for the SOAR study.605  Because Illumina’s NovaSeq and HiSeq use 


different chemistry and different reagents, Thrive had to go through a “significant process” to 


adopt the NovaSeq platform.606  However, Thrive has not stated, and there appears to be no 


indication, that even this “significant process” has meaningfully delayed Thrive’s development 


of the CancerSEEK test.   


341. Similarly, FMI is using Illumina’s HiSeq 2500 and 4000 as its NGS platforms for 


the FoundationOne CDx test for tissue biopsy sample based therapy selection,607 but switched to 


Illumina’s NovaSeq 6000 for its FoundationOne® Liquid CDx test for liquid biopsy sample 


based therapy selection.608  There is no indication that switching from HiSeq to NovaSeq 


 
604 Lengauer (Third Rock) Dep. Tr. 38:11–16; see Lennon 2020 at S6; Cohen 2018 S1-S2.  


605 Harada (Exact/Thrive) Dep. Tr. 239:11–14; Lengauer (Third Rock) Dep. Tr. 38:17–22, 106:10–13. 


606 Lengauer (Third Rock) Dep. Tr. 41:18–42:23. 


607 FMI, FoundationOne CDx Technical Information, at 4, at 
https://www.rochefoundationmedicine.com/f1cdxtech. 


608 FMI, FoundationOne® Liquid CDx Technical Information, at 7, at 
https://info.foundationmedicine.com/hubfs/FMI%20Labels/FoundationOne_Liquid_CDx_Label_Technical_Info.pdf
. 
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meaningfully delayed FMI’s development of the FoundationOne® Liquid CDx test, or its FDA 


approval, and neither Roche nor FMI have stated publicly that FMI faced delays from such 


switching.   


342. As discussed above, Natera and BGI Genomics formed a partnership to 


commercialize Natera’s Signatera NGS-based cancer monitoring test on BGI’s DNBSEQ 


platform in China, and has now launched a version of the Signatera test in China “that 


incorporates MGI sequencing platforms.”609  Natera’s Signatera test was initially validated on 


Illumina’s HiSeq 2500 NGS platform.610   


343. Ariosa (now part of Roche) switched its Harmony non-invasive prenatal test from 


an NGS-based approach to a microarray-based approach, and achieved lower cost and decreased 


turnaround time for the test.611  Ariosa completed this platform switching without interrupting 


the commercial availability of the Harmony test.612 


344. Similarly, StageZero developed Aristotle, a cancer screening test, using 


microarray technology and expects to launch Aristotle using the microarray platform in Q2 or Q3 


of this year.613  StageZero now plans to transition Aristotle to Illumina’s NGS platform because 


 
609 BGI, BGI Genomics and Natera Announce Commercial Launch of the BGI/Natera Signatera Assay in 


China, June 24, 2021, at https://www.bgi.com/us/company/news/bgi-genomics-and-natera-announce-commercial-
launch-of-the-bgi-natera-signatera-assay-in-china/. 


610 Natera, Signatera Residual Disease test (MRD): A personalized, tumor-informed approach to detect 
molecular residual disease with high sensitivity and specificity, at 6, at https://www.natera.com/wp-
content/uploads/2020/11/Oncology-Clinical-A-personalized-tumor-informed-approach-to-detect-molecular-residual-
disease-SGN_SR_WP.pdf. 


611 Song (Omniome/Ariosa) Dep. Tr. 124:24–128:9; Juneau K et al., Microarray-Based Cell-Free DNA 
Analysis Improves Noninvasive Prenatal Testing, Fetal Diagn Ther., 2014;36(4) 282-86. 


612 Song (Omniome/Ariosa) Dep. Tr. 125:14–126:5. 


613 Stamatiou (StageZero) Dep. Tr. 19:10–17, 32:21–33:2, 68:25–69:6; SZ0437.  
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the cost to switch to and run the test on Illumina’s NGS platform is lower as compared to 


continuing on microarrays.614  In deposition testimony, StageZero describes the switching 


process as “running similar samples that we run on microarrays on the NGS platform and seeing 


expression levels, how does the data compare on one platform versus the other platform.”615  


StageZero estimates that this process will cost roughly $500,000.616  This is no different than the 


process developers use to adapt their assays and perform bridging or comparison studies (see 


Section X.B below) to account for new versions and improvements in technology at each step of 


the workflow.   


345. In addition, a test developer may develop its test on one platform, but choose to 


commercialize on another.  For example, StageZero developed its ColonSentry test using 


microarray technology, but used quantitative RT-PCR in its commercial product.617   


346. Dr. Scott Morton’s reliance on the statement that “[c]hanges to the NGS 


instrument or reagents can fundamentally alter the MCED test under development”618 for her 


argument against switching NGS platforms is misinformed.  Although a more substantial change, 


for example in capture technology or a different/unfamiliar sequencing chemistry, may cause the 


switching process to take longer, in light of the long way multi-cancer screening tests have to go 


before commercialization, the time to switch is unlikely to meaningfully affect the test 


developer’s timeline.  For example, it took approximately nine months for my lab to revalidate 


 
614 Stamatiou (StageZero) Dep. Tr. 33:13–34:6; PX8540.  I note that StageZero plans to switch to Illumina’s 


NGS platforms well after the acquisition of GRAIL was announced (see PX8540 at -8451). 


615 Stamatiou (StageZero) Dep. Tr. 37:20–38:8. 


616 Stamatiou (StageZero) Dep. Tr. 62:22–63:1. 


617 Stamatiou (StageZero) Dep. Tr. 8–18; see also Section VII.I. above. 


618 Morton Rpt. ¶ 153. 
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the AML clinical trial exome assay to use a different library prep and exome capture reagent, 


while transitioning from HiSeq to NovaSeq, with substantially different sequencing chemistry.   


B. Expectations for Switching NGS Platforms for a Multi-Cancer Screening 
Test 


347. Although I cannot estimate precisely how long it would take for a multi-cancer 


screening test to switch between an Illumina platform and a third party sequencing platform, for 


example, the length of time required would likely depend on a number of factors including 


whether clinical trials are required, the laboratory process, and access to validation scientists and 


clinical samples.  


348. Assuming no clinical trials are required, a test developer may need to conduct a 


revalidation study (which is estimated to take 6–12 months) potentially followed by a bridging or 


comparison study (which can take up to one month).  In the re-validation stage, a test developer 


needs to repeat the analytical studies on a new NGS platform.  I estimate that re-validating a test 


on a new NGS platform, if successful, would take approximately 6–12 months.  For a test 


developer to re-validate its test on a new NGS instrument, it would need to show that the 


performance of the test on the new machine was appropriate and similar to the performance 


using Illumina’s machine.  


349. For an LDT test not approved by the FDA, switching NGS platforms or technical 


modalities is fairly straightforward.  The test developer merely needs to complete the technical 


development, and then conduct a validational, case-control study using previously collected 


samples or freshly collected sample.  I expect that most test developers who are already working 


on or have validated a test will have access to banks of clinical samples (used for that validation), 


which can be revalidated retrospectively for these purposes in relatively short order.   
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350. For an IVD test approved by the FDA, if the clinical testing portion of the IVD 


test has changed since the clinical trial demonstrating its efficacy, the FDA requires the IVD 


sponsor to provide data from a bridging or comparison study to demonstrate that the new clinical 


test using the third party NGS platform “has performance characteristics that are very similar to 


those of the test that was used in the trial,” i.e, using the Illumina platform.619  The performance 


similarity is often demonstrated in a bridging or comparison study by performing the new test 


using original clinical trial samples and a pre-specified statistical analysis plan, thereby showing 


both concordance and discordance between the two tests using the same specimens.620  Such a 


requirement also means that a costly new clinical trial need not be conducted:  the IVD sponsor 


just need to run the new test on the already collected sample to show consistent results.  If the 


results of the bridging or comparison study demonstrate that the two platforms lead to equivalent 


performance, no additional clinical trials may be required. 


351. I estimate that conducting the bridging or comparison study—including a 


repeatability study—would take approximately one month to complete.  It would cost 


approximately $1 million to $2 million if samples need to be purchased.  If the test developer 


already had samples, the cost of the study would be reduced by as much as $100,000 to 


$150,000.  The time and cost of these bridging or comparison studies are both relatively low 


compared to overall development time and cost for clinical tests.621 


 
619 FDA, Draft Guidance for Industry: Principles for Codevelopment of an In Vitro Companion Diagnostic 


Device with a Therapeutic Product, July 2016, at 30, at https://www.fda.gov/media/99030/download. 


620 Id. 


621 See also, e.g., Aravanis (Illumina) IH Tr. 164:15–166:3 (“I would say it’s roughly six to twelve months to 
complete a transition to a new platform.  In the scheme of product development in the lifetimes of these tests, that’s 
not [] that long a period of time.  The cost involved is modest, on the order of five to ten million dollars.”). 
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352. If, however, the results generated by the two systems were not substantially 


equivalent, the clinical studies might have to be repeated on the alternative platform.  If new 


clinical trials are required, or if the bridging or comparison study does not show that the Illumina 


platform and the third-party platform are equivalent, new large-scale clinical trials may be 


required, which would require a lengthier process and would be in addition to the revalidation 


process discussed in above.  However, the chance for a bridging or comparison study failing to 


show the Illumina platform and the third-party platform to be equivalent is very low, because 


given the comparable accuracy of the third-party platforms, they should be able to accurately 


reproduce the sequence obtained using the Illumina platform. 


353. Another factor which will likely determine the length of time a company would 


need to adapt its test to a new supplier is the way the test was developed.  Tests may be 


developed based on more than one platform.  For example, Singlera has publicly stated that its 


test is compatible with both Illumina and Thermo Fisher NGS systems. Singlera notes on its 


website that its PanSeer assay is “compatible with the two leading next-generation sequencing 


platforms on the market (systems from Illumina such as the MiSeq or NextSeq as well as from 


Thermo Fisher Scientific including the Ion Torrent S5) any laboratory familiar with NGS library 


construction can quickly implement this method”.622  Therefore, switching between these two 


NGS suppliers would not be likely to require any significant time to adapt the technology for that 


developer. 


 
622 Singlera Genomics, Singlera Genomics’ PanSeer assay technology, at 


https://singleraoncology.com/technology/. 
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354. As discussed above, Natera and BGI Genomics formed a partnership and has now 


launched the Signatera in China “that incorporates MGI sequencing platforms.”623  Although I 


am not familiar with the requirements are for switching an equipment in support of a diagnostic 


test in China, neither Natera nor BGI has complained about any difficulty switching from 


Illumina’s HiSeq624 to BGI’s NGS platform. 


355. Also, as discussed above, Ariosa (now part of Roche) switched its Harmony non-


invasive prenatal test from an NGS-based approach to a microarray-based approach, and 


achieved lower cost and decreased turnaround time for the test.625  Ariosa’s Harmony test is an 


LDT and switching required only a bridging study; no additional clinical trials were needed.  For 


the bridging study, Ariosa conducted a case-control study with 878 maternal venous blood 


samples, 486 samples had been originally tested using Harmony, and 392 samples were freshly 


collected for the study.626  It took Ariosa only “about a little bit more than a year” from starting 


the switching development to providing the Harmony test on the new platform.627 


356. Companies routinely conduct bridging or comparison studies for modifications of 


their clinical oncology tests.  When Roche initiated its EURTAC study for the correlation 


 
623 BGI, BGI Genomics and Natera Announce Commercial Launch of the BGI/Natera Signatera Assay in 


China, June 24, 2021, at https://www.bgi.com/us/company/news/bgi-genomics-and-natera-announce-commercial-
launch-of-the-bgi-natera-signatera-assay-in-china/. 


624 Natera, Signatera Residual Disease test (MRD): A personalized, tumor-informed approach to detect 
molecular residual disease with high sensitivity and specificity, at 6, at https://www.natera.com/wp-
content/uploads/2020/11/Oncology-Clinical-A-personalized-tumor-informed-approach-to-detect-molecular-residual-
disease-SGN_SR_WP.pdf. 


625 Song (Omniome/Ariosa)  Dep. Tr. 124:24–128:9; Juneau K et al., Microarray-Based Cell-Free DNA 
Analysis Improves Noninvasive Prenatal Testing, Fetal Diagn Ther., 2014;36(4) 282-86. 


626 Id. at 283.   


627 March 24, 2021 Kenneth Song (Omniome/Ariosa) IH Tr. 91:21–92:5. 
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between EGFR activating mutations and Non–Small-Cell Lung Cancer (NSCLC), the 


laboratory-developed test (LDT) used for the study was Sanger sequencing, then confirmed by 


fragment length analysis and Taqman assay for two mutations.628  Roche developed a multiplex 


PCR-based cobas® EGFR Mutation Test of 41 EGFR mutations after patients had been screened 


and enrolled in EURTAC study using the previous LDT.629  A retrospective bridging study was 


conducted to test tissue specimens already collected from the EURTAC study patients using the 


cobas® EGFR Mutation Test, and the EURTAC study results with the previous LDT data using 


Sanger sequencing and the bridging study results showing the concordance of the multiplex 


PCR-based cobas® EGFR Mutation Test results with the LDT supported the FDA approval of 


the cobas® EGFR Mutation Test.630  The bridging study concluded that the “PCR test showed 


superior sensitivity and specificity compared with conventional Sanger sequencing.”631  


357. When Guardant expanded its Guardant360® CDx cancer therapy selection assay 


to also include testing of EGFR exon 19 deletions and two specific mutations, EGFR L858R, 


EGFR T790M for treatment of NSCLC using Tagrisso® (osimertinib), it conducted two bridging 


studies – one for adding the test for EGFR exon 19 deletions and the EGFR L858R mutation, and 


 
628 Benlloch S et al, Clinical Validation of a PCR Assay for the Detection of EGFR Mutations in Non–Small-


Cell Lung Cancer: Retrospective Testing of Specimens from the EURTAC Trial, PLOS ONE (2014) 9(2):e89518, at 
3. 


629 FDA, Summary of Safety and Effectiveness Data (SSED) for cobas® EGFR Mutation Test, at 28, at 
https://www.accessdata.fda.gov/cdrh_docs/pdf12/P120019b.pdf. 


630 Id. 


631 Benlloch S et al, Clinical Validation of a PCR Assay for the Detection of EGFR Mutations in Non–Small-
Cell Lung Cancer, PLOS ONE (2014) 9(2):e89518, at 2. 
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one for adding the test for the EGFR T790M mutation – using existing samples from the original 


clinical trials.632   


358. FMI conducted a similar bridging study when it added testing of NTRK gene 


fusions for treatment of cancer patients with Vitrakvi® (larotrectinib) to its FoundationOne® CDx 


cancer therapy selection assay.633  These are routine modifications of Guardant and FMI’s 


existing tests already approved by the FDA.   


XI. EVIDENCE SUGGESTS THAT IT IS UNLIKELY THAT MULTI-CANCER 
SCREENING TEST DEVELOPERS WILL PURSUE DISTRIBUTABLE IVDS IN 
THE FORESEEABLE FUTURE 


359. Dr. Scott Morton contends that “Illumina could disrupt the efforts of Grail’s rivals 


to obtain FDA approval for their MCED tests.”634  However, several features of sequencing 


instruments and pipeline multi-cancer screening tests suggest that distributable IVDs would not 


be an appropriate option here. 


360. In recent years, Illumina’s innovations have reduced the per gigabase cost of 


sequencing by developing higher throughput instruments.  As I have discussed above, when the 


NovaSeq is used at full capacity, the cost per gigabase is approximately $4.00 per Gb, when 


accounting for the discounts that customers receive.635  However, one drawback of the NovaSeq 


system and Illumina’s approach is that if the instrument or flow cell is not used at full capacity, 


 
632 FDA, Summary of Safety and Effectiveness Data (SSED) for Guardant360® CDx, at 49, at 


https://www.accessdata.fda.gov/cdrh_docs/pdf20/P200010B.pdf. 


633 See Foundation Medicine, FoundationOne®CDx Receives FDA-Approval as a Companion Diagnostic for 
VITRAKVI®(larotrectinib) to Identify Patients with NTRK Fusions Across All Solid Tumors, at 
https://www.foundationmedicine.com/press-releases/c90da36c-205d-4b8d-9848-dfcb970da47a. 


634 Morton Rpt. ¶ 192. 


635 See, e.g., ILMN-FTCVOL_26781185 at “2021 Full Instrument Specs”; ILMN-FTCVOL_10614901 (“Q4 
2020 Platform Spec Sheet”); FTC_ILMN_00020894 at -900 (“[F]or a customer at the highest volume discount tier 
today, the per gigabase sequencing price is $4, using a NovaSeq instrument with an S4 300 flow cell.”). 
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the cost benefits are not achieved.  For customers who are performing cancer screening using a 


centralized model (as is the case with an LDT or a single-site PMA), the evidence suggests that 


customers will be likely to be able to achieve full capacity.  However, in a distributed model, a 


small hospital or laboratory—precisely the types of customers who purportedly benefit from 


distributed kitted tests—are unlikely to be able to achieve the throughput necessary to make a 


NovaSeq Dx platform cost-effective.  Instead, the laboratory would need to pool samples for 


patients over a longer period of time, thereby delaying results of the tests to patients, to use the 


instrument efficiently. 


361. In addition, with respect to distributable IVD test kits, there are several reasons 


why Illumina’s position as a platform provider is relatively weaker with respect to distributable 


IVDs than in other areas.   


362. First, Illumina has not yet received clearance for NovaSeq Dx system.  Illumina 


currently has regulatory clearance in the United States for the NextSeq Dx and MiSeq Dx 


systems.  While some test developers are pursuing cancer screening tests on the NextSeq system, 


many test developers are developing on the NovaSeq system.  If such developers were to pursue 


a distributable IVD kitted test for cancer screening, their test would need to be adapted to match 


the parameters of the NextSeq 550Dx, a system with different specifications from the RUO 


NovaSeq system.  As noted in Section X above relating to switching, it could take comparable 


amounts of time and effort to adapt a test for a different Illumina platform as switch to an 


alternative NGS platform provider.  Because the evidence suggests that many sequencing 


platforms suitable for multi-cancer screening will become available in the next 1–2 years, I 


expect that test developers could validate their tests on an alternative NGS platform with 


regulatory clearance on a similar timeframe as validation on the (future) NovaSeq Dx platform. 
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363. Second, even once Illumina obtains regulatory clearance for the NovaSeq Dx 


platform, it is unclear whether it would be widely adopted by the relevant hospitals and 


laboratories.  The NovaSeq instrument is a substantial investment.  As the principal investigator 


for a research laboratory, my experience is that it is difficult due to budgetary constraints to 


constantly replace or adopt the latest technology, especially when the prior generation is suitable 


for most use cases.  I would expect that most hospitals and independent laboratories would 


continue using the NextSeq Dx and may elect not to invest in a NovaSeq Dx for around $1 


million, especially given the issues in meeting the requisite throughput by pooling samples.  As 


of 2021, there are nearly 30,000 diagnostic and medical laboratory businesses in the U.S.636  


According to Illumina’s 2020–2022 strategic plan, there would only be approximately 6,000 Dx 


systems in clinical laboratories,637 leaving the majority of them not using a Dx platform.   


 
636 IBISWorld, Diagnostic & Medical Laboratories in the US – Number of Businesses 2005-2027, at 


https://www.ibisworld.com/industry-statistics/number-of-businesses/diagnostic-medical-laboratories-united-states/. 


637 ILMN-FTCVOL_25590862 at -904. 
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* *  * 


I declare under penalty of perjury that the foregoing is true and correct.  Executed 


on July 16, 2021. 


____________________________________ 
    Richard J. Cote, M.D., FRC Path, FCAP 
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APPENDIX A 


 
Date: July 15, 2021 


Name: Richard J. Cote, MD 


Office: 
 


Phone: 314.362.8788 
Fax: 314.747.2762 
660 S. Euclid Ave St. Louis, MO 63110 
 
Assistant: Blerina Cuka 314-362-8788 
bcuka@wustl.edu 


 


Home 
 


310.666.9676 
4909 Laclede Ave, #1403 
St. Louis, MO 63108 
Email  rcote@wustl.edu  


 


Present Position 
 


2019 – Present Edward Mallinckrodt Professor and Chair, Department of 
Pathology & Immunology, Washington University School of 
Medicine, St Louis, MO 


 
2019 – Present Pathologist-in-Chief, Barnes-Jewish Hospital, St Louis, MO 


 
Education & Training 


 


• Undergraduate: 
1972 – 1976 University of California, Irvine, CA 


B.S., Biology (with honors) 
1972 – 1976 University of California, Irvine, CA 


B.A., Chemistry (with honors) 
• Graduate: 


1976 – 1980 The University of Chicago Pritzker School of Medicine 
Chicago, IL 
M.D., (AOA 2008) 


• Postgraduate: 
1980 – 1981 University of Michigan, Ann Arbor, Michigan 


Surgical Internship 
1985 – 1987 Cornell University Medical College, New York Hospital, 


New York, NY 
Pathology Residency 


 



mailto:bcuka@wustl.edu

mailto:bcuka@wustl.edu

mailto:rcote@wustl.edu

mailto:rcote@wustl.edu
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1981 – 1983 Memorial Sloan Kettering Cancer Center, New York, NY 


Postdoctoral Research Fellow, Laboratory of Human Tumor 
Immunology (Dr. Lloyd J. Old) 


 
1989 – 1990 New York University School of Medicine,  New York, NY 


Postdoctoral Research Fellow, Laboratory of Molecular Pathology 
(Dr. Angel Pellicer) 


 
1987 – 1988 Memorial Sloan Kettering Cancer Center, New York, NY Surgical 


Pathology Fellow 
 


1988 – 1990 Memorial Sloan Kettering Cancer Center, New York, NY 
Chief Fellow/Special Fellow 


 
Academic Positions / Employment: 


 


1983 - 1985 Research Associate, Laboratory of Tumor Immunology 
Memorial Sloan Kettering Cancer Center 
New York, NY 


 
1987 – 1990 Clinical Instructor, Department of Pathology, 


Cornell University Medical College 
New York, NY 


 
1990 – 1995 Assistant Professor, Department of Pathology, 


University of Southern California School of Medicine 
Los Angeles, CA 


 
1991 – 1995 Associate Member 


USC/Norris Comprehensive Cancer Center 
Los Angeles, CA 


 
1995 – 1999 Associate Professor (with Tenure), Department of Pathology, 


University of Southern California School of Medicine 
Los Angeles, CA 


 
1995 – 2009 Member, USC/Norris Comprehensive Cancer Center 


Los Angeles, CA 
 


1996 – 1999 Associate Professor, Department of Urology 
University of Southern California School of Medicine 
Los Angeles, CA 


 
1999 – 2009 Professor, Department of Pathology 


University of Southern California School of Medicine 
Los Angeles, CA 
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1999 – 2009 Professor, Department of Urology 
University of Southern California School of Medicine 
Los Angeles, CA 


 
1991 – 2009 Attending Pathologist 


USC Norris Comprehensive Cancer Center 
Los Angeles, CA 


 
1991 – 2009 Director, Laboratory of Immuno and Molecular Pathology 


Los Angeles, CA 
 


1997 – 2009 Director, Genitourinary Cancer Program 
USC/Norris Cancer Center 


Los Angeles, CA 
 


2005 – 2009 Director, USC Biomedical Nanoscience Initiative 
Los Angeles, CA 


 
2009 – 2015 Director, Genitourinary Cancer Program 


University of Miami Sylvester Comprehensive Cancer Center 
Miami, FL 


 
2009 – 2019 Chairman, Department of Pathology 


University of Miami Miller School of Medicine 
Miami, FL 


 
2009 – 2019 Director, Dr. John T. Macdonald Foundation Biomedical 


Nanotechnology Institute University of Miami (BioNIUM) 
Miami, FL 


 
2009 – 2019 Professor (with Tenure), Department of Pathology 


University of Miami Miller School of Medicine 
Miami, FL 


 
2009 – 2019 Chief of Pathology, Jackson Memorial Hospital 


Miami, FL 
 


2012 – 2019 Joseph R. Coulter Jr. Chair, Department of Pathology 
University of Miami Miller School of Medicine 
Miami, FL 


 
2013 – 2019 Professor, Department of Biochemistry and Molecular Biology 


University of Miami Miller School of Medicine 
Miami, FL 
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2019 – Present Professor and Chair, Department of Pathology & Immunology, 
Washington University School of Medicine 
St Louis, MO 


 
2019 – Present Pathologist-in-Chief, Barnes-Jewish Hospital 


St Louis, MO 
 
Other Employment or Activity 


 


1975 – 1976 Program Host (Disc Jockey), Radio Station KUCI, FM 
 


1984 – 1987 Consultant, Johnson and Johnson, Ortho Pharmaceutical 
Division 


 
1985 National Institutes of Health, Advisory Committee on Monoclonal 


Antibodies and Breast Cancer 
 


1986 National Institutes of Health, Advisory Committee on Hybridomas 
and Monoclonal Antibodies 


 
1988 Founder, IMPATH Inc. 


 
1988 – 2003 Scientific Advisory Board, IMPATH 


1990 – 2003 Board of Directors, IMPATH 


1991 – 1995 Department of Veterans Affairs, United States Department of 
Defense, Ad hoc reviewer 


 
1992 National Institutes of Health, Advisory Committee on 


Micrometastases in Cancer 
 


1992 – 1999 Scientific Advisory Board, Neoprobe Corporation 
 


1995 Advisory Panel, International Breast Cancer Study Group 
 


1996 National Institutes of Health, Ad hoc reviewer 
 


1996 – 2009 Scientific Advisory Board, John Wayne Cancer Institute 


1996 – Present Ad hoc grant reviewer NIH/NCI 


1997 – 1998 Ad hoc member NIH/NCI Scientific Review Group Subcommittee 
C 


 
1997 – 2000 Scientific Advisory Board, Chromavision 
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2008 Member, Expert Committee, Bladder Cancer, WHO Collaborating 
Center for Urologic Tumors Consensus Conference, Stockholm, 
Sweden 


 
2000 – 2005 Scientific Consultant, Roche Molecular Systems, Inc. 


2000 – 2005 Scientific Consultant, VYSIS/Abbott Laboratories 


2000 – 2004 Scientific Advisory Board, AVIVA Biosciences 


2001 – 2006 External Advisory Board, Sidney Kimmel Cancer Center, 
San Diego, CA 


2002 Founding Board Member, Bladder Cancer Advocacy Group 


2002 – 2010 Member, External Advisory Board, GU SPORE, MD Anderson 
Cancer Center, Houston, TX 


 
2002 – 2006 Member, External Advisory Board, GU SPORE 


University of California Los Angeles, CA 
 


2002 – 2006 Member, External Advisory Board, GU SPORE 
University of California San Francisco, CA 


 
2002 Founding Member, International Sentinel Node Society 


2002 Member, Steering Committee, International Sentinel Node Society 


2003 – 2003 Chair, Discovery Group, NIH/NCI Kidney/Bladder Progress 
Review Group 


 
2003 – 2009 Member, Board of Directors, Concern Foundation 


2003 – 2012 Chair, Scientific Advisory Board, Clarient Inc./Clarient GE 


2004 – 2005 Consulting Chief Medical Officer, Clarient/ChromaVision 
San Juan Capistrano, CA 


 
2004 – 2010 Chairman, Scientific Advisory Board, Genetics Squared 


 
2005 – 2009 Member, NCI Translational Research Working Group (TRWG) 


2007 – 2010 Member, NCI SPORE Standing Special Emphasis Panel 


2009 – Present Scientific Advisory Board Member, Columbus Cancer Foundation 
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2010 – 2018 Member, Case Comprehensive Cancer Center External Advisory 
Board 


 
2012 Meeting Chairperson, NIH/NIBIB 2012-05 Point of Care Review 


Meeting Bethesda, 
MD 


2013 NCI NCTN Network Lead Academic Participating Site Review 


2015 – 2019 Vice-Chair, Practice and Management Committee - Association of 
Pathology Chairs 


 
2016 – 2019 Member, Dade County Medical Association 


 
2016 – Present Consultant and Founder, Circulogix, A Liquid Biopsy Company 


2018 – Present Member, Editorial Board, Journal of Nanotheranostics 


2020    Present Member, Scientific Advisory Board, Flagship BioScience 


2020    Present Member, Scientific Advisory Board, EMA Wellness 


2021    Present Chair, Scientific Advisory Board, EMA Wellness Oncology 


Medical Licensure and Certification 
 


Licensure: New York, 1985, 163394-1 
California, 1990, G70027 
Florida, 2009, ME104120 
Missouri, 2019, 2019015169 
Illinois, 036.153491 


 
NBME ID #: 229123 
NBME Part I 06/13/1978 
NBME Part II 09/25/1979 
NBME Part III 05/20/1981 


 
Board Certification: American Board of Pathology 


(Anatomic Pathology), 1987 
Recertification, 2014 


 
Human Subjects Certification: NIH Serial 980543917 


 
HIPAA Certification: USC, April 7, 2002, #4007 


 
NCI Registration # 32298 
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Military Service 


 


N/A 
 
Honors and Awards 


 


• Phi Beta Kappa, 1976 
• Outstanding Graduate in Chemistry Award, University of California at Irvine, 1976 
• B.S. Cum Laude (Biology) University of California at Irvine, 1976 
• B.A. Cum Laude (Chemistry), University of California at Irvine, 1976 
• Fellowship Award, American Urological Association, 1979 
• Fellowship, Brian Piccolo Foundation, 1981-1983 
• Individual National Research Service Award, National Institutes of Health, 1983- 


1987 
• American Cancer Society Fellowship Award, 1987-1988 
• Distinguished Speaker, Annenberg Center for Health Sciences, 1994 
• Paper selected as “Best of Section” at the American Urologic Association Annual 


Meeting, 1994 
• Paper selected as “Best of Section” at the American Urologic Association Annual 


Meeting, 1995 
• Who’s Who in the West Listing, 50th Anniversary Edition, 1995-present 
• First Prize, National Meeting of the American Urologic Association, 1996 
• Who’s Who in the World Listing, 1997-present 
• Who’s Who in America, 100th Anniversary Edition, 1998-present 
• Fellow, Royal College of Pathologists, London, UK, Elected 1998 
• Member, Expert Committee, Bladder Cancer, WHO Collaborating Center for 


Urologic Tumors Consensus Conference, Stockholm, Sweden, June 8-9, 2000 
• America’s Top Doctors, 2001-present 
• Who’s Who in Finance and Industry, 32nd Edition, 2001-present 
• Who’s Who in Medicine and Healthcare, 4th Edition, 2002 
• Certificate of Appreciation, NIH/NCI, 2002 
• Who’s Who in Science and Engineering, 7th Edition, 2003-present 
• Editor and Author of newest textbook in Surgical Pathology “Modern Surgical 


Pathology”, which won Honorable Mention in 2003 from the American Association 
of Publishers, Academic and Scholarly Division. 


• Best Doctors in America, 2005-present 
• Alpha Omega Alpha Medical Honor Society, Elected Member, The Beta Chapter at 


University of Chicago Pritzker School of Medicine, 2008 
• Association of American Physicians (AAP), Elected Member, 2010 
• 2010 Outstanding Scientist, International Biographical Center, February, 2010 
• Fellow, College of American Pathologists, Elected Member, 2010 
• South Florida Super Doctors, 2011 - 2012 
• Florida Society of Pathologists Appreciation Award, 2011 FSP Summer Anatomic 


Pathology Conference, July 9, 2011 
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• Who’s Who Among Executives and Professionals, 2012 
• Chairperson, NIH/NIBIB 2012-05 Point of Care Review Meeting, Bethesda, MD, 


March 28-30, 2012 
• US News and World Report, Named Among Top 1% of Doctors, one of only 10 


Pathologists named to list in Florida, 2012 – present 
• Distinguished Alumnus – School of Physical Sciences, University of California, 


Irvine, May 2013 
• Dr. Arno A. Roscher Endowed Lecture, International College of Surgeons, June 6, 


2013 
• Castle Connolly’s America’s Top Doctors 2015 - present 
• Newsweek Health: Top Cancer Doctors 2015 - present 
• Miami Chamber of Commerce Bio-Medical Health Care Heroes Award, May 19, 


2015 
• Society for Personalized Nano-Medicine Excellence Service Award, May 20, 2016 
• America’s Best in Medicine, 2017-present 
• Who’s Who Lifetime Achievement Award, 2017 
• National Academy of Inventors, Senior Member, 2021 


 
Editorial Responsibilities 


 


Associate Editor: 
• Applied Immunohistochemistry and Molecular Morphology (AIMM), 1998-present 
• Clinical Genitourinary Cancer, 2010-present 


 
Editorial Board: 
• Diagnostic Oncology 
• Journal of Clinical Oncology, 2007-2010 
• The Open Clinical Chemistry Journal, 2007 
• American Journal of Translational Research, 2008 
• Frontiers in Urogenital Cancer, 2011-2015 
• Bladder Cancer, 2014 
• UMiami Scientifica, 2014 - 2019 
• Academic Pathology, 2015 


 
Reviewer (since): 
• Cancer Research, 1985 
• Journal of Clinical Oncology, 1987 
• American Journal of Surgical Pathology, 1985 
• American Journal of Clinical Pathology, 1985 
• Cancer, 1985 
• New England Journal of Medicine, 1989 
• Journal of the National Cancer Institute, 1990 
• Human Pathology, 1990 
• Laboratory Investigation, 1990 
• Proceedings of the National Academy of Science, USA, 1990 
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• Journal of Histochemistry and Cytochemistry, 1991 
• Blood, 1992 
• Journal of Urology, 1992 
• Diagnostic Oncology, 1993 
• Urology, 1992 
• Oncogene, 1992 
• American Journal of Pathology, 1992 
• International Journal of Cancer, 1993339 
• Clinical Cancer Research, 1995 
• Breast Cancer Research Treatment, 1995 
• Bone Marrow Transplantation, 1995 
• British Journal of Cancer, 1995 
• Molecular Genetics and Metabolism, 1998 
• Annals of Thoracic Surgery, 1997 
• Molecular Medicine, 1998 
• Applied Immunohistochemistry and Molecular Morphology (AIMM), 1998 
• Diagnostic Molecular Pathology, 2000 
• The Journal of Thoracic and Cardiovascular Surgery, 2001 
• Journal of Molecular Diagnostics, 2003 
• Nature Reviews Cancer, 2005 
• Urologic Oncology, 2012 
• A.I.R.C. Direzione Scientifica, 2011 
• Dutch Cancer Society, 2010 
• Annals of Surgical Oncology, 2012 
• BMC Cancer, 2012 
• Clinical Chemistry, 2012 
• Frontiers in Oncology, 2012 
• Current Opinon in Urology, 2012 
• PLOS One, 2013 
• Journal of Chemotherapy, 2013 
• European Journal of Cancer, 2013 
• The Breast, 2013 
• UMiami Scientifica, 2014 


 
Society Memberships 


 


State 
• Florida Medical Association (ID# 372107) 
• Member, Dade County Medical Association, 2016 – 2019 
• Missouri Medical Association, 2019-present 


 
National 
• American Board of Pathology (Fellow), 1987 
• Society for Basic Urologic Research, 1994 (by invitation) 
• American Association for Cancer Research (AACR member 33492), 2001-present 
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• Alpha Omega Alpha Medical Honor Society, 2008 
• Association of American Physicians, elected member, 2010 
• College of American Pathologists (Fellow), 2010 


 
International 
• International Society for Hematotherapy and Graft Engineering (ISHAGE), 1994 (by 


invitation) 
• Fellow, Royal College of Pathologists, London, UK, 1998-present (by invitation) 
• Fellow, International Society for Urological Pathology (ISUP), 2005-present 


 
Community Service Contributions 


 


University of California, Irvine: 
• Mentor, Ayala School of Biological Sciences Mentor Program, 2014-present 


 
University of Chicago: 
• Ambassador, Medical & Biological Sciences Ambassador Program, 2016-present 


 
University of Southern California: 
• Chairperson, Section on Immunology, Medical School Curriculum Committee, USC 


School of Medicine, 1994-1997 
• Member, Scientific Review Committee, Kenneth Norris Jr. Comprehensive Cancer 


Center, 1992-1996 
• Member, Pharmacy and Therapeutics Committee, Kenneth Norris Comprehensive 


Cancer Center, 1991-present 
• Interviewer, USC School of Medicine, Medical School Admissions, 1991-1998 
• Member, Medical Student Research Committee, USC School of Medicine, 1994-1999 
• Alternate Delegate, Medical Faculty Assembly, University of Southern California, 


1994-1996 
• Reviewer, Children’s Hospital of Los Angeles Fellowship Program, 1994 
• Co-Director, Genitourinary Cancer Program, USC/Norris Comprehensive Cancer 


Center, 1997-2009 
• Member, Norris Cancer Center Advisory Committee, 2001-2009 


 
University of Miami Miller School of Medicine: 
• The Walter Bradley ALS Chair Search Committee, 2009 
• Sylvester/UMHC Medical Staff Committee, 2009-present 
• John P. Hussmann Institute for Human Genomics Advisory Committee, October 


2009-present 
• SCCC Internal Advisory Committee, 2009-present 
• DCFAR Executive Advisory Committee, 2009-present 
• Sylvester Comprehensive Cancer Center, Member 2009-present 
• Urology Chair Search, 2010 
• Chair – Sylvester Comprehensive Cancer Center Director Search Committee, 


University of Miami Miller School of Medicine, 2010-2011 







Richard J. Cote, M.D. 
Curriculum Vitae 


11 


 


  


 
 


• UMHC Medical Staff Committee, 2010-present 
• Roberto Perez Mentoring Committee, 2010 
• Dean’s Conflict of Interest Committee, 2010-2012 
• Internal Advisory Committee – Bankhead Coley Pre-SPORE Grant in Head and Neck 


Cancer, 2010-2011 
• Dean’s Executive Group, 2010-2013 
• University of Miami Medical Group Board of Directors, 2010-present 
• Budget and Investment Reconcilliation Committee, 2011-present 
• MD-PhD Program Oversight Council, 2011-present 
• Center and Institute Recommendation Committee, 2012 
• Surgery Chair Search, 2014 
• Chair - Personalized Medicine and Translational Research Team Internal Advisory 


Board (IAB), Sylvester Comprehensive Cancer Center, 2014-present 
• HIV/AIDS Institute Reasearch Adivsory Board, 2015-present 


 
Professional Societies and Organizations 


 
• Invited guest, Dolphin Health & Environmental Risk Assessment (HERA) Research 


Project, Dr. Gregory Bossart, Harbor Branch Oceanographic Institute, Florida 
Atlantic University, Indian River Lagoon, FL, 2012, 2015 


• Member, Board of Directors, Concern Foundation 
The Concern Foundation is a charitable organization that provides seed funding to 
young investigators involved in cancer research 


• Chancellor’s Associate, University of California, Los Angeles 
• Head Coach, AYSO Soccer 
• Assistant Coach, West Los Angeles Little League 


 
Major Invited Professorships and Lectureships 


 


1991 
• Charing Cross Hospital, London, England, January 22, 1991 
• St. Joseph’s Hospital and Cancer Center, Orange, CA, April 22, 1991 
• Baylor College of Medicine, Houston, TX, May 14, 1991 
• University of Southern California, Oncology Grand Rounds, June 18, 1991 
• Cytogen Corporation, Princeton University, Princeton, NJ, July 19, 1991 
• Ohio State University, Columbus, OH, August 1, 1991 
• University of Southern California, Pathology Grand Rounds, October 29, 1991 


 
1992 


• “Diagnostic Cytopathology” sponsored by University of California Irvine, Irvine, 
CA, January 11, 1992 (2 lectures) 


• Los Angeles County Pathology Society, January 14, 1992 
• Loma Linda University Medical Center, San Bernardino, CA, March 5, 1992 
• “Cancer Treatment – Biological Mechanisms” sponsored by University of 


Washington and Swedish Hospital, Seattle, WA, May 1, 1992 
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• Eisenhower Medical Center, Palm Springs, CA, May 14, 1992 
• National Institutes of Health, Conference on Micrometastases in Cancer, Bethesda, 


MD, June 24-26, 1992 (2 lectures) 
• Long Beach Memorial Hospital and Breast Center, July 14, 1992 
• St. George Medical Student Society, University of Southern California, September 


15, 1992 
• “Practical Breast Cancer Management” sponsored by University of Southern 


California (Norris Cancer Center), Los Angeles, CA, November 7, 1992 
• Samsung Clinic, Santa Barbara, CA, November 15, 1992 


 
1993 


• “Breast Cancer Management” sponsored by University of Arizona, Phoenix, AZ, 
March 15, 1993 


• University of California Los Angeles, Breast Center, April 7, 1993 
• University of California/Tobacco Related Disease Research Program, Science 


Writers Symposium, San Francisco, CA, April 20, 1993 
• Ludwig Institute for Cancer Research, Breast Meeting, New York, NY, October 7, 


1993 
• University of Chicago, Department of Pathology “Detection and Clinical Relevance 


of Occult Metastases in Breast Cancer,” Chicago, IL, November 5, 1993 
• University of Southern California Physicians Forum, Los Angeles, CA, November 


13, 1993 
• American Society of Clinical Pathologists, “Pathology Update, 1993”, Marina del 


Rey, CA, November 15, 1993 
• University of California/Tobacco Related Disease Research Program Symposium, 


San Francisco, CA, December 2, 1993 
 


1994 
• University of California Los Angeles, Medicine Grand Rounds, April 6, 1994 
• National Institutes of Health/Recombinant DNA Advisory Committee, Bethesda, 


MD, June 9, 1994 
• Cornell University Medical College, New York, NY, June 17, 1994 
• National Institutes of Health/Annual SPORE Meeting, Bethesda, MD, July 18, 1994 
• Van Nuys Regional Breast Center, Van Nuys, CA, August 3, 1994 
• Anaheim Memorial Hospital, Anaheim, CA, September 20, 1994 
• St. Jude Medical Center, Fullerton, CA, October 13, 1994 
• Society for Basic Urologic Research, Annual Meeting, Stanford, CA, October 22, 


1994 
 
1995 


• St. John’s Hospital and Medical Center, Santa Monica, CA, January 25, 1995 
• Westlake Community Hospital, Westlake, CA, January 31, 1995 
• International Breast Cancer Study Group, St. Gallen, Switzerland, March 4, 1995 
• Clinical Society of Genitourinary Surgeons, University of Southern California, 
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School of Medicine, Los Angeles, CA, March 11, 1995 
• International College of Surgeons, Annual Meeting, San Diego, CA, April 1, 1995 
• American Surgical Association, Annual Meeting, Chicago, IL, April 6, 1995 
• Aeromalignancy Working Group, University of Southern California, Los Angeles, 


CA, April 24, 1995 
• University of Southern California School of Medicine, Med-COR Program 


“Current Research in the Area of Cancer,” Los Angeles, CA, May 13, 1995 
• Aeromalignancy Working Group, University of Southern California “Detection of 


occult metastases in lung cancer” Part II, Los Angeles, CA, June 26, 1995 
• Radiation Therapy Oncology Group (RTOG), Semi-Annual Meeting, Philadelphia, 


PA, July 20–23, 1995 (2 lectures) 
• USC/Norris Cancer Research Associates, Los Angeles, CA, July 30, 1995 
• John Wayne Cancer Institute, Research Conference “Detection of Micrometastases 


in Patients with Early Stage Cancer,” Santa Monica, CA, August 16, 1995 
• Molecular Biology in Diagnostic and Prognostic Pathology, sponsored by the 


University of Florida Health Science Center, Jacksonville, Department of Pathology 
“Immunocytochemistry: Principles and Applications,” and Panel Discussion 
member, San Francisco, CA, August 25–27, 1995 


• Beverly Hospital, CME Program: Tumor Markers, Montebello, CA, September 13, 
1995 


• LXR Biotechnology, Inc., Richmond, CA, October 6, 1995 
• International Workshop on Diagnostic and Prognostic Markers in Bladder Cancer, 


Barcelona, Spain, October 14–17, 1995 
• St. Joseph Hospital Cancer Center, Tumor Forum, Burbank, CA, October 31, 1995 


 
1996 


• Englewood Hospital’s Monthly Cancer Conference, Englewood, New Jersey, 
January 11, 1996 


• Tumor Markers for Prognosis, Hematology, Melanoma and Simulators, Cytology, 
Snowmass/Aspen, CO, February 11–16, 1996 


• New Frontiers in Cancer Research, The USC/Norris Comprehensive Cancer Center 
and Hospital and The University of Southern California School of Medicine in 
association with Southern California Academy of Clinical Oncology, Scientific 
Symposium “Prognosis of Bladder Cancer Using Molecular Markers,” Los 
Angeles, CA, March 22-23, 1996 


• New Frontiers in Cancer Research, The USC/Norris Comprehensive Cancer Center 
and Hospital and The University of Southern California School of Medicine in 
association with Southern California Academy of Clinical Oncology, Scientific 
Symposium “Molecular Cellular Markers of Progression,” Los Angeles, CA, March 
22-23, 1996 


• 49th Cancer Symposium, The Society of Surgical Oncology (SSO), Atlanta, GA, 
March 21-24, 1996; Keynote Address “Detection of Occult Metastases in Breast 
Cancer,” March 21, 1996 


• International Society of Molecular Morphology, The First International Conference 
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and Workshop on Antigen Retrieval, organizing committee member, San Francisco, 
CA, October 5-7, 1996 


• USC/Norris Cancer Center Urology Grand Rounds, Los Angeles, CA, October 29, 
1996 


• National Meeting of the American Urological Association, 1996 
 
1997 


• Bladder Cancer:  New Concepts in Biology and Therapy, Sarasota, FL January 15– 
18, 1997 


• USC/Norris Cancer Center Third Annual Breast Cancer Research Program Retreat, 
San Diego, CA, February 20–21, 1997 


• 9th Annual California Association of Regional Cancer Registries Scientific Meeting, 
San Francisco, CA, February 27–28, 1997 


• Banbury Center, Cold Spring Harbor, NY, March 8, 1997 
• International Workshop on Diagnostic and Prognostic Markers in Bladder Cancer, 


Fundacio, Puigvert, Institute of Urology, Nephrology and Andrology, Hospital de la 
Sta. Creu I Sant Pau, Universitat Autonoma de Barcelona, May 5–7, 1997 


• Visiting Professor, UCSF Cancer Center Urology Grand Rounds, San Francisco, 
CA, June 11, 1997 


• Visiting Professor, Yale University, September 16, 1997 
• LAC+USC Medical Center Pathology Grand Rounds, Los Angeles, CA, October 


28, 1997 
• USC/Norris Cancer Center Urology Grand Rounds, Los Angeles, CA, December 


17, 1997 
• National Meeting of the American Urological Association, 1997 


 
1998 


• USC/Norris Cancer Center Fourth Annual Breast Cancer Research Program 
Retreat, Laguna Beach, CA, January 8, 1998 


• Bladder Cancer: New Concepts in Biology and Therapy, Sponsored by the 
National Institutes of Health/National Cancer Institute, Bethesda, MD, January 15– 
18, 1998 


• Chairman “Micrometastatic Cancer and its Clinical Impact,” The Society of Surgical 
Oncology, Inc. Annual Meeting, San Diego, CA, March 26-29, 1998 


• American Associate for Cancer Research 89th Annual Meeting, New Orleans, LA, 
March 30–31, 1998 


• Chairman, Minimal Residual Cancer: Diagnostic and Therapeutic Strategies, 115th 


Annual Meeting of the German Society for Surgery, Berlin, Germany, April 29, 
1998 


• Presidential Address, New York Pathological Society, June 6, 1998 
• The Japan Society of Histochemistry and Cytochemistry and The Histochemical 


Society, San Diego, CA, July 23–26, 1998 
• Chairman, Importance of Micrometastases, 17th International Cancer Congress, Rio 


de Janeiro, Brazil, August 26, 1998 
• 2nd International Symposium on Minimal Residual Cancer, Berlin, Germany, 
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September 19–22, 1998 
• Tumor Board, Kaiser Permanente Southern California Medical Group, Los 


Angeles, CA, December 1, 1998 
• CME Conferences, University of Chicago Medical Center, Chicago, IL, December 


6–7, 1998 
• T.J. Martell Meeting, New York, NY, December 10–11, 1998 


 
1999 


• CME Conferences, Kaiser Permanente Southern California Medical Group, Los 
Angeles, CA, March 30, 1999 


• The Cancer Surveillance Program 9th Annual CSP Educational Symposium, USC 
School of Medicine Cancer Surveillance Program, Los Angeles, CA, April 12, 1999 


• CME Conferences, Kaiser Permanente Southern California Medical Group, Los 
Angeles, CA, April 22, 1999 


• Plenary Lecture, American College of Surgeons Oncology Group, Chicago, IL, 
May 19–21, 1999 


• 1999 Congress of Pathology and Laboratory Medicine, Sao Paulo, Brazil, 
September 17–21, 1999 


• “Jack Gordon, M.D., Annual Pathology Symposium,” Kaiser Permanente Medical 
Center, Woodland Hills, CA, October 9, 1999 


• Sixth Annual CaPCURE Retreat, Reno, NV, October 16, 1999 
• T.J. Martell Meeting, New York, NY, November 5, 1999 
• Plenary Lecture, American College of Surgeons Oncology Group, Rosemont, IL, 


November 13, 1999 
• Tobacco Related Disease Research Program, San Francisco, CA, December 2–3, 


1999 
 
2000 


• Plenary Lecture, Los Angeles Society of Pathologists, Los Angeles, CA, January 
22, 2000 


• The 8th Annual Melvin L. Samuels Lectureship Eighth Annual Genitourinary 
Oncology Conference, “Clinical and Biological Aspects of Urothelial Cancer,” MD 
Anderson, Houston, TX, March 23, 2000 


• Plenary Lecture, MD Anderson GU Center, Houston, TX, March 30, 2000 
• Chair, Scientific Session, Bladder Cancer, American Association for Cancer 


Research, San Francisco, April 1, 2000 
• Plenary Lecture, Canadian National Cancer Institute Clinical Trials Group, Toronto, 


Canada, April 15, 2000 
• Visiting Professor, Karmanos Cancer Institute Lecture, Detroit, MI, April 20, 2000 
• AUA Meeting p53/MVAC, Atlanta, GA, April 30, 2000 
• Expert Committee, Bladder Cancer, WHO Collaborating Center for Urologic 


Tumors, Stockholm, Sweden, June 8–9, 2000 
• Plenary Lecture, 2nd Annual Milan Breast Cancer Conference, Milan, Italy, June 


14–16, 2000 
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• Plenary Lecture, American College of Surgeons Oncology Group, Chicago, IL, 
June 23–24, 2000 


• State of the Science Meeting in Bladder Cancer (SOTS), Bethesda, MD, September 
21–22, 2000 


• Chairperson, Session, Postoperative Management:  Advances in Management of 
Malignancies, Sixth Annual Congress, Pisa, Italy, October 3–4, 2000 


• Plenary Lecture, American College of Surgeons, Occult Metastases, Chicago, IL, 
October 24, 2000 


• Association for Molecular Pathology Annual Meeting, Denver, CO, November 4– 
12, 2000 


• Norris Auxiliary, Los Angeles, CA, November 13, 2000 
• Semi-Annual Meeting, American College of Surgeons Oncology Group, Chicago, 


IL, December 1–2, 2000 
• Chairperson, SLN 2000, “Clinical Significance of Micrometastases”, Los Angeles, 


CA, December 1-3, 2000 
• 2nd International Sentinel Node Congress, John Wayne Cancer Institute, Santa 


Monica, CA, December 3, 2000 
 
2001 


• Plenary Lecture, Los Angeles Society of Pathologists, Los Angeles, CA, January 
20, 2001 


• Plenary Lecture, Third International Symposium on Minimal Residual Cancer 
Conference, Hamburg, Germany, February 15-17, 2001 


• Member, National Institutes of Health/National Cancer Institute’s Clinical 
Oncology Special Emphasis Panel, Washington, DC, March 5–7, 2001 


• Visiting Professor, Keck Graduate Institute of Applied Life Sciences, Claremont, 
CA, April 5, 2001 


• Plenary Lecture, The 25th Annual Meeting of the American Society of Breast 
Disease, New York, NY, April 27–29, 2001 


• AUA Meeting p53/MVAC, Anaheim, CA, May 27, 2001 
• ISHAGE 2001 Annual Meeting, International Society for Hematotherapy and Graft 


Engineering, Quebec City, Canada, June 14–17, 2001 
• Member, NIH/NCI’s Lung Cancer State of the Science Meeting: Diagnosis and 


Therapy Screening-Detected Lung Cancer, Bethesda, MD, June 19-20, 2001 
• Member, NIH/NCI’s Kidney/Bladder Progress Review Group (PRG), Chantilly, VA, 


July 17, 2001 
• The 18th European Congress of Pathology, Berlin, Germany, September 8–13, 2001 
• 3rd Annual Lynn Sage Breast Cancer Symposium, Chicago, IL, October 19, 2001 
• American Society of Clinical Oncology/National Cancer Institute’s (ASCO/NCI) 


Scientific Symposium: Molecular Oncology for the Clinical Oncologist, Boston, 
MA, October 27–28, 2001 


• Santa Barbara Cottage Hospital, Medical Grand Rounds/Research meeting, Santa 
Barbara, CA, November 7, 2001 


• Visiting Professor, Memorial Sloan-Kettering Cancer Center, New York, NY, 
November 19, 2001. 
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• Chair, Discovery Section, National Institutes of Health/National Cancer Institute’s 
Kidney/Bladder Progress Review Group (PRG) Roundtable Meeting, Chantilly, VA, 
November 28-30, 2001 


 
2002 


• Chairman, NIH/NCI’s Detection and Measurement of Occult Disease for the 
Prognosis of Solid Tumors Meeting, Rockville, MD, January 7-8, 2002 


• National Institutes of Health/National Cancer Institute’s Review of SPORE 
Applications in Prostate Cancer, San Antonio, TX, January 21–23, 2002 


• National Institutes of Health/National Cancer Institute’s GU SPORE Bladder 
Cancer Intergroup Meeting, Houston, TX, March 13–14, 2002 


• Center for Biomedical Continuing Education’s (CBCE) 1st Annual Opinion Leader 
Summit:  “Targeted Therapies in the Treatment of Genitourinary (GU) Cancers”, 
Barcelona, Spain, April 17–21, 2002 


• American Society of Clinical Oncology’s (ASCO) Annual Scientific Meeting, 
Orlando, FL, May 20–21, 2002 


• Visiting Professor, Lung Cancer SPORE Meeting, University of Pittsburgh, 
Pittsburgh, PA, May 30 to June 1, 2002 


• The University of Texas MD Anderson Cancer Center’s 1st Annual Genitourinary 
Cancer SPORE External Advisory Meeting, June 13, 2002 


• Member, External Advisory Board, GU SPORE, MD Anderson Cancer Center, 
Houston, TX 2002-present 


• Member, External Advisory Board, GU SPORE, University of California Los 
Angeles, CA, 2002-present 


• Member, External Advisory Board, GU SPORE, University of California San 
Francisco, CA, 2002-present 


• National Institutes of Health/National Cancer Institute’s 3rd Principal Investigator’s 
Meeting for the Innovative Molecular Analysis Technologies Program, Chantilly, 
VA, July 8–10, 2002 


• National Institutes of Health/National Cancer Institute’s SPORE Applications for 
Prostate Cancer Meeting, Chantilly, VA, July 13–16, 2002 


• The Future of Breast Cancer: An International Breast Cancer Congress, Paradise 
Island, Bahamas, July 31 – August 2, 2002 


• Abbott/Vysis Laboratory, Plenary Lecture, Chicago, IL, August 20–22, 2002 
• American Society of Clinical Oncology/National Cancer Institute’s (ASCO/NCI) 


Scientific Symposium: Molecular Oncology for the Clinical Oncologist, Chicago, 
IL, September 28-29, 2002 


• The 3rd Official Meeting of the International Bladder Cancer Network, Trenton, IT, 
October 23–24, 2002 


• The Thomas Garite/Roger Freeman OB/GYN Symposium, Alta Bates Lectures, 
Oakland, CA, October 24–26, 2002 


• The 2nd Showa and University of Hawaii Conference, Honolulu, HI, October 25–26, 
2002 


• Santa Barbara Cottage Hospital, Plenary Lecture, Santa Barbara, CA, November 7, 
2002 
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• The San Antonio Breast Cancer Society (SABC) 2002 Satellite Symposium, 
Optimizing Treatment Strategies in Breast Cancer: Use of Minimally Invasive 
Techniques/Gene Expression Profiling to Predict Response and Prognosis, San 
Antonio, TX, December 13–16, 2002 


 
2003 


• The 2nd Annual Opinion Leader Summit: Targeted Therapies for the Treatment of 
GU Cancers, St. Thomas, US Virgin Islands, January 15–19, 2003 


• The 8th Annual Multidisciplinary Symposium on Breast Disease, The Ritz-Carlton, 
Amelia Island, FL, February 13-16, 2003 


• Chair, Discovery Section, NIH/NCI Kidney/Bladder Response Meeting, Report to 
NCI Director, February 27-28, 2003 


• GU Spore External Advisory Meeting, MD Anderson Cancer Center, Houston, TX, 
May 22, 2003 


• Neil Bogart Foundation, Special Panel, Four Seasons Hotel, Beverly Hills, CA, 
May 29, 2003 


• ASCO Meeting Special Discussion, Early Breast Cancer, Chicago, IL, June 1, 2003 
• ACOSOG Meeting, Special Discussion, Breast, Lung; Basic Science Groups, 


Montreal, Canada, June 5–7, 2003 
• International College of Surgeons-North American Federation, Plenary Lecture, 


Montreal, Canada, July 19, 2003 
• 2nd International Breast Cancer Congress, Lecture and Panel Discussion, Banff, 


Canada, July 31–August 3, 2003 
• Gordon Conference, Invited Lecture, Procter Academy, NH, August 17–21, 2003 
• Roche Molecular Systems, Special Lecture, Oakland, CA, August 29, 2003. 
• Plenary lecture and keynote address, Annual Meeting, Italian Society of Urologic 


Oncology, Ancona, Italy, November 8–10, 2003 
• Invited lecture and panel discussion, 4th Annual Symposium on Minimal Residual 


Cancer, Oslo, Norway, November 13–16, 2003 
• Plenary lecture, International College of Surgeons, Anaheim, California, November 


22, 2003 
• New Applications of Cellular and Molecular Technology in Breast Cancer 


Management, A Symposium for Healthcare Professionals Specializing in Oncology, 
Surgery and Pathology, San Antonio Breast Cancer Conference “Detection of 
Tumor in Sentinel Lymph Nodes,” and panel discussion, San Antonio, TX, 
December 2, 2003 


• Medical Education Speakers Network Lecture:  Tumor Markers for Early Detection 
and Follow-up Treatment in Bladder Cancer, Torrance Memorial Medical Center, 
Torrance, CA, December 10, 2003 


 
2004 


• ACOSOG Meeting, Special Discussion, Breast, Lung; Basic Science Groups, 
Miami Beach, FL, January 8–9, 2004 


• Third International Symposium on Genitourinary Cancers, Plenary Lecture, Santa 
Barbara, CA, February 25–29, 2004 
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• Plenary lecture, The 57th Annual Cancer Symposium, Society of Surgical 
Oncology (SSO), New York, NY, March 17–19, 2004 


• GU Spore External Advisory Meeting, MD Anderson Cancer Center, Houston, TX, 
April 8, 2004 


• 3rd Annual California Cancer Consortium Conference, Recent Advances and New 
Directions in Cancer Therapy “p53 and Cell Cycle Regulation in Cancer: 
Evaluation of Risks and Targets,” Santa Monica, CA, April 16–18, 2004 


• ACOSOG External Review Board Meeting, DUKE University, Durham, NC, April 
30, 2004 


• Roche Molecular Systems, Inc., Special Lecture, Pleasanton, CA, May 21, 2004 
• Expert's Meeting (Sponsored by Roche Molecular), Special Lecture, New Orleans, 


LA, June 7–9, 2004 
• National Institutes of Health’s The Early Detection Research Network Third 


Scientific Workshop, Special Lecture, Bethesda, MD, June 14, 2004 
• Plenary Lecture, 6th Milan Breast Cancer Conference, Milan, Italy, June 15-20, 


2004 
• Plenary lecture, International Congress on Kidney and Bladder Cancer, Orlando, 


FL, August 14, 2004 
• Targeted Therapies, Lecture, Washington D.C., September 27, 2004 
• Chair of Session, International Bladder Marker Network, Athens, Greece, 


November 3-5, 004 
• NIH/NCI Review Committee, Bethesda, MD, November 9–10, 2004 
• Butch Waltz Foundation, Los Angeles, CA, December 5, 2004 


 
2005 


• Member, NCI Translational Research Working Group (TRWG), 2005-present 
• Plenary lecture, Fourth International Symposium on Genitourinary Cancers, 


Beverly Hills, CA, January 26–29, 2005 
• GU Spore External Advisory Meeting, MD Anderson Cancer Center, Houston, TX, 


February 10, 2005 
• Plenary lecture, Continuum Series, Irvine, CA, February 12, 2005 
• USC/Norris Cancer Center Grand Rounds, Los Angeles, CA, February 15, 2005 
• 22nd Annual Miami Breast Cancer Conference, Lectures and Meet the Professor 


Sessions, Miami, FL, February 23–26, 2005 
• American Society for Breast Diseases, “Targeted Therapies in Breast Cancer need 


Targeted Diagnostics”, Las Vegas, NV, April 14–15, 2005. 
• Special Lecture, American Association for Cancer Research (AACR) 96th Annual 


Meeting, “New Concepts in Organ-Site Research:  VEGF and p53 Targeted 
Therapies for Renal and Bladder Cancer”, Anaheim, CA, April 16–20, 2005 


• Pathology Seminar, “Breast Cancer: Standardizing the Pathology Report and 
Analysis of Sentinel Lymph Nodes”, Kaiser Permanente Southern California 
Medical Group, West Los Angeles, CA, June 7, 2005 


• CME, “Advances in Breast Cancer Molecular Morphology:  Revisiting ER, PR and 
Her-2/neu”, St. Rose Hospital, Hayward, CA, June 20, 2005 
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• 13th NIH SPORE Investigators Meeting, Wardman Park Marriott, Washington, DC, 
July 10–12, 2005 


• Gordon Research Conference on Hormone Action in Development & Cancer, 
“Therapy and Prevention:  The success (and failure) of the Prostate Cancer 
Prevention Trial (PCPT)", Mount Holyoke College, South Hadley, MA, July 12–14, 
2005 


• Second International Congress on Kidney and Bladder Cancer, The Ritz-Carlton, 
Orlando, FL, July 15–16, 2005 


• 5th International Symposium on Minimal Residual Cancer “Bone marrow 
micrometastasis in breast cancer,” and panel discussion, The Fairmont Hotel, San 
Francisco, CA, September 11–14, 2005 


• Meeting at Roche Molecular Systems, Inc., Pleasanton, CA, September 15, 2005 
• Southside Community Hospital, Richmond, VA, September 20–22, 2005 
• Clarient Continuum Seminars, San Francisco, CA, September 23–24, 2005 
• Teaching Seminars in Pathology, USC KSOM, Los Angeles, CA 90033, 


September 30, 2005 
• Teaching Seminars in Pathology, USC KSOM, Los Angeles, CA 90033, October 7, 


2005 
• Clarient Continuum Seminars, Dallas, TX, October 26–27, 2005 
• USC/Norris Comprehensive Cancer Retreat, The Mission Inn, Riverside, CA, 


November 4–5, 2005 
• Meeting at Roche Molecular Systems, Inc., Pleasanton, CA, November 14, 2005 
• Oncology Best Practices Lecture, Sacramento, CA, November 16, 2005 
• NIH/Translational Research Working Group (TRWG), Baltimore, MD, December 


4-5, 2005 
 
2006 


• New Developments in the Epidemiology of Cancer Prognosis:  Detection and 
Relevance of Occult Metastases in Breast Cancer, American Association for Cancer 
Research (AACR) Meeting, Charleston, SC, January 13-15, 2006 


• AACR'S New Developments in the Epidemiology of Cancer Prognosis, Charleston, 
South Carolina, January 12-15, 2006 


• Organizing Committee, 5th Multidisciplinary Symposium on Genitourinary Cancer, 
Meeting Director, Ritz-Carlton Hotel Laguna Niguel, Dana Point, CA, January 26- 
28, 2006 


• Plenary Lecture, USC Nano Retreat, Meeting Director, Los Angeles Athletic Club, 
February 2-3, 2006 


• NIH/NCI SPORE in Prostate & Skin Cancer Grant Review, Washington, DC, 
February 14-17, 2006 


• NCI TRWG, Chair of Session, The Roundtable Meeting, Phoenix, AZ, February 
23-24, 2006 


• MD Anderson Cancer Center's Tumor Markers for Personalized Medicine: The 
New Frontier, Mauna Lani Resort, Kohala Coast, Island of Hawaii, March 7-10, 
2006 
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• Indiana University School of Medicine Grand Rounds, Molecular Diagnostics 
Lecture Series, Indianapolis, IN, March 14-15, 2006 


• ASCO-CAP Her-2 Testing Expert Panel, ASCO Headquarters, Alexandria, VA, 
March 23-24, 2006 


• Concern Foundation Meeting with Eitanhoff & Grant Review, Concern Offices, 
Beverly Hills, CA, April 5-8, 2006 


• PER Oncology Best Practices, Beverly Hills, CA, May 11, 2006 
• PER Oncology Best Practices, Kansas City, MO, May 17, 2006 
• Clarient, Inc. Continuum Series Meeting, McLean, VA, May 18-19, 2006 
• NCI TRWG Meeting, Houston, TX, May 30-31, 2006 
• Clarient, Inc. Continuum Series Meeting, La Jolla, Ca, June 7-8, 2006 
• ACOSOG Semiannual Meeting, Chicago, IL, June 21-23, 2006 
• Diamics, Inc., Novato, CA, June 26, 2006 
• Diamics, Inc., Chicago, IL, July 9-10, 2006 
• Johns Hopkin's Bladder Cancer Think Tank Meeting, Aspen, CO, August 19-22, 


2006 
• USC Department of Urology Retreat, The Jonathan Club, Los Angeles, CA, 


September 1, 2006 
• Diamics, Inc., Novato, CA, September 12-13, 2006 
• NCI TRWG Meeting, Herndon, VA, September 14-15, 2006 
• DOD Prostate Cancer Research Program Programmatic Review, Annapolis, MD, 


September 17-19, 2006 
• University of New Mexico, Albuquerque, Albuquerque, NM, September 20-22, 


2006 
• Clarient, Inc. Continuum Series Meeting, Chicago, IL, September 26-28, 2006 
• Diamics, Inc. Meeting, San Francisco, CA, October 12, 2006 
• NCI TRWG Roundtable Meeting, Chair of Session, Atlanta, GA, October 15-17, 


2006 
• Clarient, Inc. Continuum Series Meeting, Jackson, Mississippi, October 17-18, 


2006 
• Clarient, Inc. Continuum Series Meeting, Wakeforest, NC, October 25-26, 2006 
• L.K. Whitter Foundation Meeting, South Pasadena, CA, October 26, 2006 
• Johns Hopkins Sponsored 11th Prouts Neck Prostate Meeting, Black Point Inn, 


Prouts Neck, ME, November 2-5, 2006 
• SomaLogic, Inc. Meeting, Boulder, CO, November 6, 2006 
• Featured Speaker, Wisconsin Society of Pathologists, Inc. Annual Meeting, 


Waukesha, WI, November 17-18, 2006 
• Fine Particle Society, “Developing Novel Nanotechnology Platforms for 


Diagnosis”, University of California, San Diego, San Diego, CA, December 19, 
2006 


 
2007 


• Review Committee, NCI IRG Subcommittee A (Cancer Centers), Chicago, IL, 
January 14-16, 2007 


• NCI TRWG Roundtable Meeting, Chair of Session, San Francisco, CA, January 17- 
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18, 2007 
• Plenary Lecture, American Association for Cancer Research, Los Angeles, CA, April 


14-18, 2007 
• Clarient, Inc. Continuum Series Meeting, Morristown, NJ, April 23-24, 2007 
• Clarient, Inc. Continuum Series Meeting, Norwood, MA, April 25, 2007 
• Featured Speaker, Breathe California of Los Angeles County, Los Angeles, CA, May 


9, 2007 
• NIH SPORE Review - Lymphoma, Prostate, Breast & Skin Cancers, Bethesda, 


MD, May 10-12, 2007 
• Clarient, Inc. Continuum Series Meeting, LaFayette, CA, June 15, 2007 
• Harvard's Dana Farber Cancer Institute Talk, June 19-20, 2007 
• NCI’s and MD Anderson’s 15th SPORE/GU SPORE (Bladder) ~ iCURe, 


Baltimore, MD, July 7-8, 2007 
• SomaLogic, Inc. Meeting, Boulder, CO, July 16-17, 2007 
• American Association for Clinical Chemistry Annual Meeting, San Diego, CA, July 


17-19, 2007 
• NIH/NCI IMAT 8th Principal Investigator’s Meeting, Redwood City, July 24-25, 


2007 
• Genetics2 Scientific Advisory Board Meeting, Silverthorne, CO, July 27-28, 2007 
• PER - Kidney and Bladder Congress, Orlando, FL, August 2-6, 2007 
• Johns Hopkin's Bladder Think Tank Meeting, Cape Cod, MA, August 18-22, 2007 
• Clarient, Inc. Continuum Series Meeting, Aliso Viejo, CA, September 4, 2007 
• Clarient, Inc. Continuum Series Meeting, Long Beach, CA, September 8, 2007 
• Clarient, Inc. Continuum Series Meeting, Kansas City, MO, September 14-15, 2007 
• 4th Nikko International Symposiium at Jichi Medical University, Utsunomiya, 


Japan, September 24 – October 1, 2007 
• Clarient, Inc. Continuum Series Meeting, Aliso Viejo, CA, October 9, 2007 
• USC Biomedical Nanotechnology Retreat, Descanso Garden, Pasadena, November 


16, 2007 
• Roche Molecular Systems Meeting, Pleasanton, CA, November 19, 2007 
• Ankara’s GU Oncology Meeting, Ankara, Turkey, November 27 – December 6, 


2007 
• Featured Speaker, Departments of Pathology and Urology Meeting, University of 


Bari, Bari, Italy, December 4-7, 2007 
 
2008 


• J P Morgan Conference “Personalized Medicine, a Clinician’s Perspective,” San 
Francisco, CA, January 8, 2008 


• NCI Stem Cell Workshop, Featured Talk, Bethesda, MD, January 17 – 18, 2008 
• NCI CTAC Working Group Meeting, Bethesda, MD, February 4, 2008 
• NCI SPORE Review, Bethesda, MD, February 12 – 14, 2008 
• Plenary Lecure, NIH Future Directions for Cancer Nanotechnology:  Diagnosis and 


Prevention Focus, Bethesda, MD, February 20 – 21, 2008 
• University of Chicago, Pathology Grand Rounds, Chicago, IL, February 26, 2008 
• University of Chicago, Urology Grand Rounds, Chicago, IL, February 27, 2008 
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• Featured Speaker, University of Southern California, Research Summit, February 
29 – 30, 2008 


• California Institute of Technology, Kavli Nanoscience Symposium, Plenary Lecture 
“Patient Treatment: The Future of Diagnostic Tools,” Pasadena, CA, March 4, 2008 


• Featured Speaker, University of Southern California, Nanotechnology Summit: 
Priority Settings in Translational Nanoscience, Los Angeles, CA, March 17 – 18, 
2008 


• NIH SPORE Review - Lymphoma, Prostate, Breast & Skin Cancers, Bethesda, MD, 
June 10-12, 2008 


• Monterrey Tech, Monterrey, Mexico, invited Chair for team of three scientists to 
assess the status of their research infrastructure in light of their efforts to establish a 
bionanomedicine institute on campus, June 11-13, 2008 


• Featured Speaker, Emory University/Georgia Tech, Biomedical Nanoscience, 
Atlanta, GA, September 11–12, 2008 


• University of Miami, Department of Pathology Grand Rounds, “New Approaches 
to Cell Capture and Analysis”, Miami, FL, October 16, 2008 


• Featured Speaker, NCI’s Ninth Principal Investigators (PI) Meeting for the 
Innovative Molecular Analysis Technologies (IMAT) Program, Cambridge, MA, 
October 26–28, 2008 


• Featured Speaker, NCI Translational Science Meeting, Washington, DC, November 
7– 9, 2008 


• Memorial Sloan-Kettering Cancer Center, Grand Rounds, New York, NY, November 
10–11, 2008 


• Chair, USC Biomedical Nanotechnology Retreat, Descanso Garden’s Van de Kamp 
Room, November 21, 2008 


 
2009 


• Featured Speaker, University of Miami - Miami Global Business Forum, Miami, FL, 
January 13–16, 2009 


• 34th Annual Review and Recent Practical Advances in Pathology, Miami Beach, 
FL, January 26-30, 2009 


• Clarient, Inc., Newport Beach, February 5-6, 2009 
• University of Miami, Miller School of Medicine, Global Business Forum, Miami, 


FL, February 12-13, 2009 
• Featured Speaker, ASCO, The American Society for Therapeutic Radiology and 


Oncology (ASTRO) and the Society of Urologic Oncology (SUO), 2009 
Genitourinary Cancer Symposium, February 25–28, 2009 


• Yale CME & The Nevada Cancer Institute, 3rd Annual John R. Murren Oncology 
Symposium: Advances in Genitourinary Cancer Treatment, Las Vegas, Nevada, 
March 26-29, 2009 


• American Society of Investigative Pathology, “Novel Methods for Detection of 
CTC”, New Orleans, LA, April 19, 2009 


• American Society for Clinical Oncology (ASCO), Chair of Session, Bladder 
Cancer, Orlando, FL, May 29, 2009 


• Oak Ridge National Labs, “New Approaches to Cell Capture and Analysis”, Oak 
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Ridge, TN, 
• June 25, 2009 
• University of Miami, Cancer Epidemiology, “CTC in Patients with Cancer”, 


Miami, FL, February 17, 2009 
• NCI Translational Science Meeting, Washington, DC, July 27, 2009 
• University of Miami, Biomedical Nanoscience Retreat, Miami, FL, August 3-4, 


2009 
• NCI, Circulating Tumor Cells: Emerging Technologies for Detection, Diagnostics 


and Treatment, Plenary Lecture, Bethesda, MD, September 10-11, 2009 
• Clarient Continuum, Colorectal Cancer, Detroit, MI, September 11, 2009 
• 7th International Symposium on Minimal Residual Cancer, “Clinical Significant of 


Disseminated Tumor Cells”, Athens, Greece, September 10, 2009 
• University of Miami, CTSA Bootcamp, “New Approaches to Cell Capture, 


Analysis and Molecular Biosensing Using Novel Nanotechnology Platforms”, 
Miami, FL, September 24, 2009 


• Yale University, Visiting Professor and Grand Rounds, New Haven, CT, October 1, 
2009 


• University of Miami, Cancer Center Retreat, “GU Cancer Program”, Miami, FL, 
October 30, 2009 


• NCI Translational Science Meeting 2, Chair of Session, “Biomarkers”, Vienna, VA, 
November 5-7, 2009 


• University of Miami, Innovation Showcase, “The University of Miami Biomedical 
Nanoscience Institute”, Miami, FL, November 19, 2009 


 
2010 


• 35th Annual Review and Recent Practical Advances in Pathology, Miami Beach, 
FL, January 25-29, 2010 


• Fourth Annual International Course, “Ancilliary Work-Up of Micrometastasis”, 
Boca Raton, FL, January 26, 2010 


• Clairent National Sales Meeting, Aliso Viejo, CA, February 1-4, 2010 
• University of Miami, Medical Alumni Weekend presentation “Nanotechnology: 


New approaches to cell capture, analysis and molecular biosensing using novel 
platforms,” UMMSOM Medical Campus, Miami, FL, March 5, 2010 


• American Association for Cancer Research (AACR) Annual Meeting, Washington, 
DC, April 17-21, 2010 


• 42nd Annual Oak Ridge Conference, Capturing Innovation : The Impact on 
Emerging Diagnostic Technologies, San Jose, CA, April 22-23, 2010 


• 12th Milan Breast Cancer Conference, Chair of Pathology Session, Milan, Italy, 
June 16-18, 2010 


• 5th Inter-American Breast Cancer Conference, Chair of Pathology Session, Cancun, 
Mexico, July 7-10, 2010 


• 2010 Cleveland NanoMedicine Summit, Keynote Address: “Novel Technology 
Approaches to Circulating Tumor Cell Capture, Detection and Characterization,” 
Cleveland, Ohio, October 18-19, 2010 


• University of Miami Miller School of Medicine, Department of Biochemistry and 
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Molecular Biology, Biochemistry Seminar Series: “Nanotechnology Approaches to 
Cancer Diagnosis,” UMMSOM Medical Campus, Miami, FL, December 17, 2010 


 
2011 


• Program for Chiefs of Clinical Services, Harvard School of Public Health, Boston, 
MA, January 9-21, 2011 


• 36th Practical Advances in Pathology, Miami Beach, FL, January 27-30, 2011 
• 28th Annual Miami Breast Cancer Conference, “Emerging Role of Nanotechnology 


in Breast Cancer Diagnosis and Treatment,” and “Biologic Information Obtained 
from Circulating and Disseminated Tumor Cells,” as well as a participant in “Meet 
the Professors,” Miami Beach, FL, March 9-12, 2011 


• American Association for Cancer Research (AACR) 102nd Annual Meeting 2011; 
Professional Advancement Series session “Securing a Faculty Position: Building a 
Competitive Portfolio and Landing the Job,” Orange County Convention Center, 
Orlando, Florida, April 2-6, 2011 


• Becton Dickinson (BD) Technologies, “Significance of Circulating Tumor Cells,” 
Research Triangle Park, NC, April 11, 2011 


• Annual Meeting of Experimental Biology-2011, Circulating Tumor Cell (CTC) 
Symposium, Washington, D.C., April 12, 2011 


• 44th Middle East Medical Assembly (MEMA) Symposium, Pathology Satellite 
Symposium:  The Application of Nanotechnology in Surgical Pathology; “History 
and Definition;” “Nanosensors and Nanoproteomics”; “Circulating Tumor Cell 
Analysis Microdevice”; “Application in Surgical Pathology”; “Lab on a Chip”; 
“Future Perspective”; The American University of Beirut, Beirut, Lebanon, May 5- 
7, 2011 


• Scientific Advisory Board (SAB) and Executive Team of Everist Genomics, Detroit 
(Ann Arbor), MI, June 5-7, 2011 


• Clarient Continuum, Insights and Innovations Conference, “Updates in Molecular 
Testing in Lung and Colon Cancers,” Martha Jefferson Hospital, Charlottesville, 
VA, June 14-15, 2011 


• Florida Society of Pathologists (FSP) 2011 Summer Anatomic Pathology 
Conference, “Contribution of Molecular Biology to Pathology in GU Cancers,” and 
“The Role of DTC, CTC and Cancer Stem Cells in Cancer Management,” Key 
Biscayne, FL, July 9, 2011 


• Association of Pathology Chairs (APC) 2011 Annual Meeting, Monterey, 
California, July 13-15, 2011 


• Clarient Meeting, “Lung Cancer – The Pathologist’s Point of View,” and “Colon 
Cancer Simplified,” Pensacola, FL and Mobile, AL, July 19-20, 2011 


• Cleveland Clinic Grand Round, “Cleveland, OH, September 15-16, 2011 
• Case Western External Advisory Board Meeting, Cleveland, OH, October 26-27, 


2011 
• Association for Molecular Pathology (AMP) 2011 Annual Meeting, “Development 


of a Membrane Microfilter Device for Capture and Characterization of Circulating 
Tumor Cells (CTC) from Blood,” Grapevine, TX, November 17-18, 2011 


• Tumor Board, St. Vincent’s Main Hospital, Birmingham, AL, December 5, 2011 
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• Farrah Fawcett Symposium, “Novel Approaches to Capture and Characterization of 
Circulating Tumor Cells,” Lowes Beach Hotel, Santa Monica, CA, December 7-8, 
2011 


• Memorial Healthcare System Pathology and Thoracic Oncology Program, “New 
Methods to Determine Specific Therapy in Patients with Non-Small Cell Lung 
Cancer EGFR, KRAS, ALK,” The Forge, Miami Beach, FL, December 13, 2011 


 
2012 


• Molecular Med Tri-Con 2012, Moscone North Convention Center, Chairperson of 
Clinical Use of Circulating Tumor Cells Session; and two talks “Novel Technology 
Approaches to Circulating Tumor Cell Capture and Characterization,” and 
“Technology ‘Show ‘N Tell’ Demonstration,” San Francisco, CA, February 21-24, 
2012 


• Miami 2012 Winter Symposium - Nanotechnology in Biomedicine, “Impact of 
Nanotechnology in Biomedical Applications and its Role in Enhanced Patient 
Management,” Miami, FL, February 26-29, 2012 


• United States and Canadian Academy of Pathology (USCAP), 2012 Special Course, 
Advanced Molecular Pathology, “Novel Methods for the Capture and Analysis of 
Circulating Tumor Cells,” March 20, 2012 


• NIH/NIBIB 2012-05 Point of Care Review Meeting, Hyatt Regency Bethesda, 
Bethesda, MD, Meeting Chairperson, March 28-30, 2012 


• Clarient Meeting – Tumor Board Presentation – Colon and Lung Cancer – 
Southeast Alabama Medical Center, Dothan, AL, April 12, 2012 


• Diatech Oncology Medical Advisory Meeting, “Novel Nanotechnology Approaches 
to Circulating Tumor Cell Capture & Characterization”, Montreal, Canada, August 
2-3, 2012 


• Case Western External Advisory Board Meeting, Cleveland, OH, September 6-7, 
2012 


• Advances in Circulating Tumor Cells (ACTC) Symposium on Basic Research to 
Clinical Practice, “Portable Filter-Based Microdevice for Detection and 
Characterization of Circulating Tumor Cells”, Athens, Greece, September 26, 2012 


• 6th World CTC, Boston, Massachusetts, “Novel Nanotechnology Approaches to 
Circulating Tumor Cell Capture and Characterization,” November 14-16, 2012 


 
2013 


• Georgetown University Medical Center Department of Biochemistry and Molecular 
& Cellular Biology Grand Rounds, “Circulating Tumor Cells: Current Progress and 
Future Potential,” Washington D.C., February 11-12, 2013 


• New York University Langone Medical Center Invited Speaker, "Novel 
Approaches for Circulating Tumor Cell Capture and Characterization,", New York, 
NY, April 8, 2013 


• University of California Irvine Lauds and Laurels, Los Angeles, CA, May 16, 2013 
• International College of Surgeons – United States Section, Dr. Arno A Roscher 


Endowed Lecture, “Dissecting Molecular Pathways in Bladder Cancer: A Rational 
Approach to Prognostic Profiling and Target Discovery”, Omni Hotel, Jacksonville, 
FL, June 6, 2013 
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• Association of Pathology Chairs (APC) 2013 Annual Meeting, Boston, 
Massachusetts, July 9-12, 2013 


• NCI NCTN Network Lead Academic Participating Site Review, Rockville, MD, 
Meeting Chairperson, July 17-19, 2013. 


• Case Western External Advisory Board Meeting, Cleveland, OH, October 10-11, 
2013. 


• University of California, Irvine Invited Speaker, “Novel Approaches for 
Circulating Tumor Cell Capture and Characterization,” Irvine, CA. October 14–19, 
2013. 


• SUNY Upstate Medical University Invited Speaker, “Novel Approaches for 
Circulating Tumor Cell Capture and Characterization” and “Nanotechnology in 
clinical and Translational Research: Why Size Matters,” Syracuse, NY. November 
5-7, 2013. 


• VA Oncology Merit Review Panel, Washington D.C, Review, December 5th, 2013. 
 
2014 


• Expert Opinion Planning Session for Comperative Bladder Cancer Work, 
Indianapolis, IN. February 6-7, 2014. 


• Carolinas HealthCare System, Levine Cancer Institute Grand Rounds, Charlotte, 
NC. April 14-15, 2014. 


• Executive War College Invited Speaker, “Positioning Pathology and Clinical 
Laboratory Services to Add Value in the Era of ACOs and Medical Homes”, New 
Orleans, LA. April 28-29, 2014 


• Association of Pathology Chairs (APC) 2014 Annual Meeting, Seaport Hotel and 
World Trade Center, Boston, MA, July 8-11, 2014 


• Florida Society of Pathologists 2014 Summer AP Conference, The Breakers Palm 
Beach, Palm Beach, FL , July 11-13, 2014 


• College of American Pathologists (CAP) 2014, Hyatt Regency Chicago, Chicagoe, 
IL, September 7-10, 2014 


• Advances in Circulating Tumor Cells (ACTC) Plenary Lecture 2014, “NoveI 
Methods for CTC Capture, Characterization and Culture”, Iberostar Creta Panorama 
& Mare, Rethymnon – Crete, Greece, October 8-11, 2014 


• Case Western External Advisory Board Meeting, Cleveland, OH, October 16-17, 
2014. 


• UCI Bio Sci Mentorship Program Reception Kick-Off Reception, University of 
California Irvine, November 16 - 19, 2014 


 
2015 


• Pathology Grand Rounds, University of Colorado Anschutz Medical Campus, 
Aurora, CO, “NoveI Approaches for Circulating Tumor Cell Capture and 
Characterization” February 26-27, 2015 


• Career Flexibility for Today and Tomorrow: A National Conference, Boston 
University School of Medicine, March 13–15, 2015 


• Association of Pathology Chairs (APC) 2015 Annual Meeting, Rancho Bernardo 
Inn, San Diego, CA, July 14-19, 2015 
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• Dark Report Webinar, Moving from Volume-Based to Value-Based: New Business 
Models in Clinical Laboratory Industry. September 22, 2015 


• World Medical Tourism and Global Healthcare Congress, “Impact of Emerging 
Technologies on Precision Medicine”. Orange County Convention Center. Orlando, 
FL, September 28, 2015 


• 2015 College of American Pathologists Meeting Gaylord Opryland Resort & 
Convention Center Resort at Squaw Creek. Nashville, TN. October 4-7, 2015 


• UCI Bio Sci Mentorship Program Reception Kick-Off Reception, University of 
California Irvine, CA, November 15–18, 2015 


• Case Western External Advisory Board Meeting, Cleveland, OH, November 19-20, 
2015 


 
2016 


• Florida Society of Pathologists (FSP) 2016 Winter Annual Meeting, Disney’s 
Contemporary Resort, Orlando, FL, February 12-14, 2016 


• UAB Medicine, “Circulating and Disseminated Tumor Cells: Novel Solutions to 
Persistent Problems”, The Westin, Birminham, AL, February 21-23, 2016 


• Wayne State University School of Medicine Grand Rounds, “The Value Proposition 
for Pathology” and “Circulating and Disseminated Tumor Cells: Novel Solutions to 
Persitent Problems”, Detroit, MI. February 23-24, 2016 


• Association of Pathology Chairs (APC) 2016 Leadership Academy Meeting, 
“Creating Value in Pathology”, Hotel Del Coronado, Coronado, CA. July 11-12, 
2016 


• Association of Pathology Chairs (APC) 2016 Annual Meeting, “Laboratory 
Organization in Academic Medical Centers”, Rancho Bernardo Inn, San Diego, 
CA, July 12-15, 2016 


• Case Western External Advisory Board Meeting, Cleveland, OH, September 29-30, 
2016 


• Dalian Medical University, Dalian, China, October 2016 
• BGI, Shenzhen, China, October 2016 


 
2017 


• 40th Annual Review & Recent Practical Advances in Pathology, Fountainbleu, 
Miami, FL, February 15-19, 2017 


• Association of American Physicians (AAP)/American Society for Clinical 
Investigation/American Physician Scientists Association Joint Meeting, Fairmont 
Millennium Park, Chicago, IL, April 21-23, 2017 


• Executive War College 2017 Annual Conference, Sheraton, New Orleans, LA, May 
3-7, 2017 


• NCI NCTN Network Lead Academic Participating Site Review, Gaithersburg, MD, 
June 12-14, 2017 


• Florida Society of Pathologists (FSP) 2017 Summer Anatomic Pathology 
Conference, The Breakers, Palm Beach, FL, July 14-16, 2017 


• Case Western External Advisory Board Meeting, Cleveland, OH, September 13-14, 
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2017 
• 10th Annual Nanoscience Technology Symposium, Florida International University 


(FIU), Miami, FL, September 23-24, 2017 
• Advances in Circulating Tumour Cells Liquid Biopsy in Clinical Practice, (ACTC) 


Plenary Lecture 2017, “Propagation and Reliable Expnasion of CTC: New Promise 
and Technologies”, Rodos Palace – Rhodes, Greece, October 4-7, 2017 


 
2018 
• International Molecular Medicine Tri Conference 2018, Moscone North Convention 


Center, Leture and Panel Discussion “Capture, Interrogation and Culture of Viable 
CTC: Strategies for the Development of Transformative Tool to Understand 
Cancer”, San Francisco, CA, February 12-14, 2018 


• Association of American Physicians (AAP)/American Society for Clinical 
Investigation/American Physician Scientists Association 2018 Joint Meeting, 
Fairmont Millennium Park, Chicago, IL, April 20-22, 2018 


• Liquid Biopsy Summit, Hotel Kabuki, Chairperson, “Isolating & Analyzing CTCs”, 
Featured Speaker, “Capture, Interrogation, Imaging, Automated Analysis and 
Culture CTC: Strategies for the Development of a Transforative Tool to Understand 
Cancer”, Moderator Breakout Discussion Groups, San Francisco, CA June 20-22, 
2018. 


• Association of Pathology Chairs (APC) 2018 Annual Meeting, Hotel Del Coronado, 
San Diego, CA, July 15-19, 2018 


• 10th Annual Next Generation Dx Summit, Grand Hyatt Washington, Lecturer, 
“Capture, Interrogation, Imaging, Automated Analysis and Culture of CTCs: 
Strategies for the Development of a Transformative Tool to Undersatand Cancer”, 
Panelist Breakout Discussion, Washington, DC, August 20-24, 2018 


• Advances in Circulating Tumor Cells (ACTC) Conference, Greece 2018-Present 
• European Congress of Cytology, Poland 2018-Present 


 
 


Internet Presentations: 
 


1. New Test Can Better Uncover Hidden Breast Cancer (the appearance), WebMD 
Live’s Internet chat, 4:00 PM PST, October 7, 1999 


 
2. SLN 2000, “Clinical Significance of Micrometastases”, BreastLink Interviewed 


Dr. Cote, Santa Monica, CA, December 3, 2000, BreastLink Website February, 
2001 


 
3. BreastLink.com – Special Report: Micrometastases/Occult Micrometastases – 


What does it mean? Exclusive Interview, Richard J. Cote, MD, Los Angeles, CA, 
February 2001 Issue, Volume 2 


 
4. BreastLink.com – Bone Marrow Micrometastasis Predicts Recurrence Risk in 


Node-Negative Breast Cancer, Expert Commentary, Richard J. Cote, MD, Los 
Angeles, CA, November 2001 Issue, Volume 2 


 
5. Getting a jump on Breast Cancer by Lindsey Arent – Med-Tech Coverage, Dr. 







Richard J. Cote, M.D. 
Curriculum Vitae 


30 


 


  


 
 


Cote interview, September 23, 2002. 
http://www.wired.com/new/topstories/0,1287,21734,00.html. 


 


6. SABCS Medscape Website: The 25th San Antonio Breast Cancer Symposium 
Official CME Satellite Symposium “Optimizing Treatment Strategies in Breast 
Cancer: Use of Minimally Invasive Techniques/Gene Expression Profiling to 
Predict Response and Prognosis” Section, Entitled “Detection of Occult 
Metastases in Cancer”, Richard J. Cote, M.D., San Antonio, TX, December 14, 
2002. 


 
7. SABCS Medscape/WebMD: SABCS CME satellite symposium, “Optimizing 


Treatment Strategies in Breast Cancer: Use of Minimally Invasive 
Techniques/Gene Expression Profiling to Predict Response and Prognosis”, 
presented on December 14, 2002, http://www.medscape.com/viewprogram/2268. 


 


8. BreastLink.org – Expert review based on article, “Changes in Breast Cancer 
Therapy Because of Pathology 2nd Opinions”, published in Ann Surg Oncol, 
2002,9:982-987, Commentary entitled: Second Opinion Benefits Breast Cancer 
Patients, Expert Commentary, Richard J. Cote, MD, Los Angeles, CA, June 2003, 
Volume 4, http://www.breastlink.org. 


 


9. BreastLink. org – Bone marrow micrometastasis important prognostic marker, 
reporting source:  “Breast Cancer Outcome Worse with Micrometastasis in Bone 
Marrow”, Reuters Health, August 25, 2005, Primary Source : “A Pooled Analysis 
of Bone Marrow Micrometastasis in Breast Cancer.” The New England Journal of 
Medicine, Aug. 25, 2005; 353:793-802, Expert Commentary, Richard J. Cote, 
MD, Los Angeles, CA, January 2006, http://www.breastlink.org. 


 


10. Newswise article – New Test Detects Cancer Spread at the Earliest Time, “A new 
test can help determine whether a prostate cancer patient will go on to have a 
reccurrence of the disease”. Newswise interview based on Dr. Cote’s article, 
citation:  “Pagliarulo V, Hawes D, Brands FH, Groshen S, Cai J, Stein JP, 
Lieskovsky G, Skinner DG, Cote RJ: Detection of occult lymph node metastases 
in locally advanced node-negative prostate cancer, J Clin Oncol, 2006, 24(19): 
2735-2742.” Released: Tue 20-Jun-2006, 17:35 EST, 
http://www.newswise.com/articles/view/521414/#imagetop 


 


11. today.reuters.co.uk – “Immunologic tests detect hidden prostate cancer”.  Reuters 
interview based on Dr. Cote’s article, citation: “Pagliarulo V, Hawes D, Brands 
FH, Groshen S, Cai J, Stein JP, Lieskovsky G, Skinner DG, Cote RJ:  Detection 
of occult lymph node metastases in locally advanced node-negative prostate 
cancer, J Clin Oncol, 2006, 24(19): 2735-2742.” Released Thu Jun 29, 2006 
9:24 PM BST, 
http://today.reuters.co.uk/news/newsArticle.aspx?type=healthNews&storyID=200   
6-06-29T202402Z_01_KRA973409_RTRIDST_0_HEALTH-  
PROSTATECANCER-DC.XML 



http://www.wired.com/new/topstories/0%2C1287%2C21734%2C00.html

http://www.medscape.com/viewprogram/2268

http://www.breastlink.org/

http://www.breastlink.org/

http://www.newswise.com/articles/view/521414/#imagetop

http://today.reuters.co.uk/news/newsArticle.aspx?type=healthNews&amp;amp%3BstoryID=2006-06-29T202402Z_01_KRA973409_RTRIDST_0_HEALTH-PROSTATECANCER-DC.XML

http://today.reuters.co.uk/news/newsArticle.aspx?type=healthNews&amp;amp%3BstoryID=2006-06-29T202402Z_01_KRA973409_RTRIDST_0_HEALTH-PROSTATECANCER-DC.XML

http://today.reuters.co.uk/news/newsArticle.aspx?type=healthNews&amp;amp%3BstoryID=2006-06-29T202402Z_01_KRA973409_RTRIDST_0_HEALTH-PROSTATECANCER-DC.XML

http://today.reuters.co.uk/news/newsArticle.aspx?type=healthNews&amp;amp%3BstoryID=2006-06-29T202402Z_01_KRA973409_RTRIDST_0_HEALTH-PROSTATECANCER-DC.XML

http://today.reuters.co.uk/news/newsArticle.aspx?type=healthNews&amp;amp%3BstoryID=2006-06-29T202402Z_01_KRA973409_RTRIDST_0_HEALTH-PROSTATECANCER-DC.XML
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12. http://pritzker.bsd.uchicago.edu/about/news/pritzkerpulse/2006summer/alumnus.s   
html – This spring, the Medical & Biological Sciences Alumni Association 
sponsored the first Day in the Life program, which gives current medical students 
the opportunity to shadow Pritzker alumnI in their professional lives during 
spring break. In the inaugural year of the program, ten students were matched 
with alumni in the Chicagoland area and California. Our generous alumni opened 
their homes and work places to our students, providing invaluable insight and 
advice on the medical profession. Below is an extended account of second year 
student Colin Walsh's experience with Dr. Richard Cote (MD'80), Professor of 
Pathology at the University of Southern California. 


 
13. Beyond the Abstract – p53 Gene and Protein Status:  The Role of p53 Alterations 


in Predicting Outcome in Patients with Bladder Cancer. Datar, RH, Cote, RJ. 
Dr. Cote’s on UroToday, January 15, 2008. 
http://www.urotoday.com/3341/browse_categories/beyond_the_abstract/beyond_  
the_abstract  
p53_gene_and_protein_status_the_role_of_p53_alterations_in_predicting_outco   
me_in_patients_ with_bladder_cancer.html 


 


14. Dark Report Webinar, Moving from Volume-Based to Value-Based: New 
Business Models in Clinical Laboratory Industry. September 22, 2015 


 
Consultantships 


 
• Johnson and Johnson, Ortho Pharmaceutical Division, 1984-1987 
• IMPATH, Scientific Advisory Board, 1987-2003 
• IMPATH, Board of Directors, 1990-2004 
• Neoprobe Corporation, Scientific Advisory Board, 1992-1997 
• John Wayne Cancer Institute, Scientific Advisory Board, 1996-present 
• Chromavision, Scientific Advisory Board, 1997-2000 
• VYSIS/Abbott Laboratories, Scientific Consultant, 2000-present 
• AVIVA Biosciences, Scientific Advisory Board, 2000-2003 
• Roche Molecular Systems, Inc., Scientific Consultant, 2000-present 
• Sidney Kimmel Cancer Center, External Advisory Board, 2001-present 
• MD Anderson Cancer Center, External Advisory Board, GU SPORE, 2002-present 
• University of California Los Angeles, External Advisory Board, GU SPORE, 


2002-2006 
• University of California San Francisco, External Advisory Board, GU SPORE, 


2002-2006 
• International Sentinel Node Society, Steering Committee, 2002 
• Clarient/ChromaVision, Chair, Scientific Advisory Board, 2003-2012 
• Genetics Squared, Chair, Scientific Advisory Board, 2003-2010 



http://pritzker.bsd.uchicago.edu/about/news/pritzkerpulse/2006summer/alumnus.shtml

http://pritzker.bsd.uchicago.edu/about/news/pritzkerpulse/2006summer/alumnus.shtml

http://pritzker.bsd.uchicago.edu/about/news/pritzkerpulse/2006summer/alumnus.shtml

http://www.urotoday.com/3341/browse_categories/beyond_the_abstract/beyond_the_abstract%20p53_gene_and_protein_status_the_role_of_p53_alterations_in_predicting_outcome_in_patients_%20with_bladder_cancer.html

http://www.urotoday.com/3341/browse_categories/beyond_the_abstract/beyond_the_abstract%20p53_gene_and_protein_status_the_role_of_p53_alterations_in_predicting_outcome_in_patients_%20with_bladder_cancer.html

http://www.urotoday.com/3341/browse_categories/beyond_the_abstract/beyond_the_abstract%20p53_gene_and_protein_status_the_role_of_p53_alterations_in_predicting_outcome_in_patients_%20with_bladder_cancer.html

http://www.urotoday.com/3341/browse_categories/beyond_the_abstract/beyond_the_abstract%20p53_gene_and_protein_status_the_role_of_p53_alterations_in_predicting_outcome_in_patients_%20with_bladder_cancer.html

http://www.urotoday.com/3341/browse_categories/beyond_the_abstract/beyond_the_abstract%20p53_gene_and_protein_status_the_role_of_p53_alterations_in_predicting_outcome_in_patients_%20with_bladder_cancer.html

http://www.urotoday.com/3341/browse_categories/beyond_the_abstract/beyond_the_abstract%20p53_gene_and_protein_status_the_role_of_p53_alterations_in_predicting_outcome_in_patients_%20with_bladder_cancer.html

http://www.urotoday.com/3341/browse_categories/beyond_the_abstract/beyond_the_abstract%20p53_gene_and_protein_status_the_role_of_p53_alterations_in_predicting_outcome_in_patients_%20with_bladder_cancer.html
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• Genentech, Inc., Expert Consultant, 2012 
• Member, Subcommittee on Detection of Tumor Cells in Bone Marrow and Blood, 


International 
 


Specific Teaching Responsibilities 
• Graduate Student Course, Basic Immunology, Memorial Sloan-Kettering Cancer 


Center, 1983-1985 
• Second Year Medical Student Pathophysiology Course, Cornell University Medical 


College, 1985-1987 
• Autopsy Tutorials for Medical Students, Cornell University Medical College, 


1985-1987 
• Pathology Fellows Weekly Conference, Cornell University Medical College, 


1988-1989 
• Graduate Student Seminar, USC School of Medicine, 1991-2008 
• Second Year Medical Student Pathophysiology Course, USC School of Medicine, 


1991-present 
• First Year Medical Student Course "Blood," USC School of Medicine, 1993-1999 
• Pathology Fellows and Residents Weekly Conference, Norris Cancer Center, 


1990-present 
• University of Southern California Med-COR Program, 1995 
• Third Year Medical Student Course “Basic and Clinical Science Workshop,” USC 


School of Medicine, 1995 
• School of Pharmacy, Therapeutics VIII, Oncology/AIDS, 2001 
• Residents and Fellows Quarterly and Monthly Meetings, 2009-present 
• Resident Interview Selection Process, 2009-present 
• Weekly In-Service Training Residents, 2009-present 


 
Peer Reviewed Grants 


 
National Institute of Health/National Cancer Institute 


$ 78,000 
3 F32 CA7325-0151 
Individual National Research Award 
1983 - 1987 
Role:  PI 


 
National Institute of Health/National Cancer Institute 


$ 296,762 
5R01CA034079 
Specificity of Human Monoclonal Antibodies to Human Cancer (Alan N. Houghton, 
MD) 
1982 - 1985 
Role: Co-PI 
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American Cancer Society 
$ 100,000 


IM-333 
Generation and Analysis of Human Monocloncal Antibodies (Alan N. Houghton, 
MD) 
1982 - 1983 
Role:  Co-PI 


 
National Institute of Health/National Cancer Institute 


$  1,500,000 
P01CA033049 
Diagnostic and Therapeutic Trials with Monocloncal Antibodies (Alan N. Houghton, 
MD) 
1985 - 1988 
Role:  Project PI-Human Monocloncal Antibodies: Development for Clinical 
Applications $ 450,000 


 
American Cancer Society 
PDT-367 
$ 291,822 
Detection of Breast Cancer Micrometastases 
1988-1990 
Role:  Co-PI 


 
University of California/Tobacco-Related Disease Research 
Program 
$ 120,346 
2IT0037 
Detection of Lung Cancer Micrometastases 
1991-1992 
Role:  PI 


 
American Cancer Society 
$ 12,479 
IN-21-31 
Detection of Micrometastases in Patients Undergoing Autologous Bone 
Marrow Transplantation 
1991-1992 
Role:  PI 


 
National Institutes of Health/National Cancer 
Institute 
$ 493,877 
P20CA058197 
Specialized Program of Research Excellence (SPORE) in Breast Cancer 
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(Dennis Slamon, MD) 
1992-1995 
Role:  Section PI - Detection of 
Micrometastases 
$ 62,000 


 
CaP CURE 
Foundation 
$ 100,000 
Gene Therapy of Prostate Cancer (Ron Natale, M.D.) 
1994-1995 
Role:  Section PI - Molecular Detection of Prostate Cancer 
Micrometastases 
$ 25,000 


 
University of California/Tobacco-Related Disease Research 
Program 
$ 590,178 
5RT-0173 
Detection of Lung Cancer Micrometastases 
1994-1997 
Role: PI 


 
National Institutes of Health/National Cancer Institute 
$ 42,740,654 
5P30CA01489 
USC/Norris Comprehensive Cancer Center Core Grant (Peter Jones, PhD) 
1995-2005 
Role: Program Director - Genitourinary Cancer Program 
$ 234,433 


 
National Institutes of Health/National Cancer Institute 
$  1,215,678 
U01CA070903 
Molecular and Cellular Pathways of Bladder Cancer Progression 
1996-2000 
Role:  PI 


 
National Institutes of Health/National Cancer Institute 
$  2,967,375 
R01CA071921 
MVAC in Organ Confined Bladder Cancer Based on p53 Status 
1997- 2009 
Role:  PI 
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Department of Defense/US Army 
$ 381,111 
PC970406 
Identification of Cellular and Molecular Markers of Prostate Cancer Progression 
in Racial-Ethnic Minorities 
1998-2001 
Role:  PI 


 
National Institutes of Health/National Cancer Institute 
$  2,300,000 
R01CA059705 
Pathogenesis of Human Prostate Carcinoma (Pradip Roy-Burman, Ph.D.) 
1998-2003 
Role:  Co-PI 


 
University of California/California Cancer Research Program 
$  690,824 
1-II-0181 
Detection and Mechanisms of Occult Metastases in Prostate Carcinoma 
1999-2001 
Role:  PI 


 
University of California/California Cancer Research Program 
$  1,217,811 
1-II-0261 
Effect of Selenium on Prostate Tissue of High Risk Men (Eila C. Skinner, M.D.) 
1999-2001 
Role:  Co-PI 


 
University of California/Tobacco Related Disease Research Program 
$  724,532 
8RT-0061 
Detection of Occult Metastases in Patients with Lung Cancer 
1999-2002 
Role:  PI 


 
National Institutes of Health/National Cancer Institute 
$  936,551 
1R01CA084339-01A1 
Detection of Occult Metastases in Lung Cancer Patients 
2000-2004 
Role:  PI 


 
National Institutes of Health/National Cancer 
Institute 
$  2,346,304 
1R01CA085840-01 
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Bone Marrow & Sentinel Node Micrometastases in Breast Cancer 
2000-2005 
Role:  PI 


 
National Institutes of Health/National Cancer Institute 
$69,133,409 
2U10CA076001-03 
American College of Surgeons Oncology Group (Samuel Wells, M.D.) 
2000-2006 
Role:  PI Core Lab - Molecular and immunopathology Core 
Lab 
$ 560,110 


 
Department of Defense/US Army 
$  2,200,891 
PC992018 
Prostate Cancer Center Grant Molecular Determinants of Prostate 
Cancer Progression Across Race-Ethnicity (Ronald K Ross, M.D.) 
2000-2003 
Role:  PI Project 3 – Cellular and Molecular Markers of Prostate Cancer 
Progression 
$ 309,406 


 
National Institutes of Health/ National Cancer Institute 
$  2,290,201 
1R21CA086132 
Optomechanical Chips for Molecular Profiling of Cancer (Arun Majumdar, Ph.D.) 
2000-2005 
Role: PI Project - Optomechanical Chips for Molecular Profiling of 
Cancer 
$ 763,465 


 
University of California/California Cancer Research Program 
$  1,134,885 
00-00771V-20160 
Anti-Invasive/Anti-Angiogenic Agent for Ovarian Cancer Therapy 
(Francis S. Markland, Ph.D.) 
2000-2003 
Role:  Co-PI 


 
University of California/Breast California Cancer Research Program 
$ 684,291 
6EB-0059-BCRP 
Targeted Delivery of an Anti-Breast Tumor Agent (Francis S. Markland, Ph.D.) 
2000-2003 
Role:  Co-PI 
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National Institutes of Health/National Cancer Institute 
$ 365,250 
1R21CA091249 
Improving DNA, RNA and Protein Availability in Fixed Tissue 
(Clive R. Taylor, M.D., Ph.D.) 
2001-2003 
Role:  Co-PI 


 
National Institutes of Health/National Cancer Institute 
$  393,385 
2R01CA065726-05A1 
COX-2 Expression and Risk Factors for Bladder Cancer (Ronald Ross, M.D.) 
2001-2004 
Role:  Co-PI 


 
National Institute of Health/National Cancer Institute 
$  6,799,342 
1P01CA086871-01A2 
Molecular Mechanisms of Human Bladder Carcinogenesis (Peter A. Jones, PhD) 
Project 2: COX-2 & DNA Methyltransferase Expression and Risk Factor 


$  1,821,769 
(Ronald K. Ross, MD) 


 
Project 3: Molecular/Cellular Pathways of Bladder Cancer Progression 


$  1,688,570 
Core C: Pathology Core 


$ 848,636 
2002 - 2007 
Role:   Co-Investigator – Project #2 


PI – Project #3 
PI – Core C 


 
National Institutes of Health/National Cancer Institute 
$ 839,854 
1R21CA103071-01 
Nanocapillary Electrophoresis Array Technology (NEAT) for R21/R33 Innovative 
Technologies for the Molecular Analysis of Cancer (Arun Majumdar, Ph.D.) 
2003-2005 
Role:  Co-PI 


 
National Institutes of Health/National Cancer Institute 


$  1,778,224 
5R33CA103455-03 (Former #:  2R21CA091249-03) 
Retrieval of DNA, RNA and Protein from Archival Tissues for R33 Innovative 
Technologies for the Molecular Analysis of Cancer (Clive R. Taylor, M.D., Ph.D.) 
2003-2008 
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Role:  Co-PI 
 


National Institutes of Health/National Cancer 
Institute 
$ 1,410,097 
4R33CA123027-03 (Former #:  4R21CA123027-03) 
Integrated Microdevice to Capture and Detect Circulating Tumor Cells 
2006-2012 
Role:  PI 


 
National Institutes of Health/National Institute of Biomedical Imaging and 
Bioengineering 
$ 1,840,730 
5R01EB008275 
Multiplexed Nanosensing for DNA and Proteins 
2007–2012 
Role:  PI 


 
National Institutes of Health/National Cancer Institute 
1R41CA132499-01A1 
$ 108,034 
Validation of MAP2K6 as a Therapeutic Target for Metastatic Bladder Cancer 
(Subcontract with Genetics Squared, Inc. – William Worzel) 
2008-2009 
Role:  Co-PI 


 
Department of Defense/Breast Cancer Research Program Synergistic Idea Award 
$ 410,388 
W81XWH-09-1-0050 (BC083697) 
Integrated Device for Circulating Tumor Cell Capture, Characterization and Lens- 
Free Microscopy 
2009–2012 
Role:  PI 


 
National Institutes of Health/National Cancer Institute 
$ 1,856,161 
1R01CA141077-01 
Circulating Tumor Cell Capture & Analysis in a Multi-Center Prostate Cancer 
Trial 
2009-2014 
Role:  PI 


 
Bankhead-Coley Breast SPORE Planning Grant 
09BR-02 


$ 25,000 
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Novel Experimental Therapeutic Approaches to Breast Cancer Therapy 
(Joyce M. Slingerland, M.D., Ph.D.) 
2009-2012 
Role:  Core B Leader - Tissue Bank 


 
National Institute of Health/National Cancer Institute 


$ 996,077 
1RC1CA147163-02 
Molecular Analysis of Neoadjuvant Platinum in Triple Negative Breast Cancer 
(PI, Dual PI with Mark D. Pegram, M.D) 
2009-2012 
Role:  PI 


 
Bankhead-Coley Cancer Research Program $ 
1,200,000 
2010 TSP 
Integrated Biomarker Profiling for Individualized Prostate Cancer Therapy 
(PI, Dual PI with Alan Pollack, M.D., Ph.D.) 
2010-2013 
Role: Director - Core C 


$ 463,254 
 


Department of Defense/CDMRP 
$ 420,750 
W81XWH-12-1-0076 
Development of Laser Mediated Nanodroplet Real-Time PCR on Circulating Tumor 
Cells (CTC) 
Captured by Microfilter Platform 
2012-2014 
Role:  PI 


 
National Institutes of Health/National Center for Advancing Translational Sciences 
$  17,154,855 
1UL1TR000460-01A1 
Miami Clinical and Translational Science Institute (Jose Szapocznik, M.D.) 
2012-2017 
Role:  PI - BioResource Component 
$ 500,000 
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National Institutes of Health/National Cancer Institute 
$ 436,358 
1R21CA182050-01 
Culturing Viably Captured Circulating Tumor Cells Using Conditional 
Reprogramming 
2013-2015 
Role: PI 


 
Graz University (CBmed GmbH from Austria) – In-Kind 
$ 6,228 
COMET K1 – Center for Biomarker Research at CBmed 
2015-2018 
Role: Co-PI 


 
NIH/National Cancer Institute – (1U01CA233363) 
$ 2,728,454 
A comprehensive liquid biopsy platform for detection and prognostication 
in early stage breast cancer 
2018-2023 
Role: PI 


 
 


Total Funding Awarded, Peer-Reviewed Grants (44 Grants): 
$ 175,206,837 


 
Total Funding as Principal Investigator, Peer-Reviewed Grants (30 grants): 
$ 28,404,013 


 
 


Pending Grants: 
 


National Institutes of Health/National Cancer Institute (1R01CA234254-01) 
$ 3,053,617 
Biomimetic Model of Bone Metastasis for Propogation of Circulating Tumor Cells 
2018- 2023 
Scored in 23%, preparing re-submission 
Role: PI 


 
The nanosensor grant, ask Sid 
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National Institutes of Health - (1R33 CA225331-01) 
$ 1,469,089 
Area B: Engineering an Integrated Platform for Capture, Analyses, and Retrieval of 
Circulating Tumor Cells (R33 Moonshot) 
2018-2020 
Role: PI 
Scored in 7% 


 
 
 


Private Grants 
 


Ethyl S. Abbott 
Fund 
$ 100,000 
Immunopathology of Breast Cancer 
1985-1990 
Role: PI 


 
Susan B. Fife 
Fund 
$ 150,000 
Human Immune Response to Cancer 
1982-1985 
Role: PI 


 
Ludwig Institute for Cancer 
Research 
$ 5,300 
Prognostic Factors in Lymph Node Negative Breast Cancer 
1991-1992 
Role: PI 


 
Firestein/Gertz 
Fund 
$ 50,000 
Breast Cancer Research 
1990-1992 
Role: PI 
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Ludwig Institute for Cancer 
Research 
$ 60,000 
Detection of Micrometastases in Patients with Breast Cancer 
1992-1996 
Role: PI 


 
Kenneth Norris Cancer 
Center 
$ 92,000 
Proscar Prevention Study (Ron Ross, M.D.) 
1993-1997 
Role: Co-PI 


 
Centocor 
$ 36,926 
Rapid Rare Event Detection System 
1996 
Role: PI 


 
Centocor 
$ 120,050 
Occult Micrometastases 
1997 
Role: PI 


 
TJ Martell 
Foundation 
$ 123,403 
Molecular Biology of Prostate Cancer (Pradip Roy-Burman, Ph.D.) 
1996 
Role: Co-PI 


 
TJ Martell 
Foundation 
$ 187,781 
Molecular Biology of Prostate Cancer (Pradip Roy-Burman, Ph.D.) 
1997 
Role: Co-PI 


 
TJ Martell 
Foundation 
$ 237,960 
Molecular Biology of Prostate Cancer (Pradip Roy-Burman, Ph.D.) 
1998 
Role: Co-PI 
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Chromavision 
$ 112,000 
Detection of Occult Metastases Using a Novel Rare Event Detection System 
1998 
Role: PI 


 
TJ Martell 
Foundation 
$ 202,266 
Molecular Biology of Prostate Cancer (Pradip Roy-Burman, Ph.D.) 
1999 
Role: Co-PI 


 
Chromavision 
$ 64,900 
Detection of Lung Cancer Metastases 
1999-2000 
Role: PI 


 
Bristol-Myers 
Squibb 
$ 13,400 
Support for p53/MVAC Clinical Trial Educational Activities 
1999-2000 
Role: PI 


 
TJ Martell 
Foundation 
$ 11,460 
Molecular Biology of Prostate Cancer (Pradip Roy-Burman, Ph.D.) 
2000 
Role: Co-PI 


 
Genentech 
$ 16,000 
Her-2/neu in Bladder Cancer 
2000 
Role: PI 


 
Abbott 
Laboratories 
$ 54,000 
The Determination of an Optimal Tumor Cell Enrichment Method 
2002-2003 
Role: PI 
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Clarient/Chromavision 
$ 175,000 
Detection of Occult Metastasis 
2002-2005 
Role: PI 


 
James H. Zumberge Faculty Research & Innovation Fund 
$ 5,000 
USC Nanomedicine Cancer Center of Excellence 
November 2004 
Role: PI 


 
Roche Molecular Systems 
Inc. 
$ 126,413 
Roche p53 GeneChip Study 
2005-2007 
Role: PI 


 
VYSIS/Abbott 
Laboratories 
$ 37,925 
Development of Multi-Marker Real-Time PCR Assay for Sensitive Detection 
of Occult Tumor Cells 
2005-2007 
Role: PI 


 
 


The Mauritzen La Fontaine 
Foundation 
$ 17,000 
Expression Profiling of Bladder Cancer 
2006 
Role: PI 


 
L.K. Whittier 
Foundation 
$ 2,700,000 
Whittier Bionanotechnology Program 
2007-2010 
Role: PI 


 
Dhont Family 
Foundation 
$ 50,000 
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Micrometastases in Colorectal Cancer 
2007 
Role: PI 


 
 


The Candy Foundation (Danish Cancer 
Society) 
$ 225,000 
2007-2010 
Role: PI 


 
Allergan Sales, 
LLC 
$ 37,048 
Biological Effect of Botulinum Toxin on the Prostate 
2008 
Role: PI 


 
Wallace H. Coulter 
Foundation 
$ 52,000 
Early Career Translational Research Awards in Biomedical Engineering Phase II 
Awards 2008 (Invited) 
Implementation of Fluorescense Detection Optifluidic Microscope for Circulating Tumor 
Cell Imaging (Yang, Changhuie - Subcontract with California Institute of Technology) 
2008-2010 
Role: PI 


 
Southwest Oncology Group (SWOG) 
$ 200,000 
Circulating Tumor Cell Capture & Analysis in a Multi-Center Prostate Cancer Trial 
2009-2010 
Role: PI 


 
Stearns, Weaver, Miller, Weissler, Alhadeff & Sitterson, P.A. Fund 
$ 128,000 
Presented at The Miami Foundation (SCCC) 
2009 
Role: PI 


 
Joseph R. Coulter Jr. Endowed Chair, Department of Pathology 
$ 2,500,000 
2012 
Role: PI 


  
Dr. John T. Macdonald Foundation Biomedical Nanotechnology Institute 
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$ 7,500,000 
2012 
Role: PI 


 
Total Funding Awarded, Private Grants 
$   15,390,832 


 


 


Total Funding Awarded, Private Grants as Principal Investigator 
$   14,535,962 


 
Total Funding Awarded (Public and Private Grants) 
$ 190,597,669 


 
Total Funding as Principal Investigator: 
$   42,939,957 


 
Patents and Inventions: GRANTED, Please Update based on the NAI submission 


 
Monoclonal Antibodies Selective for Prostate Cancer and Diagnostic 
Immunoassay for Prostate Cancer 
US US 5177000 A July 3, 1986 


 
Human Monoclonal Antibodies to Cancer Cells 
US US 4613576 A March 9, 1983 


 
Human Monoclonal Antibodies from Lymphocytes of Patients with 
Malignant Melanoma 
US US 4693966 A March 11, 1983 


 
Human Monoclonal Antibodies to Cytokeratin 


 
 
 


Human Monoclonal Antibodies to Cell Surface Antigens 
US US 4695538 A June 1, 1984 


 
Monoclonal Antibodies Selective for Prostate Cancer 
US US 4970299 A July 3, 1986 


 
Prognostic Panel for Urinary Bladder Cancer 
US US 8293880 B2 March 25, 2008 


 
Membrane Filter for Capturing Circulating Tumor Cells 
US US7846393 B2 April 21, 2005 


US US 4727021 A June 1, 1984 
Canada CA 1269337 A May 22, 1990 
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Uses of Parylene Membrane Filters 
US US 7846393 B2 April 21, 2005 


 
Uses of Parylene Membrane Filters 
US US 8288170 B2 April 20, 2006 


 
Method and Apparatus for Microfiltration to Perform Cell Separation 


 
 
 
 


Detection of Methylated DNA and DNA Mutations 
 
 
 
 


Methods of Using and Constructing Nanosensor Platforms 
 
 
 
 


Microfluidic Integration with Nanosensor Platform: 
 
 
 
 


Patents and Inventions: PENDING 
 


Human Monoclonal Antibodies to Cancer Cells 
 
 
 
 


Human Monoclonal Antibodies from Lymphocytes of Patients with 
Malignant Melanoma 
US Application #:  US 4693966 A March 11, 1983 


 
 


Human Monoclonal Antibodies to Cell Surface Antigens 
 
 
 
 


Human Monoclonal Antibodies to Cytokeratin 


US US 8114289 B2 January 29, 2008 
JP JP 5343092 B2 November 13, 2013 
US US 8815092 B2 August 24, 2014 


 


US US 8609333 B2 October 1, 2007 
CA CA 2701401 C May 14, 2013 
CA CA 2701380 C March 11, 2014 


 


US US 8609333 B2 October 1, 2007 
CA CA 2701401 C May 14, 2013 
CA CA 2701380 C March 11, 2014 


 


US US 8609333 B2 October 1, 2007 
CA CA 2701401 C May 14, 2013 
CA CA 2701380 C March 11, 2014 


 


EP Application #: EP 0124717 A2 November 14, 1984 
JP Application #: JP S6024184 A February 6, 1985 
CA Application #: CA 1242401 A September 27, 1988 


 


EP Application #: EP 0163303 A2 December 4, 1985 
JP Application #: JP S619285 A January 16, 1986 
CA Application #: CA 1246473 A December 13, 1988 


 


EP Application #: EP 0163304 A2 December 4, 1985 
JP Application #: JP S619284 A January 16, 1986 
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Direct Detection of Methylated DNA and DNA Mutations without Use of the 
Polymerase Chain Reaction or Other DNA Amplification Procedures 
US Customer #:  50,670 


 
Nanosensor Arrays for Detection of Multiple Biomarkers 


 
 
 


System and Method for Multiplexed Biomolecular Analysis 
 
 
 
 
 
 
 


Grp78 as a Predictor of Responsiveness to Therapeutic Agents 
 
 
 
 
 
 
 


Calibration Methods for Multiplexed Sensor Arrays 
US Application #:  US 2010/0204062 A1 November 7, 2008 


 
Microfluidic Integration with Nanosensor Platform 


 
 
 
 
 
 
 
 
 
 
 
 


Surface Modification of Nanosensor Platforms to Increase Sensitivity and 
Reproducibility 


 
 
 


Prognostic Panel for Urinary Bladder Cancer 
WO Application #:  WO 2009/120800 A2 October 1, 2009 


EP Application #: EP 0118893 A2 September 19, 1984 
JP Application #: JP S6012973 A January 23, 1985 


 


US Application #: US 2004/0152211 A1 November 15, 2002 
WO Application #: WO 2004/046689 A2 June 3, 2004 
AU Application #: AU 2003/295591 A1 June 15, 2004 
AU Application #: AU 2003/295591 A8 June15, 2004 
WO Application #: WO 2004/046689 B1 February 3, 2005 


 


US Application #: US 2010/0015128 A1 October 3, 2006 
CA Application #: CA 2665387 A1 April 10, 2008 
WO Application #: WO 2008/042508 A1 April 10, 2008 
AU Application #: AU 2007/305166 A1 April 10, 2008 
EP Application #: EP 2069794 A1 June 17, 2009 


 


WO Application #: WO 2009/046110 A1 April 9, 2009 
WO Application #: WO 2009/046136 A2 April 9, 2009 
WO Application #: WO 2009/085356 A2 July 9, 2009 
WO Application #: WO 2009/085356 A8 April 29, 2010 
EP Application #: EP 2205714 A1 July 14, 2010 
EP Application #: EP 2210093 A2 July 28, 2010 
CN Application #: CN 102016570 A April 13, 2011 
JP Application #: JP 2011518311 A June 23, 2011 
JP Application #: JP 2012163578 A August 30, 2012 


 


US Application #: US 2010/0256344 A1 April 3, 2009 
WO Application #:  WO 2010/115143 A1 Oct 7, 2010 
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Method and Apparatus for Microfiltration to Perform Cell Separation 
 
 
 


Detection of Methylated DNA and DNA Mutations 
 
 
 
 
 
 
 
 
 
 


Methods of Using and Constructing Nanosensor Platforms 
 
 
 
 
 
 
 
 
 
 
 
 


Embedded Microfilter Cartridge for Cell Capture and Analysis 
US Pending (Reference #: 1.105.12/UML-151)  August 21, 2012 


 
Capture of Viable Circulating Tumor Cells for the Establishment of Long-Term 
Cultures 
US Pending December 12, 2012 


 
Top-Down Fabricated Metal Oxide Biosensor 
US Pending June 13, 2013 


 
Use of a Temperature Sensitive Polymer Coated Microfilter to Capture and Release 
Circulating Tumor Cells (CTCs) 
US Pending January 26, 2015 


 
Method and System for Microfilter-Based Capture and Release of Cancer 
Associated Cells 
US Pending (Reference #: 62/219,808) 


 
Automatic Counting of immunofluorescently Stained Cells Based on Digital Signal 
Processing 


WO Application #: WO 2009/097247 A1 August 6, 2009 
EP Application #: EP 2238232 A1 October 13, 2010 


 


WO Application #: WO 2009/046110 A1 April 9, 2009 
WO Application #: WO 2009/046136 A2 April 9, 2009 
WO Application #: WO 2009/085356 A2 July 9, 2009 
WO Application #: WO 2009/085356 A8 April 29, 2010 
EP Application #: EP 2205714 A1 July 14, 2010 
EP Application #: EP 2210093 A2 July 28, 2010 
JP Application #: JP 2011518311 A June 23, 2011 
JP Application #: JP 2012163578 A August 30, 2012 


 


WO Application #: WO 2009/046110 A1 April 9, 2009 
WO Application #: WO 2009/046136 A2 April 9, 2009 
WO Application #: WO 2009/085356 A2 July 9, 2009 
WO Application #: WO 2009/085356 A8 April 29, 2010 
EP Application #: EP 2205714 A1 July 14, 2010 
EP Application #: EP 2210093 A2 July 28, 2010 
CN Application #: CN 102016570 A April 13, 2011 
JP Application #: JP 2011518311 A June 23, 2011 
JP Application #: JP 2012163578 A August 30, 2012 
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US Pending September 15, 2015 
 


Multiwell Culture Devices with Perfusion and Oxygen Control 
US Provisional #:  62/237,996 October 6, 2015 


 
Research Activities 
Major Areas of Research Interest and Research in Progress: 


 
• Detection and characterization of micrometastases and circulating tumor cells 


in patients with epithelial tumors, including national and international clinical 
trials in breast and lung cancer 


• Analysis of tumor suppressor genes in human cancer 
• Molecular mechanisms of tumor progression and response to therapy 
• Molecular mechanisms of racial/ethnic variation in prostate cancer risk 
• Mechanisms of androgen independence in prostate cancer 
• Antigen, DNA and RNA retrieval in pathology specimens 
• p53 targeted therapy trial in bladder cancer, national and international clinical 


trial studies 
• Development of novel biosensors for protein analysis 
• Development of nanotechnology platforms for cancer applications 
• Integrated microdevice to capture and detect circulating tumor cells 


 
 
Trainee/Mentee/Sponsorship Record: 


 
• Benjaporn Chaiwun (Thailand): 1990-1993 


• David Esrig: 1992-1993 


• Donald Elmajian: 1992-1993 


• John Freeman: 1993-1994 


• Gary Grossfeld: 1994-1995 


• David Ginsberg: 1994-1995 


• Bernard Bochner: 1995-1996 


• John Stein:             1996-1997 


• Carol Salem: 1996-1997 


• Aaron Spitz: 1996-1997 


• Matthew Dunn: 1996-1997 
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• Arsenio Figueroa: 1997-1998 


• Ketan Kapadia: 1998-1999 


• Frank Brands (Germany): 1998-2000 


• Stephen Williams 1999-2000 


• Peter Goebell (Germany): 1999-2001 


• Vincenzo Pagliarulo (Italy): 2000-2002 


• Maurice Garcia: 2001-2002 


• Jinfen Wang (China): 2002-2003, 2005 


• Yan Shi 2002-2004 


• Mohammad Alavi (Iran): 2001-2005 


• Marija Balic (Austria) 2005-2006 


• Marc Birkhahn (Germany) 2006-2008 


• Ramy F. Youssef Yaacoub (Egypt) 2008-2009 


• Georg Bartsch, Jr. (Austria) 2008-2009 
 
 


Graduate Students 
• Sunanda Chatterjee:  started 1992 


 
Ph.D., 1999 


• Yan Shi: started 1996 
 


Ph.D., 2002 
• Dongxin Liu: started 1996 


 
Ph.D., 2002 


• Ben George:  started 1999 
 


Ph.D., 2005 
• Henry Lin:  started 2002 


 
Ph.D., 2007 


• Llana Pootrakul: started 2002 


Ph.D., 2007 
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• Anirban Mitra:  started 2004 
 


Ph.D., 2010 
• Stephen Beil: started 2005 


 
M.S., 2007 


• Laurie Tang: 2006 (M.S.) 


• Fei Sha:  started 2007 


M.S., 2009 
• Erika Chien: started 2008 


 
M.S., 2009 


• Anthony Williams:  started 2009 
 


Ph.D., 2014 
• Yu Ping Yang:  started 2011 (Ph.D.) 


 
 


Graduate Student Committees 
• Mirella Gonzalez-Zulueta 


 
Thesis 


• Jian Wu 
 


Guidance 
• Chen Chen 


 
Advisory 


• Ping Michelle Luo 
 


Thesis 
• Minghong Mimi Wan 


 
Thesis 


• Wen-Hsiang Wen 
 


Thesis 
• Chih-Min Lin 


 
Thesis 


• Dekuang Zhao 
 


Thesis 
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• All pertinent information regarding any patents held 


 
 
PUBLICATIONS 


 
Citations and H-Index – July 15, 2021 


 
• Citations  


41,180 
 


• H-Index  
 90 


 
• After 20 years a "successful scientist" will have an h-index of 20, an 


"outstanding scientist" an h-index of 40, and a "truly unique" individual an 
h-index of 60. (Meho, L.I. (2007) "The rise and rise of citation analysis". 
Physics World, January 2007, 32–36) 


 
• Among 36 new inductees in the National Academy of Sciences in biological 


and biomedical sciences in 2005, the median h-index was 57. ((Hirsch, J. E. 
(15 November 2005)."An index to quantify an individual's scientific    
research  output". PNAS. 102 (46): 16569–72. arXiv:physics/0508025.  
Bibcode:2005PNAS..10216569H.doi:10.1073/pnas.0507655102. PMC  
1283832. PMID 16275915.) 


 


• Publications Included in Review 
257 


 
• Views 


57,650  
  



http://ils.indiana.edu/media/paper/PWJan07meho.pdf

https://en.wikipedia.org/wiki/Jorge_E._Hirsch

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1283832

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1283832

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1283832

https://en.wikipedia.org/wiki/Proceedings_of_the_National_Academy_of_Sciences

https://en.wikipedia.org/wiki/ArXiv

https://arxiv.org/abs/physics/0508025

https://en.wikipedia.org/wiki/Bibcode

https://en.wikipedia.org/wiki/Bibcode

http://adsabs.harvard.edu/abs/2005PNAS..10216569H

https://en.wikipedia.org/wiki/Digital_object_identifier

https://dx.doi.org/10.1073%2Fpnas.0507655102

https://en.wikipedia.org/wiki/PubMed_Central

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1283832

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1283832

https://en.wikipedia.org/wiki/PubMed_Identifier

https://www.ncbi.nlm.nih.gov/pubmed/16275915
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Books 
 


1. Cote RJ and Datar RH: Circulating Tumor Cells, Advances in Basic Science and 
Clinical Applications. Springer, New York, 2016 


2. Weidner N, Cote RJ, Suster S, Weiss L: Modern Surgical Pathology, 2nd Edition. 
Saunders/Elsevier, Philadelphia, 2009. Reviewed in Diagnostic Cytopathology, 
38(10), by Jochen K. M. Lennerz and Ivan Chebib. 


3. Taylor CR and Cote RJ: Immunomicroscopy: A diagnostic tool for the surgical 
pathologist, 3rd Edition. Elsevier, Edinburgh, Scotland, 2006. 


4. Weidner N, Cote RJ, Suster S, Weiss L: Modern Surgical Pathology. This book is a 
new comprehensive textbook of surgical pathology, which integrates advanced 
immunohistochemical and molecular techniques in tissue evaluation. Saunders, 
Philadelphia, 2003. 


5. Taylor CR and Cote RJ: Immunomicroscopy: A diagnostic tool for the surgical 
pathologist, 2nd Edition. W. B. Saunders, Philadelphia, 1994. 


 
Book Chapters 


1. Anirban P. Mitra, Georg Bartsch Jr., and Richard J. Cote. Risk Factors and 
Molecular Features Associated with Bladder Cancer Development. Springer. 
Precision Molecular Pathology of Bladder Cancer; 2018, Chapter 1, pp 3-28. 


2. Williams A, Chung J, Yang C, Cote RJ. Fourier Ptychographic Microscopy for 
Rapid, High-Resolution Imaging of Circulating Tumor Cells Enriched by 
Microfiltration. Springer Science+Business Media New York; 2017, Chapter 8, pp 


107-117 


3. Raghavan D, Cote RJ, Burgess E, Riggs S, Haake M. Urothelial Cancer. Holland- 
Frei Cancer Medicine 9. Hoboken, NJ: John Wiley & Sons, Inc.; 2017, Chapter 
97, pp 1149-1204. 


4. Ao Z, Cote RJ, Datar RH, Williams A. A Microfabricated filter membranes for 
capture and characterization of Circulating Tumor Cells (CTCs). In: Fan ZH, 
editor. Circulating Tumor Cells: Isolation and Analysis. Hoboken, NJ: John Wiley 
& Sons, Inc.; 2016, Chapter 7, pp 173-182. 


5. Datar RH, Ao Z, Cote RJ. Significance of studying Circulating Tumor Cells. In: 
Cote RJ, Datar RH, editors. Circulating Tumor Cells: Advances in Basic Science 
and Clinical Applications. New York: Springer Science+Business Media; 2016, 
Chapter 1, pp 3-15. 
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6. Ao Z, Cote, RJ, Datar RH. Affinity-based enrichment of Circulating Tumor Cells. 
In: Cote RJ, Datar RH, editors. Circulating Tumor Cells: Advances in Basic Science 
and Clinical Applications New York: Springer Science+Business Media; 2016, 
Chapter 2, pp 17-28. 


7. Ao Z, Moradi K, Cote RJ, Datar, RH. Size-based and non-affinity based 
microfluidic devices for Circulating Tumor Cell enrichment and characterization. 
In: Cote RJ, Datar RH, editors. Circulating Tumor Cells: Advances in Basic Science 
and Clinical Applications. New York: Springer Science+Business Media; 2016, 
Chapter 3, pp 29-45. 


 
8. Williams A, Harouka R, Zheng S, Albanese C, Schlegel R, Tai YC, Datar RH, Cote 


RJ. Perspectives on the functional characterization and in vitro maintenance of 
Circulating Tumor Cells. In: Cote RJ, Datar RH, editors. Circulating Tumor Cells: 
Advances in Basic Science and Clinical Applications. New York, NY: Springer 
Science+Business Media; 2016, Chapter 11, pp 215-231. 
 


9. Balic M and Cote RJ. Circulating Tumor Cells: Enrichment and Genomic 
Applications. In: Netto GJ and Shrijver I (editors), Genomic Applications in 
Pathology; Springer Science+Business Media New York; 2015, pp 71-81 


 
10. Balic M, Williams A, Dandachi N, Cote RJ. Circulating Tumor Cells: From Bench to 


Bedside. In: Caskey, Hoxie, Scardino (editors). Annual Review of Medicine; Palo 
Alto, California: Aptara; 2013, pp 31-44. 


 
11. Balic M, Williams A, Dandachi N, Cote RJ: Micrometastasis: Detection methods 


and clinical importance. In: Srivastava S, Grizzle WE (editors). Translational 
Pathology of Early Cancer; Amsterdam, Netherlands: IOS Press BV; 2012, pp 397- 
419. 


 
12. Balic, M., Hawes, D., Munro Neville, A., Cote RJ: Occult Metastases: Detection 


and prognostic and therapeutic implications. In: Howard Silberman and Allan W. 
Silberman (editors). Principles and Practice of Surgical Oncology: A 
Multidisciplinary Approach to Difficult Problems, Lippincott, Williams & Wilkins; 
2012, Chapter 4, pp 67-83. 


13. Mitra AP, Theodorescu D, Lerner SP, Cote RJ, Datar RH: Molecular Biology and 
Prognostic Markers in Bladder Cancer. In: Scardino PT, Linehan WM, Zelefsky 
MJ, Vogelzang NJ, (editors). Comprehensive Textbook of Genitourinary Oncology, 
4th ed. Philadelphia, PA: Wolters Kluwer/Lippincott Williams & Wilkins; 2011, 
Chapter 17, pp 317-333. 
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14. Balic M, Hawes D, Neville AM, Cote RJ: Occult Metastases: Detection and 
Prognostic and Therapeutic Implications. In: Howard Silberman and Allan W. 
Silberman (editors). Principles and Practice of Surgical Oncology: A 
Multidisciplinary Approach to Difficult Problems, Lippincott, Williams & Wilkins; 
2009, Chapter 4, pp 67-89. 


 
15. Cote RJ, Mitra AP, Amin MB: Bladder and Urethra. In: Weidner N, Cote RJ, Suster S, 


Weiss LM (editors). Modern Surgical Pathology, 2nd  ed. Philadelphia, PA: 
Saunders; 2009, Chapter 31, pp 1079-1120. 


 
16. Hawes D, Cote RJ, Weidner N: The Surgical Pathology Report. In: Weidner N, 


Cote RJ, Suster S, Weiss LM (editors). Modern Surgical Pathology, 2nd ed. 
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APPENDIX C 


GRAIL’s Suppliers for the Galleri Test1  


Category of Product Supplier 
Alcohols and Chemicals  Scientist.com 
Alcohols and Chemicals  Sigma-Aldrich, Inc. 
Alcohols and Chemicals  Teknova 
Automated Laboratory Equipment Hamilton  
Bi-sulfite Conversion Kits Zymo 
Buffers Argonaut Manufacturing 
Cell-Free DNA Blood Collection Tubes Streck 
Controls  Coriell Institute for Medical Research 
Custom Chemical Carbosynth  
Laboratory Equipment and Plastic 
Consumables 


Agilent 


Laboratory Equipment and Microplate 
Consumables 


Echo 


Laboratory Equipment, Related Plastic 
Consumables, Reagents, DNA Extraction 
Kits, and Chemicals 


Thermo Fisher Scientific &  
Life Technologies (subsidiary / affiliate of 
Thermo Fisher Scientific) 


Laboratory Equipment and Related 
Consumables 


Unchained Lab 


Ligases GenScript 
Microtube Strips Covaris 
Oligonucleotides Integrated DNA Technologies 
PCR Plates Bio-Rad 
Plastic Consumables NBS Scientific, LLC 
Plastic Consumables Thomas Scientific, Inc. 
Plastic Consumables USA Scientific, Inc. 
Plastic Consumables VWR International  
Polymerases Roche Diagnostics 
Primers Eurofins  
qPCR Kits Kapa Biosystems (affiliate of Roche) 
Reagents Beckman Coulter / Labcyte (subsidiary / 


affiliate of Beckman Coulter) 
Reagents Biotium 
Reagents Kreatech Biotechnology 
Reagents Lucigen 
Reagents and Enzymes Qiagen / Enzymatics (subsidiary / affiliate of 


Qiagen) 
Sequencers and Related Consumables Illumina 
Synthesized DNA Products Twist Biosciences 
Tools and Reagents New England Biolabs 


 


 
1 GRAIL Narrative Responses & Compliance Certificate, p. 109. 
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APPENDIX D 


Cancer Screening Tests Developers Mentioned in Dr. Scott Morton’s Report 


Company Test Name Status Technology # of 
Cancers Cancer Types Clinical 


Trial(s) Study Type # of 
Participants 


Publication(s) / 
Presentation(s) 


GRAIL Galleri LDT 
launched 


NGS-based 
cfDNA 


methylation 
>50 


Anus, bladder, 
colorectal, 


esophagus, head 
and neck, 


liver/bile-duct, 
lung, lymphoma, 
ovary, pancreas, 


plasma cell 
neoplasm, 
stomach +1 


CCGA1 


Prospective 
Observational 
Case Control 


1627 Klein et al. JCO 
2018 Abstract 


CCGA2 6,689 / 
15,254 


Liu et al, Annals 
of Oncology 
March 2020; 
31(6) 765-59 


CCGA3 5,309 / 
15,254 


Klein et al. Ann 
Oncol. June 24, 


2021 


STRIVE Prospective 
Observational 99,481 (F) -- 


SUMMIT  Prospective 
Observational 


25,000 
recruiting -- 


PATH-
FINDER 


Prospective 
Interventional 6,600 


Beer TM et al., 
2021 ASCO 
Poster 3010 


NHS Study Prospective 
Interventional 165,000 -- 


 
1 More than 50 cancer types, including adrenal cortical carcinoma, ampulla of Vater, anus, appendix carcinoma, bone, breast, cervix uteri, colon and rectum, 
corpus uteri carcinoma and carcinosarcoma, corpus uteri sarcoma, distal bile duct, esophagus and esophagogastric junction, exocrine pancreas, gallbladder, 
gastrointestinal stromal tumor, gestational trophoblastic neoplasms, Hodgkin and non-Hodgkin lymphoma, HPV-mediated (p16+) oropharyngeal cancer, 
intrahepatic bile ducts, kidney, larynx, leukemia, liver, lung, malignant pleural mesothelioma, melanoma of the skin, Merkel cell carcinoma, nasal cavity and 
paranasal sinuses, nasopharynx, neuroendocrine tumors of the appendix, neuroendocrine tumors of the colon and rectum, neuroendocrine tumors of the pancreas, 
oral cavity, oropharynx (p16-) and hypopharynx, ovary, fallopian tube and primary peritoneal carcinoma , penis, perihilar ducts, plasma cell myeloma and plasma 
cell disorders, prostate, renal pelvis and ureter, small intestine, soft tissue sarcoma of the abdomen and thoracic visceral organs, soft tissue sarcoma of the head and 
neck, soft tissue sarcoma of the retroperitoneum, soft tissue sarcoma of the trunk and extremities, soft tissue sarcoma unusual histologies and sites, stomach, testis, 
urinary bladder, vagina, and vulva.  See Klein 2021, Supplement Table 6, available at 
https://www.annalsofoncology.org/cms/10.1016/j.annonc.2021.05.806/attachment/cb49f43e-5548-4244-9a83-554376ea93a7/mmc8.docx. 
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Company Test Name Status Technology # of 
Cancers Cancer Types Clinical 


Trial(s) Study Type # of 
Participants 


Publication(s) / 
Presentation(s) 


Exact/ 
Thrive 


CancerSeek  Assay 
updating 


Multiomics: 
16 gene 
mutation 
(NGS);  


9 protein 
markers;  
PET-CT  


8 


Ovary, liver, 
stomach, 
pancreas, 


esophagus, 
colorectal, lung, 


breast 


CancerSeek Observational 
Case Control 1,005 


Cohen et al., 
Science. 2018 


Feb 23; 
359(6378):926-


30 


10 


Lymphomas, 
colorectal, 
appendix, 


uterine, thyroid, 
kidney, lung, 
breast, ovary 
and cancer of 


unknown 
primary 


DETECT-A Prospective 
Interventional 10,006 (F) 


Lennon et al., 
Science 03 Jul 


2020; 
369(6499): 
eabb9601 


Multiomics: 
22 genes;  


 >= 6 proteins; 
aneuploidy;  


fragmentation; 
methylation 


2 Breast, 
colorectal 


DETECT-
SCAN 


Observational 
Case Control -- -- 


TBD TBD 


DETECT-
ASCEND 


Prospective 
Observational 6,399 -- 


DETECT-
SOAR 


Prospective 
Observational 


& 
Interventional 


80,000 -- 


Cologuard IVD test 


Multiomics: 
qPCR DNA 
methylation, 


protein 


1 Colorectal BLUE-C Prospective 
Observational 12,500 -- 


FMI/Roche -- Started 
research Multiomics 1–4 


Colorectal, lung, 
breast, and liver 


planned 
N/A -- -- -- 


Helio 
Health / 


LAM 
IvyGene  Abandoned 


NGS-based 
cfDNA 


methylation 
4 Breast, colon, 


liver and lung Unknown Case Control 1,602 
samples 


Hao X et al., 
PNAS 2017; 114 


(28) 7414-19 
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Company Test Name Status Technology # of 
Cancers Cancer Types Clinical 


Trial(s) Study Type # of 
Participants 


Publication(s) / 
Presentation(s) 


Helio Liver 
Test 


Assay 
development 


NGS-based 
cfDNA 


methylation 
1 Liver 


Unknown Case Control 631 
Roy D et al., 


AASLD 2020. 
Abstract 1136 


VICTORY Blinded case-
control 1,093 -- 


Singlera 


PanSeer Assay 
development 


NGS-based 
cfDNA 


methylation 
5 


Colorectal, 
esophageal, 


liver, lung, and 
stomach 


Taizhou 
Longitudinal 


Study 


Retrospective, 
Longitudinal, 
Observational 


418 


Chen X. et al., 
Nature 


Communications 
2020; 11:3475 


ColonES Assay 
development 


NGS-based 
cfDNA 


methylation 


1 Colorectal ColonES Retrospective 1,243 
Gole J et al., 
ASHG 2018; 


Abstract 2793W 
1 Lung -- -- -- -- 
1 Liver -- -- -- -- 


Caris Carisome Started 
research 


NGS-based 
exosome, 


cfDNA and 
cfRNA 


1 Colorectal 
planned  N/A -- -- -- 


Freenome Unknown Assay 
development 


Multiomics: 
WGS, DNA 
methylation, 
and protein 


quantification 


1 Colorectal 
AI-EMERGE Prospective 


Observational 
574 


Lin CJ et al., 
ASCO 2021 
Abstract # 43 
Putcha, et al., 
ASCO 2020 
Abstract # 66 


3,275 -- 
PREEMPT 


CRC 
Prospective 


Observational 14,000 -- 


Guardant LUNAR-2 Assay 
development 


NGS-based 
genomic and 
methylation 


1 Colorectal ECLIPSE Prospective 
Observational 


107 
Kim ST et al., 
AACR 2019; 


Abstract nr 916 


201 
Westesson O et 


al., AACR 2020; 
Abstract nr 2316 


12,200 -- 
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Company Test Name Status Technology # of 
Cancers Cancer Types Clinical 


Trial(s) Study Type # of 
Participants 


Publication(s) / 
Presentation(s) 


1 Lung 
NCT03746262 Prospective 


Observational 40 -- 


NCT03774758 Prospective 
Observational 590 -- 


Natera Signatera Started 
research 


NGS-based 
SNVs, indels 1 Colorectal 


planned N/A -- -- -- 
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APPENDIX E 


Other Cancer Screening Tests  


Company Test Name Status Technology # of 
Cancers Cancer Types Clinical 


Trial(s) Study Type # of 
Participants 


Publication(s) / 
Presentation(s) 


StageZero Aristotle 
LDT to be 
launched in 


2021 


Microarray 
mRNA 10 


Ovarian, breast, 
cervical, 


endometrial, 
colorectal, 
bladder, 


stomach, liver, 
nasopharyngeal, 


prostate 


Unknown Validation 2,845 
samples 


Dempsey AA et 
al., J Clin Oncol. 


2020; 
38(15_suppl): 


e15037 


Genesys 
Biolabs OneTest LDT Proteomics 7 


Lung, liver, 
pancreas, 


ovaries, kidneys, 
prostate and 


colon 


CGMH, 
Taiwan 


Prospective 
Observational 41,516 


Wen YH et al., 
Clin Chim Acta. 


2015 Oct 
23;450:273-76 


InterVenn 
Biosciences VISTA Assay 


development Proteomics 8 


Ovarian, renal, 
lung, liver, 
prostate, 
pancreas, 


nasopharyngeal, 
and colorectal 


Unknown -- -- -- 
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APPENDIX F 


Other Single-Cancer Screening Tests  


Company Test Name Status Technology # of 
Cancers Cancer Types Clinical 


Trial(s) Study Type # of 
Participants 


Publication(s) / 
Presentation(s) 


Becton, 
Dickinson 


BD 
Onclarity™ 
HPV Assay 


IVD PCR 1 Cervical Onclarity Prospective 
Interventional  33,858 (F) 


Wright TC et al., 
Am J Clin Pathol. 


2019 Jan 
1;151(1):53-62 


Epigenomics 


Epi proColon® IVD RT-PCR 1 Colorectal 


Septin-9-2006 
Prospective 


Observational 
Case Control 


547 
samples 


Grützmann R et 
al., PLoS One. 
2008; 3(11): 


e3759 


PRESEPT 
SPR0006 


Prospective 
Observational 7929 


Church TR et al. 
Gut 2014; 
63:317-25 


SPR0012 Diagnostic 
Interventional  562 -- 


SPR0022 
Prospective 


Observational 
Case Control 


336 


Johnson DA, et 
al. (2014) 


PLoS One 9: 
e98238. 


PERT  
SPR0028 


Prospective 
Observational 4500 -- 


ECS0001 
Prospective 


Observational 
Case Control 


354 -- 


Epi proLung® LDT RT-PCR 1 Lung RLK-Epi-1 
Prospective 


Observational 
Cohort 


200 
Weiss G et al., J. 
Thorac. Oncol. 


2017, 12(1):77-84 


HCCBloodTest 
Assay 


develop-
ment 


RT-PCR 1 Liver SEPT9-
CROSS 


Prospective, 
Diagnostic 


Interventional  
440 


Oussalah A et al., 
EBioMedicine. 
2018;30:138-47 


Multiomics 
Test 


Assay 
develop-


ment 


NGS 
mDNA & 
Proteomic 


1 Liver Epigenomics 
2018-HCC-A 


Prospective 
Observational 
Case Control 


175  
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Company Test Name Status Technology # of 
Cancers Cancer Types Clinical 


Trial(s) Study Type # of 
Participants 


Publication(s) / 
Presentation(s) 


ExosomeDx ExoDx 
Prostate LDT RT-PCR 1 Prostate 


ECT2014-
001A 


Prospective 
Observational 


Cohort 
2000 


McKiernan J et 
al., JAMA Oncol. 
2016;2(7):882-89 


ECT2016-001 
Prospective 


Observational 
Cohort 


532 


McKiernan J et 
al., Eur Urol. 


2018 
Dec;74(6):731-38 


ECT2020-002 
Prospective 


Observational 
Cohort 


300 -- 


Genesys 
Biolabs PAULA’s Test LDT Proteomics 1 Lung Unknown Case control 


Validation 400 
Doseeva V et al., 
White-paper_LC-


Screening 


InterVenn 
Biosciences VOCAL 


Assay 
develop-


ment 
Proteomics 1 Ovarian VOCAL 


Prospective 
Observational 


Cohort 


1,200 
women -- 


LAM /  
Helio Health  IvyGene Aban-


doned 


ddPCR 
cfDNA 


methylation 


1 Liver Unknown Case Control 154 Roy D et al., 
AACR 2019. 


Abstract 837 / 23 
1 Breast Unknown Case Control 151 
1 Colorectal Unknown Case Control 154 


1 Nasopharyngeal Unknown Case Control 168 
Roy D et al., 
ASCO 2019. 


Abstract e14537 
NGS-based 


cfDNA 
methylation 


1 Colorectal Unknown Case Control 1,822 Luo H et al., Sci 
Transl Med. 2020 
12(524):eaax7533 ddPCR 


cfDNA 
methylation 


1 Colorectal Unknown Case Control 1,493 


ddPCR 
cfDNA 


methylation 
1 Liver CLiMB Prospective 


Observational 1,600 -- 


MDxHealth SelectMDx LDT RT-PCR 1 Prostate PRIORITY Prospective 
Observational 1,000 


Tilki D et al., J 
Clin Oncol 37, 
2019 (suppl 7S; 


abstr 96) 
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Company Test Name Status Technology # of 
Cancers Cancer Types Clinical 


Trial(s) Study Type # of 
Participants 


Publication(s) / 
Presentation(s) 


MiRxes 


GastroClear 
Assay 


develop-
ment 


qPCR 
microRNA 1 Gastric  NCT04329299 


Prospective 
Observational 


Cohort 
6862 So JBY et al., 


Gut 2020;0:1–9 


Unknown 
Assay 


develop-
ment 


qPCR 
microRNA 1 Lung -- -- -- -- 


Unknown 
Assay 


develop-
ment 


qPCR 
microRNA 1 Colorectal -- -- -- -- 


Unknown 
Assay 


develop-
ment 


qPCR 
microRNA 1 Liver -- -- -- -- 


Unknown 
Assay 


develop-
ment 


qPCR 
microRNA 1 Breast -- -- -- -- 


Unknown 
Assay 


develop-
ment 


qPCR 
microRNA 1 Ovarian -- -- -- -- 


Olink 
Proteomics 


Proximity 
Extension 


Assay 


Assay 
develop-


ment 
Proteomics 1 Ovarian Unknown Case control Unknown 


Enroth S. et al., 
Commun Biol. 


2019 Jun 
20;2:221 


Roche cobas® HPV 
Test IVD PCR 1 Cervical ATHENA Prospective 


Interventional  47,208 (F) 


Wright TC et al., 
Am J Obstet 


Gynecol. 2012 
206(1):46.e1-e11 


Seer Proteograph 
Assay 


develop-
ment 


Proteomics 1 Lung Unknown Case control 288 
Siddiqui A et al., 


AACR 2020, 
Abstract nr 6571 


Somalogic SomaScan 
Assay 


develop-
ment 


Proteomics 1 Lung Unknown Case control 341 


Ostroff RM et al., 
PLoS ONE 
2010;5(12): 


e15003 
UHH Case control 138 
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Company Test Name Status Technology # of 
Cancers Cancer Types Clinical 


Trial(s) Study Type # of 
Participants 


Publication(s) / 
Presentation(s) 


EDRN Case control 135 
Mehan MR et al., 
Clin Proteomics. 


2014;11(1):32 


StageZero 


Prostate Health 
Index (phi) LDT Proteomics 1 Prostate Unknown Prospective 


Observational 
892  
(M) 


Catalona WJ et 
al., J Urol. 2011; 
185(5):1650-55 


Breast-Sentry LDT Proteomics 1 Breast MDCS Population 1,929 


Melander O et al., 
CTRC-AACR 
2013; Abs. P2-


14-08; Oncol Res 
Treat 2014; 


37(suppl 1):6 


ColonSentry LDT RT-PCR 1 Colorectal 


Unknown Case Control 410  
samples 


Marshall KW, Int 
J Cancer. 2010; 


126(5):1177 


Unknown Case Control 642 


Chao S et al., J 
Exp Clin Cancer 
Res. 2013; 32(1): 


44 
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I, Robert J. Rock, declare and state as follows: 
 


I. Qualifications 


1. I am a Managing Director at AlixPartners, LLP (“AlixPartners”).  I have been with 
AlixPartners for approximately 27 years.  Prior to joining AlixPartners, I was with Price 
Waterhouse for 18 years.  During my last seven years at Price Waterhouse, I was a 
partner. 
 


2. I have a bachelor’s degree in business administration with a concentration in accounting 
and an MBA from the University of Michigan.  I have been a Certified Public Accountant 
since 1978. 
 


3. While I was at Price Waterhouse, I directed audit engagements of public and private 
companies and provided professional business consulting services to companies in a 
variety of industries. 
 


4. My current practice areas at AlixPartners include investigative/forensic accounting, 
business consulting, and litigation consulting in commercial matters.  I have testified as 
an expert witness in many cases.  See Exhibit A. 
 


5. I have been engaged by the U.S. Department of Justice and the Securities and Exchange 
Commission as a litigation consultant or expert witness on numerous matters.  In 
addition, I have been appointed as a Receiver, Arbitrator, Special Master or Funds 
Custodian by federal judges in seven different matters. 


 
6. I have been engaged by the firm of Cravath, Swaine & Moore LLP (“Cravath”), legal 


counsel to Illumina, Inc. (“Illumina”), to serve as a consultant in connection with the 
Federal Trade Commission (“FTC”) administrative proceeding and potential enforcement 
litigation (the “FTC Actions”).  
 


7. I have been asked to render opinions related to the effectiveness of the audit provisions 
included in the March 29, 2021 Open Offer Supply Agreement (the “Open Offer”) as a 
mechanism for helping to ensure compliance with the terms and conditions of the Open 
Offer.1 


 
1 Section 12.a. of the Open Offer reads:  “Audit.  Illumina agrees to conduct an annual audit by 
an independent third-party auditor selected by Illumina from among the “Big 4” accounting 
firms to audit Illumina’s compliance with the commitments set forth herein.  Illumina will 
provide Customers with a written report (with reasonable redactions) confirming compliance 
with the commitments set forth herein.  Illumina shall provide cooperation, including access to 
necessary books and records, in support of any audit conducted.  To the extent Customer has a 
good faith basis for alleging that Illumina is in breach of a commitment contained herein, 
Illumina shall engage an auditor to assess Customer’s allegation separate from and in addition to 
Illumina’s annual audit.”  See Illumina Open Offer, dated March 29, 2021, available at 







3 
 


 
8. AlixPartners is being paid $950 per hour for my work in this matter.  It is also being 


compensated for the time spent on this matter by other staff members at their customary 
hourly rates and other usual fees.  Neither my compensation, nor that of AlixPartners, is 
dependent on the outcome of this proceeding. 
 


9. I have frequently been involved with monitoring/auditing compliance with various terms 
of contractual agreements, including supply agreements in the manufacturing industry, 
and credit agreements related to both lending institutions and trade creditors. 
 


10. In arriving at the opinions or statements in this declaration, I or others under my direction 
performed the following tasks: 


• Reviewed the Open Offer. 
• Reviewed various Illumina supply agreements containing audit provisions. 
• Reviewed Section IX of the report of Dr. Fiona Scott Morton, dated 7/2/21. 
• Reviewed examination transcripts of the depositions identified in Exhibit B. 
• Reviewed Illumina’s Consent Principles:  Unilateral Behavioral Commitments. 
• Reviewed certain investigational hearing transcripts and documents cited in 


FTC’s Responses and Objections to Respondents’ First Set of Interrogatories.  
• Reviewed Public Company Accounting Oversight Board (“PCAOB”) standards 


regarding Attest Engagements, Agreed-Upon Procedures Engagements, and 
Compliance Attestation. 


• Reviewed research related to the preventive / deterrence effects of audits. 
• Reviewed FTC articles and publications related to merger remedies and use of 


monitors / Independent Compliance Auditors. 
• Discussion with counsel and Illumina personnel. 
• Discussion with Margaret E. Guerin-Calvert. 


 
See listing of documents considered at Exhibit B. 
 


II. Summary of Opinions 


11. In my opinion, an independent auditor or consultant can be effective in: 
 


a. Examining an entity’s compliance with various terms of contracts. 
b. Performing agreed-upon procedures related to an entity’s compliance with 


specified terms. 
c. Performing agreed-upon procedures related to an entity’s internal controls over 


compliance with specified terms. 
 


 
https://www.illumina.com/content/dam/illumina-
marketing/documents/applications/cancer/illumina-open-offer.pdf. 



https://www.illumina.com/content/dam/illumina-marketing/documents/applications/cancer/illumina-open-offer.pdf

https://www.illumina.com/content/dam/illumina-marketing/documents/applications/cancer/illumina-open-offer.pdf
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III. Background Regarding Audit Provisions 


12. While auditors frequently review compliance with contract provisions during the course 
of their financial statement audit work, auditors are also frequently asked to review 
compliance with specific contract terms outside the context of financial statement audit 
work.  Parties frequently include audit provisions in supplier contracts and service 
provider contracts where parties seek the right to audit key contract provisions such as 
price, volumes, rebates, discounts and incentives, quality, financial health, 
confidentiality, data security, and a myriad of other factors important to the parties. 
 


13. Audits, similar to the one in the audit clause in the Open Offer, are frequently used as an 
effective enforcement mechanism to promote self-compliance.  This is often seen in 
supplier and service contracts as well as in credit agreements and regulatory compliance 
matters.  For example, Illumina’s U.S. oncology customers in recent supply agreement 
negotiations with Illumina have included an annual audit provision in executed 
agreements that seek to verify compliance with Illumina’s obligations under the supply 
agreement.2  In my opinion, enforcement of contract terms would be more inefficient and 
more costly if not for the inclusion of audit provisions in contracts and agreements. 
 


14. The use of auditors is also a tool that is frequently used by regulatory agencies, like the 
FTC, to monitor compliance with complex remedies and investigate and monitor 
compliance with rules and regulations.  A monitor has been defined as a person or entity 
engaged by a host organization pursuant to a court order or an agreement and engagement 
letter; who is independent of both the host organization and the government; whose 
selection is approved by the government or ordered by a court; and whose responsibilities 
and authority are established by court order or by the terms of the agreement and the 
engagement letter.3  
 


15. In consent decrees following challenge of a transaction, the FTC often requires the 
merged party to appoint a third-party monitor to provide effective oversight of the 
merged party’s compliance with the provisions of the consent decree, including decrees 
that implement conduct remedies with ongoing obligations on the party.  I understand 
that Illumina unilaterally consented to the appointment of such a monitor within its 
Consent Principles.4  The FTC has found that the use of monitors, such as the monitor 
that Illumina unilaterally offered to put in place under the Consent Principles, provides 


 
2 See Perettie Dep. Tr. 200:1-4 (testifying that FMI drafted and inserted an audit term for the 
supply agreement, and that audit term appears in the executed agreement); Nolan Dep. Tr. 
141:20-141:24 and 195:20-196:17 (testifying that Freenome were accepting of the annual audit 
“mindful of the administrative burden that it could place”); Nolan Exh. 3 
(FTC_ILMN_00122170) (Freenome May 19, 2021 emails describing redline seeking to include 
the Open Offer audit term in its supply agreement effective upon signing rather than being 
contingent on the GRAIL transaction closing). 
3 American Bar Association Standards on Corporate Monitors, § 1, Standard 24-1.1 
Definitions, H. 
4 Illumina/GRAIL Consent Principles: Unilateral Behavioral Commitments, shared with FTC 
Feb. 26, 2021 (hereafter, “Consent Principles”) at § VIII.  
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effective oversight as to the performance of such ongoing obligations, including in 
connection with supply agreements that have been required under such consents. An 
effective monitor can be useful in identifying issues early, enabling the resolution of 
disputes at their incipiency, and ensuring that the merged firm complies with its 
obligations.  Although a monitor provides valuable factual and expert guidance, the 
monitor is not responsible for evaluating whether an order or consent decree has been 
violated or interpreting the meaning of relevant provisions; that is the responsibility of 
the FTC.  Nonetheless, the FTC has found that monitors can be helpful to ensuring that 
the order or consent decree is effective in preventing any loss of competition from the 
merger. 5 
 


IV. Audit Provision of the Open Offer 


16. In my opinion, the role of the auditor referenced in section 12.a. of the Open Offer is 
similar in many respects to that of a court or FTC-appointed monitor and can perform the 
essential oversight role that is the objective of an effective monitor.  In this section I 
discuss how I expect Illumina will operationalize the Open Offer in the event that it takes 
effect upon the close of the transaction.  I understand that Illumina has already begun to 
implement these steps to prepare for robust compliance with the Open Offer. 
 


17. In my opinion, an independent auditor is fully capable of assisting Illumina in developing 
the appropriate procedures, controls and reporting to allow Illumina and contracting 
customers the ability to monitor compliance with the terms of the Open Offer.  Large 
CPA firms have the specialized knowledge and experience to assist Illumina in designing 
policies, procedures, and systems necessary for effective oversight of compliance with 
the terms of the Open Offer. 
 


18. It is my understanding that Illumina’s Internal Audit personnel will be involved with 
developing audit procedures and auditing compliance with certain terms of the Open 
Offer. In my experience the involvement of internal audit personnel is helpful to an 
external independent auditor in constructing an effective oversight mechanism. 
 


19. The report would likely take the form of an Agreed-Upon Procedures report, prepared 
consistent with the attestation standards of the PCAOB and reflected under PCAOB 
Attestation Standards AT Section 200 – Agreed-Upon Procedures Engagements6 and AT 
Section 600 – Compliance Attestation,7 with the specific testing procedures prepared 
once the auditor is engaged.   


 


 
5 FTC article entitled “Monitors: Expert eyes and ears in Commission orders” dated July 14, 
2015, available at https://www.ftc.gov/news-events/blogs/competition-
matters/2015/07/monitors-expert-eyes-ears-commission-orders 
6 AT Section 201 – Agreed-Upon Procedures Engagements, available at:  
https://pcaobus.org/oversight/standards/attestation-standards/details/AT201 
7 AT Section 601 – Compliance Attestation, available at:  
https://pcaobus.org/oversight/standards/attestation-standards/details/AT601 



https://www.ftc.gov/news-events/blogs/competition-matters/2015/07/monitors-expert-eyes-ears-commission-orders

https://www.ftc.gov/news-events/blogs/competition-matters/2015/07/monitors-expert-eyes-ears-commission-orders

https://pcaobus.org/oversight/standards/attestation-standards/details/AT201

https://pcaobus.org/oversight/standards/attestation-standards/details/AT601
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a. The annual report from the auditor (or Independent Compliance Auditor (“ICA”) 
as the term was used in the Herbalife FTC matter,8) will include a description of 
the methodology of auditing activities, the details of findings, and will likely 
include steps taken by the company to remedy issues previously identified, and 
where applicable, recommendations to the company on ways to strengthen their 
processes and facilitate compliance with the Open Offer. 


 
b. AT Section 601 provides guidance related to either (a) an entity’s compliance 


with requirements of specified laws, regulations, rules, contracts, or grants or (b) 
the effectiveness of an entity’s internal controls over compliance with specific 
requirements.9  This report would not provide a legal determination of an entity’s 
compliance with specified requirements.  However, such a report may be useful to 
legal counsel or others in making such determinations.10   


 
20. The ICA may be engaged to perform agreed-upon procedures to assist users in evaluating 


both the entity’s compliance with specified requirements and/or the effectiveness of the 
entity’s internal controls over compliance.11 
 


21. The objective of the ICA’s agreed-upon procedures is to present specific findings to 
assist customers in evaluating an entity’s compliance with specified requirements or the 
effectiveness of an entity’s internal control (here, Illumina) over compliance based on 
procedures agreed upon by the customers.12  However, as in this case, it may not be 
reasonable or practicable to seek concurrence as to the sufficiency of the agreed upon 
procedures from all customers as the Open Offer is offered to all of Illumina’s U.S. 
oncology customers.  In which case, the standards provide that the ICA may satisfy these 
requirements by applying any one or more of the following or similar procedures:   
 


a. Compare the procedures to be applied to written requirements of the specified 
customers. 


b. Discuss the procedures to be applied with appropriate representatives of the 
specified customers involved. 


c. Review relevant contracts with or correspondence from the specified customers.13, 
14 


 


 
8 FTC v. Herbalife International of America, Inc., et al. Stipulation to Entry of Order for 
Permanent Injunction and Monetary Judgment, filed 7/15/16. 
9 AT Section 601.01 – Compliance Attestation, available at:  
https://pcaobus.org/oversight/standards/attestation-standards/details/AT601 
10 Id. at Section 601.03. 
11 Id. at Section 601.04. 
12 Id. at Section 601.16. 
13 Id. at Section 601.18. 
14 For example, in option c, although the concerns / needs of the customers are considered and 
addressed, it may not include a specific review by the customers of the planned Agreed-Upon 
Procedures. 



https://pcaobus.org/oversight/standards/attestation-standards/details/AT601
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22. Since an opinion related to Illumina’s compliance under the Open Offer is ultimately a 
legal opinion, it is my understanding that a primary goal of the Open Offer audit 
provision is to provide customers with reliable and auditable information sufficient to 
allow them to monitor compliance with contract provisions.  Illumina is ultimately 
responsible for ensuring that its internal controls are designed, implemented, and 
maintained to provide reasonable assurance that Illumina is complying with the terms of 
the Open Offer.  The auditor’s Agreed-Upon Procedures would be designed to test 
information necessary to evaluate compliance and report on the specific procedures 
performed and any findings / exceptions, including instances where the ICA uncovered 
evidence of non-compliance.  This report can be used by customers to evaluate the 
overall integrity of the information provided and use this information to assess 
compliance and detect breaches.   
 


23. This audit process will also be effective in responding to allegations of a breach where 
Illumina and the ICA can tailor the Agreed-Upon Procedures to address the specific 
concerns raised by the customer. 
 


24. Information and reports that will be the subject of the Agreed-Upon Procedures report 
can be provided to a third-party document custodian.  This would provide numerous 
benefits which would include: the preservation of required data, the ability for customers 
to review the underlying data in a controlled environment while addressing 
confidentiality concerns and limiting the disruption to Illumina accounting and 
compliance personnel. 
 


25. Policies, procedures and reporting can be designed around each assurance area provided 
in the Open Offer to give customers comfort that relevant terms of the Open Offer are 
being complied with and that GRAIL’s competitors are not being disadvantaged as a 
consequence of the merger. 
 


26. To establish effective compliance attestation procedures, Illumina will need to undertake 
the following, which in my opinion will facilitate effective oversight and indicate 
Illumina’s intent to put in place the necessary protocols to create an effective monitoring 
regime: 
 


a. Clearly establish evaluation criteria for each Open Offer contract obligation. 
b. Develop and document systems, policies and procedures that would allow for the 


efficient and accurate tracking and reporting of the evaluation criteria, data, and 
calculations. 


c. Develop a reporting framework necessary to evaluate compliance with the Open 
Offer, detailing what information will be shared with customers, how this 
information will be shared, while taking into account confidentiality 
considerations, and the frequency of reporting.  Although these would likely be 
annual audits, the first audit may be performed after 6 months to further develop 
and refine the company’s internal controls, reporting framework and the auditor’s 
agreed-upon procedures. 
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d. Develop an internal audit program to monitor and test compliance with certain 
relevant Open Offer contract provisions in addition to the annual ICA audit. 


e. Select an ICA and document custodian. 
f. Establish data room content and access procedures. 
g. Establish Open Offer compliance hotline with reporting to the ICA, Illumina’s 


internal audit department, and in-house counsel. 
h. Develop Agreed-Upon Procedures in concert with the ICA to assure customers 


that the information provided is complete and free from material errors.  
i. Confirm that Illumina and the ICA agree that the procedures to be performed are 


sufficient for their purpose based upon the alternative procedures identified in AT 
Section 601 – Compliance Attestation, Section 601.18, previously referenced in 
paragraph 21 of this Declaration. 


j. ICA performs the Agreed-Upon Procedures and publishes their Agreed-Upon 
Procedures Report. 
 


27. While the specific Agreed-Upon Procedures will be developed by Illumina and the ICA, 
which is standard practice in developing Agreed-Upon Procedures, the following is an 
illustrative list of potential Agreed-Upon Procedures: 


 
Section 4.a. – 4.b.:  Access to Services and Supplied Products 


• Publish comprehensive catalog of product services and Supplied Products to a 
secure data room (the “Catalog”). 


• Issue notices to subscribed Customers when Catalog is updated. 
• Test compliance to policies and procedures related to updating of the Catalog. 
• Test Catalog for completeness and accuracy. 
• Test timeliness and completeness of Customer notices. 
• Summarize nature and resolution of Customer complaints related to access. 


 
Section 4.c.:  Access to Pre-Release Sequencing Products 


• Test policies and procedure related to identification and tracking of applicable 
Pre-Release Sequencing Products. 


• Test reported date that GRAIL or any For-Profit Entity had access to purchase 
any Pre-Release Sequencing Product (the “Pre-Release Sequencing Product 
Access Date”). 


• Test whether Customers were notified of the Pre-Release Sequencing Product 
within 45 days of the Pre-Release Sequencing Product Access Date. 


 
Section 4.e.:  No Obsolescence 


• Obtain Catalog with reported last ship date. 
• Test accuracy of reported last ship date for Supplied Products. 
• Identify Supplied Products that are no longer being offered for sale. 
• Test discontinued Supplied Products to determine whether referenced product had 


not been purchased in more than one year. 
• Summarize nature and resolution of Customer complaints related to discontinued 


Supplied Products.   
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Section 5:  Pricing 
• Test accuracy and completeness of transaction date information, including: 


o Catalog of Supplied Products and Services. 
o Listing of ”end of life” / “end of sale” products. 
o Listing of customers who are parties to the Open Offer and respective 


pricing elections. 
o Universal base list price by Supplied Product and service. 
o Volume-based discount tiers. 


• Test accuracy of inflation-adjusted Volume-Based Net Price. 
• Test reported customer volumes to determine volume-based discount tiers. 
• Test “True-Up Calculations” referenced in Appendix 1 to Exhibit A. 
• Test required reporting and compliance with Section 5(c), No Price Increase 


commitments, including: 
o Obtain transaction level detail for sale of Supplied Products to Customers 


electing Universal Pricing (“Universal Pricing Customers”). 
o Test transaction level detail for completeness and accuracy. 
o Test whether current pricing is less than or equal to inflation adjusted 


transaction date pricing. 
o Test whether base pricing per the transaction level detail was consistent 


with the universal base list price over the measurement period, as well as 
whether any pricing is Short Term Project pricing. 


o Test whether the volume discounts provided over the measurement period 
were consistent with the Customers’ volume discount tier. 


• Test whether the minimum list price offered to GRAIL is greater than or equal to 
the universal list price, other than any Short Term Project pricing. 


• Test whether the Volume-Based Net Price offered to GRAIL was consistent with 
that offered to Customers. 


• Identify Supplied Products where a price increase resulted from material increases 
in costs of goods sold due to factors beyond Illumina’s control. 


o Test application of policies and procedures related to application of cost 
surcharges under the Open Offer. 


o Test whether cost surcharges were consistently applied to all Customers 
and GRAIL. 


• Test required reporting and compliance with price reduction commitments in 
2025 and beyond. 


• Test New Product Pricing. 
o Obtain Catalog reflecting universal list price and base price per gigabase 


of sequencing. 
o Test policies and procedures for classifying Supplied Product versions and 


new versions of Supplied Product reflecting a material improvement in 
performance or capability. 


o Summarize nature and resolution of Customer complaints related to New 
Product Pricing term. 


• Test compliance with Section 5.g. Notification and Refund commitments. 
• Test compliance with Section 5.h. Short Term Projects. 
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Section 10, b.: GRAIL Firewall 
• Test compliance with firewall procedures. 
• Obtain listing of GRAIL employees and contractors and test for completeness. 
• Obtain listing of all Illumina employees and contractors carrying out activities 


with respect to GRAIL business or products and test for completeness. 
• Obtain listing of all GRAIL and Illumina employees who are authorized to 


receive Confidential Information. 
• Test compliance with Illumina’s GRAIL firewall procedures. 


o Employee certifications are executed and renewed annually. 
o Review internal audit investigation reports for violation of Firewall. 
o Conduct keyword email searches for violation of Firewall. 
o Test electronic barriers. 
o Test policies and procedures related to storage of hard copies of 


Confidential Information and controls over access to storage facilities. 
o Interview select personnel. 


 
V. Audit Provisions Promote Compliance 


28. Often, the inclusion of reporting and audit provisions in an agreement like the Open Offer 
is the primary tool promoting compliance.  Audits, like in this matter, act as a preventive 
measure to encourage compliance.  As one professor of tax law notes, “Studies generally 
find that audits and audit threats have a strong positive effect on compliance…”15   
 


29. One study regarding the effect of an internal audit department in a business organization 
found “…that the existence of internal audit department in a business organization is a 
good tool of corporate control of errors, irregularities and fraud.”16  Also, the study found 
that “[t]his is a desirable result which indicates that the existence of an internal audit 
department has positive impact in the control of fraud and irregularities in most 
organizations.”17  Furthermore, “An effective internal audit department has a positive 
effect on the curbing of incidence of errors and frauds in any organization.”18 


 
30. Other studies show the compliance benefits regarding audits for tax purposes.  One study 


regarding taxpayers who were told that their tax return would be audited prior to the 
taxpayer making the decision to comply found “that the announcement of audits increases 


 
15 Leandra Lederman (William W. Oliver Professor of Tax Law, Indiana University Maurer 
School of Law), “The Fraud Triangle and Tax Evasion,” Iowa Law Review, The University of 
Iowa College of Law, Vol. 106, Issue 3, available at https://ilr.law.uiowa.edu/print/volume-106-
issue-3/the-fraud-triangle-and-tax-evasion/. 
16 Olowolaju Monisola (Department of Accountancy, Federal Polytechnic, Ado-Ekiti, Ekiti State, 
Nigeria), “Effect of Internal Audit on Prevention of Frauds, Errors and Irregularities in Corporate 
Organisations,” Research Journal of Finance and Accounting, Vol. 4, No. 19, 2013, at 103. 
17 Id. at 105. 
18 Id. 



https://ilr.law.uiowa.edu/print/volume-106-issue-3/the-fraud-triangle-and-tax-evasion/

https://ilr.law.uiowa.edu/print/volume-106-issue-3/the-fraud-triangle-and-tax-evasion/
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the compliance rate of those who are told that they will be audited.”19  Also, the study 
indicated, “[w]e find that our taxpayer subjects respond as predicted to higher audit 
probability information that is provided prior to the filing decision. Those subjects who 
know that they are to be audited increase their compliance when so informed…”20   
 


31. Another researcher on tax compliance states, “[t]he literature on tax compliance agrees 
that tax audits have two effects, direct and indirect.  Direct effects of auditing are 
additional revenue collected as the result of a tax audit.  Indirect effects refer to the 
deterrence effects, i.e. auditing deters potential tax evaders from cheating on their taxes.  
The research is based on the data from the USA.”21  In this researcher’s study, “[t]he 
findings of the empirical model show that federal audits of federal individual income tax 
have a strong positive effect on tax compliance with state individual income taxes. This 
finding provides strong evidence of the deterrent effect of audits on taxpayer 
noncompliance.”22   


 
32. Besides studies and experiments regarding the threat of audit and the increase in 


compliance due to internal audit departments or tax audits, there have been studies on 
compliance in other areas as well.  A study pertaining to corruption found “…that the 
reduction in missing expenditures was caused by the threat of an audit rather than 
corrective actions imposed by the auditors once they arrived.”23   
 


33. The audit clause in this matter serves as both a detective and a preventive measure to help 
ensure that Illumina will act in compliance with the terms of the Open Offer.  “An 
important part of prevention can be deterrence, and if a company is known to have an 
active and diligent audit system in place, by reputation alone it may prevent an employee 
or vendor from attempting a scheme to defraud the company.”24 
 


 
*   *  * 


 


 
19 James Alm (Department of Economics, Andrew Young School of Policy Studies, Georgia 
State University) and Michael McKee (Department of Economics, University of Calgary), 
“Audit Certainty, Audit Productivity, and Taxpayer Compliance,” National Tax Journal, Vol. 
LIX, No. 4, December 2006, at 803. 
20 Id. at 814. 
21 Liucija Birskyte (Mykolas Romeris University, Vilnius, Lithuania), “Effects of Tax Auditing:  
Does the Deterrent Deter?,” Research Journal of Economics, Business and IC, Vol. 8, Issue 2, 
2013, at 1. 
22 Id. at 7. 
23 Benjamin A. Olken (Harvard University and National Bureau of Economic Research), 
“Monitoring Corruption:  Evidence from a Field Experiment in Indonesia,” Journal of Political 
Economy, Vol. 115, No. 2, 2007, at 221. 
24 Jeff Clements, “The Importance of an Audit System to Companies,” Chron.com, February 4, 
2019, available at: https://smallbusiness.chron.com/pros-cons-requiring-reports-internal-control-
45533.html. 



https://smallbusiness.chron.com/pros-cons-requiring-reports-internal-control-45533.html

https://smallbusiness.chron.com/pros-cons-requiring-reports-internal-control-45533.html
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 Exhibit A 


SUMMARY OF ROBERT J. ROCK EXPERIENCE 
 
Rob is a Managing Director at AlixPartners, LLP (“AlixPartners”) and is a Certified Public 
Accountant.  Upon graduation from The University of Michigan with a Bachelor’s Degree in 
Business Administration (concentration in accounting), Mr. Rock joined Price Waterhouse.  In 
July 1987, he became a partner in the firm of Price Waterhouse.  Mr. Rock earned a Masters Degree 
in Business Administration from The University of Michigan Graduate School of Business 
Administration in 1988.  In July 1994 he left Price Waterhouse to join AlixPartners, then known 
as Jay Alix & Associates, as a Principal. 
 
While at Price Waterhouse, Mr. Rock directed a variety of audit engagements (both public and 
private companies) and provided professional business consulting services to clients in the 
automotive, banking, manufacturing, retailing, contracting, transportation and broadcasting 
industries.  He also has significant experience in acquisitions, mergers, leveraged buyouts and 
other corporate transactions. 
 
His current practice areas include investigative/forensic accounting, business consulting and 
litigation consulting in commercial matters.  Mr. Rock’s litigation consulting experience includes 
numerous financial advisory and accounting-related matters, including financial analyses related 
to contract and other disputes, post-acquisition disputes, auditor standard of care matters, disputes 
regarding alleged fraudulent activity, solvency analyses, and analyses of damages.  As an auditor, 
accountant and business consultant, Mr. Rock has frequently been retained or called upon to 
determine whether the financial statements of a company are accurately stated.  During these 
reviews, he examines relevant data, including contracts and other legal documents, as well as the 
underlying financial and accounting documents.  Mr. Rock has performed extensive work in 
business plan reviews and has provided due diligence for numerous acquisitions.  In addition, he 
is often engaged to provide financial advisory services to secured lenders dealing with troubled 
credits. 
 
During the past 30 years, he has provided expert analyses, including review and calculation of 
damages, in the following areas, among others:  breach of commercial contract, fraudulent 
conveyances, fraud and embezzlement, patent and trademark infringement, environmental 
disputes and accountant negligence or malpractice.  Mr. Rock has been engaged by the U. S. 
Department of Justice as a litigation consultant or expert witness on several matters.  In addition, 
he has been appointed as a Receiver, Arbitrator, Special Master or Funds Custodian by federal 
judges in seven different matters.   
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 Exhibit A 
 (Cont.) 
 
RECENT TESTIMONY EXPERIENCE 
 
During the past four years, Mr. Rock has testified as an expert in court, arbitration or at 
deposition in the following cases: 
 
Name Year(s) of Testimony 
 
Red Zone, LLC v. Cadwalader, Wickersham & Taft  2017 
Hexcel Corporation v. Allianz Underwriters Insurance Company, et al.  2017 
Jo Ann Howard & Associates, P.C., et al. v. J. Douglas Cassity, et al.  2018 
William J. Villari v. Ameris Bancorp and Ameris Bank    2019 
United States Securities and Exchange Commission v. Accelera 
   Innovations, et al.         2019 
The Dow Chemical Company v. Olin Corporation, et al.    2019 
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  Exhibit B 
 
 Documents Considered 
 
 
Litigation Documents 


Exhibits and Other Documents 


FRNM00000002 
FRNM00000256  
FRNM00000362 (PX8375) 
FRNM00000629 
FRNM00000702 
FRNM00000742 
FRNM00000771 
FRNM00001192 
FRNM00000254 (PX8369) 
FRNM00000279 (PX8370) 
FRNM00001197 
FRNM00003534 (PX8377) 
FRNM00003535 
FRNM00003558 
FRNM00003619 
FRNM00003621 
FRNM00003873 (PX8386) 
FRNM00000792 (PX8372) 
FNM00003428 (PX8374) 
FTC-PROD-00000214 (PX8396) 
FTC-PROD-00002414 
FTC-PROD-00002440 
NVTA00006799 
NVTA00006804 
FTC_ILMN_00009487 (PX6044) 
ROCHE-CID-00003767 (PX8396) 
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Caris Life Sciences SDT_Illumina 02332 (PX8323) 
FTC_ILMN_00107869 
FTC_ILMN_00122037 
FTC_ILMN_00122170 
ILMN-FTCVOL_14864864 
ILMN-FTCVOL_07750531 (PX2385) 
ES_III_Subp_00230193 
Exact_III_Resp_00001380 (PX8387) 
ROCHE-CID-00002357 (PX8397) 
NAT-FTC_00000641 (PX8379) 
Exact_III_Resp_00001414 (PX8388) 
ILMN-FTCVALOR_00132831 
ILMN-FTCVALOR_00138882 
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I. INTRODUCTION 


A. QUALIFICATIONS 


1. I am the David McDaniel Keller Professor of Economics at The University of Chicago 


Booth School of Business.  I received my A.B. in Applied Mathematics and Economics from 


Harvard University and my M.S. in Operations Research and Ph.D. in Economics from the 


Massachusetts Institute of Technology.  I have served on the faculties of the Law School and the 


Department of Economics at The University of Chicago and the Department of Economics at the 


Massachusetts Institute of Technology.   


2. I specialize in the economics of industrial organization which addresses topics in how 


firms compete, including the study of antitrust economics and of vertical integration.  I am co-


author of the book Modern Industrial Organization, a leading text in the field of industrial 


organization, and I also have published over 100 articles in academic journals and books.  In 


addition, I serve as Co-Editor of the Journal of Law and Economics, a leading journal that 


publishes research applying economic analysis to industrial organization and legal matters; serve 


on the Editorial Board of Competition Policy International, a journal devoted to competition 


policy; and serve on the Advisory Board of the Journal of Competition Law and Economics.  I 


have also served as an Associate Editor of the International Journal of Industrial Organization 


and Regional Science and Urban Studies, and on the Editorial Board of Intellectual Property 


Fraud Reporter. I was the 2014 Distinguished Fellow of the Industrial Organization Society.  


3. In addition to my academic experience, I served as Deputy Assistant Attorney General 


for Economic Analysis, Antitrust Division, U.S. Department of Justice from October 2006 


through January 2008.  My responsibilities included supervising approximately 50 Ph.D. 


economists, helping formulate antitrust policy toward ongoing proposed mergers, analyzing 


general antitrust policies both horizontal and vertical, and communicating such policies to 


foreign and domestic agencies, as well as to practitioners.  I also served as a Commissioner of 


the Antitrust Modernization Commission, created by Congress to evaluate U.S. antitrust laws.  I 


have served as a consultant to the Department of Justice and Federal Trade Commission on the 


Horizontal Merger Guidelines, as a general consultant to the Department of Justice and Federal 


Trade Commission on antitrust matters, as a member of the American Bar Association advisory 
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committee that advises the incoming President on antitrust policy, as an instructor to judges on 


antitrust economics at the Federal Judicial Center and as an advisor to the Bureau of the Census 


on the collection and interpretation of economic data.  


4. I also am a Senior Managing Director of Compass Lexecon, a consulting firm that 


specializes in the application of economics to legal and regulatory issues and for which I served 


as President (of Lexecon) for several years.  I have provided expert testimony before various 


U.S., state and federal courts, the U.S. Congress, a variety of state and federal regulatory 


agencies and foreign tribunals.  I have consulted to or testified for companies that were involved 


in vertical transactions, including offering economic expert testimony on behalf of AT&T in its 


recent acquisition of Time Warner.  My curriculum vitae and a list of my testifying experience 


over the last four years is provided in Exhibit 1.  Compass Lexecon bills for my time on this 


matter at my customary hourly rate, which is currently $1,800 per hour.  Neither my 


compensation nor that of Compass Lexecon is dependent on the outcome of this proceeding. 


B. ASSIGNMENT AND SUMMARY OF OPINION 


5. Illumina, Inc. develops and sells solutions that are used by research and commercial 


customers to perform genetic analysis by determining the sequence of bases in a segment of 


DNA.  Illumina’s sequencing solutions include library prep kits, sequencing instruments, 


sequencing reagents (or “consumables”), and software tools for analyzing sequencing results.  


Illumina also markets two types of tests based on genetic sequencing; one test (marketed in the 


U.S. as Verifi) is used in prenatal screening for fetal abnormalities and the other (currently 


marketed as TruSight Oncology 500) is used by oncologists and patients to assist in the selection 


of a therapy for treating a diagnosed cancer.  


6. GRAIL, Inc. developed and sells a laboratory test (often called an “assay”) that looks for 


indicators of cancer in the DNA of a patient taken from a blood sample (also called a “liquid 


biopsy”).  GRAIL’s test (“Galleri”) is based on genetic sequencing and allows for early detection 


of a broad range of cancers in asymptomatic patients, including some cancers for which no 


current screening method is available or recommended for asymptomatic patients.  GRAIL has 


developed its own techniques for preparing the liquid biopsy for sequencing (known as “library 


prep”) and, after sequencing, GRAIL uses a proprietary machine learning algorithm to compare 


patterns in the DNA from the liquid biopsy with patterns found in the DNA of millions of cancer 
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patients.  The ability of the algorithm to detect actual cases of cancer improves as the algorithm 


is trained on more data.  It is notable that the insight leading to Galleri was discovered as the 


result of the vertical merger of Illumina and Verinata and their resulting collaboration.1 


7. Illumina and GRAIL do not directly compete against each other in any market and are 


not potential competitors with each other in any market.2  Instead, Illumina and GRAIL have a 


vertical relationship to each other, with Illumina being an upstream provider of certain inputs 


(sequencing instruments and sequencing consumables) that GRAIL uses in the development of 


its tests and provision of Galleri to its customers. 


8. Illumina spun GRAIL off in January 2016.3  Illumina initially held 90 percent of GRAIL 


voting stock when it was spun off.  In March 2017, GRAIL raised additional funding, which 


reduced Illumina’s ownership stake to less than 20 percent of the voting shares in GRAIL. 


Illumina’s current ownership share in GRAIL is approximately 14 percent, or approximately 12 


percent on a fully diluted basis.4  Illumina is entitled to royalties of seven percent of GRAIL’s 


oncology revenue.5  The proposed transaction would allow Illumina to re-acquire the remaining 


88 percent of GRAIL’s stock and act as a fully integrated company. 


 
1  Deposition of Jay Flatley (Former Chairman of Illumina), May 25, 2021 (hereinafter, “Flatley 


Dep. Tr.”), at 31-32. 
2  This is recognized by the FTC’s economic expert.  (Report of Dr. Fiona Scott Morton, July 2, 


2021 (hereinafter, “Scott Morton Report”), ¶ 12.) 
3  Investigational Hearing of Aaron Freidin (Senior Vice President of Finance, GRAIL, Inc.), March 


22, 2021 (hereinafter, “Freidin IH Tr.”), at 11. 
4  Freidin IH Tr., at 22; Illumina, “Illumina to Acquire GRAIL to Launch New Era of Cancer 


Detection,” available at: https://investor.illumina.com/news/press-release-details/2020/Illumina-
to-Acquire-GRAIL-to-Launch-New-Era-of-Cancer-Detection/default.aspx, last visited July 1, 
2021 (“Illumina currently holds 14.5% of GRAIL’s shares outstanding, and approximately 12% 
on a fully diluted basis.”) 


5  Amended and Restated Supply and Commercialization Agreement between Illumina, Inc. and 
GRAIL, Inc, February 28, 2017, § 4.  Under the agreement, GRAIL would pay Illumina a royalty 
of nine percent of GRAIL’s oncology revenue, but the royalty rate is reduced to seven percent 
under an anti-stacking provision.  This anti-stacking provision allows royalties of up to two 
percent of GRAIL’s oncology revenues owed to other parties to be essentially credited against the 
royalties owed to Illumina.  Because GRAIL pays a 2.8 percent royalty to the Chinese University 
of Hong Kong, the royalty it will owe to Illumina will be reduced to seven percent.  After GRAIL 
has paid Illumina a total of $1 billion in royalties, the royalty rate will be reduced to five percent.  
Once this reduction occurs, no further reduction is allowed under the anti-stacking provision.  
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9. If its acquisition of GRAIL is consummated, Illumina has committed to offer certain 


terms and conditions to sequencing customers for twelve years following the merger’s closing 


date (the “Open Offer”).6  The purpose of the Open Offer is “to allay any concerns relating to the 


Transaction, including that Illumina would disadvantage GRAIL’s potential competitors after the 


Transaction by increasing their sequencing prices or by withholding access to Illumina’s latest 


innovations in Next-Generation Sequencing (‘NGS’).”7  Illumina’s commitments in the Open 


Offer include: a cap on sequencing costs such that they cannot increase above current levels;8 a 


43 percent reduction in sequencing costs by 2025;9 customer access to all platforms and 


consumables sold by Illumina;10 and continued provision of information and assistance that test 


developers request to perform their tests11 and, if desired, pursue FDA approval of IVD Test 


Kits.12  No Illumina customer is required to sign the Open Offer; instead, customers are free to 


continue abiding by any supply agreement currently in place, to negotiate a different supply 


agreement with Illumina, or to operate without a supply agreement.  The Open Offer requires 


annual compliance audits by an independent auditor, and disputes are to be resolved by final 


offer arbitration.13 


 
Thus, upon commercialization of the GRAIL test, the initial royalty GRAIL will owe to Illumina 
will be seven percent and the lowest royalty it will owe in the future is five percent.  The royalty 
is perpetual, surviving even the expiration or termination of the supply agreement.  (Freidin IH 
Tr., at 233:7-14.) 


6  Illumina, Open Offer Supply Agreement, March 29, 2021, (hereinafter, “Open Offer”), at 1. 
7  Open Offer, at 1. 
8  Open Offer, § 5.c. 
9  Open Offer, § 5.d. 
10  Open Offer, § 4.a-c. 
11  Open Offer, § 4.d. 
12  The Open Offer uses the term IVD Test Kits to refer to “in-vitro diagnostic (“IVD”) distributable 


test kits that may be used by third-party laboratories for use on Illumina’s diagnostic sequencing 
platforms that have received FDA marketing authorization (e.g., the NextSeq550Dx sequencing 
platform). Specifically, under the terms specified in Exhibit B, [COMPANY] may enter into an 
IVD Test Kit Agreement to develop an IVD distributable test kit on the NextSeq550Dx 
sequencing platform or any future Illumina diagnostic sequencing platform that receives FDA 
authorization.” (Open Offer, at 1.) 


13  Open Offer, § 12. 
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10. In its Complaint, the FTC alleges that the proposed merger will give Illumina the 


incentive and ability to harm competition in a U.S. market for “multi-cancer early detection 


(‘MCED’) tests”14 in which GRAIL and others will compete in the future, and that efficiencies 


from the acquisition will not offset these harms.15  Dr. Fiona Scott Morton has submitted an 


expert report on behalf of the FTC in which she offers her opinion on the impact of the proposed 


merger on current and future competition in the proposed MCED market, on consumers, and on 


the likelihood of entry of NGS providers.16  She concludes that the transaction is likely to harm 


innovation and competition in both NGS systems and MCED tests, that there are no merger-


specific efficiencies, and that the Open Offer will not protect downstream purchasers of Illumina 


inputs for use in MCED tests.17   


11. I have been asked by Counsel for Illumina to analyze the potential for adverse 


competitive effects in light of the efficiencies that I conclude are likely to result from Illumina’s 


proposed acquisition of GRAIL, and to respond to certain economic arguments made by Dr. 


Scott Morton.  Specifically, I have been asked to analyze: 


 The FTC’s theory of harm that Illumina will increase the prices it charges to 


GRAIL’s rivals18 for sequencing instruments and consumables, and that such 


 
14  Complaint, In the Matter of Illumina, Inc. and GRAIL, Inc., Docket No. 9401, March 31, 2021, 


(hereinafter, “Administrative Complaint”), ¶¶ 1, 31-38.   
15  Administrative Complaint, ¶¶ 16, 78. 
16  Scott Morton Report, ¶ 11. 
17  Scott Morton Report, ¶ 12. 
18  Although this report occasionally refers to “GRAIL’s rivals,” there are no rivals to GRAIL’s 


Galleri test today.  In its Administrative Complaint, the FTC has identified seven companies that 
it asserts are developing cancer detection tests that will be rivals to GRAIL’s test.  
(Administrative Complaint, ¶ 41.)  Dr. Scott Morton identifies eight such companies.  (Scott 
Morton Report, § V.)  Although executives from various companies have offered testimony 
concerning their plans, the exact properties of these tests—including their likely technical or 
commercial success and, if successful, the extent to which they will be similar to or differentiated 
from GRAIL’s test—are unknown, and the dates on which the rivals’ tests will become available 
for sale in the U.S., approved by the FDA, and covered by insurance providers are uncertain. It 
seems apparent from the record that such tests are years from being in a position to commercially 
launch at scale as multi-cancer early detection tests, and far behind GRAIL in the aspiration (for 
those that have expressed such aspiration) of developing a multi-cancer early detection test that 
can detect 50 cancers and/or tumor of origin.  I understand other experts for Illumina are opining 
on the potential timing and technical parameters of these tests.  
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cost increases imposed on GRAIL’s rivals will divert MCED test sales to 


GRAIL, significantly harming competition by raising average prices and 


reducing choice in the alleged downstream market for MCED tests,19 and Dr. 


Scott Morton’s conclusion that the transaction will create or increase 


Illumina’s incentive and ability to raise prices to GRAIL’s rivals.20  


 The FTC’s theory of harm that Illumina will delay the disclosure of 


information about, or access to, new technology on its NGS platform or refuse 


to provide what the FTC has characterized as essential information or 


cooperation to GRAIL’s rivals that seek to create an FDA-approved 


distributed test kit (“IVD Distributed Test Kit”), thereby significantly harming 


innovation and competition in the alleged market for MCED tests,21 and Dr. 


Scott Morton’s conclusion that the transaction will alter Illumina’s incentive 


and ability to refuse to provide such information or cooperation.22 


 The FTC’s claim that no supply agreement could be written to guarantee that 


Illumina will not significantly disadvantage GRAIL rivals,23 and Dr. Scott 


Morton’s conclusion that the Open Offer provides no meaningful protection to 


GRAIL’s rivals.24 


 The FTC’s claim that efficiencies cannot offset harm from the proposed 


merger and, in particular, that the post-merger elimination of double 


marginalization (“EDM”) cannot be shown to offset the likely harm from the 


acquisition,25 and Dr. Scott Morton’s conclusion that EDM is not a merger-


 
19  Administrative Complaint, ¶¶ 1, 63, 68-70. 
20  Scott Morton Report, §§ VIII.A, VIII.B, and VIII.C. 
21  Administrative Complaint, ¶¶ 64-65. 
22  Scott Morton Report, §§ VIII.A, VIII.B, and VIII.C. 
23  Administrative Complaint, ¶ 70. 
24  Scott Morton Report, § IX. 
25  Administrative Complaint, ¶ 78, 80 (“Respondents cannot show that any cognizable efficiencies 


are of a character and magnitude such that the Acquisition is not likely to be anticompetitive.”). 
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specific efficiency because Illumina and GRAIL could write a contract today 


to reduce GRAIL’s marginal cost.26 


 The failure of the FTC to credit certain benefits from the transaction including 


the likely acceleration of FDA approval and insurance company 


reimbursement approval of Galleri,27 and Dr. Scott Morton’s conclusions that 


GRAIL’s rivals could replace GRAIL’s acceleration benefits via innovation 


and that acceleration benefits are not merger specific because Illumina and 


GRAIL have the ability and incentive to write contracts to achieve them.28 


 The failure of the FTC and Dr. Scott Morton to credit efficiencies in research 


and development from post-transaction collaboration between Illumina and 


GRAIL.29, 30  


 Dr. Scott Morton’s conclusion that the proposed merger would harm 


competition in NGS by diminishing incentives for potential Illumina 


competitors to enter.31  


12. To carry out this assignment, I have relied on my more than 40 years of experience 


studying the nature of competition and the impacts of mergers, including the competitive effects 


and efficiencies associated with vertical mergers.  In addition, I have relied on information 


provided by Illumina and GRAIL during the investigatory phase of the FTC’s review and on 


materials produced during the discovery phase of this litigation.  I also have had numerous 


conversations with executives at Illumina and GRAIL.  For some of my analysis, I rely on a 


model Illumina created to give a “conservative estimate of the valuation [of] GRAIL based upon 


 
26 Scott Morton Report, § VIII.F.3. 
27  The FTC appears to agree that MCED tests will greatly benefit patients, but does not credit any 


acceleration in those benefits as a result of the transaction.  (Administrative Complaint, ¶ 2.) 
28  Scott Morton Report, § VIII.C. 
29  Neither the Administrative Complaint nor the Scott Morton Report mention these efficiencies. 
30  I understand that the FTC agrees with Dr. Scott Morton’s conlusions.  Throughout my report, 


references to only the FTC or Dr. Scott Morton are intended to encompass both parties.  
31  Scott Morton Report, § VIII.E. 
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rough assumptions”32 (the “Deal Model”).  A list of the materials that I and my staff have 


considered in the preparation of this report is provided in Exhibit 2. 


13. My overall conclusion in this matter is that Illumina’s acquisition of GRAIL is unlikely 


to lead to any adverse competitive effects as alleged by the FTC and is likely to generate 


efficiency benefits for customers of GRAIL and ultimately for patients.  Specifically, I conclude 


the following: 


 Fully accounting for the effects of a vertical transaction requires an economic 


vertical model that simultaneously accounts for the countervailing forces of  


raising rivals’ costs (“RRC”)33 and the elimination of double marginalization 


(“EDM”) and other efficiencies (which interact with each other in complicated 


ways) as well as the impact of constraints, including, in this matter, the Open 


Offer, reputation constraints, and the ability of MCED test providers to take 


steps to reduce their reliance on Illumina.  A fully specified model must take 


into account many economic factors, including the amount of diversion, 


margins and costs, and the specification of the type of competition that 


determines pre- and post-merger prices and investments.  Neither the FTC nor 


Dr. Scott Morton have offered such a model, relying instead on assumptions, 


including that there are no merger-specific efficiencies that cannot be 


achieved by contract and that the Open Offer provides no protection to 


customers, as well as assumptions about future rivals. The FTC’s and Dr. 


Scott Morton’s assertions that Illumina will have an incentive and ability to 


harm competition as a result of this transaction are therefore highly 


speculative.  


 The FTC’s theory of harm assumes a competitive structure for a product 


market that is in its infancy and in which (given Dr. Scott Morton’s market 


definition) there is no current competition to Galleri.  Among these assumed 


 
32  Investigational Hearing of Brian Blanchett (Sr. Dir. Of Finance, Illumina), March 22, 2021, 


(hereinafter “Blanchett IH Tr.”), at 32-33.  I note that the Deal Model does not include all of the 
expected synergies of the acquisition.  (Blanchett IH Tr., at 39-40.) 


33  Throughout this report, I use the term RRC to also include complete foreclosure. 
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competitive outcomes is that GRAIL will succeed in gaining regulatory 


approval, coverage by public and private insurers, acceptance by medical 


practitioners and ultimate commercial success.  Without commercial success, 


Illumina would have no incentive to harm GRAIL’s rivals, as protecting 


GRAIL’s business downstream would not be worth the upstream costs (lost 


sequencing profits) of imposing such harm.  Further, the FTC assumes that, at 


some point in the future, absent the merger, GRAIL will face significant 


competitive threats from particular MCED test providers, and that those 


competitors will use NGS technology, while cancer screening tests based on 


technologies other than NGS will not compete with GRAIL’s test.  In 


addition, the FTC assumes that Illumina will not face competitive threats from 


other NGS providers in the future, so MCED test providers will be limited to 


using Illumina-supplied inputs.  Moreover, the FTC assumes in this product 


market that, relative to Illumina’s incentives and ability absent the merger, 


Illumina will have obtained by reason of the acquisition the incentive and 


ability to raise GRAIL’s rivals’ costs by increasing the prices of Illumina-


supplied inputs, and that these higher input prices would meaningfully reduce 


the future competition otherwise presumed by the FTC.  The FTC also gives 


zero credit to the possibility that the merger could generate cognizable 


efficiencies sufficient to offset any likely harm, even though one of these 


efficiencies (EDM) is a typical consequence of vertical mergers when, as here, 


the upstream firm earns a margin and other efficiencies (product acceleration 


and R&D) are examples of well-known benefits of combining firms with 


complementary assets.  Each of these assumptions concerning future products 


and competition in industries characterized by rapid technological change and 


risky research and development expenditures are at best highly speculative 


and at worst false.  Predictions of future technological evolution are difficult 


to make, but even now the evidence shows that the FTC theory of harm relies 


on assumptions that are very unlikely to hold.  
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 The FTC’s alleged market for MCED tests is not defined based on any 


empirical examination of demand for such a product (because Galleri was 


only introduced in April 2021, and none of the rivals identified by the FTC or 


by Dr. Scott Morton (or any other test developers as far as I am aware) have a 


product in their alleged market today), but instead on speculative 


characteristics of potential future products, some of which are not yet even in 


development.  Neither Dr. Scott Morton (as she acknowledges) nor the FTC 


can offer reliable estimates of shares and diversion ratios of sales from 


GRAIL and its rivals.  Without these, it is not possible for Dr. Scott Morton to 


analyze the overall effect of a vertical merger where there are efficiencies that 


need to be balanced against any alleged incentive to RRC, and where post-


merger constraints exist.   


 The FTC’s first theory of harm is that Illumina will raise GRAIL’s rivals’ 


costs by increasing the prices of Illumina-supplied inputs.  Because of the 


Open Offer, the FTC has not shown that Illumina has the ability to raise costs.  


The FTC’s theory requires that rivals’ costs could be significantly raised by 


Illumina increasing prices on the inputs it will supply.  Such price increases 


would violate Illumina’s contractual commitment not to raise the prices as 


specified in the Open Offer34 and to reduce sequencing costs 43 percent by 


2025 as specified in the Open Offer.35  These contractual restrictions indicate 


that Illumina could not raise rivals’ costs, let alone raise them by an amount 


sufficient to drive up the prices GRAIL’s rivals charge for their tests to create 


meaningful diversions to GRAIL.  Moreover, even absent the contractual 


commitment, Illumina raising input prices to harm GRAIL’s competition 


appears unlikely.  Current estimates show that Illumina input costs could 


 
34  The Open Offer’s commitment regarding price is based on the universal price grid attached to the 


Open Offer, which I understand is based on (and for many customers improves upon) pre-merger 
pricing levels.  (Open Offer, § 5 and Appendix 1 to Exhibit A.) 


35  Open Offer, § 5.d (“For the avoidance of doubt, holding volume constant, every customer 
(regardless of their application, or whether they are in oncology screening) using the highest 
throughput instrument and best-performance flow cell would observe by 2025 a reduction in 
price, under the Universal Pricing option, per gigabase of sequencing, of 43%.”) 
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comprise less than four percent of an equally efficient GRAIL rival’s revenues 


within five years of that rival launching its test.  Given this, any attempted 


price increase would likely have to be very significant to cause substantial 


harm and could damage Illumina’s reputation and dampen investment in the 


development of other downstream products on the Illumina sequencing 


platform.36  These reputational effects should mitigate or eliminate the FTC’s 


concerns about RRC.  Additionally, to the extent that, as Illumina expects, 


there will be greater upstream competition in the coming years (including 


following the expiration of its key sequencing patents in 2023), that too will 


further constrain Illumina’s incentive to raise price. 


 The FTC’s second theory of harm is that Illumina will fail to provide 


information, access, and assistance to GRAIL’s rivals.  And, as with RRC, 


this theory ignores that GRAIL’s rivals will be protected from this potential 


harm by contract through the Open Offer.  The contractual protections in the 


Open Offer provide for GRAIL’s rivals to have access to Illumina’s future 


sequencing platforms and support services on the same basis that such access 


is provided to GRAIL,37 and that Illumina will continue to offer assistance 


with downstream rivals’ pursuit of cancer screening tests (including IVD Test 


Kits in the event a rival decides to pursue such a model—though my 


understanding is that such a model is not anticipated in the U.S. in the 


foreseeable future), to the extent that the rivals’ require that assistance in 


securing FDA approval for such tests, consistent with Illumina’s pre-merger 


practices.38  The inability to write a complete contingent contract that 


anticipates every possible state of the world where a rival might ask Illumina 


 
36  Properly assessing the effects of a vertical merger on competition and consumers requires a fully 


specified model. In the case of this merger, the basic facts and data required to formulate and 
estimate such a model are largely absent. Illumina input costs as a share of a GRAIL rival’s price 
is not sufficient to draw definitive conclusions about the impact of the merger, but a low share 
likely indicates limited ability and incentive for Illumina to harm GRAIL’s rivals. 


37  Open Offer, § 4. 
38  Open Offer, § 6. 
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for help—and where Illumina would have provided such help in the but-for 


world—does not mean that the contractual protections offered by Illumina are 


meaningless, which is apparently the FTC’s position and is reflected in Dr. 


Scott Morton’s analysis, which assumes that the Open Offer has no 


constraining effects on Illumina’s actions whatsoever.  Why the FTC believes 


that the Open Offer’s method of handling unforeseen contingencies, via terms 


that are favorable to customers and subject to arbitration, favors Illumina is 


unclear.39  This method of dispute resolution allows the efficiencies of the 


transaction to be achieved while eliminating the FTC’s concern of significant 


harm.  In addition, the FTC’s theory ignores that Illumina will be constrained 


by the prospect that attempts to raise rivals’ costs would damage Illumina’s 


reputation and cause downstream firms to reduce investments in new uses for 


Illumina’s sequencing products, as well as lose upstream sales to new entrants 


and expansion by existing rivals.   


 EDM and other efficiencies projected by Illumina are merger-specific, will be 


passed through to downstream customers, and are likely to be of significant 


magnitude. 


 The proposed acquisition will result in merger-specific acceleration 


efficiencies.  GRAIL has modelled the impact of Galleri on cancer outcomes, 


concluding that the test has the potential to reduce overall cancer mortality by 


26 percent,40 and the FTC Complaint recognizes the promise of MCED tests 


in saving lives.41  Widespread adoption of Galleri, however, is dependent on 


 
39  If a dispute arises over the terms of the contract, Illumina and its customer “shall submit the 


matter to confidential binding arbitration to determine final terms and conditions of the supply 
agreement, or to settle the dispute as to the terms of a supply agreement.”  (Open Offer, § 12.b.) 


40  See Earl Hubbell, Christina A. Clarke, Alexander M. Aravanis, and Christine D. Berg (2021), 
“Modeled Reductions in Late-stage Cancer with a Multi-Cancer Early Detection Test,” Cancer 
Epidemiology, Biomarkers, and Prevention, DOI: 10.1158/1055-9965, available at:  
https://cebp.aacrjournals.org/content/30/3/460. 


41  Administrative Complaint, ¶ 2 (“MCED tests are poised to revolutionize how cancer is detected 
and treated, having the potential to save millions of lives in the United States and around the 
world.”). 
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FDA approval (to secure Medicare approval) and reimbursement coverage by 


insurance companies.  I understand that the parties believe, and that other 


experts retained by Illumina have concluded, that Illumina is far more 


experienced than GRAIL in securing FDA approval and insurance coverage, 


and that Illumina expects to accelerate these processes by at least one year.  A 


one-year acceleration would yield benefits in excess of $37 billion based on 


the value of lives saved over the period 2022-2030.  Even if the underlying 


assumptions on which the magnitude of these acceleration benefits are based 


are made much less favorable, the benefits still would be significant in 


magnitude.   


 The proposed acquisition will likely result in merger-specific R&D 


efficiencies. The existence of such efficiencies would not be surprising, as 


vertical integration is common in industries in which R&D is important.  Such 


vertical integration occurs because the efficiencies that come from combining 


two companies’ complementary R&D efforts often cannot be achieved by 


contract.  Post-merger collaboration between GRAIL and Illumina means 


there will be a higher probability of breakthrough discoveries.  That 


collaboration does not occur now because of the well-known difficulty of 


collaboration by contract when proprietary IP (e.g., GRAIL’s data and 


algorithm), and the inherent reservations about the disclosure of such 


confidential information, is involved.  I note that it is exactly such 


collaboration in a vertical setting (after Illumina’s acquisition of Verinata) that 


led to discoveries that led to the formation of GRAIL.   


14. The economic theory and analyses supporting my conclusions are described in detail in 


the rest of this report.  I first briefly describe the industries in which Illumina and GRAIL operate 


(Section II) and then review the factors that must be considered in an evaluation of the overall 


competitive impact of a vertical merger (Section III).  Next I discuss why there is no economic 


basis for the FTC’s theory that Illumina will significantly harm competition by raising input 


costs to GRAIL’s rivals (Section IV) and withholding information, access and assistance from 


any clinical oncology customers, including those that may be developing tests (Section V).  I 
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then discuss the very large efficiencies that are likely to result from this merger, including EDM, 


acceleration of widespread adoption of GRAIL’s test (which will save lives), and R&D 


efficiencies (Section VI).  Finally, I address certain deficiencies and errors in Dr. Scott Morton’s 


analysis (Section VII) and offer my overall conclusions (Section VIII).   


II. INDUSTRY BACKGROUND 


15. The FTC’s declarative statements about the future competitive environment in which 


Illumina and GRAIL will compete ignore the fact that the competitive dynamics that will face 


GRAIL and Illumina over the relevant timeframe for this action are highly uncertain.  This is an 


undeniable consequence of projecting the future in industries, particularly nascent ones, where 


outcomes are reliant on the success of risky R&D programs, and the downstream product is a 


novel innovation for which demand is unknown.  In such industries, it is particularly speculative 


to predict anticompetitive merger impacts, especially in nascent markets or on firms that do not 


yet have a commercial product, as is the case here.  Although I am not an expert in the 


technologies used by Illumina and GRAIL (or other sequencing and test developing companies), 


I start my analysis by laying out certain facts about DNA sequencing and cancer testing that 


utilizes DNA sequencing that are not in dispute and that will help in understanding my analysis 


of the likely economic impact of the merger. 


A. THE MCED TESTING PROCESS 


16. As defined by the FTC, MCED tests42 refer to NGS-based screening tests designed to 


detect the presence of multiple different types of cancer in asymptomatic patients through a 


 
42  Throughout my report, I use the term “MCED tests” to refer to NGS-based liquid biopsy tests that 


detect multiple cancers, unless otherwise indicated, solely for ease of reference to the test 
developers and parameters that Dr. Scott Morton describes in her report.  In using the term 
“MCED,” I am not agreeing with Dr. Scott Morton that there is an “MCED” relevant market or 
that “MCED” refers to a set of characteristics that can or should be lumped together for the 
purpose of analyzing the competitive effects of this transaction. For example, my use of the term 
“MCED” does not imply that a 10-cancer test is a close substitute for a 50-cancer test, although 
both are “MCED” tests as I use the term here for ease of reference to the Dr. Scott Morton report 
and the FTC’s allegations. Further, I understand that there are also cancer screening tests, 
including multi-cancer screens, which rely on alternative sequencing methods, do not rely on 
sequencing at all, or do not use a liquid biopsy. 
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blood draw.43  Because an MCED test detects multiple types of cancer using a single blood 


sample, it is more efficient than single cancer screening, and GRAIL’s Galleri test can detect 


cancers for which no screening tests are currently recommended for use in asymptomatic 


patients.44  Moreover, because MCED tests look for biomarkers of cancer that are also present 


prior to the onset of symptoms and prior to a cancer’s metastasizing, MCED tests promise to 


improve cancer detection at early stages when a patient’s prognosis is better and treatment costs 


are lower.45 


17. In this section, I describe the testing process used by NGS-based cancer screening tests.  


My description is meant to generally represent the process that would be employed to run such 


tests—similar processes are used for other tests,46 such as Non-Invasive Prenatal Testing 


(“NIPT”) tests, that rely on NGS.  Each individual test provider may use different processes in 


preparing samples and interpreting sequencing data; as I describe further below, for example, 


GRAIL’s process looks at methylation sites, whereas other test developers may use other 


processes,  look at other biomarkers or use multiple processes to look at multiple biomarkers 


(referred to as a multi-omics approach).47 


18. At a basic level, the procedure for running an MCED test involves four steps, as I 


illustrate in Figure 1: sample collection and sample prep, library prep, sequencing, and data 


analysis.48  During sample collection, a lab tech or physician collects a biological sample of 


material containing the patient’s DNA, RNA, protein and other biomarkers.  Collecting and 


transporting the sample to the lab at which it is processed requires specialized inputs that vary 


 
43  Administrative Complaint, ¶¶ 24-26. 
44  Screening protocols exist for breast, cervical, colorectal, and lung cancer.  (Administrative 


Complaint, ¶ 25.) 
45  GRAIL estimates that the early cancer diagnoses made by GRAIL will reduce lifetime cancer 


treatment costs for the screened population by 10% (Core Slide Deck_V1_061520, p. 94). 
46  I refer in this section to the process used by “test developers.”  The same process would be used 


by laboratories that implement tests developed by others. 
47  Some of the MCED test developers described by Dr. Scott Morton are using other methods in 


addition to DNA sequencing.  See, e.g., her discussion of Freenome.  (Scott Morton Report, §  
V.F.) 


48  Several of these steps may be even further segmented, such as differentiating between library 
preparation and nucleic acid extraction, or segmenting different stages in the data analysis 
process. 
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depending on the type of sample being collected.  In the case of liquid biopsy (blood) tests like 


MCED, these inputs are blood tubes, produced by manufacturers such as Streck.  After 


collection, the DNA, RNA, protein, or other biomarkers are selectively extracted and purified 


using common procedcures and reagents in a process step called sample prep. 


Figure 1: Multi-Cancer Early Detection Testing using DNA Samples 


  


 


19. Library prep is the process by which the test developer, such as GRAIL, prepares the 


patient’s sample for sequencing.  Although the patient’s sample contains long strands of DNA, 


the “library” is the set of shorter DNA fragments that are actually sequenced.  There are many 


ways to do library prep, but in general, the process for short-read NGS platforms uses reagents to 


break apart and select the fragments of DNA to be analyzed, identify the patient from whom the 


sample was drawn, attach those fragments to a glass slide (called a flow cell), and generate many 


identical copies of the DNA fragments to be analyzed.49  RNA can be converted to DNA and 


then undergo the same process. The consumables used in library prep range from commoditized 


inputs manufactured by Illumina and other companies to proprietary reagents developed by a test 


developer, such as GRAIL, for use only in its assay.  The developer’s proprietary reagents, and 


the method by which they and other library prep consumables are used to prepare the sample, are 


key determinants of an assay’s accuracy, how many samples (i.e., DNA from different patients) 


can be processed on a single flow cell, and the types of cancers the assay can detect.  


20. The next step is sequencing the DNA, which determines the sequence of bases (adenine, 


cytosine, guanine, and thymine) on each fragment of DNA.  In the case of short-read NGS 


 
49  See, Deposition of Alex Aravanis (Chief Technology Officer, Illumina), June 25, 2021, 


(hereinafter, “Aravanis Dep. Tr.”), at 161-168. 
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platforms, such as Illumina’s NovaSeq, this process involves inserting the flow cell containing 


the prepared library (or libraries, when sequencing multiple patient samples simultaneously) into 


the instrument and pressing a button to begin the automated sequencing process.  During 


sequencing, reagents are flowed across the DNA fragments in the flow cell, bases in the reagents 


attach to the bases in the DNA fragments in a known manner (i.e., adenine and thymine always 


attach to one another, and cytosine and guanine always attach to one another) and images are 


taken as each attachment occurs, which allow the order of the bases on the DNA fragments to be 


recorded.  The outcome of this process is a data set listing the order (the sequence) of the bases 


on each fragment of the patient’s DNA that is analyzed.50  


21. The fourth step is data analysis.  Data produced by the sequencing instrument must be 


processed before it can be analyzed.  In the case of Illumina’s short-read NGS platform, there are 


three steps in this post-sequencing data processing. The first is primary data analysis, which 


occurs on the Illumina instrument, and is the process by which the images taken by the Illumina 


sequencer are translated to determinations of the bases located on each fragment of DNA on the 


flow cell and a measure of certainty that each base has been correctly identified.  Primary data 


analysis is integrated into the Illumina instrument; it cannot be accomplished by a third party and 


is included with the instrument when purchased.  During secondary data analysis, the raw output 


of Illumina’s sequencer, which consists of many millions of DNA fragments, is reconstructed 


into complete DNA sequences.  Illumina sells licenses to its DRAGEN software for secondary 


data analysis, but there are numerous other companies that sell secondary data analysis solutions.  


Once the DNA has been reconstructed, tertiary data analysis is conducted to identify DNA 


variants (differences between the sequence of bases in the patient’s DNA and sequence found in 


most people) and to assess whether those variants are indicative of the patient having cancer and, 


in the case of Galleri, the likely location of the cancer in the patient’s body.  The test developer’s 


 
50  The sequencing process on Illumina’s NGS platform also involves a number of proprietary 


reagents (“on-instrument consumables”) which are bundled with its flow cells and sold as a 
“reagent kit.”  I use the term “flow cell” to refer to the glass slide itself, as well as the reagent kit, 
which is the product purchased by Illumina customers to procure a flow cell.  Any references in 
this report to the prices or spend on flow cells reflects the prices and spend on reagent kits. 
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tertiary data analysis algorithm, data, and library prep together comprise its intellectual 


property.51 


B. ILLUMINA AND THE SEQUENCING INDUSTRY 


22. Illumina entered the DNA sequencing industry in 2007 with its acquisition of Solexa and 


has since spent more than $4 billion on R&D, which has driven down the cost of sequencing: in 


2007, the cost of sequencing one billion base pairs (one gigabase) was more than $300,000; by 


2020, the cost had been reduced to less than $8 per gigabase.52  These reductions in sequencing 


costs have enabled commercial applications for genetic sequencing such as NIPT, which is 


expected to grow to be a nearly $7 billion industry by 2028.53  Reductions in the price of 


sequencing have contributed to the creation and expansion of downstream applications that use 


NGS instruments and consumables.  NGS sales have grown over time and is expected to 


continue to grow; Illumina estimates that sales were $6.5 billion in 2020 and will grow to $11.5 


 
51  Aravanis Dep. Tr., at 59-62; 81-82  (“Q. And why can’t Illumina share its best practices with 


GRAIL without doing the transaction? . . . Q. Sharing these capabilities would assist in GRAIL 
being able to bring Galleri to market at a cheaper price, wouldn’t it?  A. These are proprietary 
capabilities that Illumina has for its business purposes. It does not share these internal capabilities 
outside of the company. . . . These are proprietary capabilities that we do not share with other 
companies. We have many proprietary capabilities that, again, it’s not a business practice to share 
them. . . . It would be impractical to -- what you’re describing to get the benefits of supply chain 
through integration is something we could do as part of the acquisition.  But the -- you know, the 
level of business integration that would be required, again, is something one would only do as 
part of the same company.  So I think it would be impractical, nor would the individual 
companies want to share their internal proprietary capabilities. 


… 


Q. I think one of the things you said is that because of proprietary information, Illumina would 
have less of an incentive to assist GRAIL in realizing the kind of efficiencies that could be 
realized in a transaction; is that correct?  A. As separate companies, the business incentives would 
not be there. I also noted that it would not be practical given the level of information sharing that 
would have to occur. And it's also our experience that companies have not requested this. Q. 
What specific information sharing would have to occur? A. Proprietary information about their 
exact process, the exact components of their test. You know, many proprietary details of their 
technology, business practices.”). 


52  See, National Human Genome Research Institute, Sequencing_Cost_Data_Table_Aug2020.xls, 
available at: https://www.genome.gov/about-genomics/fact-sheets/DNA-Sequencing-Costs-Data 
last visited July 11, 2021. 


53  Polaris Market Research, “Non-Invasive Prenatal Testing (NIPT) Market Share, Size, Trends, 
Industry Analysis Report,” available at: https://www.polarismarketresearch.com/industry-
analysis/non-invasive-prenatal-testing-nipt-market last visited July 11, 2021. 
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billion in 2025, with close to half of the growth coming from clinical oncology testing 


applications.54  Consumers have benefitted from gaining access to these new applications.55 


23. The emergence of new applications also attracts investment to the sequencing industry.  


Sequencing companies—such as Singular Genomics,56 Pacific Biosciences,57 BGI,58 Oxford 


Nanopore,59 and Element Biosciences60—have attracted recent influxes of investment as new 


uses for sequencing technologies have emerged. 


 
54  In its estimates, Illumina included “NGS and technologies that could be replaced by NGS.”  


(2021023 – Illumina 2021-2025 Strategic Plan – vF Sent.pdf., slide 7). 
55   Investigational Hearing of John Fesko (Chief Business Officer, Natera, Inc.), March 3, 2021, 


(hereinafter, “Fesko IH Tr.”), at 20 (“NIPT came about because, historically, in order to get 
accurate information about a pregnancy, you had to perform a very invasive and dangerous 
procedure called amniocentesis where fluid was withdrawn from the amniotic sac. Natera 
eliminated that risk by making comparable information available from a blood draw, removing all 
risk to the fetus.”). 


56  In May, 2021, Singular Genomics’ IPO  raised over $250 million.  (Singular Genomics press 
release, “Singular Genomics Systems, Inc. Announces Closing of Initial Public Offering,” June 1, 
2021, available at: https://investor.singulargenomics.com/news-releases/news-release-
details/singular-genomics-systems-inc-announces-closing-initial-public. last visited July 11, 
2021.) 


57  Pacific Biosciences raised $900 million in February, 2021, with investor SoftBank stating “we 
believe that PacBio’s HiFi sequencing will be the de facto standard took for population genomics 
fundamentally altering the practice of healthcare.”  (Pacific Biosciences press release, “Pacific 
Biosciences Announces $900 Million Investment from SoftBank to Support Growth Initiatives,” 
February 10, 2021, available at: https://www.pacb.com/press_releases/pacific-biosciences-
announces-900-million-investment-from-softbank-to-support-growth-initiatives/ last visited July 
11, 2021.) 


58  BGI raised $300 million in February, 2021.  (Reuters, “Chinese state fund invests in gene firm 
BGI,” February 21, 2021, available at: https://www.reuters.com/article/us-china-genomics-
state/chinese-state-fund-invests-in-gene-firm-bgi-idUSKBN2AM0AT last visited July 11, 2021.) 


59  Oxford Nanopore raised $271 million in May, 2021.  (Genomeweb.com, “Oxford Nanopore 
Technologies Raises £195M,” available at: https://www.genomeweb.com/sequencing/oxford-
nanopore-technologies-raises-ps195m#.YMjNx2hKg2w last visited July 11, 2021.) 


60  Element Biosciences raised $276 million in June 2021. (Element Biosciences press release, 
“Element Biosciences Closes $276 Million Series C Financing to Democratize Access to 
Genomics,” available at: https://www.prnewswire.com/news-releases/element-biosciences-
closes-276-million-series-c-financing-to-democratize-access-to-genomics-301321902.html, last 
visited July 14, 2021.)  
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24. Illumina is currently the sequencing platform of choice for MCED test developers due to 


Illumina’s low cost, high accuracy, and high throughput.61  However, I understand that Dr. 


Richard Cote will opine that customers are expected to have access to competitive alternatives in 


the near future as certain of Illumina’s patents expire and investments in alternative sequencing 


platforms bear fruit.  For example, a Chinese company, BGI Genomics (“BGI”), sells a short-


read NGS platform that offers comparable performance and cost to Illumina’s NovaSeq.  BGI is 


currently enjoined from selling its sequencers in the U.S. as a result of a patent infringement 


lawsuit brought by Illumina.62  However, the patents on which the injunction is based will expire 


in 2023, at which time (or shortly thereafter) Illumina expects BGI to enter the NGS industry in 


the U.S.63   


25. Roche, which is a potential future MCED competitor through its ownership of 


Foundation Medicine (FMI), began investing in its own NGS platform in 2014.64  To date, Roche 


has invested $1.5 billion in its nanopore sequencer and continues to invest $250 million annually 


into the technology.65  Roche expects this NGS platform, which is capable of short-read and 


long-read sequencing and uses a method of sequencing (nanopore sequencing) that is different 


from Illumina’s method, to be a viable alternative for MCED tests in 2025.66 


 
61  Scott Morton Report, ¶ 152. 
62  In June 2020, Illumina won a preliminary injunction against BGI that prevents BGI from selling 


its products in the U.S.  I understand that the injunction remains in effect while Illumina’s patent 
infringement allegations are being litigated.  (Illumina, Inc., et al. v. BGI Genomics Co., LTD, et 
al., Case No. 19-cv-03770-WHO, Dkt. No. 185 (N.D. Cal. June 13, 2020).) 


63  ILMN-FTCVOL_07736544, at slide 6  (“Competition with BGI will intensify and the expiry of 
key SBS IP in 2023 will attract new players”); ILMN-FTCVOL_08060859, at slide 13 (“US 
Court granted Preliminary Injunction against BGI based on our azido SBS patents; ILMN’s 
foundational azido SBS patents expire June 22, 2023 in the US, which will allow other companies 
to launch sequencing instruments using azido SBS chemistry”). 


64  Investigational Hearing of Neil Gunn (President, Roche Sequencing Solutions), February 18, 
2021 (hereinafter, “Gunn IH Tr.”), at 69. 


65  Gunn IH Tr., at 65-66. 
66  Gunn IH Tr., at 100-101.  Nanopore sequencing reads the sequence of bases on a DNA fragment 


directly by passing the fragment through a very small hole across which an ionic current is 
passed.  The bases in the DNA strand disrupt the current in known ways and the sequencer 
measures the disruptions as each base passes through, translating the sequence of disruptions into 
the corresponding sequence of bases. 
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26. Singular Genomics recently completed its IPO67 and has a valuation of $1.5 billion. 68 


The company expects to commercially launch an NGS sequencer by the end of 2021.69  


27. Importantly, sequencing and MCED testing are areas of active research, and, given the 


high level of investment in both, these products are likely to continue to evolve and improve.  


Although exactly how they evolve is hard to predict, technological improvements will almost 


surely affect the manner in which MCED tests utilize sequencing technology and, history 


suggests, reduce the quality-adjusted sequencing costs required to run those tests.70 


C. GRAIL AND THE NGS-BASED CANCER SCREENING INDUSTRY 


28. The idea for Galleri came from discoveries Illumina and Verinata scientists and R&D 


teams made while working with NIPT.  Illumina had acquired Verinata and its NIPT test in 


2013.  Although NIPT is used to test for fetal DNA abnormalities, Illumina researchers who 


were running the NIPT lab noticed abnormalities coming from the mother, not the fetus, and 


decided to investigate further.71  They believed that these maternal DNA abnormalities indicated 


cancer in the mother and discovered, after following up with the mothers, that they were indeed 


 
67  Singular Genomics press release, “Singular Genomics Systems, Inc. Announces Closing of Initial 


Public Offering and Full Exercise of Underwriters’ Option to Purchase Additional Shares,” June 
1, 2021, available at: https://www.globenewswire.com/en/news-
release/2021/06/01/2239895/0/en/Singular-Genomics-Systems-Inc-Announces-Closing-of-Initial-
Public-Offering-and-Full-Exercise-of-Underwriters-Option-to-Purchase-Additional-Shares.html, 
last visited July 15, 2021,  


68  “Singular Genomics sets IPO terms, to raise up to $187 million and be valued at up to $1.5 
billion,” May 24, 2021, available at https://www.marketwatch.com/story/singular-genomics-sets-
ipo-terms-to-raise-up-to-187-million-and-be-valued-at-up-to-15-billion-2021-05-
24#:~:text=Singular%20Genomics%20Systems%20Inc.,at%20up%20to%20%241.5%20billion, 
last visited July 16, 2021. 


69  Verlade Dep. Ex. 2, Singular Genomics Systems, Inc. Form S-1 Registration Statement at p. 77 
(“We have completed our beta pilot program and anticipate initiating an early access program 
followed by a commercial launch of the G4 Integrated Solution by the end of 2021, with 
intentions for units to ship in the first half of 2022.”). 


70  As discussed above, sequencing costs have consistently declined since 2007 and, with Illumina’s 
release of the Lightning platform in 2025, will decline further.  GRAIL expects Galleri V3 to 
reduce sequencing costs by a factor of five relative to V2.  GRAIL’s potential rivals, such as 
Caris, similarly expect sequencing costs to decline as it improves its technology.  See note 197. 


71  Deposition of Francis deSouza (CEO, Illumina), June 17, 2021, (hereinafter, “deSouza Dep. 
Tr.”), at 179-182, Jun. 17, 2021; Deposition of Jay Flatley (Former Chairman of Illumina) 
(hereinafter “Flatley Dep. Tr.”), at 36-37. 
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later diagnosed with cancer.72  This discovery prompted Illumina to create a research team to 


explore the development of a blood-based assay that could screen for multiple cancers in 


asymptomatic patients.73  In January 2016, this research team was spun off as a standalone entity, 


GRAIL, in which Illumina retained majority ownership.74  At the time of its founding, GRAIL’s 


MCED test was considered a “moonshot” endeavor with a low probability of success but one 


which, if successful, had the potential to save hundreds of thousands of lives through early 


cancer diagnoses.75  As GRAIL’s research efforts progressed, other biotech firms began to 


develop their own early detection tests and investors channeled funds into GRAIL and those 


firms, both before and after the announcement of Illumina’s acquisition of GRAIL.  


29.  Galleri sequences DNA taken from a blood sample to look for methylation patterns that 


signal the presence of cancer.  Galleri is capable of detecting a large number of different types of 


cancers at early stages and can predict where in the body the cancer is located so that follow-up 


diagnostic and treatment plans can be undertaken.76  GRAIL’s method of library prep, its 


 
72  Flatley Dep. Tr., at 36-37 (“The acquisition of Verinata allowed us to begin to develop a database 


of patients that had come through our laboratory using our tests. And we had detected a number 
of cases where I think the count that we've typically used in those early phases was ten. Ten 
women who had gone through the NIPT test where our test had said that the baby had Down 
Syndrome. Whenever that was the case, we always went back and verified using the classic 
amniocentesis methodology to verify that our test was accurate before reporting. We had about 
ten cases where the amnio test had come back negative. In those situations we would repeat our 
test to verify again what that circumstance was and to try to understand what ground truth was in 
those situations. In those ten examples, our test was positive the second time. So we were 
detecting something, but we weren’t sure what. So we ran all of those situations to ground, and 
what we discovered was that we weren’t detecting Down Syndrome in the babies, we were 
detecting cancer in the mothers. That was an unintended use of that test, but it was the fact that 
we were performing that test that created the light bulb moment where we said, wow, if we 
actually tried to develop the test to detect cancer, how much better could it be than what we just 
did accidentally. So it was one of those rare scientific moments where you discover something 
absolutely unintended but magnificent. That’s really what happened. So, then, we went into about 
a year and a half of work to say, you know, if we change this test in a way where we actually 
were trying to detect cancer, could we do that and do it well enough to make this an ultimate 
product. That wound up in the formation of GRAIL.”). 


73  deSouza Dep. Tr., at 178-182. 
74  deSouza Dep. Tr., at 182 and 188. 
75  deSouza Dep. Tr., at 189; ILMN-FTCVOL_05334619 at slide 17. 
76  Aravanis Dep. Tr., at 188:13-189:6 (“Q.  Okay.  Got it.  And when you say – well, can you 


describe the methylation process that Galleri uses?  A.  The Galleri test is based on the presence 
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algorithm for translating the resultant methylation signals into a cancer signal, and its vast 


database of methylation patterns acquired during its clinical trials are key differentiators of 


Galleri from other early cancer detection tests in development and comprise GRAIL’s key 


intellectual property.  Although some potential rivals plan to examine methylation patterns in 


their tests,77 GRAIL has a significant lead in understanding these patterns and has demonstrated 


the ability to associate them with more than 50 types of cancers, of which over 45 do not 


currently have a recommended screening procedure in the US.78  As a result, Galleri can detect a 


wider array of cancers than other tests currently in development and can identify the tissue of 


origin, where other tests only determine the presence of cancer, and at present detect far fewer 


cancers (e.g., ten cancers in the case of Thrive),79 according to evidence produced in this matter 


and public information.  GRAIL expects that Galleri will be used in conjunction with existing 


screening techniques such as colonoscopies, mammograms, and pap smears.80 


 
of abnormal methylation patterns.  It’s based on the detection of abnormal methylation on 
patterns in a patient’s blood.  The process we discussed, processing the sample is intended to 
encode that information, select the regions that are most informative, sequence them, and then an 
algorithm interprets the methylation patters in the sequence sample and the algorithm has been 
trained to, you know, look for those abnormal signatures or patterns and make a prediction on 
their presence.”). 


77  Singlera’s MCED test relies on methylation patterns; Guardant Health, FMI and Freenome use 
methylation and other techniques for their tests; and Thrive and Natera claim to have plans to add 
methylation to their tests.  


78  https://grail.com/press-releases/grail-confirms-q2-2021-introduction-of-galleri-first-of-kind-
multi-cancer-early-detection-blood-test/; https://grail.com/press-releases/grail-presents-
interventional-pathfinder-study-data-at-2021-asco-annual-meeting-and-introduces-galleri-a-
groundbreaking-multi-cancer-early-detection-blood-test/; https://grail.com/press-releases/new-
research-suggests-multi-cancer-early-detection-blood-test-could-reduce-late-stage-cancer-
diagnoses-by-more-than-half/.  


79  Exact_III_Resp_00000431 (Conroy Dep., Exhibit 2), at -442. 
80  Deposition of Hans Bishop (CEO, GRAIL), May 26, 2021, (hereinafter, “Bishop Dep. Tr.”), at 


115:6-14 (“So the way we create the greatest benefit is by saying to the over 50s:  Keep doing all 
of the single cancer screenings you’re doing.  And if you’re not doing them, do them.  And then 
add Galleri on top.  Because now we can detect for the 45 cancers that have no early detection, 
and that’s that dark part of the bar, you can see the huge incremental benefit in terms of 
percentage of cancers we can detect, and we keep all the benefit of those single cancer 
screenings.”); see also Bishop Dep. Tr., at 23:12-24:25; 79:19-80:12. 
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30. GRAIL distributes Galleri as a Laboratory Developed Test (“LDT”).81  After a patient’s 


blood sample is drawn, the sample is shipped to one of GRAIL’s laboratories, where it 


undergoes sample prep, library prep, sequencing, and data analysis before the test results are 


reported back to the patient’s physician.  GRAIL does not intend to pursue alternative test 


distribution models such as an IVD test kit.82  


31. After more than $597 million of R&D spend83 and more than five years of research,84 


GRAIL was the first company to commercially launch an NGS-based MCED test in June 2021.85  


Though currently available, widespread adoption of the test is not expected until it obtains FDA 


approval and approval for Medicare reimbursement, which Illumina’s deal documents indicate 


may occur, absent the merger, no sooner than 2026/2027.86  From 2021-2024, Illumina has 


modeled that GRAIL will sell 169,000 Galleri tests a year in the U.S., on average, as a stand-


alone entity.  From 2025-2030, after obtaining FDA approval and Medicare reimbursement 


approval is obtained around this time, the average number of tests sold each year in the U.S. is 


expected to increase, in the Deal Model on a stand-alone basis, to 4.9 million.  The year in which 


Galleri receives FDA approval and Medicare reimbursement approval—or whether it receives 


 
81  deSouza Dep. Tr., at 127. 
82  Investigational Hearing of Aaron Freidin (Sr. VP of Finance, GRAIL), March 22, 2021, 


(hereinafter “Freidin IH Tr.”).  My understanding is that FDA approval of a diagnostic assay can 
be pursued for a single site (or multiple single sites) or as an IVD Test Kit that can be sold to 
third party laboratories as a “kitted” product that the laboratory can run on an Illumina system 
approved by the FDA for clinical diagnostic use (a “Dx” system), without seeking additional 
FDA approval for that test kit (i.e., the lab would not have to seek its own site-specific FDA 
approval). Illumina presently has two Dx systems, the NextSeq 550Dx and the MiSeqDx system, 
on which such test kits can be commercialized. See https://www.illumina.com/systems/ivd-
instruments.html. 


83  See GRAIL-DOC-01493311.xlsx, tab “R&D OPEX Drivers”.  This figure conservatively 
includes only R&D spend for Galleri from 2017-2020. 


84  As mentioned above, GRAIL was spun off at the beginning of 2016 and launched Galleri in April 
of 2021.  


85  I understand another company, StageZero, has launched a multi-cancer test that is based on 
microarray technology.  (Deposition of Dimitri Stamatiou (Director of Lab Operations, 
StageZero), at 36 and 68-69.) 


86  ILMN-FTCVALOR_00132062 at slide 10 (“Based on current thinking re regulatory timelines 
and reimbursement path, we believe unlikely to achieve Medicare reimbursement before 2026/7 
(via congressional action) or 2028/9 (via USPSTF).”). 
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them at all—is highly uncertain.87  Although the timeline for approval is uncertain, the parties 


anticipate that Illumina’s acquisition of GRAIL will accelerate the timeline by at least a year.88  I 


further discuss this acceleration, and the associated benefits to consumers, in Section VI.C 


below. 


32. The FTC has identified seven companies that it alleges compete with GRAIL in MCED 


testing in the future; Dr. Scott Morton has identified one additional company.  As described by 


the FTC and Dr. Scott Morton, each potential GRAIL competitor is developing a single cancer 


test or a MCED test that uses NGS; none of these companies are close to having an MCED test 


ready for commercial launch,89 and none have published clinical trials demonstrating the 


capability of detecting 50 cancers or tumor of origin as Galleri has already done. I provide brief 


details on each of these companies below: 


1. Thrive 


33. Thrive was founded in 2019 and acquired by Exact Sciences in January 2021.90  Since its 


inception, Thrive has spent approximately $150 million developing its blood-based MCED test, 


CancerSEEK.91  According to Thrive, CancerSEEK has demonstrated that it can detect ten 


different types of cancer92 including bladder, colorectum, lung and breast, but is unable to 


 
87  Bishop IH Tr., at 102:1-9 (“Q. When does GRAIL expect to receive FDA approval for the Galleri 


test? . . . A. [W]e haven’t given any guidance on a precise date because, as I mentioned earlier, 
it’s really unknowable given the number of variables that still need to be landed, so I think we 
said, you know, it’s a few years away.”). 


88  Aravanis Dep. Tr., at 85-86 (“Illumina believes that through the acquisition, a conservative 
estimate of the acceleration of the adoption of the Galleri test will be one year.”).  


89  As early as 2022, some test developers have testified that they intend to launch a version of their 
test that will initially be used to detect only one type of cancer and later be improved to detect 
additional cancers.  (Scott Morton Report, § V.)  According to the FTC’s and Dr. Scott Morton’s 
market definitions, these tests are not in the same product market as Galleri until they are able to 
detect multiple cancers (as they define it, at least one more cancer). 


90  Investigational Hearing of Christoph Lengauer (Founder and Consultant, Thrive), March 3, 2021, 
(hereinafter “Lengauer IH Tr.”), at 48 and 24. Throughout my report I use “Thrive” to refer to 
both Thrive as a standalone entity prior to its acquisition by Exact Sciences and Thrive as a 
subsidiary of Exact Sciences after the acquisition. 


91  Lengauer IH Tr., at 50. 
92  Deposition of Kevin Conroy (CEO, Exact Sciences), (hereinafter “Conroy Dep. Tr.”), at 122.  


The number of cancers that various MCED test developers claim can be detected may not be 
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determine the tissue of origin.93 To determine the location of a patient’s cancer, Thrive uses an 


approach in which a patient who tests positive for cancer subsequently receives a full-body PET-


CT scan.94 Thrive views CancerSEEK as a test that can enhance the accuracy of current cancer 


screening procedures and therefore is complementary to such procedures.95  In addition to its 


acquisition of Thrive, Exact Sciences recently purchased Base Genomics, which has developed a 


technology based on methylation, for the stated purpose of improving CancerSEEK.96  However, 


according to its representatives, Thrive has not yet made a final decision on whether methylation 


will be incorporated into CancerSEEK or collected any evidence on how the inclusion of 


methylation will impact the performance of CancerSEEK.97  Exact Sciences has not yet 


determined if it will launch CancerSeek as an LDT or FDA approved test,98 but, according to Dr. 


Scott Morton, relying on Exact’s CEO Kevin Conroy, Exact expects to seek FDA approval for 


the test in 202499 and estimates it will begin marketing an FDA approved version of 


CancerSEEK in around 2025.100  


 
strictly comparable across companies because of different methodologies used to validate the 
tests’ effectiveness.  (Lengauer IH Tr., at 57-59.) 


93  Conroy Dep. Tr., at 123. 
94  Lengauer Dep. Tr., at 57-58. (“The verdict of CancerSEEK is cancer or not. That information 


comes back to the physician, and then the cancer must be located. For that, we have a reflex test 
which is integrated into the work -- medical work-through as we know it. In our case, that is a 
PET-CT, which means if warned by your doctor that you have a positive blood test that indicates 
there's cancer somewhere in your body, and you could get referred to a radiologist who will then 
do a PET-CT scan and try to locate that cancer…. we are not considering [a methylation-based 
tissue of origin] approach as our default approach for detecting cancer in SOAR. There, we have 
committed to PET-CT as the method, reflex test after positive cancer test.”) 


95  Lengauer IH Tr., at 63. (“CancerSEEK is not made in competition to other screening methods 
that exist for some cancer tpes, and if it’s – it is intended to be in addition to standard of care 
screening methods.”) 


96  Lengauer IH Tr., at 42 and 45. 
97  Lengauer Dep. Tr., 104-105. 
98  Conroy Dep. Tr., at 35-36. 
99  Conroy Dep. Tr., at 31. 
100  Mr. Conroy indicated that 2025 was the best estimate for the launch of an FDA-approved test, but 


the launch could be as early as 2024 or as late as 2026.  (Conroy Dep. Tr.,  at 42.) 
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2. Natera 


34. Natera was founded in 2004 and is the leading supplier of NIPT tests in the U.S. The 


company expanded into oncology testing with its 2017 launch of Signatera, a Minimal Residual 


Disease (“MRD”) test that, in its currently marketed form, uses a solid tumor sample to analyze 


the patient’s specific cancer profile, then monitor the presence or absence of cancer in the post-


remission patient with subsequent blood draws.101  Natera uses Illumina’s NGS inputs in both 


NIPT and oncology testing applications in the U.S., but has transitioned to BGI’s platform in 


China for its Signatera test.102 


35. According to John Fesko of Natera, Natera began developing the technology for a 


potential blood-based MCED test years ago and expects to launch an MCED test as an LDT in 


2022.103  Natera’s internal documents produced in this case show that Natera plans to develop an 


“asymptomatic screening test focused initially on CRC [i.e., colorectal cancer],” and that Natera 


has only recently begun an “early stage research project” to investigate the development of a 


colorectal screening test earlier this year.104  Mr. Fesko testified that Natera has to profile the 


performance of its test and develop analytical validation data before it can market its test for any 


specific cancer, and that Natera has not profiled its Signatera test for asymptomatic screening as 


of yet.105  One Natera board of directors presentation from March 2021 notes that, as of that time, 


Natera “[n]eed[ed] to add methylation capability” and was evaluating “[h]ow much to invest [in 


an ‘asymptomatic screening program’] given other priorities.”106  Further, Mr. Fesko testified 


that Natera has not published a case-controlled study relating to plans to develop an 


asymptomatic screening test with methylation.107 


 
101  Fesko Dep. Tr., at 131-132. 
102  Fesko IH Tr., at 50-51; see also Natera Press Release, “Natera and BGI Genomics Announce 


Commercial Launch of the BGI/Natera Signatera Assay in China,” June 24, 2021, available at: 
www.natera.com/company/news/natera-and-bgi-genomics-announce-commercial-launch-of-the-
bgi-natera-signatera-assay-in-china/, last visited July 14, 2021. 


103  Fesko IH Tr., at 83. 
104  Fesko Dep., Exhibits 2 & 3. 
105  Fesko Dep. Tr., at 135-136.  
106  Fesko Dep., Exhibit 5. 
107  Fesko Dep. Tr., at 224. 
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3. Guardant Health 


36. Guardant Health (“Guardant”) was founded in 2012 and currently sells a blood-based 


therapy selection test for use in a multitude of cancers and a blood-based MRD test for use in 


colorectal cancer. Both of these tests use Illumina’s NGS inputs.  Guardant began developing a 


cancer screening test, Lunar-2, in 2016.108  Guardant states that it may launch that single-cancer 


test as an LDT in the first quarter of 2022.109  The assay is currently being developed to screen 


only for colorectal cancer; Guardant states that it plans to add additional cancers over time.110  


Guardant has started one clinical trial (“Eclipse”) with 10,000 patients and the goal of supporting 


an eventual FDA application; the trial is only testing for colorectal cancer and no other 


cancers.111  Guardant expects it will have spent $200 million on developing its Lunar-2 assay by 


the end of 2021.112  The Lunar-2 assay utilizes methylation patterns as well as other techniques 


to identify biomarkers in the patient’s DNA that are indicative of cancer.113 


4. Foundation Medicine 


37. Foundation Medicine (“FMI”) was founded in 2009 and acquired by Roche in 2018.  


FMI currently sells three oncology therapy selection tests: two tissue-based therapy selection 


tests114, 115 and a blood-based therapy selection test.116  Each of these three tests uses Illumina’s 


NGS inputs.  In early 2021,117 the company began developing three different single-cancer tests 


(lung, liver, and colorectal), with the stated hope that it will eventually be able to use them for a 


 
108  Deposition of Darya Chudova (Senior VP of Technology, Guardant Health), June 2, 2021, 


(hereinafter, “Chudova Dep. Tr.), at 27. 
109  Chudova Dep. Tr., at 100. 
110  Chudova Dep. Tr., at 16. 
111  Deposition of Nitin Sood (Senior VP of Products, Guardant Health), May 27, 2021, (hereinafter 


“Sood Dep. Tr.”), at 133-138. 
112  Chudova Dep. Tr., at 27-28. 
113  Chudova Dep. Tr., at 124-125. 
114  Investigational Hearing of Cindy Perettie (Former CEO, FMI), March 24, 2021, (hereinafter, 


“Peretti IH Tr.”), at 25. 
115  Perettie IH Tr., at 50-51. 
116  Perettie IH Tr., at 41. 
117  Deposition of Cindy Perettie (CEO, FMI), May 21, 2021, (hereinafter “Perettie Dep. Tr.”), at 73. 
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single test that can detect more than one cancer from a single blood draw.118  FMI’s assay is 


partially based on methylation patterns.119  FMI’s former CEO, Cindy Perettie, testified that its 


cancer screening test is currently in the technological development and sample acquisition stage, 


and at the end of 2021, FMI will decide if it wants to continue development.120  In mid-2022, 


FMI will assess what the development plan will look like, how much it will cost and its 


likelihood of success.121  FMI reports that it hopes to start clinical trials for three separate cancers 


in mid-2022.122  FMI states that it expects to launch an LDT version of its early detection test or 


tests in late 2026 or early 2027123 and to obtain FDA approval around 2027,124 though Ms. 


Perettie testified that development timelines are unpredictable.125  Konstantin Fielder, FMI’s 


current COO, testified that he expects that FMI’s test will launch around the “end of the 


decade.”126  FMI/Roche estimates it would take over $1.1 billion to develop a cancer screening 


test.127 


5. Freenome 


38. Freenome was founded in 2014 and does not currently have a commercial product. The 


company is developing a blood-based colorectal cancer screening test, which it expects to launch 


in 2023128 with FDA approval.129  Freenome currently has no timeline for developing an 


 
118  Perettie Dep. Tr., at 161. 
119  Perettie Dep. Tr., at 160. 
120  Perettie Dep. Tr., at 79-80.  
121  Perettie Dep. Tr., at 80. 
122  Perettie Dep. Tr., at 79-80.  
123  Perettie Dep. Tr., at 88. 
124  Perettie Dep. Exhibit. 6 (ROCHE-00000446 at -448 and -450); Perettie Dep. Tr., at 89. 
125  Perettie Dep. Tr., at 210. 
126  Deposition of Konstantin Fielder (COO, FMI), June 18, 2021, (hereinafter “Fielder Dep. Tr.”), at 


70. 
127  ROCHE-00000446 at -451. 
128  Deposition of Michael Nolan (CEO, Freenome), June 1, 2021, (hereinafter, “Nolan Dep. Tr.”), at 


25. 
129  Nolan Dep. Tr., at 229. 
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MCED130 and does not know what cancers any such future test would be able to detect.131  


Freenome’s assays currently in development rely on Illumina’s inputs to detect methylation 


patterns,132 but use a “multiomics” approach, meaning they also rely on other methods, including 


proteomics methods, that require non-Illumina instruments and reagents.133 


6. Singlera Genomics 


39. Singlera Genomics (“Singlera”) was founded in 2014 with the stated goal of developing a 


methylation-based early cancer detection test.134  The company does not currently have a 


commercial product for sale in the U.S.,135 but reports that it is developing blood-based single-


cancer tests for colorectal and other cancers in addition to a MCED test, designated PanSeer.136 


Singlera stated that it has enough sample to test for five different kinds of cancer,137 but it has not 


yet begun clinical trials for PanSeer138—characterizing such trials as being “far away”139—and 


expects the test is at least five years from being launched.140   


7. Caris Life Sciences 


40. Caris Life Sciences (“Caris”) was founded in 2008 and currently develops and sells tests 


for therapy selection in patients with late-stage cancer141 for which it uses Illumina’s 


instruments.142  The company states that it is developing a blood-based cancer screening test, 


 
130  Nolan Dep. Tr., at 78 
131  Nolan Dep. Tr., at 73. 
132  Nolan Dep. Tr., at 135 and 258. 
133  Nolan Dep. Tr., at 219. 
134  Deposition of Dr. Yuan “Gary” Gao (Scientific Co-founder, Singlera Genomics), June 2, 2021, 


(hereinafter, “Gao Dep. Tr.”), at 18. 
135  Gao Dep. Tr., at 94. 
136  Gao Dep. Tr., at 24-5. 
137  Gao Dep. Tr., at 84 and 104-105. 
138  Gao Dep. Tr., at 83. 
139  Gao Dep. Tr., at 114. 
140  Gao Dep. Tr., at 119. 
141  Investigational Hearing of David Spetzler (President and Chief Science Officer, Caris Life 


Sciences), February 12, 2021, (hereinafter, “Spetzler IH Tr.”), at 41. 
142   Spetzler IH Tr., at 27. 
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Carisome, which its representative testified could possibly launch in 2023143 as an FDA-


approved test144 indicated for the detection of colon cancer.145  Caris’s documents indicate that, 


at this stage, its Carisome test is a blood-based tumor profiling test for solid tumors used for 


therapy selection, not cancer screening.146 


8. Helio Health 


41. Helio Health was founded in 2014 and describes itself as “an AI-driven healthcare 


company focused on commercializing early cancer detection tests from a simple blood draw.”147  


Helio’s lead blood-based cancer screening test focuses on detecting liver cancer, but the 


company reports that it is also developing other single-cancer tests that can detect additional 


cancers, including colon, lung, and breast cancer,148 though Helio has no FDA trials in progress 


for colon, lung, and breast cancer.149  According to the testimony of Kenneth Chahine, Helio’s 


CEO, the company eventually plans on combining its approved single cancer tests into an 


MCED test,150 though Helio has indicated to investors that it has no current plans for a multi-


cancer clinical trial in the U.S.151  Helio reports that it expects its liver cancer test to obtain FDA 


approval in 2022152 and plans to process those tests out of a central lab.153  The company reports 


that it anticipates that its other single cancer tests will be approved and available for sale in three 


 
143  Spetzler IH Tr., at 93-94. 
144  Spetzler IH Tr., at, 85. 
145  Spetzler IH Tr., at 80.  Spetzler IH Tr., at 94. 
146  FTC-CarisLife-00002072 at p. 79 & p. 192. 
147  https://www.heliohealth.com/about/ 
148  Deposition of Kenneth Chahine (CEO, Helio Health), May 25, 2021, (hereinafter, “Chahine Dep. 


Tr.”), at 15. 
149  Chahine Dep. Tr., 98. 
150  Chahine Dep. Tr., at 30-35. 
151  HelioHealth_00000717 at -719. 
152  Chahine Dep. Tr., at 17. 
153  Chahine Dep. Tr., at 17-18. 
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years at the earliest.154  Helio currently uses Illumina’s HiSeq NGS sequencer to develop and run 


its tests, but the company reports that it expects to transition to Illumina’s MiSeq sequencer.155  


III. VERTICAL MERGERS GENERATE EFFICIENCIES AND ARE UNLIKELY TO 
CAUSE SIGNIFICANT COMPETITIVE HARM, EXCEPT IN NARROW 
CIRCUMSTANCES NOT PRESENT HERE 


42. A horizontal merger involves combining firms that have assets that are substitutes for 


each other.  A horizontal merger necessarily involves the elimination of a competitor.  That is 


why horizontal mergers potentially raise competition concerns.  In contrast, a vertical merger 


involves combining firms that have complementary assets.  Combining complementary assets 


does not necessarily involve the elimination of a competitor to either the upstream or 


downstream firm and it typically generates efficiencies.  For example, if one firm supplies 


another, it is well known that transactions costs can prevent the attainment of efficiencies 


through contract and that vertical integration can reduce or eliminate those transaction costs: 


vertical integration aligns the incentives of the upstream and downstream merging firms, thus 


creating efficiencies that would be unavailable in the absence of the merger.156  These 


efficiencies can provide a powerful motivation for a vertical merger and can eliminate any 


concerns about potential adverse competitive impacts since efficient mergers lead to lower prices 


and/or improvements in the quality or availability of products, all of which benefit consumers.  


The procompetitive effects of a vertical merger are well recognized, as in the Vertical Merger 


Guidelines recently issued by the DOJ and FTC:  “Vertical mergers combine complementary 


economic functions and eliminate contracting frictions, and therefore have the capacity to create 


a range of potentially cognizable efficiencies that benefit competition and consumers.”157  


 
154  Chahine Dep. Tr., at 99-100. 
155  Chahine Dep. Tr., at 21. 
156  See, e.g., Dennis W. Carlton (2020), “Transaction Costs and Competition Policy,” International 


Journal of Industrial Organization, 73:1-14. 
157  U.S. Department of Justice and the Federal Trade Commission, “Vertical Merger Guidelines,” 


June 30, 2020, available at: https://www.ftc.gov/system/files/documents/reports/us-department-
justice-federal-trade-commission-vertical-merger-guidelines/vertical_merger_guidelines_6-30-
20.pdf, last visited April 3, 3021, (hereinafter, “Vertical Guidelines”), at 11. 
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43. Despite the likely creation of efficiencies and even though it does not necessarily result in 


the elimination of a competitor, a vertical merger can harm competition in limited circumstances.   


I illustrate this possibility of harm below using a simple industry structure and, initially, ignoring 


the inherent merger efficiencies and post-merger contractual or reputational constraints on the 


merged firm’s behavior.  Then I discuss how, even if a vertical merger potentially provides an 


opportunity to harm downstream competition, efficiencies and contractual and reputational 


constraints must be considered in evaluating the incentives of the merged firm and the overall 


effects of a vertical merger.  This approach of balancing all of the likely effects of a vertical 


merger is endorsed by the U.S. antitrust agencies:158   


For mergers that warrant scrutiny, the Agencies will determine whether, based on 
an evaluation of the facts and circumstances of the relevant market, the merger 
may substantially lessen competition. This evaluation will generally include an 
assessment of the likely net effect on competition in the relevant market of all 
changes to the merged firm’s unilateral incentives. 


A. EVEN IGNORING EFFICIENCIES, A VERTICAL MERGER CAN RESULT IN 


SIGNIFICANT HARM ONLY IN LIMITED CIRCUMSTANCES  


44. In the simple vertical structure shown in Figure 2 below, one upstream firm sets price to 


two downstream firms that compete with each other, with each upstream and downstream firm 


choosing its price to maximize its own profit as it competes with its rivals.  In the usual setting, 


the Upstream Firm earns an above-competitive margin 𝑚 , as does each downstream firm i, 


which earns 𝑚 .  


 
158  Vertical Guidelines, at 5. 
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Figure 2: Vertical Industry Structure 


 


45. A merger of the Upstream Firm and Downstream Firm #1 changes the upstream pricing 


incentives because the merged entity sets upstream and downstream prices to maximize the joint 


profits of the Upstream Firm and Downstream Firm #1.  Consider first the merged entity’s 


incentives in setting price to a downstream firm.  Post-merger, the merged entity takes into 


account that its price to a downstream firm can affect the allocation of downstream sales between 


Downstream Firm #1 (now vertically integrated) and Downstream Firm #2 and therefore affect 


Downstream Firm #1’s (and the vertically integrated firm’s) total profits.  In particular, if it 


raises the price it charges to Downstream Firm #2, 𝑝 , and the downstream firm passes on some 


of that price increase to its customers, then (assuming that customers respond to that price 


increase) some of Downstream Firm #2’s sales will be diverted to Downstream Firm #1, 


resulting in increased downstream profits for the merged entity since Downstream Firm #1 will 


now earn an extra 𝑚  on each incremental sale that it takes from Downstream Firm #2.159  


 
159  For expositional purposes, the discussion above holds constant the margin 𝑚 , even though the 


equilibrium outcome would involve changes in all prices and margins, which are interrelated.  
This discussion abstracts from this point and therefore should be viewed as expositional of the 
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Because it responded to its higher input price by raising its price and therefore selling less, 


Downstream Firm #2 will reduce its input purchases from the Upstream Firm, leading to some 


loss of upstream profit for the merged entity.  This situation in which 𝑝  rises causing 𝑝  to rise 


is the source of harm from RRC with which the FTC is concerned.  Although the net effects of 


the merger depend on efficiency benefits and how they interact with any incentives to raise 𝑝 , 


for the purpose of simplification and understanding, I will refer to this source of harm as the 


RRC effect, ignoring for now that the effect depends on how it interacts with efficiency effects. 


46. The magnitude of the post-merger change in upstream pricing incentives due to the RRC 


effect depends on several factors such as 𝑚  (how much upstream profit is lost when 


Downstream Firm #2 reduces input purchases), 𝑚  (how much downstream profit is gained 


when customers shift from Downstream Firm #2 to Downstream Firm #1), and the amount of 


diversion from Downstream Firm #2 to Downstream Firm #1 in response to an increase in 𝑝  


(how much of Downstream Firm #2’s lost sales are diverted to Downstream Firm #1, rather than 


to another downstream firm or out of the market entirely),160 even before one takes account of 


certain inherent offsetting efficiencies that will affect the pricing of 𝑝  and hence 𝑝  and 𝑝 .   


The ability of the Upstream Firm to induce Downstream Firm #2 to raise 𝑝  (resulting in 


significant diversion) depends on how important 𝑝  is in the downstream firm’s pricing decision.  


For example, when 𝑝  represents a small share of Downstream Firm #2’s revenues (or profits) 


even after the price increase it is unlikely that RRC is a strategy that would significantly harm 


competition.  Consider the possibility that 𝑝  may be so high that any likely increase in 𝑝  is 


easily absorbed by Downstream Firm #2 rather than being passed on to its customers, or, 


alternatively, that the increase in 𝑝  is so small as not to matter significantly.  If, in this example, 


after engaging in a RRC strategy, 𝑝  increases by say $1 and 𝑝  is $500, it is hard to see that 


 
forces at work.  As described earlier, a more complete vertical model is needed to analyze all of 
the forces and their interactions.  Specifically, a fully specified model must take into account the 
interaction of many economic factors, including the amount of diversion, margins and costs, and 
the specification of the nature of competition that determines pre- and post-merger prices and 
investments.  


160  This diversion is usually expressed as the diversion ratio, which is the share of Downstream Firm 
#2’s lost sales that are captured by Downstream Firm #1. 







 


HIGHLY CONFIDENTIAL  
36 


one should worry about RRC creating a significant harm to competition—and this is before one 


considers the inherent efficiencies that could lower 𝑝 .161 


47. Although the simple theory, ignoring efficiencies, indicates that vertical mergers can 


have adverse impacts on downstream competition due to the change in upstream pricing 


incentives, the magnitude of any impact depends on the facts of the particular merger and 


markets at issue.  Even ignoring efficiencies, there are a number of other factors that determine 


whether a vertical merger could significantly harm competition and, in the case of this particular 


merger, make such harm unlikely, as I describe next.   


48. Contractual Commitments.  Preexisting contracts with customers or contractual restraints 


that the upstream firm has agreed to abide by can protect downstream firms from a price 


increase.  When effective contractual commitments exist, there cannot be an increase in input 


prices post-merger.  Failure to consider contractual commitments can lead to unrealistic 


predictions of post-merger behavior.  In this case, Illumina has long-term supply agreements 


with some customers and has offered its current and future customers additional contractual 


protection against price increases, contractual guarantees of cost decrease, and contractual 


guarantees of continued information, access, and assistance.  In Illumina’s view, these 


commitments protect downstream competitors from being victims of the FTC’s theory of harm. I 


understand that many of the provisions in the Open Offer regarding both the terms related to 


price  and the terms related to cooperation are similar to terms that appear in contracts that 


Illumina already has with its customers, and there are many terms that provide benefits to 


customers that Illumina has not historically included in its contracts (such as no price increases 


on a wide range of products for 12 years, among other commitments). That means that concerns 


about Illumina adhering to the terms in the Open Offer should be similar to those with these 


existing contracts. Yet, I understand that customers routinely do business with Illumina with 


such contracts.  I understand that Illumina has not been involved in breach of contract claims 


regarding its performance either on price terms or cooperation. Furthermore, I understand that 


the Open Offer contains additional protections above and beyond those in existing contracts that 


relate to the ability of the customer to monitor and audit the adherence of Illumina to the terms of 


 
161  An additional gain to the merged firm may also arise from the fact that the merged firm can set 


𝑝 .  
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the Open Offer.  If anything, these additional terms should make it more, not less, likely that 


Illumina would adhere to the terms of the Open Offer compared to existing contracts , even 


ignoring the harm that might result from Illumina developing  a reputation that Illumina fails to 


abide by contractual terms. Regarding the terms related to IVD Test Kit agreements, again my 


understanding is that such terms exist in contracts already with Roche (and others) that specify 


the terms of support that Illumina commits to provide. Despite the fact that the provisions of the 


Open Offer are in many respects quite similar to those in existing contracts, neither the FTC nor 


Dr. Scott Morton consider that the Open Offer provides any protection against the harms the 


FTC and Dr. Scott Morton claim arise as a result of this transaction.   


49. Low-cost Inputs and Reputational Constraints.  As noted above, if input prices (that are 


under the control of the upstream firm) are a small percentage of downstream revenues, then the 


upstream firm may be constrained in its ability to raise prices by enough to impact significantly 


downstream prices and cause harm.  The constraint arises because, in such a situation, the 


upstream firm would have to raise prices by a very substantial amount in order to harm 


competition; but doing so would impact future upstream sales.  In this case, Illumina has an 


interest in continuing to sell its sequencing solutions in the future—for both currently known 


applications and for future applications that have not yet been developed.  Those future 


applications likely require investments in R&D by future Illumina customers, and attempts to 


raise input prices significantly today will damage Illumina’s reputation, inducing downstream 


firms to shift away from Illumina’s sequencing platform,162 including to emerging rival 


platforms, and damaging future sequencing sales and profits by scaring off developers who are 


wary of opportunistic behavior by Illumina.  This will result in less investment in Illumina’s 


platform, including in applications that may not be in development today but could become 


significant revenue generators in the future.  This potential loss of future sales and profits 


constrains Illumina’s behavior regarding input prices today and will continue to constrain its 


behavior after the merger. 


 
162  Even if there are no current or future upstream competitors, Illumina would be concerned that its 


opportunistic behavior could stifle downstream innovation in applications that would have grown 
Illumina’s sequencing sales had such innovation occurred on Illumina’s platform.  But as I 
discuss below, Illumina believes there are viable future competitors to its NGS platform.  
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50. Downstream Product Differentiation.  Downstream harm from RRC can only occur if the 


downstream rivals’ products are not too differentiated and, even then, only under specialized 


circumstances.163  If downstream products are highly differentiated, then the possibility of 


significant diversion downstream is limited; this reduces the incentive for RRC. 


B. VERTICAL MERGERS OFTEN GENERATE SIGNIFICANT EFFICIENCIES THAT 


ELIMINATE ANY COMPETITIVE CONCERN 


51. Even if one ignored the contractual constraints and focused on the factors that could lead 


to a possible increase in rivals’ costs post-merger, such an analysis would still provide only an 


incomplete picture of whether a vertical merger is likely to be anticompetitive.  As already 


mentioned, an evaluation of the total effect on competition from the merger must also consider 


the merger-specific efficiencies that are likely to result, because those efficiencies also impact 


the merged firm’s pricing incentives (in particular, the merged firm is incentivized to lower 𝑝 ) 


and directly benefit downstream consumers.  A lower 𝑝  will also constrain or eliminate the 


ability to raise 𝑝 .  As the Vertical Merger Guidelines recognize, it is only the total effect of the 


merger on consumers that matters for overall consumer welfare.164  


52. Vertical mergers in general—and this vertical merger in particular—are likely to generate 


significant efficiencies for reasons that are well understood in the literature.165 I discuss here the 


pro-competitive impact of a vertical merger on the upstream firm’s pricing incentives as well as 


other efficiencies resulting from combining complementary assets. 


 
163  As I have discussed above, an analysis capable of determining the net effects of the merger would 


require an economic model that  simultaneously accounts for the countervailing forces of RRC 
and EDM and other efficiencies (which interact with each other in complicated ways) as well as 
the impact of constraints, including, in this matter, the Open Offer, reputation constraints, and the 
ability of MCED test providers to take steps to reduce their reliance on Illumina.   


164  An evaluation of the total effect of a vertical merger requires a model where the various forces 
and their interactions can be evaluated.  The FTC and Dr. Scott Morton do not present such a 
model and Dr. Scott Morton concedes that the information required to estimate such a model does 
not exist.  (Scott Morton Report, ¶ 295. “I conclude that it is currently impossible to conduct an 
accurate merger simulation that generates a reliable quantitative prediction of the ultimate effects 
of EDM and RRC on the future prices of MCED tests.”) 


165  Ronald Coase and Oliver Williamson both won the Nobel Prize in Economics for their work in 
explaining these reasons.  For a discussion of vertical integration, see, Dennis W. Carlton and 
Jeffrey M. Perloff (2005), Modern Industrial Organization, 4th Edition, Pearson/Addison-Wesley, 
Chapter 12. 
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53. Returning to the simple vertical industry structure depicted in Figure 2, consider now the 


impact of the merger on pricing incentives to Downstream Firm #1.  Just as the vertical merger 


affects the Upstream Firm’s incentives in setting 𝑝 , it also affects its incentives in setting 𝑝 .  


In fact, there need be no formal price set, but the incentives facing the merged firm will be such 


that it will behave as if the “price” it charges its downstream division for the upstream product is 


that product’s marginal cost (i.e. 𝑚  is eliminated for “sales” of products from Upstream Firm to 


Downstream Firm #1)  because the pricing incentives of Upstream Firm and Downstream Firm 


#1 are aligned post-merger.166 This effect typically causes the merged firm to reduce  𝑝 , which 


leads to more, not less, competition among downstream firms and benefits consumers.167   This 


efficiency (EDM) is a well-recognized benefit of vertical mergers168 that, as the Vertical Merger 


Guidelines recognize explicitly, “arises directly from the alignment of economic incentives 


between the merging firms.”169 An analysis of the competitive impacts of a vertical merger must 


simultaneously consider the post-merger pricing incentives to both the downstream partner and 


downstream rivals, because both impact downstream consumer welfare.  It makes no economic 


sense to evaluate only one of these impacts on pricing incentives when both stem from the 


vertical merger’s impact on pricing incentives.  And it is well known that in vertical models 


where an upstream margin can be eliminated post-merger, consumers can easily benefit.170 


 
166  This discussion is easiest to understand for the case in which there is no diversion.  In the 


presence of diversion, the calculation is more complicated, but the point generally remains the 
same: there is an incentive to lower price.  As I stated earlier, in a vertical model when there is 
diversion, one needs a model that simultaneously accounts for the countervailing forces of RRC 
and EDM and other efficiencies as well as the impact of constraints in order to figure out the net 
impact of the merger.  The various incentives that affect price interact in complicated ways.  


167  See footnote Error! Bookmark not defined..  This sentence assumes non-zero diversion.  
168  Dennis W. Carlton and Jeffrey M. Perloff (2005), Modern Industrial Organization, 4th Edition, 


Pearson/Addison-Wesley, Chapter 12. 
169  Vertical Guidelines, at 11. 
170  See, e.g., Crawford, Gregory S., Robin S. Lee, Michael D. Whinston, and Ali Yurukoglu. “The 


welfare effects of vertical integration in multichannel television markets.” Econometrica 86, no. 3 
(2018): 891-954.  
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54. In addition to EDM efficiencies arising from the vertical merger’s alignment of pricing 


incentives, other efficiencies may arise from the combination of the upstream and downstream 


firms’ complementary assets.  As stated in the Vertical Merger Guidelines,171  


Vertical mergers combine complementary assets, including those used at different 
levels in the supply chain, to make a final product. A single firm able to 
coordinate how these assets are used may be able to streamline production, 
inventory management, or distribution. It may also be able to create innovative 
products in ways that would not likely be achieved through arm’s-length 
contracts.  


Efficiencies that bring products to market more quickly and facilitate more productive R&D 


efforts benefit consumers directly in ways not captured in the simple vertical model described 


above.  Such efficiencies are no less real, however, and they are particularly important in 


industries that are characterized by high levels of R&D expenditures and where firms are 


unwilling to share their valuable, proprietary knowledge with others, absent a merger.  An 


analysis of a vertical merger that ignores evidence of these merger-specific efficiencies is 


incomplete and likely to arrive at an unsupportable conclusion.   


*       *       * 


55. In summary, a complete analysis of a vertical merger requires an economic model that 


accurately reflects the upstream and downstream markets in which the merging firms operate, 


and simultaneously accounts for the change in incentives to price to downstream rivals (bearing 


in mind the impact of post-merger contractual and reputational constraints) as well as any 


efficiencies (both those that are due to the alignment of pricing incentives in a vertical merger 


and other efficiencies obtained through the combination of complementary assets), while taking 


into consideration any constraints on the firms’ behavior.  Only with such a model could one 


make a judgment as to whether the merger would likely result in net harm to consumers.  As I 


explain in more detail below, the FTC’s and Dr. Scott Morton’s assessment of this merger fails 


because they fail to provide a model that properly accounts for the costs and benefits associated 


with the transaction, including massive merger-specific efficiencies; fail to properly credit the 


 
171  Vertical Guidelines, at 11. 
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impact of contractual and reputational constraints on Illumina’s post-merger behavior; and fail to 


account for the ability of MCED test providers to take steps to reduce their reliance on Illumina..   


IV. ILLUMINA’S VERTICAL ACQUISITION OF GRAIL IS UNLIKELY TO 
RESULT IN A RAISING RIVALS’ COST STRATEGY  


56. The FTC and Dr. Scott Morton fail to address important economic facts indicating that 


vertical foreclosure is unlikely.  As explained in Section III, for a vertical merger to be 


anticompetitive, it is well understood that the losses from RRC (the source of potential harm 


from the transaction) must offset the gains from efficiencies.172 I discuss in Section VI below the 


very large efficiencies of this transaction.  In this section, I show that there are factors that either 


eliminate or greatly limit Illumina’s ability to successfully raise rivals’ costs.  


57. A successful RRC strategy depends in part on the upstream firm’s ability to induce 


downstream rivals to raise their price (thereby diverting downstream sales to the merged entity 


and increasing its profits) while not suffering too great a loss in upstream sales (which reduces 


the merged entity’s profits).  I discuss in this section three factors that either eliminate or greatly 


limit Illumina’s ability to successfully raise rivals’ costs: (1) the contractual commitments that 


preclude such behavior; (2) the fact that Illumina’s inputs are a small share of future downstream 


revenues, combined with Illumina’s reliance on downstream customers to continue to innovate 


on the Illumina platform;  and (3) the likelihood of differentiation between Galleri and potential 


rivals’ tests, which limits Illumina’s incentives to attempt to raise rivals’ costs. 


 
172  These effects cannot be independently quantified. Determining whether a vertical merger 


ultimately results in a benefit or harm to consumers requires a model that simultaneously 
accounts for these forces, as they interact with each other. 
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A. ILLUMINA’S EXISTING SUPPLY AGREEMENTS AND OPEN OFFER PROTECT 


DOWNSTREAM RIVALS FROM INCREASED PRICES 


58. Illumina has recently executed long-term supply agreements with Guardant and FMI173 


and the Open Offer gives pricing commitments to current and future customers.174  Illumina is 


contractually prohibited from raising the input costs to any clinical oncology customer, including 


any GRAIL rivals; indeed, any such customer that accepts the Open Offer would, by 2025, have 


access to products that substantially reduce sequencing costs.175  


59. The FTC has expressed concerns about whether the Open Offer actually provides price 


protection against RRC because it “cannot account for each and every current and future method 


by which Illumina may foreclose, raise the costs of, or otherwise disadvantage GRAIL’s 


rivals.”176  Dr. Scott Morton similarly opined that, despite the Open Offer, Illumina could still 


find ways to disadvantage GRAIL’s rivals and the contract would be difficult to enforce.177  The 


inability to write either a contingent contract that anticipates every possible state of the world or 


a self-enforcing contract does not imply that the Open Offer provides inadequate protections 


against raising rivals’ costs.  These are common difficulties associated with any contract 


governing future economic exchange.  The Open Offer addresses these difficulties by providing 


transparent, pre-specified price and discount schedules and a quantified price decrease by a 


specified date, as well as a neutral arbitrator that can settle disputes.  This method of handling 


disputes does not favor either party to the contract  The imposition of compliance monitoring 


through an auditing process, and the possibility of an adverse arbitration decision, not to mention 


 
173  I understand that Natera also has a supply agreement with Illumina was signed prior to the 


Illumina/GRAIL merger agreement and relates to the settlement of certain patent litigation 
between the parties. 


174  I understand that the Open Offer price schedule is based on premerger prices for existing 
products, and the commitment to decrease sequencing costs is based on the same assumptions in 
Illumina’s Deal Model.  If a customer has already signed a deal that yields better pricing than the 
open offer, then the customer can continue to receive that pricing.  The open offer thus provides a 
ceiling on pricing, but customers with pre-existing contracts can choose to stick with their 
“grandfathered” pricing terms should they choose to. 


175  Open Offer, § 5.d. 
176  Administrative Complaint, ¶ 70. 
177  Scott Morton Report, § IX.B. 
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reputational damage if Illumina develops a reputation for breaching its commitments, would be 


expected to restrain Illumina’s behavior and encourage adherence to the Open Offer.   


60. In addition, I understand that key provisions in the Open Offer regarding both the terms 


related to price and the terms related to cooperation are similar in kind to, and more favorable to 


the customer than, terms that appear in contracts that Illumina already has with its customers.  


Consequently, concerns about Illumina adhering to the terms in the Open Offer should also apply 


to these other contracts, yet I understand that customers routinely do business with Illumina with 


such contracts.  I am not aware of Illumina being brought to court for breach of contract claims 


regarding its performance either on price terms or cooperation.  Furthermore, I understand that 


the Open Offer contains additional protections above and beyond those in existing contracts that 


relate to the ability of the customer to monitor and audit the adherence of Illumina to the terms of 


the Open Offer.178 These additional terms should make it more, not less, likely that Illumina 


would adhere to the terms of the Open Offer compared to existing contracts, even ignoring the 


harm that might result from Illumina developing a reputation for failing to abide by contractual 


terms.  Regarding the IVD distributable kit agreements that are made available through the Open 


Offer, I understand that the terms of those agreements are based on existing agreements with, 


e.g., Roche and Qiagen that specify the terms and types of cooperation that Illumina promises to 


provide (e.g., the creation of certain software) in connection with such agreements, and that 


companies such as Roche are investing in the development of tests under their respective IVD 


agreements.  Despite the fact that the provisions of the Open Offer are in many respects quite 


similar to, and more favorable to the customer, than those in existing contracts, neither the FTC 


nor Dr. Scott Morton consider that the Open Offer confers any protection against the harms that 


the FTC and Dr. Scott Morton claim arise as a result of this transaction. 


61. Because Illumina has contractually committed not to increase price179—and in fact has 


committed to decrease sequencing costs for customers in accordance with Illumina’s pre-merger 


pricing roadmap, as specified in the Open Offer—rivals are protected from the FTC’s and Dr. 


Scott Morton’s concerns about RRC.  Next, I discuss how economic factors independent of these 


 
178  Open Offer, § 12. 
179  Price increases are allowed in response to cost increases to Illumina or as a result of improvement 


in quality. See, Open Offer, §5.c 
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contractual commitments also constrain Illumina’s ability to raise input prices by an amount 


sufficient to significantly harm downstream competition. 


B. ADDITIONAL ECONOMIC FACTORS CONSTRAIN ILLUMINA’S ABILITY TO 


SIGNIFICANTLY HARM COMPETITION 


62. As explained above, the contractual commitments in the Open Offer address the FTC’s 


and Dr. Scott Morton’s theory that the acquisition will cause Illumina to raise GRAIL’s rivals’ 


costs by amounts that will significantly harm competition.  In this section I show that, even 


absent the contractual commitment, the FTC and Dr. Scott Morton ignore economic factors that 


eliminate or mitigate their concerns.  As I have already explained, a successful RRC strategy 


raises prices to downstream rivals, inducing them to raise their prices to consumers in order to 


divert downstream sales to the integrated company.  Dr. Scott Morton asserts that: “Because 


NGS products account for a large percentage of the total cost of an MCED test, an increase in 


the price of NGS products would have a significant effect on the competitiveness of rival tests 


….”180  Presumably, her intuition is that, if an upstream firm is a large percentage of downstream 


costs, then the upstream firm can have a large effect on the competitiveness of downstream 


firms.  I agree with this general intuition, though I would describe it differently.  One factor 


influencing the ability to successfully carry out a RRC strategy—and thus the incentive to 


engage in it—is the importance of an upstream firm’s input costs to downstream rivals (i.e., the 


importance of “Illumina input costs” to GRAIL’s rivals).181  If the input costs are only a small 


fraction of downstream revenue and margin, then the upstream firm would likely have to raise 


prices by a large amount in order to influence the downstream rivals’ prices to such an extent 


that it generates material diversion and harm to consumers.  For example, if the input cost paid to 


an upstream firm is $1 and the downstream price is $500 with a margin of $400, it is hard to 


 
180  Scott Morton Report, ¶ 179 
181  Profit margins are a relevant measure to consider because, to take a simplified case, if 


downstream margins are big enough, an input price increase could be absorbed by reducing 
downstream rivals’ profits, rather than raising downstream price.  This would result in no harm to 
consumers and, also, no diversion to GRAIL.  But, as I have stated above, fully accounting for the 
effects of a vertical transaction requires an economic vertical model that simultaneously accounts 
for the countervailing forces of RRC and EDM and other efficiencies as well as the impact of 
constraints.  A fully specified model must take into account many economic factors, including the 
amount of diversion, margins and costs, and the specification of the competitive games that 
determine pre- and post-merger prices and investments.  
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imagine that even a doubling of the upstream price would have a meaningful effect.  Although a 


full model is required to determine the incentive to engage in RRC, this general intuition holds.  


As I discuss below, Illumina input costs are expected to be a small fraction of downstream 


revenue and margin, so it is hard to conceive of Illumina having a successful strategy to RRC.    


63. Even if upstream input prices could be raised by sufficiently large amounts to cause 


downstream harm to consumers, the upstream firm would have to consider the impact of such a 


drastic price increase on its future profits.  An upstream firm that relies on customers continuing 


to innovate on its platform in order to generate demand for its products, including in applications 


that have not yet been developed or possibly even conceived (as MCED was at best a moonshot 


concept for NGS as recently as about 5 years ago182) would consider the impact of a large 


increase in input prices on its reputation, which influences whether those customers continue to 


use its platform.  In this situation, the upstream firm has a reduced incentive to raise rivals’ costs.  


64. In this section, I first show that projected Illumina input costs per test are a small share of 


projected downstream prices, and then I discuss how reputation matters. 


1. Downstream costs and margins 


65. Because there are currently no competitors to GRAIL, the data produced by third parties 


in this matter do not include detailed cost, margin or revenue information relating to actual sales 


by such parties of an MCED test, and information about the costs and revenues of the third-party 


tests in development as described by Dr. Scott Morton can only be estimated with great 


uncertainty.  Acknowledging these limitations, for these estimates, I rely on projected costs and 


 
182  Investigational Hearing of Rick Klausner (Founder, GRAIL), March 1, 2021, (hereinafter, 


“Klausner IH Tr. (rough)”), at 80:4-81:1 (“You have to understand that when we started GRAIL, 
this was an idea.  Just to frame it, when I named it GRAIL at the opening announcement, me and 
Jay and others, I pointed out that this is the Holy Grail in many ways of cancer, and I reminded 
people that the Holy Grail was never found.  I said, but it was always worth looking for.  It was 
inspiring, but it was never found.  Let’s not – remember that.  When we started this, whether or 
not we could accomplish what would be required for successful multicancer detection in terms of 
sensitivity, specificity, positive predictive value, the ability to make sure we both diagnose 
cancers we want to diagnose and not overdiagnose things we don’t want to overdiagnose, as we 
did with PSA and prostate cancer, all of these were completely unknown whether we could 
achieve it, so it was a huge—I mean, it was a you know, in retrospect, it looks like, yea, you can 
just do it.  But it was really uncertain.  And I thought that chances are, it was likely to fail, just 
because we had never done anything like this before, no one had, and we were – you know, we 
were pushing now boundaries of science, of clinical science.”). 
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revenues for Galleri (from the Deal Model) and Thrive (from from documents produced by 


Thrive and Exact Sciences)183 which show that sequencing costs for these companies are 


expected to be small compared to their revenues.  To the extent that GRAIL rivals emerge and 


have similar costs and test prices to GRAIL and Thrive, Illumina would need to raise price to 


GRAIL’s rivals by a large amount for a RRC strategy to have significant impact. Such large 


price increases—which are prohibited by the Open Offer—would likely result in adverse 


reputational effects on Illumina, as discussed further below.  Dr. Scott Morton fails to address 


whether she believes such large price increases are likely or indicate the magnitude of such 


increases or assess the negative impacts that such increases could have on Illumina’s business. 


(a) GRAIL 


66. For my analysis, I examine costs and prices in 2025.184  This is the year in which GRAIL 


is projected under the Deal Model to transition to Illumina’s next generation of sequencing 


instruments and flow cells (greatly reducing GRAIL’s sequencing costs) and two years after 


commercialization of GRAIL’s Galleri V3 assay, which is expected to increase the number of 


samples GRAIL can process on a flow cell (compared to the Galleri V2 assay) by a factor of 


five.   


 
183  The other test developers identified by Dr. Scott Morton do not appear to have provided 


information about what it would cost to produce an MCED assay at scale, or at all.  A Guardant 
executive testified that Illumina inputs are likely to be at least one-third of total COGS for their 
test, but that estimate was “speculative” and based on Guardant’s other tests, not on an analysis of 
the costs of any potential MCED test.  (Deposition of William Getty (Senior VP of Commercial, 
Guardant Health), June 3, 2021, (hereinafter, “Getty Dep. Tr.”), at 71-72.)  FMI’s former CEO 
has stated that FMI have no idea what Illumina input costs will be either as a standalone figure or 
as a percentage of input costs or revenues.  (Perettie Dep. Tr., at 127-29.)  Freenome has testified 
to the costs of its colorectal cancer screening tests at launch (Deposition of Gabriel Otte (former 
CEO, Freenome), June 24, 2021, (hereinafte“, "Otte Dep. Tr.”), at 177:23-178:16) but has 
provided no information on their cost expectations for any MCED test they claim to be 
developing. 


184  The purpose of looking at GRAIL’s costs is to estimate what GRAIL’s potential rivals might pay 
to Illumina for inputs; because GRAIL’s potential rivals do not pay royalties to Illumina, I 
exclude GRAIL’s royalty payments to Illumina from its costs in my calculations. 
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67. The Deal Model projects that in 2025 the price of a Galleri test in the U.S. will be $500; 


the GRAIL margin will be $327 per test;185 and the Illumina input costs will be $17.80 per test or 


3.6% of revenue and 5.4% of GRAIL’s margin.186, 187 GRAIL’s internal projections estimate that 


Illumina input costs will be even less significant—e.g., the COGS paid to Illumina in 2025 will 


be just 2.5% of GRAIL’s revenue.188   


68. I note that the share of Illumina input COGS in GRAIL’s revenue declines over time in 


part due to improvements in Illumina’s inputs and in part due to improvements in the sequencing 


efficiency of GRAIL’s assay.  Illumina’s past technological advancements have increased the 


efficiency of its flow cells and instruments, allowing customers to execute more reads per flow 


cell, thus reducing input costs per test.  Illumina continues to improve its technology and expects 


to release its higher-throughput B4 flow cell for its forthcoming Lightning instrument in 2025, 


which will increase the number of reads per flow cell by a factor of 2.7, from 20 billion to 53 


billion; this means that the number of samples that can be tested on a single flow cell will 


increase by 170 percent.189  These improvements in the number of reads per flow cell reduce the 


cost per test of Illumina’s inputs for test developers and underpin Illumina’s commitment to 


 
185  This calculation includes the 2.8% royalty paid to Chinese University of Hong Kong and 


excludes the royalty paid to Illumina.  Excluding all royalties, which provides a better indication 
of the margin of a GRAIL rival who does not have such royalty payments, increases the margin to 
$341 per test. 


186  The Deal Model assumes that GRAIL will start using Lightning, the successor to the NovaSeq 
sequencer, in 2025.  Starting in 2025, the projected COGS paid from GRAIL to Illumina is less 
than $18 per test.  Illumina COGS as a percentage of GRAIL revenue ranges from 2.6 percent to 
3.8 percent between 2025 and 2030. Royalty payments are excluded from this calculation.  


187  The Deal Model does not separately break out U.S. costs per test; I assume that the U.S. costs per 
test are identical to the worldwide costs per test. 


188  GRAIL currently pays Illumina ~$135 per test in COGS (excluding royalty).  This value is 
expected to fall by ~80% in 2023 when V3 of Galleri is released, which will allow GRAIL to run 
five times as many samples per flow cell.  (See 2021.04.–7 - TAB –3 - PX4091.pdf, at -016 and 
VALOR LRP Financial Model (2020-09-2–) - vUpload5.xlsx, tab COGS LABOR.).  In addition, 
Illumina’s supply contracts commit to reducing the price of Illumina’s instruments and 
consumables by 43% by 2025.  (Open Offer, §5.d ).  The projected COGS paid from GRAIL to 
Illumina is thus $135 * (1 – 80%) * (1 – 43%) = $15.39 per test in 2025 or approximately 2.5% of 
revenue.] 


189  Deal Model, “ILMN Roadmap” tab, rows 28-29. 
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reduce sequencing costs per gigabase made available to customers by at least 43 percent by 


2025.190  


69. In addition, GRAIL anticipates improving the sequencing efficiency of its assays, 


allowing it to test more samples on a single flow cell, which will drive down sequencing costs.  


For example, Galleri V2, which launched in 2021, can test 188 samples on a single Illumina 


NovaSeq S4 flow cell; GRAIL expects improvements in its machine learning algorithm will 


allow Galleri V3 to test 940 samples on the same flow cell, reducing the cost of Illumina flow 


cells per test by a factor of five.191  Because flow cells account for more than 96 percent of 


GRAIL’s spend on inputs purchased from Illumina, this improvement will significantly reduce 


the share of Illumina input costs in GRAIL’s revenue.192 


70. These anticipated improvements—which in the case of Illumina are supported by past 


experience and guaranteed through the Open Offer—make clear that it would be a mistake to use 


current costs in an analysis of whether Illumina will have an incentive to raise rivals’ costs in 


2025 and beyond.193  Illumina’s technological improvements are expected to drive significant 


reductions in Illumina input costs for GRAIL and its rivals, and, even in the absence of those 


improvements, GRAIL and its rivals can improve the sequencing efficiency of their tests, 


 
190  Aravanis Dep. Tr., at 218-219. 
191  VALOR LRP Financial Model (2020-09-2–) - vUpload5.xlsx, “COGS LABOR” tab. 
192  Improvements in the number of reads per flow cell will reduce the cost of Illumina’s instruments 


and services on a per-test basis, as customers will be able to sequence more samples in a single 
run of Illumina’s instrument.  Because instruments and services are a small share of GRAIL’s 
inputs purchased from Illumina, I do not quantify these cost savings. 


193  I recognize that some of Illumina’s customers have testified that they have plans to launch an 
early cancer detection assay prior to 2025.  Most of those customers plan to launch single cancer 
tests first, however, rather than MCEDs, which Dr. Scott Morton opines is a distinct market.  
(Scott Morton Report,¶ 149.) Further, I understand Illumina’s expert Dr. Richard Cote believes 
the launches of certain of these tests to be farther out than is represented in Dr. Scott Morton’s 
report.  


Dr. Scott Morton also discusses how FDA approval “appears to be a requirement for an MCED 
test to receive widespread reimbursement from payors….”  (Scott Morton Report, ¶ 150.)  I am 
not aware of any test developer that is likely to obtain FDA approval prior to 2025 for an MCED 
test.  This means that the number of MCED tests sold by GRAIL’s rivals prior to 2025 is likely to 
be negligible, if there are any sales at all (other than GRAIL).  Even after 2025, sales by other test 
developers will take time to ramp up; the Deal Model shows that Galleri sales in the U.S. are 
expected to total 0.7 million from 2021 to 2024, and 29.3 million from 2025 to 2030.  From 2032 
to 2035, Galleri sales in the U.S. are expected to total 69.1 million.  







 


HIGHLY CONFIDENTIAL  
49 


reducing their reliance on Illumina inputs.  The bottom line is that Illumina costs will comprise a 


small share of GRAIL’s revenues —less than 4 percent.  To the extent that GRAIL’s rivals have 


comparable sequencing efficiency to GRAIL, Illumina input costs are not likely to be an 


important determinant of downstream profits.  As a result, it is hard to conceive of Illumina 


having a successful strategy to RRC.194  As Dr. Scott Morton argues that RRC is a concern due 


to the importance of Illumina input costs to downstream firms, the fact that Illumina input costs 


are, in fact, expected to account for a small fraction of GRAIL’s revenue should eliminate or 


alleviate her concerns and therefore challenge her conclusions. If she believes that Illumina will 


be able to increase prices tremendously to GRAIL’s rivals, despite contractual provisions that 


preclude such an increase, she must demonstrate how much of an increase is necessary to 


significantly harm a rival that is expected to earn margins in excess of $300 per test and further 


demonstrate that it is in Illumina’s interest and ability to do so. 


(b) Thrive 


71. The only MCED test developer for which I have detailed financial projections is Thrive.  


During its due diligence while acquiring Thrive, Exact Sciences prepared forecasts of the sale of 


Thrive’s CancerSEEK and the COGS of producing those tests.195  These forecasts show that 


Illumina input costs are expected to be 24% of Thrive’s revenue in 2025 and fall further to 18% 


by 2029.196  These forecasts do not appear to account for the 43% decline in sequencing costs 


provided in the Open Offer, which would further reduce these shares to 14% in 2025 and 10% in 


2029.   


 
194  A full model is required to determine the actual incentive to engage in RRC.  This section gives a 


quantitative sense of how difficult it would be to harm rivals by increasing cost. 
195  KevinConroy_10_Pdf.xlsx, tab “Spectre Stand-Alone Mgmt Model.” 
196  These forecasts recognize that all material costs, including sequencing costs, should experience 


“modest annual savings (5-10%) tied to future volume discounts, process efficiencies etc.[,]” but 
they do not appear to model any potential breakthroughs in sequencing technology.  
Thrive_Ill_Resp_00000122.XLSX.)  There are many possible avenues for breakthroughs.  For 
example, Thrive predicts that the advancement from NovaSeq v1.0 to NovaSeq v1.5 would, by 
itself, reduce CancerSEEK’s sequencing costs by 50%.  (Thrive_Ill_Resp_00000178.pptx, slide 
9.)  
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72. Similar to GRAIL, Thrive continues to innovate to reduce its sequencing costs.197  In an 


October 2020 presentation titled “CancerSEEK COGS”, Thrive indicates that it could reduce 


sequencing COGS from $300 per sample to $108 per sample in the next 2-5 years by reducing 


the “buffy rate” for its assay, as well as switching to higher throughput NovaSeq flow cells and 


receiving higher volume discounts from Illumina.198  These cost reductions imply Illumina input 


costs as a share of Thrive’s revenue would be 8% after accounting for the 43% decline in 


sequencing COGS provided for in the Open Offer.199 The presentation also considers a 


hypothetical technological advancement to V2 of the Thrive test, which could replace “part of its 


assay that requires NGS sequencing with a “hot spot real time assay” that does not rely on NGS. 


Thrive’s presentation indicates that, if successful, this technology could facilitate reductions in 


Illumina input costs to $19 per test200, 201 before taking into account the 43% reduction in 


 
197  Thrive is not the only GRAIL rival that expects its reliance on sequencing to continue to diminish 


as it improves its test.  For example, Caris expects to “decrease [its sequencing] cost 
substantially.” (Spetzler IH. Tr., at 115-116 (“A. Oh. I don't know. In the beginning, I think that 
we won't have any margin. I think that, one,’we're doing the big assay, the whole-exome and 
transcriptome, that will cost more than what people are willing to pay for the screen. But once we 
have done it enough and we understand the nature of the signature, then instead of needing to run 
all 22,000 genes, we could go and develop a smaller panel that then would be significantly 
cheaper. So for next-generation sequencing, you know, one of the big costs is the flow cell that 
Illumina puts out there. And so the number of patients you can run on that flow cell is a huge 
driver of your cost of goods. And so if you can sequence less material, then it decreases your cost 
substantially. But I think’we're years away from that. So, I mean,’we're making the investment 
now to make the learnings and the discoveries that are required to eventually get there.”).) 


198  See Thrive_Ill_Resp_00000035.pptx, slides 5-6. 
199  The Exact forecast predicts an average CancerSEEK sale price of $781 in 2025. 


(KevinConroy_10_Pdf.xlsx, tab “Spectre Stand-Alone Mgmt Model.”)  After a 43% decrease in 
Illumina input costs, CancerSEEK’s sequencing costs would be $108 * (1 - .43) / $781 = 7.8% of 
revenue. 


200  See Thrive_Ill_Resp_00000035.pptx, slides 5- 6. 
201  I recognize that Dr. Lengauer has characterized these declines in sequencing costs as potential 


opportunities for cost reductions that may not materialize.  (Lengauer Dep. Tr., at 188-189 (“It is 
potential opportunities that would result in such a predicted cost…. It’s not a prediction. And the 
differences in a prediction assessment, you were to sort of, you know, wait a– -- in all the 
likelihood of this being happening, here this is a thought experiment in the case. All those seven 
bullet points of improvements in science, operations, supply chain were to be initiated, executed, 
and successful in such a case of that all experiments that predicted cost would be [that shown in 
the slide].”).)  I leave it to the fact finder to sort out factual disputes. 
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sequencing costs guaranteed by Illumina in the Open Offer.202  If Thrive were able to incorporate 


this technology into its workstream in 2029, Illumina input costs as a share of revenue would fall 


to 2.4%.203  


73. Whether this share ends up at 2.4% or 10% by 2029, Illumina would have to raise prices 


to Thrive by a significant amount in order to have a significant impact on the downstream 


market,204 despite being contractually prohibited from doing so. Indeed, Thrive’s internal 


documents indicate a lack of concern that Illumina could raise prices sufficiently to make it less 


competitive205 and Thrive’s management has confirmed that the company expects it to generate 


large profits by 2029 even in a “worst case scenario” in which there is “no material reduction in 


future next-generation sequencing costs.”206  


74. The evidence from the projections relating to GRAIL’s costs, the Thrive projections and 


the Exact internal documents tell a consistent story: sequencing costs are coming down, and 


there is opportunity for innovation by test developers to even further reduce the cost of 


sequencing used by their assays, such that sequencing costs become a relatively insignificant 


burden on downstream revenues and margins.  As Illumina’s (and GRAIL founder) Alex 


Aravanis explained: “it became clear to the leadership at GRAIL and the R&D team that we 


 
202  Lengauer Dep. Tr., at 203-204  (“Q. And, again, still, there’s the assumption of only 10 percent 


and 20 percent discount [in sequencing COGS] in Version 1.2 and Version 2 respectively. Do you 
see that? A. Yes. Q. And you understand, don’t you, sir, that Illumina has offered all commerce, 
including Thrive, discounts that are greater than 20 percent depending on the volume of reagents 
purchased as part of an -- an open offer it made?”). 


203  Although this research effort may not succeed, that Thrive is contemplating it underscores the 
fact that MCED developers are continuing to explore ways to reduce their reliance on sequencing 
– and as Galleri V3 demonstrates, such research efforts can bear fruit. 


204  A full model is required to determine the actual incentive to engage in RRC.  This section gives a 
quantitative sense of how difficult it would be to harm rivals by increasing cost. 


205  “[L]onger-term, our sequencing costs are only a portion of our COGS and we believe we have 
great opportunity to remain competitive from a pricing perspective.”  
(Thrive_Ill_Resp_00000028.pdf, p. 3.) 


206  Daly Dep. Tr., at 135 (regarding Thrive’s profit forecasts in DaveDaly_2_Pdf.xlsx which show 
2029 gross margins of $1.5 billion.). 
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were quickly approaching a point where sequencing cost would be immaterial.  In fact, things 


like the blood tube would end up being more expensive . . . .”.207 


75. If GRAIL’s rivals’ costs and margins are similar to GRAIL’s, it is unlikely that a RRC 


strategy would be effective at significantly harming competition, even if such a strategy were 


possible (i.e., ignoring the contractual constraint).  The reason is that Illumina would likely have 


little ability to force those downstream rivals to raise the price of their tests significantly, absent 


a very large increase in input prices.208  Even if not contractually prohibited, such increases 


would likely adversely affect Illumina’s reputation and diminish Illumina’s sales in future.  


Illumina’s future sequencing sales depend on the development of new uses for its sequencing 


platform and the retention of current uses for the Illumina platform.  Attempts to raise rivals’ 


costs now could depress future sequencing sales by discouraging the development of new uses of 


Illumina’s platform and driving away current uses to different platforms. They could also 


discourage development on Illumina’s platforms of tests that are complementary to Galleri and 


would expand the NGS-based cancer testing market. These considerations mitigate or eliminate 


the FTC’s concerns about Illumina’s incentive to raise rivals’ costs. Further, there could be harm    


to other NGS applications if there is limited ability to charge different prices for different NGS 


uses. 


76. Illumina’s primary business is developing sequencing techniques and selling sequencing 


inputs and platforms.  Although it has developed some end uses for its sequencing inputs (e.g., in 


therapy selection), Illumina relies heavily on other firms to undertake risky investments to 


develop end uses for the Illumina platforms, creating a future stream of sequencing sales and 


 
207  Aravanis Dep. Tr., at 205-206. 
208  Even if a large increase in input prices were permitted and Illumina had no reputational concerns, 


a downstream rival could completely absorb an increase of even, say, 100 percent, without 
materially affecting their margins.  For example, even in the absence of the contractual 
prohibition on raising costs, if Illumina doubled the prices it charges for its instruments, 
consumables, and services, and the GRAIL rival left its test price unchanged, the rival would see 
only a nominal decline in profits.  Using GRAIL’s expected costs and prices from 2025-2030 as a 
proxy, such a price hike would increase the rival’s costs by $15.96 per test and reduce its gross 
margin from 71% to 68% (excluding royalties).  It is hard to believe that even this very large 
increase in Illumina’s input price would have a large effect on the competitiveness of downstream 
firms.   
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profits.  In order to encourage downstream innovation on its platforms, Illumina has increased its 


sequencing capabilities and driven down the cost of using its platforms.209 


77. Illumina’s history shows that it ultimately benefits not by raising prices but instead by 


driving down the cost of sequencing on its platform and expanding demand for its sequencing 


product by encouraging new uses.  Since the release of its first Genome Analyzer instrument in 


2007, Illumina has driven down sequencing costs from roughly $300,000 per gigabase to less 


than $8 per gigabase today.210  These reductions in sequencing costs have encouraged the 


development of entire industries that would not otherwise exist and for which Illumina is the 


primary supplier of sequencing inputs.   


78.   More generally, the future uses for Illumina’s sequencing inputs are unknown and future 


demand for Illumina’s sequencing inputs depends on downstream firms’ willingness to invest in 


costly and uncertain R&D efforts using the Illumina sequencing platforms.  If firms believe that 


Illumina would unexpectedly raise their costs substantially in future, then they will not be willing 


to rely on Illumina’s sequencing platforms in developing their new sequencing uses.  Instead, 


firms may turn to rival providers of sequencing solutions (and with certain of Illumina patents 


expiring in 2023, companies such as BGI are expected by Illumina to become viable alternatives 


in the U.S.),211 may develop their own sequencers,212 or may simply not invest in new uses for 


NGS technology.  Any of these three potential responses would have the effect of reducing 


 
209  ILMN-FTCVOL_02754423 at -437, -444-449 (“Lightning Genome Cost Extensibility – How 


Low Can We Go?” maps out the decreasing costs using the B4 flow cell between 2023 and 
2026); ILMN-FTCVOL_02748824 at -856 (Slide is titled: “Reductions in Cost of Sequencing 
Has Resulted in a Massive Increase in Sequencing; Cost Must Continue to Decline to Fully 
Enable Key Markets”). 


210  See, National Human Genome Research Institute, Sequencing_Cost_Data_Table_Aug2020.xls, 
available at: https://www.genome.gov/about-genomics/fact-sheets/DNA-Sequencing-Costs-Data 
last visited July 11, 2021. 


211  See footnote 63. 
212  It is possible, though costly, for test developers to develop their own sequencing platforms.  


GRAIL considered doing so, but did not proceed with the effort.  (Freidin IH Tr., at 183 (“…we 
would have to spend a ton of money developing whatever that next platform would be, assume it 
would be successful, and just be a spend of time and money … Alex Aravanis at one point would 
talk about it very loosely, three-ish years to develop and lots of money.”); Investigational Hearing 
of Alex Aravanis, (Chief Technical Officer, Illumina,) March 21, 2021 (hereinafter, “Aravanis IH 
Tr.”), at 143-144 (“Several companies I believe are exploring buying or developing their own 
sequencing platforms.”).)  
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demand for Illumina’s sequencing inputs in future, and the prospect of lower future sales limits 


Illumina’s incentives to attempt to raise the costs of GRAIL’s rivals today. 


79. Rather than increase prices to early cancer detection test developers (or developers of any 


downstream uses of its sequencing inputs), Illumina has an incentive to continue to innovate and 


reduce sequencing costs for customers who will discover clinical applications for Illumina’s 


sequencers, not just in clinical oncology but in other areas. 


80. Illumina also has an incentive to keep applications currently in development using its 


sequencing inputs on Illumina platforms.  If Illumina were to attempt to drastically raise input 


prices, firms that currently are developing tests on Illumina sequencing platforms may attempt to 


switch away from Illumina for those tests in the near future when, it is anticipated, more 


sequencing options will come to the U.S. marketplace.  The FTC claims that there are no current 


NGS competitors to which Illumina’s customers could switch, but as discussed in Section II.B 


above, I understand there are a number of rival sequencing firms that have promising technology 


and a path to entry and expansion into the U.S. marketplace in the next few years.213, 214  I 


understand that Illumina’s technical expert, Dr. Cote, will opinethat at least some of these 


potential entrants are expected to have comparable performance and costs to Illumina’s high-


throughput products and the investments by test developers and outside investors likely reflect 


expectations of heightened upstream competition in the future and that switching from Illumina’s 


platform to an alternative would be viable.215   


 
213  Illumina’s Deal Model and IVD Model both forecast losing platform share to other customers 


over time.  In its IVD Model, Illumina’s platform share in the U.S. therapy selection industry 
(i.e., the share of therapy selection assays that are performed on the Illumina platform) was 
projected to decline from 98% in 2021 to 62% in 2030. 


214  As Illumina’s CTO (formerly at GRAIL) testified, “So as the CSO and head of R&D [at GRAIL], 
I evaluated multiple other sequencing platforms, Thermo Fisher, BGI, ONT, Genapsys, came to 
the conclusion that all of them would be viable alternatives. I also came to appreciate that other 
companies, you know, doing research on NGS-based, you know, cancer tests, including cancer 
screening, were also evaluating these I had head through kind of – you know, I had some 
appreciation that they also felt that these were very viable alternatives.” (Aravanis IH Tr., at 143-
144.) 


215  Joel Fellis of Illumina, testifying on behalf of the company regarding issues relating to pricing, 
explained in connection with describing the factors that impact Illumina’s pricing:  “There is a 
general belief that there are literally billions of dollars being invested into [NGS], and that there 
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81. I understand Illumina anticipates that BGI will enter after the patents that are the basis for 


the present injunction expire in 2023 and that,  because of the similarity in the Illumina and 


BGI’s technologies, BGI could be a substitute for a range of tests that are commercialized on or 


being developed for Illumina sequencing platforms.  Illumina216 and at least some of GRAIL’s 


potential competitors (as defined by the FTC) have described BGI’s platform as a viable 


alternative from a performance and technical standpoint to Illumina’s for the sequencing of DNA 


samples for early cancer detection tests (including MCED tests).217  One of those third parties, 


Natera, has recently switched from Illumina’s platform to BGI’s platform in China for its 


Minimal Residual Disease test.218   


82. Singular Genomics is expected to introduce an NGS instrument in 2021.219  Exact 


Sciences, which recently purchased Thrive, has invested in Singular Genomics and indicated that 


 
are going to be many new entrants in the coming years, particularly as some of our key IP expires 
in ’23. So we don’t know all of the future competitors that will exist in the next few years, but we 
believe there will be many.  We also believe that there are likely several that are in [stealth] mode 
that we don’t know about today that will emerge in the coming years.” Fellis Dep. at 45-46. 


216  See footnote 63. 
217  Conroy IH Tr., at 121 (“Q. If BGI were to become available in the United States, does Exact view 


their technology or have a view of BGI’s NGS platform technology?  A. We believe that it would 
be a replacement for the Illumina technology if it were available in the U.S.”); Otte Dep. Tr., at 
59 (“Q. Are there any NGS platforms aside from Illum’na's NovaSeq that have the capabilities 
necessary for Freen’me's multicancer screening test? A. Not from practice or experience, but 
from just a pure technical specs, I believe BGI does.”); Chudova Dep. Tr., at 168 (“Q. Are you 
aware of any platforms outside of the US? A. Outside of the US, the platform with throughput 
capability that is of interest or of relevance to these applications is ’GI's platform.”). 


218  Natera is currently transitioning Signatera, its MRD test, from Illumina’s platform to BGI’s 
platform in China.  Fesko IH Tr., at 50-51: 


Q. What would Natera need to do in order to move Signatera to a non-Illumina NGS 
platform? 


A. Well, we have some experience with that because we’re presently moving Signatera to 
a non-Illumina platform in China, the BGI sequencer, and, you know, it’s a development 
project similar to what I outlined earlier for migration. 


It’s a team of maybe 20 people working for one to two years to profile the performance 
of the assay and design it for a new sequencer. Unfortunately, that sequencer is not 
available in the United States and there do not seem to be any other sequencers in the 
United States on which we can run Signatera. 


219  Singular S-1 Registration Statement, May 24, 2021, available at: 
https://sec.report/Document/0001193125-21-169940/d240097ds1a.htm, last visited July 14, 2021, 
at 114. 
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Singular Genomics’ platform potentially could be used to run the Thrive MCED test.220  Singular 


has publicly stated that its G4 NGS instrument will “focus[] on oncology where there is an 


increasing need for higher sensitivity technology such as rare variant detection in liquid biopsy,” 


but also “focus [on] immunology where there is a need to better understand and harness the 


immune system in infectious disease, autoimmune disorders and cancer immunotherapy.”221  


83. I understand that Dr. Richard Cote, Illumina’s technical expert, will opine that other 


potential entrants include Ultima Genomics, Roche, Element Biosciences, and Omniome.222   


84. The FTC and Dr. Scott Morton claim that switching to non-Illumina platforms would be 


costly, and that current Illumina customers are locked into or are “hostage to” the Illumina 


platform.223  The mere existence of one-time switching costs, even if they total tens of millions 


of dollars, however, does not mean that switching is infeasible or that the prospect of it does not 


affect Illumina’s behavior.  Whether switching costs impede customer defections depends on not 


only the magnitude of switching costs but also the benefits from switching.  If the MCED 


product is successful, current projections estimate that MCED sales and profits will be in the 


billions of dollars.224  Such a large and profitable marketplace could easily encourage switching 


 
220  Exact’s CEO confirms that it is investing in and aware of nascent NGS sequencers that it could 


use instead of Illumina for its tests.  Conroy IH Tr. at 125-126:  


Q. Which nascent technologies has Exact evaluated with respect to NGS platforms? 


A. I was afraid you were going to ask that question, and I can recall two off the top of my 
head. Singular Genomics, which a week ago we made an investment in, and we intend to 
look at Genapsys… There are a handful of other companies that I know individuals 
within Exact Sciences intend to sit down and evaluate. 


Q. What is Exact’s understanding of the Singular Genomics’ NGS platform? 


A. We understand that it is somewhat similar to the Illumina platform, which is important 
to us for a key reason, but that it --- they claim that it doesn’t infringe the intellectual 
property that Illumina owns, which is very important to us. But it is not yet available 
commercially. 


221  Singular S-1 Registration Statement, May 24, 2021, available at: 
https://sec.report/Document/0001193125-21-169940/d240097ds1a.htm, last visited July 14, 2021, 
at 2. 


222  Additionally, test developers may be able to develop their own sequencing platform. See footnote 
212. 


223  Scott Morton Report, ¶¶ 174-77. 
224  ILMN-FTCVOL_00000001, at -004. 
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to non-Illumina platforms—even if costly to do so225—if Illumina attempted to raise rivals’ costs 


by the amounts needed to significantly harm competition.  The likelihood that other uses would 


migrate to non-Illumina platforms would similarly depend on both the costs of switching and the 


benefits of doing so.  Moreover, Illumina’s sequencing customers already face situations where 


they have the option to switch to new platforms as new generations of Illumina’s sequencing 


platform are released,226 and thus they already periodically incur switching costs.  In both 


situations, the customer’s assay must be validated on the new platform.227  Dr. Scott Morton cites 


to the testimony of Thrive co-founder and consultant, Christoph Lengauer, to support her opinion 


that switching to a new platform is costly and time consuming; Mr. Lengauer’s testimony, 


however, was that even switching within the Illumina family of sequencers is costly and time 


consuming. Dr. Scott Morton has not analyzed the cost of switching from an Illumina platform to 


a third party platform as compared to the switching cost that would be incurred by a test 


developer that seeks to upgrade to Illumina’s next generation system (Lightning) to obtain the 


cost savings that this system is expected to enable in 2025.228 


Even if you – when Illumina make the change from HiSeq to NovaSeq, somebody 
who’s not too familiar with what we are doing would say, okay, good, just take 
your assay and now put it on the other machine. Like -- you know, like, what -- 
you know, no big deal. That’s not true. And I’m not even talking about other 


 
225  Lengauer IH Tr., at 81 and 84. 
226  This is recognized by Dr. Scott Morton: “An MCED test developer designs its test to work with a 


particular NGS instrument.  Even switching between NGS instrument from the same 
manufacturer can cause months or more of redevelopment effort and associated costs.”  (Scott 
Morton Report, ¶ 153). 


227  This is true whether the test is FDA approved or a lab distributed test that does not have FDA 
approval.  In particular, an FDA approved test on NextSeq would have to go through an approval 
process at the FDA to be approved to run on NovaSeq.  See Fesko Dep. Tr. at 99-100. 


228  Lengauer Dep. Tr., at 42 and 92; See also Lengauer IH Tr., at 76-77: 


Q. You referred to a long process - I think you mentioned it’s been going on for at least seven 
months - of transitioning from the HiSeq to the NovaSeq. So does that mean that you can't just 
take the CancerSEEK and put it onto a new platform and it'll work exactly the same way as it did 
before? 


A. This is correct. It’s actually more extreme. It doesn't even work. It’s not that it's not as 
accurate. It’s like when you -- everything that we developed over the last, like -- you know, like, 
since we made a decision to use Illumina, everything that goes into this, what we have done for 
HiSeq you can throw away because you cannot fit it into the – it’s not working. It’s totally 
different. 
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method suppliers or whatever. I’m just talking about kind of from HiSeq to 
NovaSeq. 


85. If it is profitable to switch to a new generation of Illumina’s sequencing instruments, it 


could also be profitable to incur the one-time switching costs and switch away from Illumina 


altogether in the event that Illumina attempted to raise the costs of sequencing to GRAIL’s rivals.  


A rival could switch to a competing platform rather than incur the switching costs to remain on 


the Illumina platform when it releases the next generation of its sequencer.  Dr. Scott Morton 


does not examine these dynamics. 


86. The FTC’s theory of RRC would appear to require huge Illumina price increases in order 


for competition to be significantly harmed.  Even if price increases were not precluded 


contractually, such price increases are unlikely to occur without Illumina incurring reputational 


damage.  That potential damage should restrain Illumina and mitigate or eliminate the FTC’s 


concerns.  Illumina relies on its customers, current and future, to invest in new technologies to 


generate demand for NGS processes.  Raising price to disadvantage such investors would harm 


the growth of Illumina’s business.  Moreover, although it is not my position that future 


competition to Illumina will compel Illumina to charge a price equal to its marginal costs, it is 


my position that such competition could well prevent the huge price increases that the FTC’s and 


Dr. Scott Morton’s theory of RRC implies.229  Notably, Dr. Scott Morton does not examine such 


factors—she does not examine the magnitude of a price increase that would be required to RRC, 


she does not examine the likelihood of reputational damage from such a price increase, and she 


does not examine the resulting costs to Illumina’s upstream business.  In addition, as I have 


already discussed, she ignores the Open Offer. 


 
229  Dr. Scott Morton cannot quantify the expected increase in Illumina input costs implied by her 


theory.  (Scott Morton Report, ¶ 295 (“…I conclude that it is currently impossible to conduct an 
accurate merger simulation that generates a reliable quantitative prediction of the ultimate effects 
of EDM and RRC on the future prices of MCED tests.”).)  But because Illumina input costs as a 
percentage of revenue are likely to be low (based on the GRAIL and Thrive data), Illumina would 
have to increase its prices by a very large amount to have any impact downstream.  Of course, the 
open offer prevents Illumina from doing this. 
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C. PRODUCT DIFFERENTIATION REDUCES INCENTIVES TO RAISE RIVALS’ COSTS 


87. Illumina’s incentive to raise rivals’ costs is diminished the greater the downstream tests 


are different from each other.  The greater is the differentiation between GRAIL and its rivals, 


the less diversion would be expected to GRAIL if Illumina attempted to raise rivals’ costs.230  


The FTC has posited a future downstream market, but it fails to specify what that market will 


look like, what firms will compete in that market, and what will be the characteristics of the 


rivals’ products.  Who the competitors will be, when they will enter, and what the characteristics 


of the products will be—is a matter of speculation.  But one must know these facts in order to 


estimate the effect of any incentive to raise rivals’ costs.  I understand that Dr. Richard Cote will 


opine on the likely differences between GRAIL’s Galleri test and the tests of companies that the 


FTC and Dr. Scott Morton claim will compete with GRAIL in the future.  Although it is difficult 


to know with certainty what the exact characteristics of future products will be, I understand that 


these differences are likely to include the number and types of cancers that a test is able to detect 


and the false positives and false negatives for detection of various cancers, as well as the test’s 


ability to detect tissue of origin—an ability that only GRAIL has demonstrated through 


published clinical studies.  To the extent important differences exist, I understand that GRAIL 


and its rivals likely would not be good substitutes for each other, and the less the substitutability 


there is among the downstream products, the lower will be the diversion from rivals to GRAIL; 


this reduces or eliminates any incentive to engage in RRC. 


88. If the FTC and Dr. Scott Morton are instead taking the position that some rivals to 


GRAIL will be very good substitutes, then they need to explain why, in such a setting, Illumina 


would allow many similar firms to earn high margins and not charge them a much higher input 


price than they do now.  If that is so, then the prediction is that even absent the merger, the price 


will increase, in which case any RRC effect would be reduced.    


*       *       * 


In summary, the contractual commitments eviscerate the FTC’s theory of harm.  Even absent the 


contractual commitments, the inability to impose price increases of a size required to impact 


 
230  Dennis W. Carlton (2020), “Transaction Costs and Competition Policy,” International Journal of 


Industrial Organization, 73, § 4.1. 
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downstream competition without incurring reputational harm or inducing firms to incur one-time 


switching costs to switch away from Illumina should mitigate or eliminate the FTC’s concerns. 


With the likelihood that the rivals to GRAIL will produce highly differentiated products, 


diversion ratios would be low and that too would mitigate or eliminate the FTC’s concerns.  In 


the absence of data (because the downstream market is nascent), it is difficult to make strong 


predictions about the competitive dynamics in the market in which GRAIL will compete.  But 


for the reasons discussed above, the FTC’s theory makes no economic sense.  The FTC fails to 


evaluate the implication of the various constraints on Illumina’s behavior—including not only 


the contractual commitments but the other economic factors constraining Illumina that I have 


described above.  For these reasons—and even before considering the efficiencies the merger 


will likely bring—the FTC’s conclusion that the merger would significantly harm MCED 


competition and GRAIL’s rivals is unreliable.   


V. THE ACQUISITION IS UNLIKELY TO RESULT IN ILLUMINA’S 
WITHHOLDING OF KEY INFORMATION AND EXPERTISE TO FORECLOSE 
OR DISADVANTAGE RIVALS TO GRAIL 


89. The FTC claims that another potential avenue for harm to competition is that Illumina 


will foreclose or disadvantage downstream competitors to GRAIL by withholding information 


and expertise that is purportedly key to the success of third party MCED tests.  Some of the same 


factors that constrain Illumina’s ability and incentive for RRC also constrain its behavior 


regarding information and access to its platform.  I discuss those here.   


A. ASSISTANCE TO COMMERCIAL CUSTOMERS 


90. As an initial matter, I note that a number of test developers, including those developing 


MCED tests, have testified that they have not received from Illumina any support in the 


development of their assays or their regulatory efforts beyond the supply of sequencing products 


and occasional technical support.  For example, Thrive has testified that Thrive’s interactions 


with Illumina are best described as customer service and Illumina has played no part in the 


development of CancerSEEK231 and Thrive, Guardant and Caris have testified that they do not 


 
231  Lengauer IH Tr. 83:2-10; 99:5-100:16, 100:17-101:12 (“It is a customer relationship like in a 


customer service relationship like you have it with other machines or so. It does not go beyond 
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need Illumina’s support to obtain a single-site PMA approval from the FDA.232 If such support is 


not essential to the development and regulatory approval of third-party MCEDs, as the evidence 


described above suggests, then Illumina not furnishing it to third parties post merger could not 


result in harm to competition. 


91. Some test developers have testified that they rely on Illumina for technical support, such 


as trouble shooting when an instrument is malfunctioning.  This assistance is part of the normal 


business relationship between Illumina and its customers and is required by the contractual 


commitments Illumina has made in the Open Offer.233 Further, it would be extremely difficult at 


best for Illumina to avoid spillover effects if it degraded the technical support that its customers 


rely on, since the same Illumina system can and frequently is used by its customers for multiple 


purposes.  For example, a customer using a NovaSeq for MCED test development may be using 


the same system for a range of other applications; failing to service the instrument as part of a 


 
that.  With other words, Illumina is not helping us making our test perform just because they 
switch platform.”); Lengauer IH Tr. 99:5-100:16, 100:17-101:12 (“Q.  So turning back to 
Illumina more generally, what types of interaction does Thrive have with Illumina relating to 
CancerSEEK’s development?  A.  We do not have many interactions.  They are—you can 
describe them maybe best as sort of customer service.  They relate to the installing of the 
machines and then in case of problems, troubleshooting with the machines, which is not often the 
case.  Therefore, the best way is maybe customer service in the context of machines.  On the 
reagents side, you can think about it as like a regular purchaser kind of thing.  We are buying our 
stuff and they’re the supplier of it.  Little interactions as it relate to the machines and no 
interaction as it relates to technical questions.”); Lengauer Dep. Tr. 111:25-112:22 (“Q. And -- 
and Illumina did not help Thrive design CancerSEEK; right?  A. That’s correct.  Q. Illumina 
didn’t contribute to the science behind CancerSEEK; correct?  A. That’s correct.  Q. Thrive did 
not receive from Illumina any special confidential information about Illumina’s products in -- in 
developing CancerSEEK; correct?  A: That is correct.  Q. And Thrive didn’t -- did not brainstorm 
with Illumina on how it could improve its CancerSEEK workflow or tests; correct?  THE 
WITNESS: Correct.  Q. CancerSEEK does not use Illumina’s data storage services; is that right?  
A. That is correct, yep.  Yep.”). 


232  Spetzler IH Tr. 147:13-148:4 (Caris “is not as dependent” on Illumina for a single-site test as they 
would be for a kitted test); Chudova Dep. Tr. 90:9-13 (“Guardant360 CDx is approved for a 
single-site use, which does not require us to use diagnostic instrument capability, and so we’re 
able to submit that application for single-site use independent of Illumina.”); see also 
HelioHealth_00000312 (In April 29, 2021, after receiving the open offer, Helio Health was 
advised that it does not need to partner for IVD development unless it intends to sell a distributed 
kitted test.).  


233  Open Offer, § 4. 
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hypothetical foreclosure strategy would very likely cause lost sales and profits well beyond 


MCED applications.  Dr. Scott Morton does not examine these effects. 


92. In addition to being constrained by contractual obligations, Illumina is also constrained 


by reputation effects as discussed above.  If customers believe that Illumina will not provide 


them with the support they need in the future, they will likely look to sequencing alternatives 


(not just for MCED but for other future end uses also) and this will reduce Illumina’s future sales 


and profits. 


B. A GRAIL RIVAL THAT SOUGHT TO DEVELOP AN FDA-APPROVED IVD KITTED 


TEST CAN OBTAIN SUCH RIGHTS THROUGH THE OPEN OFFER 


93. Dr. Scott Morton opines that Illumina could diminish downstream competition by 


withholding rights to develop MCED tests as IVD distributable kits.234  In support of this claim, 


she asserts that IVD Distributed Test Kits will be an important distribution model for MCED 


tests in the U.S.  In particular, she opines that an IVD Distributed Test Kit model “allows a 


supplier to reach the largest market because customers have the flexibility to run the tests in their 


own labs instead of relying on the test provider for results” and that they “can also shorten the 


turnaround time for generating test results and allow the test supplier to scale its test much 


faster.”235  She further describes an “FDA approved distributed kit” as the final “stage” in the 


purported MCED “innovation race,” which will “expand the commercial opportunities for a 


MCED test and increases the potential returns to the test developer.”236   


94. Dr. Scott Morton does not analyze whether an IVD Distributed Test Kit is a viable 


distribution method for her alleged MCED market.  She does not analyze the capacity of 


centralized labs versus the number of samples that an MCED developer is likely to process.  She 


does not analyze whether the purported benefits of an IVD Distributed Test Kit are outweighed 


by drawbacks, such as the scale benefits that may be enabled by a centralized model but, 


potentially, not by a distributable model.  Nor does she address testimony from GRAIL rivals 


 
234  Scott Morton Report, ¶ 192. 
235  Scott Morton Report, ¶ 50. 
236  Scott Morton Report, ¶ 156. 







 


HIGHLY CONFIDENTIAL  
63 


indicating that their use of IVD Distributed Test Kits are far in the future, at best.237  Dr. Scott 


Morton appears to be concerned about Illumina potentially stifling a future possible method of 


competing that the evidence indicates is unlikely to be important to her alleged MCED market in 


the foreseeable future.238 


95. Dr. Scott Morton asserts that an IVD Distributed Test Kit is necessary for an MCED test 


developer to scale distribution,239 ignoring that there are economies of scale in performing tests 


such that processing a large number of tests at a centralized facility is more efficient than 


processing the same number of tests across many third party labs.  The economic benefits of 


processing large numbers of tests in a single facility have been recognized by both GRAIL240 and 


 
237  See, e.g., Deposition of Andrew Felton (Vice President, Thermo Fisher), June 2, 2021 


(hereinafter, “Felton Dep. Tr.”), at 28:10-29:1 (agreeing that “multi-cancer early detection tests 
will primarily be run [in] centralized facilities for the foreseeable future” because the tests will 
“require a large number of patients to be sequenced simultaneously” and “aggregating patients in 
a centralized environment is likely to be the most efficient way to operate that test.”); Lengauer 
IH Tr., 150:12–19; 169:20-24 (“Q. Is Thrive currently seeking FDA approval of CancerSEEK as 
a distributed or kitted test?  A.  No.  Q.  Is Thrive considering whether to pursue FDA approval of 
CancerSEEK as a distributed or kitted test in the future?  A.  Not at this point…. Q. Is it a 
possibility in the future that Thrive will pursue selling CancerSEEK as a distributed or kitted 
version?  A. It’s, of course, a possibility, but this is not the current intent.”); Nolan IH Tr., at 
280:19-281:3; Nolan Dep. Tr. at 254:22-255:15; 294:16-295:22) (“Q. Okay. And so just to be 
clear, when you say ‘IBD’ does that -- are you referring to a kitted model or kitted and a 
centralized model? A. No. We’re not going to be able to do kitted for some time. That’s not really 
in our plans. We’re going to be focused on a single lab and then we’ll have a second single lab 
and then we’ll go to, maybe, two or three tech transfer labs in very specific.  And by that time, 
you know, the way it lays out around six, seven, eight years, then we’ll be able to contemplate 
kitted.”).   


238  Investigational Hearing of Francis deSouza (CEO, Illumina), March 24, 2021, (hereinafter 
“deSouza IH Tr. (rough)”), at 178-179 (Q. And will MCEDs need FDA approval to sell as an 
IVD?  A. We don't believe that -- like every other test in genomics, we believe it will be a long 
time before early detection tests for cancer based on NGS will need IVDs if you look at NIPT, for 
example, the space is almost ten years old now, and there's still not IVDs because the market is 
still, you know, sort of developing and changing, similarly in cancer therapy selection. So 
eventually but it will be a long time before, you know, IVDs are sort of the main way it will be a 
few years before IVDs are the main way, you know, you do early detection of cancer this the 
U.S.). 


239  Scott Morton Report, ¶ 50. 
240  Bishop IH Tr. (rough), at 90-91 (describing the North Carolina lab as the “backbone of 


[GRAIL’s] supply chain”). 
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GRAIL’s rivals.241  GRAIL, aware of these benefits, has committed to single-site distribution by 


investing an expected $145.7 million from 2020 to 2032 in a commercial lab in North Carolina, 


which is expected to eventually be able to process six million tests annually.242  A single plant of 


that size would provide GRAIL sufficient processing capacity to meet expected demand in the 


U.S. through 2027.243  If MCED tests become commercially successful, then GRAIL (and its 


comparable rivals) will be able to afford more such plants.244Even if one believed that the FTC’s 


and Dr. Scott Morton’s concern about IVD cooperation were valid, Illumina’s Open Offer 


commits Illumina to grant IVD rights to any oncology test developer that requests them.  


Although Illumina has entered into some IVD agreements in the past, the Open Offer creates a 


contractual obligation that did not previously exist.  The IVD commitment that Illumina has 


offered, which is based on IVD agreements entered into prior to the proposed merger with 


GRAIL, obligates Illumina to assist downstream competitors to GRAIL if they pursue kitted 


cancer detection tests.  Roche signed a similar IVD agreement with Illumina under which it is 


developing therapy selection tests,245 demonstrating that Roche believes such a contract is 


sufficient to ensure Illumina’s cooperation. As with the Open Offer’s price commitment, the 


obligation to provide IVD rights is subject to arbitration.246  


 
241  See, for example, Chahine Dep. Tr., at 18-19 (“[E]specially early on when there's not a lot of 


volume, having every -- everything come to a central lab, you know, provides economies of scale 
that wouldn't be available if everyone in the country were doing a test or two a month; right? So 
business rationale for that.”). See also Getty IH Tr., at 77:23-79:8 (indicating that Guardant 
currently processes its Guardant360 tests through a single site and intends to continue to do so in 
the future). 


242  See PX5045-099. This cost estimate includes only the costs of the facility and not personnel or 
equipment. 


243  The Deal Model projects that Galleri and DAC tests in the US will total 4.4 million in 2027. 
244  Assume that building plant capacity to process 1 test per year costs $24 (i.e., proportional to the 


$145.7 million cost of capacity capable of processing 6 million tests per year).  This cost is low 
relative to the expected price and margin of an MCED test.  For example, the Deal Model 
projects that Galleri’s average price in the U.S. will be $489 in 2027 with an average gross 
margin of $352 per test.  The cost of building plant capacity is less than the cost of paying a 6% 
royalty rate for even a single year ($489 * .06 = $29). 


245  https://www.roche.com/media/releases/med-cor-2020-01-13.htm 
246  Open Offer, § 12.b. 
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VI. THE ACQUISITION WILL LIKELY LEAD TO SIGNIFICANT EFFICIENCIES 
THAT WILL BENEFIT GRAIL’S CUSTOMERS AND PATIENTS 


96. Illumina’s acquisition of GRAIL is likely to result in significant cognizable efficiencies.  


These include (1) EDM, which is often a feature of vertical mergers; (2) variable cost savings 


from supply chain efficiencies and lab operation efficiencies; (3) elimination of inefficient 


pricing caused by royalties; (4) acceleration of GRAIL’s timeline to obtain FDA and payor 


approvals, which allows it to achieve large-scale production sooner, resulting in saved lives; (5) 


improvements in GRAIL’s machine learning algorithm (and, therefore, in the quality of 


GRAIL’s test) from accelerated collection of data ; (6) acceleration of other test developer’s 


FDA approval processes; (7) R&D efficiencies from collaboration between Illumina and GRAIL, 


which will increase the probability of breakthrough discoveries such as occurred when Illumina 


discovered the idea behind GRAIL’s test as a result of the Verinata acquisition.  


97. Each of these efficiencies will benefit consumers.  Economic theory indicates that there is 


typically an incentive to “pass through” at least some cost savings and, thus, reductions in 


Illumina input prices from EDM and other variable cost reductions will be passed through into 


lower prices for consumers.247 Acceleration of GRAIL’s and other test developers’ timelines will 


lead to a large number of incremental tests, which directly benefits consumers who would not 


otherwise have been timely tested; this will result in additional lives saved.  Improvements in 


GRAIL’s machine learning algorithm will improve the quality of tests.  Likewise, R&D 


efficiencies, though difficult to quantify, have the potential to increase the number of new health 


products available to consumers, thereby generating benefits from innovation.  Although 


economists often focus on the EDM efficiency in a vertical merger, that efficiency is dwarfed 


here by the potential benefits from lives saved due to the acceleration of GRAIL’s timeline.  This 


acceleration benefit is important for assessing the impact of the merger on consumers, but it is 


dismissed by Dr. Scott Morton with unsupported assertions that, absent the merger, other firms 


could innovate faster and replace the acceleration benefit.   


 
247  However, as I stated earlier, in a vertical model when there is diversion, one needs a model to 


take into account all the interactions between incentives for RRC and EDM in order to figure out 
the net impact of the merger.   
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98. To estimate the efficiencies that can be quantified, I use data on the costs of GRAIL’s 


inputs purchased from Illumina and other suppliers; Illumina’s costs of producing those inputs; 


the price at which GRAIL sells its tests; and the quantity of tests it sells at that price.  For these 


inputs, I rely on Illumina’s Deal Model, which contains predictions for these values based on 


GRAIL’s and Illumina’s current costs and prices and forecasts of the future values for those 


costs and prices as well as the demand for GRAIL’s products.  When constructing the Deal 


Model, Illumina conservatively forecasted the demand for GRAIL’s tests and prices GRAIL 


would charge absent the transaction.248  However, there is necessarily uncertainty in forecasting 


these data, especially because the industry in which GRAIL operates did not exist (and is still in 


very nascent stages) and the type and intensity of competition it will face in the future is 


uncertain.  Assessing the accuracy of Illumina’s forecasts is beyond the scope of my report, but 


Illumina used these forecasts for business planning purposes.249 


99. To be conservative, I restrict my efficiency calculations to the 2022-2030 timeframe; to 


the extent that GRAIL continues to sell Galleri beyond 2030, each of the efficiencies I describe 


and quantity below is a lower bound on the expected benefits of the acquisition.250  Additionally, 


each efficiency requires assumptions for unknown quantities such as the future demand for 


GRAIL’s product offerings and the future efficacy of GRAIL’s assay.  Where such assumptions 


are required, I use conservative quantities based on the available evidence.  Finally, for 


simplicity, I present each efficiency calculation as the undiscounted total of its value for each 


year from 2022-2030.251 


100. I note again that properly accounting for the effects of a vertical transaction requires an 


economic vertical model that simultaneously accounts for the countervailing forces of RRC and 


EDM and other efficiencies (which interact with each other in complicated ways) as well as the 


 
248  Blanchett IH Tr., at 33-36. 
249  Blanchett IH Tr, at 25. 
250  I note that Illumina expects GRAIL to sell more than four times the number of tests from 2031-


2035 than it expects GRAIL to sell from 2022-2030.  Should Illumina’s forecasts prove to be 
accurate, or conservative, the efficiencies outlined below will be substantially higher than what I 
have calculated using the 2022-2030 timeframe. 


251  If merger efficiencies are discounted because they occur in the future, the total benefits would be 
smaller.  Using a discount rate of 3%, the total benefits for 2022-2030 would be $514.9 billion.  
Of course, if discounting is applied to benefits, it must also be applied to harms.   
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impact of constraints, including, in this matter, the Open Offer, reputation constraints, and the 


ability of MCED test providers to take steps to reduce their reliance on Illumina.  A fully 


specified model must take into account many economic factors, including the amount of 


diversion, margins and costs, and the specification of the competitive games that determine pre- 


and post-merger prices and investments.  In this transaction, basic facts and data required to 


formulate and estimate such a model are largely absent.252  However, the Open Offer prevents 


Illumina from raising prices to GRAIL’s rivals and in fact commits Illumina to make available 


significantly reduced costs for customers.253  With such a commitment, Illumina is contractually 


precluded from RRC and consumers would benefit from the transaction, as long as EDM or other 


efficiencies are positive.254   


A. THE MERGER WILL ELIMINATE DOUBLE MARGINALIZATION  


101. EDM is a well-documented efficiency from vertical transactions that occurs when an 


upstream firm acquires a downstream firm to which it supplies inputs.255  I find that the benefits 


to GRAIL’s U.S. customers from this efficiency are substantial, with net benefits totaling at least 


$628.8 million over the nine-year period, 2022-2030.256 


102. EDM benefits arise when an upstream firm with market power acquires a downstream 


firm with market power to which it supplies inputs.  As separate entities, each firm maximizes its 


 
252  Dr. Scott Morton comes to the same conclusion, stating “I conclude that it is currently impossible 


to conduct an accurate merger simulation that generates a reliable quantitative prediction of the 
ultimate effects of EDM and RRC on the future prices of MCED tests.”  (Scott Morton Report, ¶ 
295.) 


253  Open Offer, §§ 5.c and 5.d. 
254  Of course, the other efficiencies discussed below would also benefit consumers. 
255  Vertical Guidelines, § 6. 
256  I recognize that the quantification of EDM relies on a full vertical model that takes into account 


many economic factors, including the amount of diversion, knowledge of the elasticity of 
demand, and potentially the opportunity cost of not serving GRAIL’s rivals.  As these are 
unknown, I present the benefits of EDM as a function of cost passthrough, which may be scaled 
appropriately to reflect differing assumptions regarding these, and other, factors.  The quantities 
in this section, which use a cost passthrough of 100%, are intended to give a sense of the 
magnitude of the EDM efficiency that may be realized when the downstream products are highly 
differentiated so that there is little diversion.  Given that Illumina is precluded from RRC, 
establishing the existence of any benefit from EDM, however small, is sufficient to demonstrate 
that the merger benefits consumers. 
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profits by setting its price such that the marginal revenue from an additional sale equals the 


marginal cost of an additional sale.  When the upstream and downstream firms operate in 


markets that are not perfectly competitive, each firm sets its optimal price at a markup over 


marginal cost.  Because the downstream firm purchases inputs from the upstream firm at a 


markup, and the downstream firm then prices its own product at a markup, there is double 


marginalization.  When the upstream and downstream firms merge, there is a single firm with the 


marginal costs of what was formerly the upstream firm and which faces the same demand curve 


as the former downstream firm.  Thus, the margin of the upstream firm is internalized and there 


is an effective reduction in the marginal cost of producing the downstream product; put 


differently, the merger leads a profit maximizing firm to eliminate the upstream margin from its 


downstream pricing decision and to reduce the price of the downstream good.  The resulting 


benefit to customers from this elimination of double marginalization is twofold.  First, customers 


who would have purchased the product at the downstream price with double marginalization are 


now able to purchase the product at a reduced price.  These consumers enjoy one dollar in 


benefit for each dollar the price is reduced on each unit they purchase.  Second, some customers 


who would not have purchased the product at the downstream price with double marginalization 


are now willing to purchase the product at the reduced price and, consequently, the number of 


units sold increases.  Each of these new customers realizes benefits equal to the difference 


between the price they are willing to pay and the price the downstream firm charges, for each 


additional unit they purchase.  The sum of these two benefits is the change in consumer surplus 


from EDM. 


103. In addition to relying on inputs from Illumina’s Deal Model, my EDM calculations rely 


on assumptions about GRAIL’s cost passthrough (i.e., the degree to which reductions in 


GRAIL’s costs after the acquisition are passed through to consumers as reduced prices), the 


degree to which demand for GRAIL’s tests increases when the price decreases, and the time 


period during which EDM benefits accrue to GRAIL’s customers.  To mitigate some of the 


uncertainties in the Deal Model forecasts, at each step of my calculation of the EDM benefits, I 


apply conservative assumptions to err on the side of underestimating these benefits. 







 


HIGHLY CONFIDENTIAL  
69 


104. I ignore that when GRAIL lowers the price for its tests, additional tests are likely sold to 


customers,257 and I assume that GRAIL passes through 100% of the reduction in its costs to its 


customers (i.e., GRAIL reduces its price by an amount equal to the reduction in its costs).258 


With these assumptions, the EDM benefits to GRAIL’s customers (“change in consumer 


surplus”) are given by 𝜃 𝑐 𝑐 𝑞 , where 𝜃 is GRAIL’s cost passthrough; 𝑐  is the cost per 


test that GRAIL pays for inputs from Illumina; 𝑐  is the cost per test that Illumina pays for the 


inputs it supplies to GRAIL; and 𝑞  is the number of tests that GRAIL sells in the U.S. absent 


the merger. For each year from 2022 to 2030, I calculate the change in U.S. consumer surplus.259  


These results are displayed in Table 1 below and show that the total change in U.S. consumer 


surplus over this nine-year period is $627.9 million.260, 261, 262  This table also illustrates the 


 
257  When GRAIL reduces the prices it charges customers for its tests, more customers are able to 


afford the test, resulting in more tests being sold at prices below what customers would be willing 
to pay for them. Accurately measuring the benefits to consumers from these additional tests 
requires an estimate of GRAIL’s demand curve. Rather than speculate on the demand curve 
facing GRAIL, I conservatively ignore the expansion of sales in my calculation. 


258  As stated above, a proper quantitative analysis of EDM and RRC requires a full vertical model 
that the FTC and Dr. Scott Morton have not presented.  These calculations are intended only to be 
illustrative and I recognize that they are a function of my assumptions, which are necessary due to 
the lack of information on economic factors required for such a model. 


259  Illumina’s Deal Model includes forecasts of GRAIL’s business through 2035. In the interest of 
calculating a lower bound for the EDM benefits, I restrict my analysis to the years from 2022 to 
2030, for which there is less uncertainty in Illumina’s forecasts of GRAIL’s costs, prices and 
demand. However, I note that Illumina forecasts the number of tests sold by GRAIL from 2031-
2035 to be more than four times the number of tests sold from 2022-2030. To the extent these 
forecasts through 2035 are accurate, or conservative, the actual EDM benefits to GRAIL’s 
customers for 2031 and beyond will be substantially higher than what I calculate for 2022-2030. 


260  Using the range of 3% to 7%, a range of discount rates recommended by the U.S. Office of 
Management and Budget for public projects, the net present value of the EDM efficiency is 
$514.9 million and $400.8million, respectively. 


261  Illumina also will be able to provide some of GRAIL’s library prep reagents at cost. For example, 
in 2019 per the SAP data, GRAIL purchased magnetic beads from Illumina. Other Reagents (e.g. 
magnetic beads) are expected to account for 62% of GRAIL’s standalone COGS by 2030 per the 
Deal Model. To the extent some of these can be sourced from Illumina at cost, EDM will be 
higher than calculated above. 


262  In addition to the benefits from EDM, Illumina has identified two sources of variable cost savings 
- supply chain efficiencies and lab operation efficiencies. These savings are estimated to be at 
least $140 million over ten years. See AlexAravanis_PX2613(PDF/A).pdf at -002. 
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reduction in prices due to EDM from a pre-acquisition price of 𝑝  to a post-acquisition price of 


𝑝 . On average, GRAIL’s customers will pay prices that are 3.3% lower than they would have 


paid had GRAIL not been acquired. 


Table 1: EDM Benefits to GRAIL Customers 


 


 


105. These benefits to consumers will not materialize absent the proposed merger.  To the 


extent that it is feasible for Illumina to set prices to GRAIL in a manner that achieves EDM, as 


Dr. Scott Morton suggests, this pricing should already be reflected in Illumina and GRAIL’s 


current supply agreement.  Rather than selling its inputs to GRAIL at cost to realize EDM, 


however, Illumina currently prices all of its inputs to GRAIL at a significant markup.  For 


example, Illumina’s current and forecasted margins on its flow cells, which are expected to 


account for 97% of Illumina’s sales to GRAIL from 2022 to 2030, are in excess of 94%.263  


Moreover, Illumina imposes a royalty on GRAIL’s sales, which further distorts pricing. Thus, 


 
263  See Deal Model, tab “Standalone P&L”. 


Year


Standalone 


Cost of Illumina 


Inputs per Test


Standalone 


Test Price
[1]


Standalone 


Number of 


Tests Sold 


(Million)
[2]


Standalone 


Percentage of 


Tests Sold in 


US


Post‐Acquisition 


Cost of Illumina 


Inputs per Test


Test Price 


Reduction
[3]


Change in 


US 


Consumer 


Surplus 


($Million)


2022 $73.0 $585.7 0.1 82% $4.3 $68.7 $7.9


2023 $72.5 $502.4 0.5 39% $4.3 $68.2 $12.0


2024 $72.3 $572.9 0.9 70% $4.4 $68.0 $44.8


2025 $17.8 $605.6 1.8 82% $1.2 $16.6 $24.7


2026 $17.8 $545.6 3.8 79% $1.2 $16.6 $50.5


2027 $17.8 $510.2 6.3 78% $1.2 $16.6 $82.1


2028 $17.8 $487.9 9.7 79% $1.2 $16.5 $126.8


2029 $17.7 $466.5 12.6 76% $1.2 $16.5 $157.6


2030 $11.7 $440.7 16.3 68% $0.8 $10.9 $121.5


Total 2022‐2030 Change in US Consumer Surplus: $627.9


Notes:


[1] Prices are the Blended Average Sales Price for all service lab tests.


[2] Number of service lab tests sold in all geographic markets.


[3] Assumes a cost passthrough of 100%; excludes change to consumer surplus resulting from the sale of additional tests.


[4] Includes all Illumina service lab COGS, with the exception of royalties.


Source: Deal Model.
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the evidence indicates that Illumina and GRAIL have been unable to devise or agree to a contract 


that eliminates EDM, contrary to what Dr. Scott Morton claims should happen. 


106. To my knowledge, Illumina has also not achieved EDM with its other customers. Of the 


customers  Dr. Scott Morton focuses on in her report, Illumina currently has supply agreements 


with FMI, Guardant and Natera, to which it sells inputs with margins comparable to those it 


earns from GRAIL.264  The fact that one could conceive of a theoretical contract that would 


achieve EDM is irrelevant when, in the real world, Illumina, GRAIL and Illumina’s other 


customers have demonstrated that the incentives and constraints they currently face, and will 


continue to face absent the proposed merger, preclude that outcome.  As Dr. Scott Morton 


observes in her report, “[b]y revealed preference Illumina and Grail both prefer the current 


pricing to different pricing structures that are available to them, including pricing structures that 


would give Grail a lower marginal cost and an incentive to set a lower retail price.”265 


107. Dr. Scott Morton asserts that GRAIL and Illumina not having already achieved EDM is 


proof that EDM will not be realized after the proposed merger.266 This assertion follows from her 


unsupported assumption that EDM can easily be eliminated by contract.  Hence, by her 


reasoning, if it has not been eliminated, then whatever exists must be the efficient outcome and 


cannot be improved upon.  Such reasoning would eliminate the rationale for every merger, as all 


the benefits therefrom could be realized through her supposed contract. Her assertion contradicts 


the economic literature and the Vertical Merger Guidelines that EDM is a recognized benefit of 


vertical integration. 


 
264  See ILMN-Foundation Medicine_Amended Reinstated Supply, Support Agreement 06.06.18 


executed.pdf; ILMN-Guardant Health_3rd Amendment to SA 8.14.17 (1).pdf; ILMN-Natera 
Sixth Amendment to Supply Agreement_5-8-2020.pdf; 12 - Grail Illumina AR 
Commercialization + Appendix (FULLY EXECUTED) (1).pdf. 


265  Scott Morton report, ¶ 283. 
266  Scott Morton report, ¶ 284. (“The fact that Illumina and Grail have complex multi-part pricing 


available to them and chose the current pricing structure rather than another is strong evidence 
that Illumina and Grail would not have the incentive to lower prices post-merger due to an EDM 
effect. If lower prices were in their joint interest, they could negotiate a pricing structure that 
achieved that result today.”) 
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B. THE MERGER WILL REDUCE THE EFFECTIVE ROYALTY RATE ON GRAIL’S 


REVENUES 


108. When it spun off GRAIL in 2016, Illumina retained partial ownership of the company 


and signed a supply agreement that obligated GRAIL to pay Illumina a royalty calculated as a 


percentage of GRAIL’s revenues.  Under that agreement, GRAIL is committed to pay a royalty 


of 7% of all oncology revenues to Illumina until it has paid cumulative royalties of $1 billion, at 


which point the royalty rate will decline to 5%.267  Additionally, GRAIL pays royalties of 2.8% 


of revenues to the Chinese University of Hong Kong.268 


109. After the merger, GRAIL’s royalty payments to Illumina will cease, and Illumina will 


issue contingent value rights (CVRs) to certain former GRAIL shareholders and equity award 


holders.  Any GRAIL shareholder or equity award holder can choose to receive merger 


consideration in the form of a mix of cash and stock or a mix of cash and stock and one or more 


CVRs (the “CVR Consideration”).  Holders of a CVR are entitled to a percentage of GRAIL’s 


revenue streams from specified commercial activities.  If all shareholders and equity award 


holders opted for the maximum number of CVRs to which such holders are entitled, total CVR 


payments would be equal to 2.5% of GRAIL’s first $1 billion in eligible revenue and 9% of 


GRAIL’s eligible revenue beyond the first $1 billion in each year for twelve years.  Roughly 


40% of shares outstanding have opted for the CVR Consideration.269   This implies that the 


effective royalty rate on GRAIL’s revenues from the CVR will be 9% * 40% = 3.6% of revenue 


after the first $1 billion in revenue.  In addition, the merged firm will continue to pay the 2.8% 


royalty to the Chinese University of Hong Kong. 


 
267  GRAIL and Illumina Amended and Restated Supply and Commercialization Agreement, dated 


February 28, 2017. 
268  See Deal Model, “Standalone P&L” tab. 
269  I understand that there is ongoing variability between the average election rate for equity awards 


and the actual number of CVRs issued in respect of equity awards.  I assume that equity award 
holders elect for the CVR Consideration at a similar, 40% rate as former GRAIL shareholders.  
My calculations may be updated to reflect the actual number of CVRs issued in respect of equity 
awards as of any particular date.  
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110. Table 2 displays GRAIL’s effective royalty rate as a standalone entity and when acquired 


by Illumina from 2022 to 2030.270  The effective reduction in GRAIL’s royalty in each year 


ranges from 1.4 to 6.0 percentage points.  In practice, GRAIL will respond to a reduction in these 


royalty rates in the same way it would react to a reduction in an ad valorem tax: it will pass 


through some portion of these savings to the consumer in the form of lowered test prices, which 


will increase consumer surplus.  Table 2 shows the expected reductions in GRAIL’s test price 


and the resulting change in consumer surplus as a result of these reductions in the effective 


royalty rate, assuming a passthrough rate of 100%.   The total increase in U.S. consumer surplus 


from 2022-2030 is $136.9 million.271, 272 


 
270  As with RRC and EDM, the effects of a reduction in GRAIL’s royalty rate cannot be determined 


in isolation and requires a model that simultaneously accounts for all of these effects—a model 
that cannot be estimated given the lack of information and data in this merger.  The calculations 
presented in this section are intended only to demonstrate the potential magnitude of the benefit 
to consumers from this reduction in royalty rates under one reasonable set of assumptions. 


271  Using the 3% and 7% discount rates recommended by the US Office of Management and Budget 
for public projects, the net present value of the royalty reduction efficiency is $113.3 million and 
$89.3 million, respectively.  These estimates differ from those that appeared in Illumina’s 
“Vertical Foreclosure and Efficiencies Analysis” submission to the FTC (January 26, 2021) for 
three reasons.  First, these estimates reflect my current understanding of royalty rates, how they 
change over time, anti-stacking procedures, and CVR uptake rates.  Second, these estimates 
restricted to U.S. tests only.  Third, these estimates conservatively exclude any reduction in cost 
items other than COGS. 


272  Assuming a constant the elasticity of demand faced by GRAIL and ignoring additional output 
produced as a result of declines in price, the change in consumer surplus from a change in 
GRAIL’s effective royalty rate in a given year is expressed as  


∆𝐶𝑆
𝜖


1 𝜖
𝑐 𝑐


1


1 𝜏  


1
1 𝜏  


𝑞  


Where 𝜖  is GRAIL’s elasticity of demand; 𝑐  and 𝑐  are GRAIL’s per-test COGS to Illumina 
and other suppliers, respectively, post-acquisition; 𝜏  and 𝜏  are the effective standalone and 
post-acquisition royalty rates, respectively; and  𝑞 is the quantity of tests GRAIL produces as a 
standalone entity. Because the demand curve facing GRAIL is uncertain, I conservatively set the 
term , which is bound below by 1, equal to 1. I also conservatively refrain from including the 


additional surplus to consumers from GRAIL’s production of additional tests, as the number of 
additional tests produced are a function of the demand curve facing GRAIL.  
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Table 2: Royalty Reduction Efficiency 


  


 


111. This efficiency likely cannot be achieved absent the proposed acquisition.273   


C. THE MERGER WILL ACCELERATE THE WIDESPREAD INTRODUCTION OF 


GRAIL’S GALLERI TEST  


112. GRAIL’s Galleri test promises to reduce cancer mortality, but widespread use of 


GRAIL’s test depends on FDA approval and payor acceptance.  Illumina believes it can 


 
273  GRAIL attempted to eliminate the royalty through negotiations, retaining Morgan Stanley to 


assist in its negotiation strategy and evaluation of options, but this strategy did not go anywhere.  
(30(b)(6) Deposition of Matthew Strom (Managing Director, Morgan Stanley), May 25, 2021, 
(hereinafter, “Strom Dep. Tr.”), at 20, and 121-122 (“Q. At this point in time in February of 2020, 
from Morgan Stanley's perspective, was there any guarantee that Illumina would agree to entirely 
eliminate that royalty? A. No.”) 


Year


Standalone 


Royalty Rate on a 


Marginal Unit


Post‐Acquisition 


Royalty Rate on a 


Marginal Unit


Standalone Test 


Price
[1]


Standalone 


Number of 


Tests Sold 


(Million)
[2]


Standalone 


Percentage 


of Tests Sold 


in US


Test Price 


Reduction
[3]


Change in 


US 


Consumer 


Surplus 


($Million)


2022 9.8% 3.8% $585.7 0.1 82% $22.7 $2.6


2023 9.8% 3.8% $502.4 0.5 39% $13.5 $2.4


2024 9.8% 3.8% $572.9 0.9 70% $11.3 $7.5


2025 9.8% 6.4% $605.6 1.8 82% $5.7 $8.4


2026 9.8% 6.4% $545.6 3.8 79% $5.2 $15.9


2027 9.8% 6.4% $510.2 6.3 78% $4.8 $23.9


2028 9.8% 6.4% $487.9 9.7 79% $4.8 $36.5


2029 7.8% 6.4% $466.5 12.6 76% $1.9 $18.3


2030 7.8% 6.4% $440.7 16.3 68% $1.9 $21.4


Total 2022‐2030 Change in US Consumer Surplus: $136.9


Notes:


[1] Prices are the Blended Average Sales Price for all service lab tests.


[2] Number of service lab tests sold in all geographic markets.


[3] Assumes a cost passthrough of 100%; excludes change to consumer surplus resulting from the sale of additional tests.


[6] Includes all service lab COGS, with the exception of royalties.


[5] After the acquisition, GRAIL shareholders may elect to receive a CVR which entitles them to 2.5% of GRAIL's first $1 


billion in revenue each year and 9% of GRAIL's revenue beyond $1 billion. Approximately 40% of outstanding stock 


(inclusive of Illumina) have elected a CVR, reducing the marginal reduction of GRAIL's revenue by an additional 60%. 


Vested and unvested equity awards are assumed to have the same CVR adoption rate.


Source: Deal Model


[4] Prior to the acquisition, GRAIL pays a royalty of 7% of total revenue to Illumina until a total of $1 billion in royalty 


payments is reached, at which point the royalty rate is reduced to 5%. GRAIL pays an additional royalty of 2.8% of revenue 


to Chinese University of Hong Kong. 
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accelerate the process of obtaining FDA and insurance company approval by at least one year, 


which would expand output sooner than it would otherwise occur and lead to a large number of 


incremental lives saved in the U.S.  In this section, I first discuss GRAIL’s estimates of the 


impact of its test on oncology mortality and then discuss the impact of accelerating the 


widespread availability of the test. 


1. GRAIL’s Interception Model quantifies the benefits of its Galleri test 


113. GRAIL has developed an “interception model” that quantifies the potential benefits of its 


Galleri test.274  Using data on “incidence and survival of all invasive cancers diagnosed in 


persons aged 50–79” by type of cancer and stage275 and estimates of Galleri’s ability to detect 


cancer cases at earlier stages when treatment outcomes are better,276 the model estimates the 


potential impact of Galleri on five-year cancer mortality rates.  GRAIL estimates that the Galleri 


test:277 


could intercept 485 cancers per year per 100,000 persons, reducing late-stage 
(III+IV) incidence by 78% in those intercepted.  Accounting for lead time, this 
could reduce 5-year cancer mortality by 39% in those intercepted, resulting in an 
absolute reduction of 104 deaths per 100,000, or 26% of all cancer-related deaths.   


Although there is some uncertainty surrounding the number of cancers that Galleri will detect per 


100,000 patients, at a minimum, GRAIL estimates that the Galleri test would intercept 312 


cancers per 100,000 persons tested each year and avert 74 deaths per 100,000 persons tested each 


year.278  


 
274  Hubbell, et al. 
275  Hubbell, et al., abstract. 
276  Most of the cancers that the GRAIL test detects have no current recommended screening method 


for asymptomatic patients.  This means that many of these cancers are not detected until the later, 
symptomatic stages of the disease.  (GRAIL, Core Slide Deck_V1_061520, p. 65.) 


277  Hubbell, et al., abstract.  The paper reports that incrementality is calculated relative to current 
screening alternatives and take-up rates, and the estimate of 485 cancers intercepted are the 
“maximum benefit.”  (Hubbell, et al., p. 461.) 


278  Hubbell, et al., p. 464. 
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114. As the FTC recognizes, these potential benefits of the GRAIL test are enormous.  There 


are 104 million individuals aged 50-79 in the United States.279  If each of these individuals were 


screened once per year, then Galleri would lead to the detection of between 324,000 and 504,000 


cancers per year.280  Using the GRAIL inception model projections, this would allow between 


77,000 and 108,000 deaths to be averted annually.281 


2. Illumina’s expertise will allow GRAIL’s Galleri test to gain 
widespread acceptance sooner than would otherwise occur 


115. GRAIL began marketing the Galleri test in April, 2021, but widespread 


commercialization will require FDA approval and payor acceptance.282  Illumina has experience 


in securing FDA approval and in negotiating deals with payors to cover other tests.283  GRAIL 


 
279  U.S. Census Bureau, Annual Estimates of the Resident Population by Single Year of Age and 


Sex: April 1, 2010 to July 1, 2019, available at: https://www.census.gov/data/tables/time-
series/demo/popest/2010s-national-detail.html, site visited April 11, 2021. 


280  Galleri will lead to the interception of between 312 and 485 cancers per year per 100,000 persons. 
If all 104 million people aged 50-79 are tested each year, then interception will be between 312 / 
100,000 * 104 million = 324,480 and 485 / 100,000 * 104 million = 504,400 per year. 


281  Galleri will lead to a reduction of between 74 and 104 deaths per year per 100,000 persons. If all 
104 million people aged 50-79 are tested each year, then deaths averted will be between 74 / 
100,000 * 104 million = 76,960 and 104 / 100,000 * 104 million = 108,160 per year.  (See also 
GRAIL, Core Slide Deck_V1_061520, p. 93.) 


282  PX6061 at 013 (Grail, “Responses and Objections to the Federal Trade Commission’s First Set of 
Interrogatories,” March 30, 2021) (“GRAIL introduced Galleri as a laboratory-developed test 
(“LDT”) on April 6, 2021, one week after the FTC filed its complaint, and GRAIL’s sales have 
come through the LDT launch of Galleri.”).  


283  Illumina has previously submitted and received a PMA for its Praxis Extended RAS Panel, an 
NGS-based companion diagnostic for evaluating RAS mutations in in patients with colorectal 
cancer (https://www.fda.gov/drugs/resources-information-approved-drugs/fda-granted-marketing-
approval-praxis-extended-ras-panel).  Illumina was the first company to receive FDA clearance 
for an NGS sequencing platform with its MiSeqDx platform and has since received regulatory 
clearance for another platform, the NextSeq 550 Dx and a range of reagents 
(https://www.illumina.com/company/news-center/press-releases/2017/2317142.html).  Illumina is 
also currently in the process of submitting applications for two additional PMAs for its 
noninvasive prenatal testing (NIPT) product and its TruSight Oncology Comprehensive (TSO 
Comp) assay, an IVD test using NGS to detect variants in 523 genes in tissue samples from 
cancer patients (ILMN-FTCVOL_18608003 (TruSight NIPT PMA Module 1); ILMN-
FTCVOL_01615892 (TSO Comp)).  







 


HIGHLY CONFIDENTIAL  
77 


has no such experience.284  Illumina executives have testified that the company’s experience with 


the FDA approval process and with payor negotiations will allow it to accelerate the large-scale 


commercialization of Galleri by at least one year.285, 286 I understand that experts retained by 


Illumina have analyzed the relative capabilities of the companies and believe an acceleration of 


FDA approval and wide-spread payor coverage by at least one year is a reasonable assumption. 


116. The idea that the Illumina/GRAIL merger would accelerate the process of FDA approval 


is supported by the testimony of Exact’s CEO, Kevin Conroy, and public statements by Exact 


regarding its acquisition of Thrive.  Mr. Conroy testified that one benefit of Exact’s acquisition 


of Thrive was that Exact could share its FDA expertise with Thrive as Thrive proceeded through 


the FDA approval process for its CancerSEEK test.287 


[FDA regulatory expertise] is a competency, a capability that you can’t build 
overnight. We [Exact] built that as we were developing Cologuard, and now we 
have well over 20 PMA FDA submissions. And PMA is the highest level of rigor 
for a diagnostic test. 


 
284  Ofman Dep. Tr., at 61:3-15 (“I mean, my -- the staff that I have in regulatory affairs -- you know, 


this is a brand new field. No one has any relevant experience for multi-cancer early detection. No 
one has ever done this before. And so it's -- you know, do they have all the capabilities 
necessary? You know, there are gaps all over the place because we -- you know, this is a new 
area, unchartered territory. And the level of experience that they have on the industry side, on the 
FDA side is limited. And so it's -- you know, that's kind of where we're at.”). 


285  Aravanis Dep. Tr., at 74-78; Deposition of Philip Febbo (Chief Medical Officer, Illumina), June 
18, 2021, (hereinafter, “Febbo  Dep. Tr.”), at 34:21-24 (“[T]he combined entity will accelerate 
regulatory approval of their products across the globe.”). 


286  The Illumina’s Deal Model predicts the path of output of GRAIL (i.e., the expected number of 
Galleri tests sold in each year) as a standalone company, but not the potential benefits of 
acceleration.  Illumina used the Deal Model only to quantify some efficiencies but did not attempt 
to quantify all efficiencies.  Blanchett IH Tr., at 34:2-8; 106:11-25; 107:1-16 (testifying that 
“there is likely a significant benefit from double marginalization”, and that it was not included in 
the model because he only included a handful of “basic assumptions” that he had “experience in 
calculating”; hence, there were a “material number of synergies we likely could have included [] 
including double marginalization to have increased the value, but we did not necessarily think 
that was necessary to justify the value that we were paying” for GRAIL.). 


287  Conroy Dep. Tr., at 18:16-20. 
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Exact has also publicly stated that the acquisition would accelerate the widespread 


commercialization of Exact’s CancerSEEK test:288 


Exact Sciences is uniquely positioned to support the development of Thrive’s 
CancerSEEK product and facilitate its success. By leveraging Exact Sciences’ 
proven clinical and regulatory teams, scaled laboratory and IT capabilities, and 
well-established primary care sales team and direct-to-consumer marketing 
experience, the Company expects to bring blood-based, multi-cancer screening to 
patients faster and with greater certainty. 


Mr. Conroy also testified that the sharing of expertise that would lead to accelerated FDA 


approval would not be possible in the absence of the Thrive/Exact merger.289 


3. Valuing the incremental lives saved from acceleration 


117. The Deal Model can be used to estimate the number of incremental tests that would result 


from a given level of acceleration of the Galleri rollout resulting from the merger.  Table 3 below 


shows the path of output in Illumina’s Deal Model.  Note that, although the model assumes that 


Galleri is introduced in 2021, U.S. sales are projected to be low for the first few years until FDA 


approval is obtained.  FDA approval, which opens up the possibility of broad payor adoption, 


leads to a rapid increase in sales.  


118. I adopt Illumina’s claim that it will be able to secure FDA approval and approval for 


Medicare reimbursement one year earlier than GRAIL would have been able to.  I also assume 


that the path of output is the same as shown in the Deal Model, but to account for acceleration, I 


shift output forward in time by one year. This means that the number of tests sold is higher in 


that first year and in each year thereafter.  My calculations can be easily adjusted to allow for 


different assumptions about acceleration.  


119. The number of tests sold if sales are accelerated by one year is also shown in Table 3, and 


the difference between the original and accelerated number of tests in each year are the 


incremental tests that form the basis for the acceleration efficiencies.  With a one-year 


 
288  Exact Press Release, “Exact Sciences To Acquire Thrive Earlier Detection, Becoming A Leader 


In Blood-Based, Multi-Cancer Screening,” October 27, 2020, available at 
https://investor.exactsciences.com/investor-relations/press-releases/press-release-
details/2020/Exact-Sciences-To-Acquire-Thrive-Earlier-Detection-Becoming-A-Leader-In-
Blood-Based-Multi-Cancer-Screening/default.aspx.  


289  Conroy Dep. Tr., at 18. 







 


HIGHLY CONFIDENTIAL  
79 


acceleration, an additional 10.0 million tests would be performed in the U.S. over the nine-year 


period 2022-2030, which is a 34 percent increase in the number of tests that would otherwise 


occur over this time period.290  Based on GRAIL’s estimate that the Galleri test would lead to a 


reduction of between 74 and 104 deaths per year per 100,000 persons tested, acceleration by one 


year will avert between 7,429 and 10,441 deaths in the U.S.291  (See Table 3.) 


Table 3: Baseline tests projected in deal model and impact of one-year acceleration in U.S. 


   


120. These estimates of lives saved are projections based on GRAIL’s understanding of its 


test’s potential efficacy and Illumina’s estimate of the likely acceleration.  But even if the 


incremental number of lives saved as a result of acceleration cannot be precisely calculated, it is 


easy to show that the potential benefits of acceleration are very substantial.  Economists and 


policymakers routinely use an estimate of the dollar value of remaining life known as the “value 


of a statistical life” (VSL) in cost-benefit calculations evaluating whether particular policy 


actions should be taken.  There are dozens of estimates of VSL in the economic literature.  In a 


 
290  Even if incremental sales attributable to the merger were lower, the benefits would still be 


enormous. 
291  My calculations include U.S. lives only.  Acceleration will also save lives in other countries.  


With a one-year acceleration, an additional 10.4 million tests would be performed outside of the 
U.S. over the nine-year period 2022-2030.  If the lives saved by these tests are valued the same as 
lives saved in the U.S., then the total benefits from acceleration would be more than double what 
I calculate.  


Year


Standalone 


Tests Sold 


(Million)


Accelerated 


Tests Sold 


(Million)


Additional 


Tests Sold


(Million)


Lives Saved 


(74 per


100k Tests)


Lives Saved 


(104 per 


100k Tests)


2022 0.1 0.1 0.0 30 43


2023 0.1 0.4 0.3 188 265


2024 0.4 0.9 0.5 374 525


2025 0.9 2.1 1.2 897 1,261


2026 2.1 3.7 1.6 1,207 1,696


2027 3.7 6.1 2.4 1,744 2,451


2028 6.1 7.6 1.5 1,109 1,558


2029 7.6 8.8 1.2 872 1,226


2030 8.8 10.1 1.4 1,007 1,416


Total 29.9 40.0 10.0 7,429 10,441


Source: Deal Model; Hubbell, et al.
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survey of 68 studies of VSL, Viscusi (2018) found a mean VSL in the U.S. of $8 million.292  The 


U.S. government uses similar figures when performing cost-benefit analysis: for example, the 


Department of Transportation uses a VSL of $9.4 million, the Environmental Protection Agency 


uses a VSL of $9.7 million (2013 dollars), and the Department of Health and Human Services 


uses a VSL of $9.6 million (2014 dollars).293  Even if one used a more conservative VSL 


estimate of, say, $5 million, the acceleration benefits would be very substantial.  Using the 


conservative estimate of 7,429 lives saved and a VSL of $5 million, the potential benefits of 


acceleration are 7,429 * $5M = $37.1 billion. 


121. As an alternative to the VSL approach, the potential benefits of acceleration can be 


calculated based on the value of life-years gained.  The GRAIL interception model estimates that 


Galleri will save at least 1,142 life-years per 100,000 tests.294  The value of a life-year in the U.S. 


is frequently estimated to be between $100,000 and $150,000.295  Hence, even based on the 


 
292  W. Kip Viscusi (2018), “Best Estimate Selection Bias in the Value of a Statistical Life,” Journal 


of Cost-Benefit Analysis, 9: 205-46.  Some studies attempt to estimate a VSL specifically for 
cancer risk.  Alberini and Ščasnŷ (2018), for example, calculate the “cancer VSL” from a stated 
preference survey of 45-60 year-olds in the Czech Republic, United Kingdom, Netherlands, and 
Italy.  They estimate the cancer VSL to be between approximately € 2 and € 5.950 million.  
(Anna Alberini and Milan Ščasnŷ, (2018), “The Benefits of Avoiding Cancer (or Dying from 
Cancer): Evidence from a Four-Country Study,” Journal of Health Economics, 57: 249-62.) 


293  Viscusi (2018) at 206. 
294  Anuraag Kansal, (Director, Health Economics and Outcomes Research, GRAIL) informed me 


that Galleri would save at least 25,000 life-years per 100,000 individuals, where the average 
individual is tested 21.9 times.  This corresponds to 25,000 / 21.9 = 1,142 life-years per 100,000 
tests. 


295  See Institute for Clinical and Economic Review (2020), “2020-2023 Value Assessment 
Framework,” pp. 2 and 27 (“The Institute for Clinical and Economic Review [] is an independent 
non-profit research organization that evaluates medical evidence and convenes public deliberative 
bodies to help stakeholders interpret and apply evidence to improve patient outcomes and control 
costs.” It recommends a “range for health-benefit price benchmarks [of] $100,000-$150,000 per 
QALY[.]”); Hagop M. Kantarjian, et al. (2013), “Cancer Drugs in the United States: Justum 
Pretium—the Just Price,” Journal of Clinical Oncology, 31.28, 3603 (“In many developed 
countries, a price of less than $130,000 is considered sufficient to buy excellent care for an extra 
year of life.”); Peter J. Neumann and Joshua T. Cohen (2018), “QALYs in 2018—Advantages 
and Concerns.” JAMA, 319.24, p. 2473 (“Typical value benchmarks in the United States have 
historically ranged from approximately $50[,]000 to, more recently, as high as approximately 
$150[,]000 per QALY.”). 
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lowest estimate of life-years saved per test and a low estimate of the value of a life-year, the 


potential benefits of acceleration are $11.5 billion.296, 297 


122. These benefits substantially outweigh any plausible costs of the incremental GRAIL tests 


to either consumers (or their insurers) or to the merged firm.  The average price of an accelerated 


Galleri test is projected to be $444.298  Thus, the total cost to consumers of additional Galleri 


tests is $444 * 10.0M = $4.4 billion.  The average cost to the merged firm is projected to be $117 


per test.299  Thus, the total cost of manufacturing additional Galleri tests is $117 * 10.0M = $1.2 


billion.300   


123. This section has shown that, even using conservative estimates, the statistical value of 


lives saved as a result of accelerating the rollout of Galleri is substantial.  Even if the number of 


lives saved from acceleration is just half of what GRAIL and Illumina anticipate, the net benefits 


of acceleration would still be enormous.  


 
296  With 1,142 life-years saved per 100,000 tests, 10.0 million incremental tests, and a value per life-


year of $100,000, the benefits of acceleration are 1,142 / 100,000 * 10.0 million * $100,000 = 
$11.5 billion. 


297  In addition to the direct benefits of lives saved, GRAIL estimates that the early cancer diagnoses 
made by GRAIL will reduce lifetime cancer treatment costs for the screened population by 10% 
(Core Slide Deck_V1_061520, p. 94). 


298  Since a one-year acceleration is modeled as shifting the path of output forward by one year, the 
result of acceleration from 2022-2030 is to add the 10.1M tests that would have occurred in 2031 
into the 2022-2030 time frame (and to remove the 0.1M tests that would have occurred in 2022 
absent acceleration).  The Deal Model projects an average U.S. Galleri price of $444 in 2031.   


299  The COGS per test in 2031 is projected to be $128 for stand-alone GRAIL, excluding royalties. 
This includes an $11 margin paid to Illumina.  The merged firm thus has a projected cost of $117 
= $128 - $11.  


300  There will also be $0.3 billion in costs to patients from the diagnostic tests that are used following 
a positive result from a Galleri test to separate true positives from false positives.  A GRAIL 
analysis indicates that there are 1.8 false positives for every true positive, or 2.8 tests per cancer 
diagnosed.  The same analysis reports that diagnostic work-up services per cancer diagnosed is 
$7,000, which equals $7,000 / 2.8 = $2,500 per diagnostic.  (Core Slide Deck_V1_061520, p. 74.) 


The GRAIL model estimates that there will be (at most) 485 true positives and 692 false positives 
per 100,000 tests, and thus diagnostic tests would be performed in only 1,177 cases per 100,000 
tests.  (Hubbell, et al., p. 464)  The total cost of additional diagnostic tests is thus $2,500 * 10.0M 
* (485 + 692) / 100,000 = $0.3 billion. 
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4. The acceleration of GRAIL’s sales will allow GRAIL to improve the 
quality of the Galleri test by generating data more quickly 


124. GRAIL’s Galleri test uses a machine learning algorithm to determine the existence and 


location of cancer based on the methylation patterns in a patient’s DNA. This algorithm has been 


“trained” on the data from GRAIL’s clinical trials which contain the methylation patterns and 


cancer diagnoses for hundreds of thousands of patients.301 By analyzing the complex 


relationships between methylation patterns and cancer diagnoses in this training data, the 


algorithm is refined to a set of rules that can be used to predict whether new patients who are 


tested have cancer. As GRAIL accumulates data from the commercial sales of its tests, it will 


add to its training data set, allowing it to refine its algorithm.  This will allow GRAIL to not only 


improve the accuracy of the assay, but also allow it to detect additional types of cancer.302  Any 


 
301  Bishop Dep. Tr., at 64:25-65:22 (“Q Can you describe what sort of machine learning GRAIL 


employs as part of its Galleri efforts? . . . I’m definitely not the best technical expert you will get. 
Here’s my nonexpert understanding. So perhaps -- one of the key scientific challenges in 
developing the Galleri test is to separate the methylation patents that are seen in healthy people -- 
all people with other diseases that aren't cancer to be able to separate them accurately from the 
different DNA methylation patents that are associated with individuals that have asymptomatic 
cancer.  And to be able to reliably and reproducibly separate those different patents between 
individuals without cancer and with individuals with asymptomatic cancer, we have to generate 
huge amounts of data to be able to do that reproducibly. What's meant in Galleri by machine 
learning are the data science's infrastructure and techniques that allow us to compare and contract 
those giant data sets to get to insights to allow us to reproducibly call those differences.”); Bishop 
Dep. Tr., at 63:7-13 (describes that Grail has “enrolled approximately 115,000 patients in various 
different studies working on the development of Galleri,” and discusses machine learning.). 


302  Ofman Deposition at 245:10-246:2, 9-15 (“Q. Does additional data improve the performance of 
the Galleri test?  A. It certainly has the potential to.  Q. How would it do that?  A. By – just as we 
described. So by teaching the machine learning algorithm how to better classify cases as cancer 
and non-cancer. And the broader – the more cancers you have to teach the classifier – right? – so 
if there are 30 different kinds of leukemia and we’ve only trained the classifier on five kinds, it’s 
going to have a certain amount of performance to detect leukemia. But if we’ve trained the 
classifier on all 30 kinds of leukemia, well, then its performance is even going to be better…. 
Having this large data set and to the extent we can continue to grow it or, by being part of 
Illumina, grow it even faster, it will enable patients to be better served because we will have a 
better performing test. And the more we can perform and improve our test, you know, the better 
off patients will be.”). 
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acceleration in the adoption of Galleri will therefore allow it to detect more cancers, with greater 


accuracy, sooner, resulting in additional lives saved.303 


5. The acceleration benefits are merger specific and cannot be 
accomplished by contract 


125. A number of executives from Illumina and GRAIL have explained that, absent the 


merger, there are barriers to collaboration that would inhibit the parties from achieving the 


acceleration benefits described above.304  I understand that GRAIL would not want to share the 


proprietary data that it believes are important to share in order to unlock these acceleration 


effects.  Dr. Scott Morton fails to account for this crucial detail when she asserts “[t]he scale of 


the joint benefit the parties could achieve undermines the credibility of the parties’ claim that the 


acceleration of Grail’s commercialization is a merger-specific efficiency” and that “the parties’ 


efficiency claim implies that $6.8 billion profit is an insufficient incentive to accelerate MCED 


development by one year and that instead a full merger is needed.”305  The “scale of the joint 


benefit” is irrelevant.  As explained above, achieving such efficiencies absent the merger would 


require that GRAIL share highly proprietary information with Illumina, conceivably allowing 


them to develop a competing test with GRAIL’s own technology.  The potential $6.8 billion in 


profits from acceleration pales in comparison to the potential loss of GRAIL’s intellectual 


property which is the basis for its future profits.   


126. Dr. Scott Morton further asserts that the merger specificity of acceleration benefits is 


questionable because, she claims, there is “widespread use of such contracts, joint ventures, 


milestone payments and the like….”306  However, she does not identify any such contracts 


between Illumina and commercial test developers.  Furthermore, despite having a significant 


financial interest in GRAIL, I understand that Illumina and GRAIL have not entered into any 


 
303  This also implies that the estimate of lives saved by acceleration is conservative because it does 


not include any impact of acceleration on the quality of the GRAIL test (relative to the quality 
assumed in the GRAIL interception model). 


304  See, for example, Aravanis Dep. at 62:3-12 (“the level of business integration that would be 
required, again, is something one would only do as part of the same company.  So I think it would 
be impractical, nor would the individual companies want to share their internal proprietary 
capabilities”). 


305  Scott Morton Report, ¶ 240. 
306  Scott Morton Report, ¶ 241. 
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such agreements through which Illumina has shared or will share its regulatory and payor 


expertise with GRAIL; nor has Illumina reached such agreements with other third parties.  The 


absence of such agreements is strong evidence that the barriers described by the parties’ 


executives are real, and such collaboration is unlikely to be achieved absent the merger.  


D. R&D EFFICIENCIES 


127. R&D efficiencies, though difficult to quantify, will probabilistically increase the number 


of new health products available to consumers, thereby generating benefits from innovation. 


These R&D efficiencies are potentially the most significant of the merger efficiencies.  Notably, 


the idea behind GRAIL’s blood-based MCED test is itself the result of a merger efficiency.  


When Illumina acquired Verinata in 2013, it did so with the intent of researching and 


commercializing an NIPT test.  During clinical testing for its NIPT test, Illumina researchers 


noticed that pregnant people with specific biomarkers in their DNA, collected from the blood 


sample used for the NIPT test, later developed cancer.307  Shortly thereafter, GRAIL was created 


and, today, MCED testing is available in the marketplace via Galleri (albeit on a very limited 


basis).  But-for Illumina’s acquisition of Verinata, GRAIL would not exist and the commercial 


availability of MCED testing likely would have been substantially delayed and may not exist at 


all.308  Given what the FTC believes about the efficacy of MCED tests, the availability of Galleri 


undeniably will save some lives.  


128. Just as the R&D efficiencies (namely, the idea for GRAIL) that resulted from the 


Verinata acquisition could not have been anticipated ex ante, neither can the scale or form of the 


R&D efficiencies that will result from Illumina’s acquisition of GRAIL be anticipated.  As the 


Verinata acquisition demonstrates, however, these efficiencies can be substantial. 


129. These R&D efficiencies likely would not be realized without the merger.  As explained in 


Section II.A, an MCED developer’s library prep, algorithm, and data constitute the intellectual 


property for its assay.  A collaborative effort between Illumina and GRAIL to further develop 


GRAIL’s assay that might result in R&D efficiencies would require GRAIL to share some or all 


 
307  Grail Corporate Fact Sheet, October 26, 2020, available at: https://grail.com/wp-


content/uploads/2020/12/GRAIL-Corporate-Fact-Sheet-2020-10-26.pdf, last visited July 15. 
2021.  See also ¶ 28.  


308  Flatley Dep. Tr., at 99-100; Naclerio Dep. Tr., at 251. 
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of these components with Illumina.  The testimony in this case indicate that, as a standalone 


entity, GRAIL would be unlikely to share these components of its intellectual property with 


Illumina.309  This is a common concern in industries where R&D is an important competitive 


advantage.310  For example, I understand that, as part of a research collaboration between GRAIL 


and Illumina after GRAIL was spun off, GRAIL opted to pay Illumina a cash payout in lieu of 


providing its methylation data.311  


VII. RESPONSES TO DR. SCOTT MORTON’S ANALYSIS AND CONCLUSIONS 


130. Dr. Scott Morton’s economic analysis makes general theoretical points and relies on 


interpretations of documentary evidence to come to the conclusion that the proposed merger will 


harm competition.  She recognizes the speculative nature of many of her assumptions about the 


characteristics of future rivals since none of these potential rivals are expected to release a 


product for several years at least.  And yet, despite this, Dr. Scott Morton concludes that the 


proposed merger would adversely affect this future competition in several ways.  Her analysis 


and the conclusions she draws from it, however, are not based on a reliable foundation. 


131. Dr. Scott Morton makes several errors—both theoretical and, most importantly, 


empirical—that reveal that her analysis lacks a reliable foundation.  First, she improperly 


dismisses EDM as a merger-specific efficiency and dismisses all other efficiencies.  Second, she 


asserts, based on one piece of deposition testimony, that the cost of Illumina’s inputs impose a 


 
309  Aravanis Dep. Tr., at 81:5-82:2 (“Q I think one of the things you said is that because of 


proprietary information, Illumina would have less of an incentive to assist GRAIL in realizing the 
kind of efficiencies that could be realized in a transaction; is that correct?  A As separate 
companies, the business incentives would not be there. I also noted that it would not be practical 
given the level of information sharing that would have to occur. And it's also our experience that 
companies have not requested this. Q What specific information sharing would have to occur? A 
Proprietary information about their exact process, the exact components of their test. You know, 
many proprietary details of their technology, business practices.”).  


310  See, for example, Marco S. Giarratana and Myriam Mariani (2014), “The relationship between 
knowledge sourcing and fear of imitation,” Strategic Management Journal 35(8): 1144-1163, 
1144 (“When firms tap external knowledge sources, they risk spillovers of their own internal 
knowledge. If the value of this potential loss and the imitation capabilities of neighboring 
organizations are high, fear of imitation might overshadow the benefits of openness. In such 
situations, firms might voluntarily reduce their use of external sources, relative to knowledge 
available internally.”) 


311  ILMN-FTCVOL_06512811; ILMN-FTCVOL_03170970. 
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large burden on GRAIL’s rivals, while ignoring contrary evidence.  Third, she dismisses the idea 


that the contractual commitments in Illumina’s Open Offer have any effect on Illumina’s 


behavior.  Finally, she commits many other mistakes related to Nash bargaining and assumptions 


about Illumina cooperation, FDA approvals and IVD Distributed Test Kits.  


A. DR. SCOTT MORTON’S EDM ANALYSIS IS THEORETICALLY AND EMPIRICALLY 


INCORRECT  


132. Dr. Scott Morton opines that EDM is not an efficiency that should be credited because 


Illumina and GRAIL could enter into sophisticated, non-linear supply contracts to achieve EDM 


without merging.  From this she concludes that no EDM will result from the acquisition and 


therefore there is no need to balance harms and benefits to determine whether the merger will be 


anticompetitive—there  are only harms and so the merger is anticompetitive.  


1. Dr. Scott Morton’s assertion regarding transaction costs and ease of 
contracting is flawed 


133. Dr. Scott Morton’s claim that the EDM efficiencies from the merger can be disregarded 


because the merging parties can achieve these efficiencies through contracting is not only 


directly contradicted by the empirical evidence but also flawed theoretically.  To begin with, Dr. 


Scott Morton’s assumption that there are complex contracts between merging parties that could 


be developed and enforced so as to replicate the EDM efficiency (and other efficiencies),312 


essentially condemns all vertical mergers.  What she asserts as true for this vertical merger, also 


would be true for any other vertical merger.  Namely, in a world with the ability to write 


complex contracts (that perfectly replicate a merged firm’s supply arrangements), two vertically 


related firms would never need to merge to achieve merger-related efficiencies.  In this 


hypothetical world, such efficiencies could be achieved through contracting, and hence would 


not be merger specific.  Dr. Scott Morton’s assumptions mean that this merger, as well as every 


other vertical transaction, would in the first instance harm competition, as she assumes no 


merger-specific efficiencies and an increased incentive for the merged firm to raise costs to 


downstream rivals post-merger.   


 
312    Scott Morton Report, § VIII.F.3. 
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134. In addition to implying that all vertical transactions are harmful, Dr. Scott Morton’s 


assumptions imply that vertical mergers to harm competition are unnecessary, because this harm 


to competition also could be replicated through entering into complex (non-linear) contracts.  In 


particular, a GRAIL rival could be harmed contractually and, as a result, GRAIL would be more 


profitable, allowing the “monopolist” Illumina to extract this profit through contract.  Under her 


assumptions, Illumina could achieve by contract every harm that Dr. Scott Morton claims that it 


achieves through acquiring GRAIL.  In sum, her conclusion that EDM can be eliminated through 


complex contracting also implies that other effects of a vertical merger could be achieved 


through contracting, and so, oddly, under her own assumed theory, this merger, or any vertical 


merger, would not harm future competition.313  It would have no effect.  Needless to say, this is a 


bizarre conclusion, illustrating the unrealistic nature of her assumptions. 


2. Dr. Scott Morton’s conclusions are contradicted by the facts   


135. Dr. Scott Morton makes three empirical errors in discussing EDM.  First, the Deal Model 


and underlying documentation demonstrate that Illumina’s prices exceed its marginal cost; the 


margin is not zero and therefore there is a margin that could be eliminated.   


136. Second, she dismisses this evidence, concluding without empirical analysis that “EDM is 


likely close to zero, if it exists at all.”314  But, as I have already indicated, determining the effects 


of a vertical merger requires formulating a model that incorporates the effects of EDM and RRC 


and the interaction between them.  Dr. Scott Morton presents no such model.  Instead, she 


dismisses EDM by pointing out that in a properly specified model one must take into account the 


opportunity cost of diverting downstream sales to GRAIL: the sale of Illumina’s products to 


GRAIL’s rivals.315  Determining this opportunity cost, and ultimately the effects of EDM and 


 
313  Given Dr. Scott Morton’s assumption of the use of sophisticated contracts, it is unclear how one 


could distinguish a contract that achieves EDM from one that both achieves EDM and results in 
RRC.  Dr. Scott Morton even cites to Mathewson and Winter (1984) and explains that 
Mathewson and Winter find that an “upstream monopolist can induce a group of competitive 
downstream firms to set the monopoly downstream price[.]”  This is the same point: an upstream 
monopolist can achieve a full exercise of market power by vertical contract alone.  (Scott Morton 
Report, note 795, citing Frank Mathewson and Ralph A. Winter (1984), “An Economic Theory of 
Vertical Restraints,” Rand Journal of Economics 15(1): 27-38.) 


314  Scott Morton Report, ¶ 295. 
315  Scott Morton Report, ¶¶ 289-290.  
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RRC, requires information on the diversion ratios between GRAIL and its rivals, which Dr. Scott 


Morton does not provide and suggests cannot be estimated.316  Dr. Scott Morton is unable to 


provide estimates for these diversion ratios or even a coherent story about whether these rates are 


likely to be high or low; she argues “diversion from any successful rival MCED test to GRAIL’s 


test is likely to be high”317 while appearing to argue simultaneously that GRAIL and its rivals are 


likely to be differentiated318 and highly market-expanding,319 assertions which are contradictory.  


Models of vertical mergers are typically sensitive to the diversion ratio and imply harm to 


consumers for some values and benefits to consumers for others—absent information on the 


diversion ratio, one cannot say which result prevails.  Rather than concede this fact, Dr. Scott 


Morton makes the (contradictory) assumptions necessary to make each of her arguments.    


137. Third, Dr. Scott Morton ignores the evidence that GRAIL hired Morgan Stanley as 


recently as 2020 to try to alter the contractual terms to make its pricing with Illumina more 


efficient.  Yet despite apparently recognizing pricing was inefficient and spending money on 


outside consultants to try to devise a more efficient pricing strategy, the project failed and a new 


supply agreement was not completed.  Mr. Strom from Morgan Stanley suggested that this was 


because GRAIL did not have much that it was willing to offer to Illumina in return for better 


pricing (a reduced royalty and lower input prices); in other words, although one could imagine—


and Dr. Scott Morton does imagine—a complex, non-linear contract that would reduce GRAIL’s 


marginal cost in exchange for a lump sum payment for GRAIL,320 no such agreement was 


reached.  Dr. Scott Morton suggests that because Illumina and GRAIL have already entered into 


 
316  Scott Morton Report, ¶ 268 (“Given the pre-commercial nature of the MCED market, these 


factors [re: diversion] are difficult to estimate quantitatively.”) and ¶ 295.  
317  Scott Morton Report, ¶ 268. 
318  Scott Morton Report, ¶¶ 163, 222, and 236 (explaining that Table 4 scenarios 3 and 4). 
319  Dr. Scott Morton’s Table 4 assumes that the addition of an equally efficient GRAIL rival would 


result in double the number of tests being administered relative to if only GRAIL were in the 
market, indicating that the rival sells tests to customers who would not purchase GRAIL’s tests. 


320  Mr. Strom testified that “the gives that GRAIL had were relatively limited and were generally 
things that they didn't have or didn't want to give, like cash, additional equity in the company, or, 
you know, other more strategic items like a longer term supply agreement or something like that.”  
(Strom Dep. Tr., at 121;21-22;1.)  These “gives” on the part of GRAIL are the type of contract 
terms that would allow Illumina to “extract its share” from GRAIL, as Dr. Scott Morton put it, in 
exchange for lower input prices (or a reduced royalty).  (Scott Morton Report, ¶ 283). 







 


HIGHLY CONFIDENTIAL  
89 


a complex, non-linear contract, they should be able to eliminate any double marginalization by 


agreeing to a different complex, non-linear contract.  She asserts that: “If lower prices were in 


their joint interest, they could negotiate a pricing structure that achieved that result today.”321  An 


alternative interpretation is that, as recognized long ago by at least two Nobel Laureates (Ronald 


Coase and Oliver Williamson), and now standard in the literature, some outcomes are difficult to 


achieve by contracts between separately owned firms.  It is wrong to assume, as Dr. Scott 


Morton does, that contracting can always achieve what can be achieved within a single firm.  


3. Dr. Scott Morton ignores relevant cost information and makes an 
incorrect assumption about Illumina input costs as a share of revenue 


138. Dr. Scott Morton asserts that RRC is a problem “because NGS sequencing makes up a 


large portion of the total cost of an MCED test.”322  Her intuition is that, if an upstream firm is a 


large percentage of downstream costs, then the upstream firm can have a large effect on the 


competitiveness of downstream firms.  As explained above, RRC can only be correctly evaluated 


with a proper model, but I agree that the importance of an upstream firm’s input costs to 


downstream rivals influences the ability to successfully carry out a RRC strategy.  Yet, Dr. Scott 


Morton ignores the evidence that, for GRAIL, Illumina input costs are expected to be less than 


4% of revenue.  Hence, for rival firms that are as efficient as GRAIL, Dr. Scott Morton’s logic 


implies that RRC would unlikely be a successful strategy.   


139. Instead of considering the cost of Illumina’s inputs as a share of GRAIL’s revenue, Dr. 


Scott Morton relies on the testimony of Mr. Lengauer, which claims that Illumina input costs 


account for 60% of Thrive’s costs.323  This testimony is inconsistent with Thrive’s ordinary-


course documents, and the deponent appears to have overestimated Illumina input costs’ share of 


Thrive’s total costs.  (However, I defer to the fact finder for the resolution of any factual 


disputes.)  In addition, the deponent’s estimate of cost share is based on current conditions rather 


 
321  Scott Morton Report, ¶ 284. 
322  Scott Morton Report, ¶ 179. 
323  Scott Morton Report, ¶ 179.  I do not agree that Illumina input costs as a percentage of total costs 


is the best metric for assessing the importance of Illumina input costs to downstream rivals, but I 
use that metric here to be consistent with Dr. Scott Morton.  To properly assess Illumina’s ability 
to foreclose GRAIL’s rivals requires a model that accounts for prices, costs, the demand curves 
faced by downstream firms and myriad other factors that are unknown. 
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than on expected conditions after Thrive expects to have obtained FDA approval and to be 


selling at scale, and the estimate ignores the price reduction guaranteed by the Open Offer.  


140. Thrive produced a document entitled “CancerSEEK COGS,” dated October 2020.324  


That document corroborates most of Mr. Lengauer’s claims about costs,325 but indicates that Mr. 


Lengauer’s claims about sequencing costs are overstated.  CancerSEEK COGS reports that NGS 


costs represent 33% of total COGS.326  These costs, although substantially lower than claimed by 


Dr. Scott Morton, are substantially higher than what Thrive’s costs are expected to be at scale.  


As Mr. Lengauer’s explains, these cost estimates are based on list prices, today, based on current 


scale and technology.327  CancerSEEK COGS predicts that a hypothetical technological 


advancement to the Thrive test, to assay versions V1.5 and V2, would reduce the sequencing 


costs by 64% or 94% respectively.328, 329  In addition, the Open Offer guarantees a 43% cost 


decrease by 2025. 


 
324  Thrive_Ill_Resp_00000035.pptx. 
325  Mr. Lengauer testified that: “today, the cost of CancerSEEK as a test is $800… 51 percent of the 


cost of the test relate to the detection of short variants.  And another 15 percent relate to the 
detection of aneuploidy[.]”  (Lengauer IH Tr., at 127-128.)  “CancerSEEK COGS” corroborates 
that costs are roughly $800 per test ($900 including overhead) and that the percent costs related to 
the detection of short variants and aneuploidy are roughly 50% and 15% of costs respectively, 
excluding overhead.  (Thrive_Ill_Resp_00000035.pptx, p. 6.) 


326  The sequencing line items—ANU Plasma Sequencing, SV Plasma Sequencing, ANU Buffy 
Sequencing, and SV Buffy Sequencing—represent 33% of total costs.  The document likewise 
reports that “NGS = 1/3 of V1 COGS[.]”  (Thrive_Ill_Resp_00000035.pptx, p. 4.) 


327  Lengauer IH Tr., at 127 (“[T]he cost of our current test, which is $800.  But that is without taking 
into account any special treatments or negotiated pricing.  That's list price-driven to -- under 
today's performance, and like the way -- it's not the way we even go into registrational trial.  But 
today, the cost of CancerSEEK as a test is $800.”) 


328  Sequencing COGS are $300 for V1, $108 for V1.5 and $19 for V2.  
(Thrive_Ill_Resp_00000035.pptx, p. 6.) 


329  During its due diligence while acquiring Thrive, Exact Sciences prepared forecasts of the sale of 
Thrive’s CancerSEEK and the COGS of producing those tests from through 2029.  The COGS 
forecast does not appear to model any breakthrough in sequencing technology, but recognizes that 
all material costs, including sequencing costs, should experience “modest annual savings (5-10%) 
tied to future volume discounts, process efficiencies etc.”  This leads to significant cost savings 
over time.  (See KevinConroy_10_Pdf.xlsx, tab “Spectre Stand-Alone Mgmt Model” and 
Thrive_Ill_Resp_00000122.XLSX.) 
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141. Thus, although Dr. Scott Morton should not regard RRC as a concern if Illumina input 


costs are small, she ignores evidence of forecasts from GRAIL and Thrive that show exactly that.  


Instead, Dr. Scott Morton focuses solely on testimony from a Thrive employee that appears to 


overstate Illumina’s current input costs and that, in any event, is not an estimate of Thrive’s costs 


after Thrive achieves commercial viability. 


4. Dr. Scott Morton incorrectly ignores the need to balance EDM and 
RRC 


142. In any vertical model, Dr. Scott Morton recognizes that there is an incentive for RRC and 


an incentive to lower the price of the vertically integrated firm because of EDM.330  In such a 


setting, she recognizes that the downward pricing effect can lead to lowering of input prices even 


with the RRC incentive.  But to do this balancing and to determine which effect is greater (and 


therefore what the ultimate impact on downstream competition would be), one would need a 


model that accounts for the interaction between the EDM effect and the incentive to RRC and 


estimates empirically their net effect.331  The relative magnitudes of these two effects will 


depend on the characteristics of the downstream products: how they interact, how similar they 


are, how much one diverts sales from another.  Yet she can do none of this—as she readily 


admits332—because these downstream products do not yet exist and what they will look like in 


the future is speculative.  She attempts to circumvent this need for a model that reflects industry 


reality by incorrectly asserting that, in a world absent the merger, contracts can be written to 


solve EDM and create other claimed efficiencies (meaning that these efficienciesare not merger 


specific), and therefore all that remains is harm from RRC.333  Because, as I have just explained, 


her assumption that EDM (and other efficiencies) can be dealt with by contract is wrong, her 


 
330  Scott Morton Report, ¶ 291. 
331  As mentioned above, such a model would also have to account for the impact of other efficiencies 


and the existence of constraints on Illumina’s behavior.   
332  Scott Morton Report, ¶ 294-295 (“I conclude that it is currently impossible to conduct an accurate 


merger simulation that generates a reliable quantitative prediction of the ultimate effects of EDM 
and RRC on the future prices of MCED tests.”) 


333  Scott Morton Report, ¶ 291, 295. 
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entire analysis claiming that she does not need to balance anything is wrong.334  She needs a 


model that fits the industry but presents none. 


5. Dr. Scott Morton incorrectly concludes that investment incentives will 
be reduced by the proposed merger 


143. Dr. Scott Morton concludes that the prospect of RRC will inhibit investment 


downstream.335  With the projected GRAIL margins and the large anticipated sales of MCED 


tests, however, it is unclear why she is worried that the investment incentives of GRAIL’s 


potential rivals will be adversely affected.  Thrive estimated U.S. sales of blood-based MCED 


tests would be $25 billion.336  According to the Deal Model, the profits to be made indicate that 


firms will be able not only to cover fixed R&D costs but also remain highly  profitable if one 


assumes success of the project, as she does.337   


144. Dr. Scott Morton also ignores that Exact acquired Thrive after the Illumina-GRAIL 


transaction had been announced.338  If Exact were concerned that the proposed Illumina-GRAIL 


merger would harm its prospects, one might think it would be reluctant to spend over $2 billion 


to acquire Thrive.339  I am not aware of any evidence that Exact explained to its investors that it 


 
334  Interestingly, Dr. Scott Morton argues that the contractual Open Offer cannot resolve concerns 


related to RRC, while the current contractual relationship between Illumina and GRAIL could 
eliminate EDM even though it does not. 


335  Scott Morton Report, §VIII.C. 
336  Exact Sciences, “Advancing the Leading Cancer Diagnostics Company,” May 17, 2021, 


available at: https://investor.exactsciences.com/investor-relations/events-and-presentations/, Slide 
20. 


337  For example, the Deal Model predicts that gross margins in the U.S. will be $323 per test or 71% 
of revenue in 2030.  Multiplied by an estimated 8.8 million U.S. tests, gross profits will be $2.8 
billion in 2030 alone.  Across all locations and types of tests, the Deal Model projects operating 
income of $1.9 billion in 2030, which corresponds to 24% of revenue. 


338  https://investor.exactsciences.com/investor-relations/press-releases/press-release-
details/2020/Exact-Sciences-To-Acquire-Thrive-Earlier-Detection-Becoming-A-Leader-In-
Blood-Based-Multi-Cancer-Screening/default.aspx 


339  Exact paid Thrive $1.7 billion at closing (in January 2021) and is obligated to pay an additional 
$450 million when Thrive meets milestones associated with developing and bringing to the 
marketplace its MCED test.  (Exact Sciences Corp., Form 10-K for the Period Ending 12/31/20, 
at 128. https://sec.report/Document/0001124140-21-000029/) 
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feared being harmed by this transaction or that it would abandon its efforts to develop its MCED 


test if the proposed transaction proceeds. 


6. Dr. Scott Morton’s hypotheticals to demonstrate an incentive for RRC 
after the merger show that such an incentive already exists 


145. Dr. Scott Morton argues that, pre-merger, Illumina earns a similar amount of profits by 


selling a unit through GRAIL as by selling a unit through other MCED suppliers.  This is a 


lynchpin to her claims that the proposed acquisition would be anti-competitive.  It is necessary 


for her to demonstrate that the merger would cause a “change in incentive [] for Illumina”340 


such that Illumina has substantially greater incentive to RRC and divert sales to GRAIL after the 


merger, but not before. 


146. However, if pre-merger, Illumina already earns substantially more by selling a unit to 


GRAIL than to others, then Dr. Scott Morton’s argument breaks down.  Illumina would already 


have a significant incentive to divert sales to GRAIL even absent the merger; hence, the merger 


would not cause a “clear” “change in incentive [] for Illumina.” 


147. Dr. Scott Morton attempts to demonstrate that, pre-merger, “Illumina makes 


approximately the same return from input sales and royalties to Grail rivals as it did on sales to 


Grail” (see her Table 2), by using a “hypothetical” and “expository” exercise.341  Her analysis, 


however, suffers from several critical errors that lead her to reach the wrong conclusion.  First, as 


she clearly states, her illustration is purely hypothetical and as shown further below would 


depend critically on her expository values.  The hypothetical nature of the exercise renders any 


implication from her analysis purely speculative, as she readily admits.  Second, as I previously 


discussed, Dr. Scott Morton cannot evaluate the incentives for RRC without a model that 


carefully balances the costs and benefits associated with these incentives.  Third, Dr. Scott 


Morton’s discussion of the incentives Illumina has for RRC improperly ignores the fact that such 


a strategy is precluded by the Open Offer where Illumina guarantees that GRAIL’s rivals’ prices 


will not rise.  Fourth, Dr. Scott Morton incorrectly assumes that, pre-merger, GRAIL’s rivals will 


 
340  Scott Morton Report, ¶ 194. 
341  Scott Morton Report, ¶ 194. 
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have to pay a royalty to Illumina that is at least as large as the royalty GRAIL pays.342  This is 


inconsistent with both the pre-merger relationship between Illumina and GRAIL’s rivals and 


with the terms in the Open Offer, which do not require GRAIL’s rivals to pay a royalty.343  Fifth, 


Dr. Scott Morton analyzes projected costs in 2023.  The industry expects Illumina’s upstream 


prices to decline substantially in 2025 such that the upstream firm earns a significantly lower 


percentage of dollar margin.  Hence, by analyzing only 2023, Dr. Scott Morton overstates the 


profits Illumina earns on an upstream sale of sequencing inputs and understates the profits 


Illumina earns from a downstream sale of GRAIL’s test.  Finally, Dr. Scott Morton fails to 


recognize that her hypothetical table alone is insufficient to assess the incentives that Illumina 


has pre- and post-merger.  If, for example, the downstream products are not good substitutes, 


Illumina will not have an incentive to favor GRAIL since sales not made by competitors do not 


divert to the merged firm. 


148. In Table 4 below, I correct those errors in Dr. Scott Morton’s Table 2 that can be 


corrected and show that Illumina earns substantially higher profits by selling a unit through 


GRAIL than by selling a unit through GRAIL’s rivals prior to the merger. 


Table 4: Dr. Scott Morton Table 2, Corrected Pre-Merger Illumina Profits 


 


149. The first row of Table 4 replicates the conclusions from Scott Morton Table 2.  


According to this hypothetical, pre-merger, Illumina makes similar profits from selling to 


 
342  Scott Morton Report, Table 2 shows two scenarios for how much GRAIL’s rivals will pay to 


Illumina.  The first scenario assumes that GRAIL’s rivals will pay the same 7% royalty that 
GRAIL pays (in 2023).  The second scenario assumes that GRAIL’s rivals will pay a 10% 
royalty.  


343  The open offer for IVD kitted tests requires GRAIL’s rivals to pay a 6% royalty, but rivals are not 
required to develop or sell an IVD kitted test.  Indeed, only Singlera has indicated it intends to 
pursue an IVD kitted test in the near future.  Moreover, Dr. Scott Morton uses a royalty rate in 
excess of that called for by the open offer. 


Scenario Grail Rival 1 Rival 2


Replication of Scott Morton: Rival Royalty Rates, 2023 COGS 144.73$   110.20$   142.87$  


Correction: No Rival Royalty Rates, 2023 COGS 144.73$   68.20$     82.87$    


Correction: No Rival Royalty Rates, 2025‐2030 Average COGS 78.20$     14.88$     18.12$    


Source: Dr. Scott Morton backup materials (Tables 2 3 4 5 6 and Worksheets.xlsx).


Note: The Rival 2 scenario assumes that the NGS price per test to GRAIL's rivals is ~20% higher 


than the price to GRAIL, as in Scott Morton Report Table 2.
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GRAIL and selling to GRAIL’s rivals.  The second row corrects the error on royalty rates; and 


the third row additionally corrects the error of relying on 2023 data.  The third row demonstrates 


that, even pre-merger, Illumina makes approximately five times as much from selling a unit 


through GRAIL rather than through GRAIL’s rivals.  Therefore, any incentive to foreclose, by 


Dr. Scott Morton’s reasoning, currently exists. 


150. Finally, I note that Dr. Scott Morton’s exercise assumes substantial diversion between 


GRAIL and its rivals post-merger, despite arguing that GRAIL and its rivals will have highly 


differentiated products.  Dr. Scott Morton has no basis for this assumption and one can just as 


validly assume that there is low diversion between GRAIL’s test and its rivals’ tests, in which 


case Illumina has no incentive to foreclose after the merger. 


B. DR. SCOTT MORTON DISMISSES THE OPEN OFFER 


151. The purpose of the Open Offer is to directly address concerns that GRAIL’s rivals will be 


harmed through the pricing of Illumina inputs or the withholding of Illumina information or 


cooperation.  Dr. Scott Morton simply dismisses that these concerns can be addressed 


contractually (though paradoxically she assumes sophisticated contracts can solve EDM 


problems).  At the very least, one must recognize that contracts are designed to deal with such 


situations routinely and do so.  In the event of a dispute, an arbitrator will resolve the dispute and 


there is no reason to assume that an arbitrator would be biased in favor of one side or the other. 


Moreover, the Open Offer is self-enforcing in the sense that it does not require government 


oversight.  As with any contract, the parties to the contract, in particular, the GRAIL rivals, have 


a private incentive to enforce it, and the auditing provision provides mechanisms for compliance 


oversight.  


152. I note that Illumina has committed to providing GRAIL’s rivals with an IVD test kit 


agreement through the Open Offer, ensuring that any MCED developer may launch an IVD 


Distributed Test Kit, should they choose to do so.  Blocking the transaction would thus forego all 


the benefits of the merger, while having no effect on the ability of clinical oncology customers to 


develop an IVD Distributed Test Kit. 
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C. OTHER CRITICISMS OF DR. SCOTT MORTON’S ANALYSIS  


1. Dr. Scott Morton’s analysis of bargaining is not probative 


153. Dr. Scott Morton presents a discussion of Nash bargaining,344 but as far as I can tell, none 


of her conclusions about the merger actually rely on a Nash bargaining model.  She has not 


presented a model of Nash bargaining where Illumina and other producers of DNA sequencing 


sell to multiple MCED test providers, nor has she attempted to quantify the effects that such a 


model would predict.  Instead, she sketches an incomplete bargaining framework using a 


bakery/restaurant negotiation as an example but fails to show that such a framework would even 


apply to this industry. 


154. She suggests that a Nash bargaining analysis supports her theory of harm from the 


proposed merger.  But there are criticisms of Nash bargaining in vertical models, and her 


discussion of Nash bargaining in the context of vertical models ignores these criticisms.345 


155. Vertical models involve multilateral bargaining between multiple players rather than 


negotiations between just two players as in Nash’s original model.  In this case specifically, 


Illumina has agreements with multiple potential MCED test providers, and other producers of 


DNA sequencing may eventually have multiple agreements with MCED test providers.  Because 


MCED test providers compete with each other in the downstream market and DNA sequencing 


providers compete with each other in the upstream market, Nash bargaining between any one 


sequencer and MCED test provider would interact with Nash bargaining between every other 


bargaining pair, and the predictions of any bargaining model would depend on detailed 


assumptions about the nature of these interactions.  Dr. Scott Morton’s discussion of Nash 


bargaining does not specify the assumptions she would make about the nature of these 


interactions. 


 
344  Scott Morton Report, § VIII.F.1. 
345  For a discussion of the some of the issues involved in applying Nash bargaining to vertical 


models and vertical merger analysis, see, Dennis W. Carlton (2020), “Transaction Costs and 
Competition Policy,” International Journal of Industrial Organization, 73:1-14; and Brief Amici 
Curiae of 37 Economists, Antitrust Scholars, and Former Government Antitrust Officials in 
Support of Appellees and Supporting Affirmance, AT&T, Inc.; DIRECTV Group Holdings, LLC; 
and Time Warner Inc., Defendents-Appellees, September 26, 2018. 
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156. Were Dr. Scott Morton to present a model of multilateral negotiations between 


sequencers and MCED test providers to analyze the proposed merger, it would be critical to 


establish that the model has empirical relevance.  In her bargaining discussion using the 


baker/restaurant example, she does not show or even claim that the Nash bargaining model she 


has in mind would be empirically relevant for this case.  For example, she does not show or 


claim that the Nash bargaining model she has in mind explains current prices and margins for 


sequencing and tests.  This is relevant because if the Nash bargaining model she has in mind 


does not explain current prices and margins, there is no reason to believe that it would predict 


post-merger prices and margins. 


157. Critically, Dr. Scott Morton’s bargaining discussion ignores several factors that would be 


relevant in any bargaining analysis of vertical contracting between Illumina and MCED test 


providers.  Specifically, the Open Offer contractually constrains the prices and services Illumina 


can offer GRAIL’s competitors after the merger, and it allows GRAIL’s competitors to seek 


arbitration to enforce the Open Offer terms.  


158. In the language of bargaining, competition for DNA sequencing and the Open Offer both 


represent “outside options.”346  The “outside option principle” in bargaining holds that when a 


party involved in bargaining has an outside option worth more than the surplus it would receive 


from negotiations in the absence of the option, the bargaining solution will give that party the 


same surplus it would receive by choosing the outside option.347  For example, suppose two 


 
346  In her baker/restaurant example, Dr. Scott Morton uses the phrase “the value of each party’s 


‘outside option’” in reference to what are more commonly called “disagreement profits” in Nash 
bargaining theory.  It is important to note that the outside options I am referencing here—the 
ability for MCED test providers to seek alternative supplies or enforce the open offer—are 
distinct from the disagreement profits that Dr. Scott Morton refers to as outside option values.  
The disagreement profit for a bargaining party is the profit it earns while in a state of 
disagreement, either in anticipation of eventually reaching an agreement, or if negotiations have 
randomly broken down.  An outside option value, by contrast, is the value a party can receive if it 
chooses to permanently leave the bargaining table to pursue an option other than continuing to 
bargain.  The two values can be the same in some cases, but they generally differ, and a model of 
bargaining needs to consider both when they are relevant as they are in this case.  In particular, 
disagreement profits affect the size of the joint pie to be split, while outside options act as a 
constraint on that split.  See Ken Binmore, Ariel Rubinstein, and Asher Wolinsky (1986), “The 
Nash Bargaining Solution in Economic Modelling,” The RAND Journal of Economics, pp. 176-
188. 


347  Id. 
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bargainers negotiate to divide $100.  If they have no outside options, then the symmetric Nash 


bargaining solution awards each bargainer $50.  Now suppose one of the bargaining parties has 


an outside option worth $40.  In this case, the outside option will have no effect on the 


bargaining solution and the players will still receive $50 each.  The reason is that it is not 


credible for the player with an outside option of $40 to pursue it if the player earns more by 


simply ignoring the option.  But suppose instead that one of the parties has an outside option 


worth $55.  In this case, the outside option principle implies that the bargaining solution will give 


the party with the outside option $55 and the other party $45.  The reason is that it would be 


credible for the player with an outside option worth $55 to seek that option if it would otherwise 


receive only $50.  In sum, an outside option worth more to party A than the split specified by the 


Nash bargaining solution constrains the price that party B can negotiate (to $45 in this example).  


Similarly, if Illumina were to attempt to charge GRAIL’s rivals more than they would pay by 


switching to another DNA sequencer or by accepting the terms in the Open Offer, then the 


availability of these outside options would ensure that the rival would earn a surplus value at 


least as high as it would receive by accepting the terms in the Open Offer or switching 


sequencers, whichever option is more valuable. 


159. Regarding the Open Offer, the ability of GRAIL’s rivals to seek arbitration to enforce the 


terms in the offer will constrain the terms Illumina can offer unless the value of the offer to rivals 


is less than what they would receive if there were no Open Offer at all.  Dr. Scott Morton’s 


bargaining discussion ignores the Open Offer entirely.  This amounts to assuming that GRAIL’s 


rivals will do at least as well post-merger as they would if there were no Open Offer at all.  


2. Dr. Scott Morton improperly discards other efficiencies 


160. Dr. Scott Morton’s dismissal of the efficiencies of the transaction are based on 


hypotheticals. 


161. First, she discounts entirely the acceleration benefits of the proposed merger.  I relied on 


Illumina’s Deal Model for projections of sales in each year, and on testimony by Illumina 


executives as discussed above who believe a one-year acceleration in FDA approval and 
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Medicare reimbursement is feasible.348  Rather than address the bases for the acceleration 


benefits directly, Dr. Scott Morton states that the acceleration benefits can be easily replaced by 


rivals’ entering and producing as many tests as GRAIL would have under the acceleration 


efficiency.  In addition, she states that rivals’ could innovate and create even more efficient tests 


that would confer quality benefits that could be larger than the acceleration benefits.349  Her 


argument is based on pure hypotheticals—she has no basis for assuming that rivals will enter at a 


scale and on a timeline to offset the acceleration benefits that would be lost if the merger is not 


consummated, or for assuming that rivals’ innovations would make the world better without the 


merger.  Because she has no basis for her assumptions, one could construct a different 


hypothetical where the vertically integrated firm achieves enormous breakthroughs and increase 


sales or increase quality by some arbitrarily large amount.  I don’t present that hypothetical 


since, though it is a possibility, it is entirely speculative.  In the same way, Dr. Scott Morton’s 


attempt to show that a non-vertically integrated world may be better is entirely speculative.   


3. Dr. Scott Morton ignores evidence that Illumina’s acquisition of 
Verinata did not result in harm to downstream competitors  


162. In arguing that Illumina will engage in RRC if it vertically integrates, Dr. Scott Morton 


ignores actual evidence from Illumina’s vertical integration into the NIPT space and instead 


relies on allegations by one of GRAIL’s competitors.  Specifically, Dr. Scott Morton argues that 


the “open offer eliminates neither the incentive nor the ability of a combined Illumina/Grail to 


disadvantage its downstream rivals”350 “[n]o matter the contractual terms[.]”351  Citing Natera’s 


executive chairman, Dr. Scott Morton argues that “after Illumina entered the NIPT space and 


became a direct competitor of Natera, Illumina reneged on the contractual commitments it made 


to Natera, including service and supply commitments.”352  This claim is contrary to the evidence, 


which shows that Illumina’s acquisition of Verinata did not result in harm to downstream 


 
348  Aravanis Dep. Tr., at 74-78;  Febbo  Dep. Tr., at 34:15-24 (“The combined entity will accelerate 


regulatory approval of their products across the globe.”). 
349  See, Scott Morton Report, Table 4. 
350  Scott Morton Report, ¶ 305. 
351  Scott Morton Report, ¶ 307. 
352  Scott Morton Report, ¶ 310. 
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competitors, including Natera.  Since the acquisition, Verinata’s competitors have rapidly 


expanded output.  Natera has remained the market leader throughout with a consistently high 


share, while Verinata’s share has fallen more than 50%.  Several new firms have also entered the 


NIPT space with Illumina as their upstream sequencing provider.  Dr. Scott Morton ignores these 


facts. 


163. In February 2013, Illumina acquired Verinata Health, Inc. (“Verinata”) which had 


developed a non-invasive pregnancy test (NIPT) for fetal chromosomal abnormalities using a 


blood sample.  At the time it was acquired, Verinata used Illumina sequencers to develop and 


perform its test, so the acquisition was vertical, just as Illumina’s acquisition of GRAIL is 


vertical.   


164. At the time of the acquisition, Verinata was one of four companies offering an NIPT test 


in the U.S.:  Sequenom was first to market in 2011, followed by Verinata, Ariosa, and Natera.  


Illumina was the upstream supplier of sequencing inputs to each of these companies, and, under 


Dr. Scott Morton’s theory in the present case, would have had incentives to raise the costs of 


rivals to Verinata in order to restrict NIPT competition downstream and divert sales to Verifi.  A 


simple examination of the data contradicts such a theory.  In contrast to what would be expected 


had Illumina attempted to raise rivals’ costs following its acquisition of Verinata, NIPT output 


has expanded, Verinata’s share has decreased, and Natera’s share has increased. 


165. Since the acquisition, the number of NIPT tests conducted by Verinata’s rivals on 


Illumina’s platforms in the U.S. has increased in each year for which I have data.  Figure 3 below 


shows that total NIPT tests conducted by Verinata’s rivals on Illumina’s sequencing platform 


have more than doubled between 2015 and 2019. 
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Figure 3: NIPT Tests Conducted in the U.S. by Verinata Rivals on Illumina’s NGS Platform353 


 


166. Although total output has expanded, Verinata’s share of U.S. NIPT sales has decreased.  


Figure 4 below shows the shares of U.S. NIPT providers who use the Illumina NGS platform.  In 


this figure, Verinata’s share354 was over 20% in 2015, but fell in the years after that and is less 


than 10% in 2019, the last year for which I have data.  These facts—that output has expanded 


and Verinata’s share has declined—are inconsistent with Illumina having pursued a RRC 


strategy following its vertical acquisition of Verinata.  In contrast, Natera has been the market 


leader throughout with a consistently high share.  


 
353  Illumina’s “Non-Invasive Prenatal Testing (“NIPT”) Market Analysis” submission (December 


31, 2020), Figure 10.  
354  Verinata’s tests include those that it processes in its own labs as well as distributed tests 


performed by third party labs. 
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Figure 4: Shares of NIPT Tests Conducted in the U.S. on Illumina’s NGS Platform355 


 


167. Moreover, new entry into NIPT testing in the U.S. has steadily occurred, indicating that 


downstream competitors are not concerned that Illumina will act anticompetitively.  Figure 


4Figure 5 below displays the NIPT providers in the U.S. that use Illumina’s platform and which 


providers entered or exited each year.356  Since Illumina acquired Verinata, seven new NIPT 


providers have joined the Illumina platform and two have exited (with one customer switching to 


a non-Illumina platform and one customer being acquired).  Overall, the number of NIPT 


providers on Illumina’s platform has more than doubled.  Such entry is inconsistent with the fear 


that Illumina has disadvantaged or will in the future disadvantage downstream rivals to Verinata.   


 
355  Illumina’s “Non-Invasive Prenatal Testing (“NIPT”) Market Analysis” submission (December 


31, 2020), Figure 2.  
356  Other providers, using other sequencing platforms, may exist. 
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Figure 5: Number of NIPT Providers Using Illumina’s Sequencing Platform357 


 


168. Finally, Dr. Scott Morton fails to consider the possibility that complaints of GRAIL’s 


potential rivals about the proposed transaction could reflect not fear of harm to competition, but 


fear of a more efficient GRAIL with which they must compete. 


VIII. CONCLUSION 


169. The FTC seeks to enjoin Illumina’s acquisition of GRAIL on the basis that it will harm 


consumers in an alleged product market in which GRAIL is the only current competitor and the 


future competitive structure is unknown: GRAIL’s product was introduced less than six months 


ago and any prospective competition is uncertain and may not be realized for several years.  Dr. 


Scott Morton’s opinion that the merger will harm competition is unreliable for several reasons.   


 
357  Illumina’s “Non-Invasive Prenatal Testing (“NIPT”) Market Analysis” submission (December 


31, 2020), Figure 11.  
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170. First, Dr. Scott Morton has not offered an economic framework that can account for both 


potential harms and benefits of the merger and predict the net effect on competition.  Fully 


accounting for the effects of a vertical transaction requires an economic vertical model that 


simultaneously accounts for the countervailing forces of RRC and EDM and other efficiencies, 


as well as the impact of constraints.  A fully specified model must take into account many 


economic factors, including the amount of diversion, margins and costs, and the specification of 


the competitive landscape that determines pre- and post-merger prices and investments.  Neither 


the FTC nor Dr. Scott Morton have offered such a model, relying instead on assumptions, 


including that there are no merger-specific efficiencies that cannot be achieved by contract and 


that the Open Offer provides no protection to customers, as well as assumptions about future 


rivals.  The FTC’s and Dr. Scott Morton’s assertions that Illumina will have an incentive and 


ability to harm competition as a result of this transaction are therefore highly speculative.   


171. Second, although Illumina has offered a contractual commitment to allay any fear of 


anticompetitive behavior such as RRC or withholding access to Illumina inputs or information 


that are vital to the success of downstream rivals, Dr. Scott Morton discards these contractual 


constraints as inadequate to prevent harm.  At the very least, one must recognize that the Open 


Offer covers price and IVD terms that are modeled on pre-merger agreements and thus are not 


foreign to Illumina and its customers.  Moreover, the Open Offer includes audit and arbitration 


provisions that will encourage compliance with the terms of the agreement.  In discarding the 


Open Offer as meaningless, Dr. Scott Morton comes to conclusions that are unlikely to hold in 


reality; for example, despite the Open Offer’s requirement that Illumina must decrease its 


sequencing prices by 43%, she concludes that Illumina will instead increase prices by an amount 


significant enough to harm competition.  


172. Third, even without the contractual restrictions on Illumina’s prices, the low share of the 


cost of Illumina’s inputs relative to downstream revenue indicates that a RRC strategy that would 


significantly harm competition would have to raise costs by such large amounts so as to expose 


Illumina to reputational harm that would adversely affect its profitability in the future, thus 


mitigating or eliminating its incentive to engage in such a strategy; similar considerations apply 


to the withholding of key inputs or information.  
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173. Against the unlikely harms, the potential benefits of the merger must be balanced.  There 


are large potential benefits from the merger that cannot be achieved through contract.  These 


benefits include downward pressure on GRAIL prices because of EDM, lives saved because of 


the acceleration of FDA approval and insurance company reimbursement for the GRAIL MCED 


test, and R&D efficiencies from combining Illumina’s and GRAIL’s innovative staff and 


accumulated knowledge and intellectual property.  In light of these efficiencies and in light of the 


contractual commitment and other restraints on Illumina’s conduct, the transaction is likely to 


generate large benefits for consumers and accelerate  NGS-based cancer testing development 


generally.  
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Pursuant to 28 U.S.C. § 1746, I state under penalty of perjury that the foregoing is true and 


correct. 
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Interview, Economists’ Roundtable, Antitrust Magazine, (Spring 2003). 
 
“The Relevance for Antitrust Policy of Theoretical and Empirical Advances in Industrial Organization,” 


(Fall 2003), George Mason Law Review. 
 
"The Control of Externalities in Sports Leagues: An Analysis of Restrictions in the National Hockey 


League," (with A. Frankel and E. Landes), Journal of Political Economy, (February 2004), reprinted 
in Recent Developments in the Economics of Sport, edited by W. Andreff (2011). 


 
"An Empirical Investigation of the Competitive Effects of Domestic Airline Alliances," (with G. Bamberger 
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 “Why Barriers to Entry are Barriers to Understanding,” American Economic Review, (May 2004). 
 
“Using Economics to Improve Antitrust Policy,” Milton Handler Lecture, Columbia Business Law Review, 
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“The Proper Role for Antitrust in an International Setting,” (Keynote address: Second Annual Conference 
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Appendix to “Using Economics to Improve Antitrust Policy”, Columbia Business Law Review (June 
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“Transaction Costs, Externalities and “Two-Sided” Payment Markets,” (with A. Frankel), Columbia 
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“Predation and the Entry and Exit of Low-Fare Carriers,” (with G. Bamberger), in Advances in Airline 


Economics: Competition Policy and Antitrust, Darin Lee, ed., (2006). 
 
“Why Tie An Essential Good,” (with Michael Waldman), in Hahn R. ed., Antitrust Policy and Vertical 


Restraints, AEI-Brookings, (July 2006). 
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 (with M. Salinger), Competition Policy International (Autumn 2007). 
 
“Merger Analysis,” Palgrave Dictionary, (with J. M. Perloff), (2008). 
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Association, (2008). 
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the subsequent paper. 


 
 “Why We Need to Measure the Effect of Merger Policy and How to Do It,” Competition Policy 
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Robert F. Lanzilotti Prize, awarded by the International Industrial Organization Society for Best 
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Economics, (2010). 
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Declaration, Expert Report, Deposition, Witness Statement and Testimony of Dennis W. Carlton in Re: 


Carolyn Fjord, et al., v. AMR Corporation, American Airlines Inc., US Airways Group Inc., US 
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States District Court for the Eastern District of New York, Case No. 15-cv-05440, (Expert Rebuttal 
Report), April 28, 2017, in Re: Dental Supplies Antitrust Litigation, in the United States District 
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Court for the Northern District of Illinois, Case No.16-cv-5486, October 16, 2017 (Report), 
November 30, 2017 (Rebuttal Report), December 20, 2017 (Deposition), January 5, 2018 
(Supplemental Report), September 17, 2018 (Declaration). 
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ILMN-FTCVOL_02764423 
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ILMN-FTCVOL_12857692 
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UNITED STATES OF AMERICA  
BEFORE THE FEDERAL TRADE COMMISSION  
OFFICE OF ADMINISTRATIVE LAW JUDGES 

In the Matter of 

Illumina, Inc., 
a corporation 

and 

GRAIL, Inc., 
a corporation, 

Respondents 

DOCKET NO. 9401 

 

RESPONDENTS’ FINAL PROPOSED WITNESS LIST  

Pursuant to the April 26, 2021 Scheduling Order, this list designates the witnesses 

whom Illumina, Inc. (“Illumina”) and GRAIL, Inc. (“GRAIL”) (collectively, the “Respondents”) 

currently contemplate calling as witnesses to testify in the above-captioned matter, along with 

the topics of each witness’s proposed testimony, based on the information available on the 

undersigned date.  Subject to the limitations in the Scheduling Order entered in this matter, 

Respondents reserve the right: 

A. To amend this list, including to add or remove witnesses as necessary, 
including, but not limited to, in connection with any motions (including 
motions in limine) and the submission of witness testimony, exhibits or other 
evidence that Complaint Counsel may proffer; 

B. To call any witnesses necessary to present summaries of voluminous 
evidence, or to demonstrate the authenticity or admissibility of any such 
summaries;  

C. To supplement this list in light of any discovery that has not yet been 
completed;  

D. To supplement this list in light of the Complaint Counsel’s expert reports 
and/or expert depositions; 
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E. To present testimony by investigational hearing or deposition transcript of any 
person identified by a Party or non-Party as an FTC Rule 3.33(c) or Federal Rule 
of Civil Procedure 30(b)(6) representative of that Party or non-Party pursuant to a 
3.33(c) or 30(b)(6) notice served by Complaint Counsel or Respondents; 

F. To present testimony by declaration;  

G. To call the custodian of records of any Party or non-Party from whom documents 
or records have been obtained—including but not limited to those Parties and 
non-Parties listed below—to the extent necessary for the admission of documents 
or deposition testimony into evidence in the event a stipulation cannot be reached 
concerning the authenticity or admissibility of such documents or testimony;  

H. To call witnesses who may be necessary to lay the foundation for the 
admissibility of evidence should the parties prove unable to stipulate to 
admissibility; 

E. To call any witnesses for the purposes of rebuttal or impeachment; 

F. To question the persons listed below about any topics that are the subjects of 
testimony by witnesses called by Complaint Counsel; 

G. To call any of these individuals or other witnesses who are not named, including 
any individual identified in Complaint Counsel’s or Respondents’ Preliminary 
Witness Lists, Supplemental Witness Lists, Final Witness Lists, any witness lists 
disclosed as part of the district court litigation, or who was otherwise deposed in 
this proceeding or in the district court litigation for rebuttal testimony, including 
any person who has or may be identified by Complaint Counsel as a potential 
witness in this matter. 

Subject to these reservations of rights, Respondents provide the following final proposed 

witness list.  Respondents currently intend to present the testimony of the below witnesses 

through live testimony (by virtual web platform) at the hearing.  Respondents reserve the right to 

offer the prior testimony of additional witnesses who have been deposed, provided declarations 

or otherwise given testimony in connection with the district court litigation, this proceeding or 

the FTC’s investigation of the Proposed Transaction.  By including any of the witnesses on this 

list, Respondents assume no obligation to call or make available any witness during the 

proceeding, or to call them live rather than by deposition, investigational hearing transcript or 

declaration. 
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PARTY WITNESS LIST  

1. Francis deSouza – President and Chief Executive Officer, Illumina, 
Inc.  We expect Mr. deSouza will testify about Illumina’s business strategy; 
Illumina’s Next-Generation Sequencing Technology (“NGS”) products; 
Illumina’s customer relationships, including Illumina’s open offer and the 
standard contract for oncology customers; Illumina’s proposed re-acquisition 
of GRAIL (the “Proposed Transaction”); and other topics relevant to the 
Complaint, Answer, or any affirmative defenses, including facts and opinions 
expressed in his investigational hearing and deposition transcripts,1 and any 
topics identified by Complaint Counsel as potential topics for his testimony. 

2. Alex Aravanis – Senior VP and Chief Technology Officer, Illumina, Inc.  We 
expect Dr. Aravanis will testify about Illumina’s NGS products; switching 
between diagnostic platforms for clinical applications, including oncology; 
alternative diagnostic platforms; the history of GRAIL; the Proposed 
Transaction, including Illumina’s deal model; efficiencies and procompetitive 
effects of the Proposed Transaction; and other topics relevant to the Complaint, 
Answer, or any affirmative defenses, including facts and opinions expressed in 
his investigational hearing and deposition transcripts, and any topics identified 
by Complaint Counsel as potential topics for his testimony. 

3. Phil Febbo – Chief Medical Officer, Illumina, Inc.  We expect Dr. Febbo will 
testify about Illumina’s NGS products; efficiencies and procompetitive effects 
of the Proposed Transaction, including efficiencies and procompetitive effects 
relating to regulatory approval of GRAIL’s tests, including the Galleri test; and 
other topics relevant to the Complaint, Answer, or any affirmative defenses, 
including facts and opinions expressed in his deposition transcript and any 
topics identified by Complaint Counsel as potential topics for his testimony. 

4. Joydeep Goswami – Senior VP, Corporate Development and Strategic 
Planning, Illumina Inc.  We expect Dr. Goswami will testify about the 
Proposed Transaction, Illumina’s strategic planning, Illumina’s deal model, 
Illumina’s agreements with customers including the open offer and agreements 
relating to regulated, kitted tests on Illumina’s instruments; and other topics 
relevant to the Complaint, Answer, or any affirmative defenses, including facts 
and opinions expressed in his investigational hearing and deposition 
transcripts, and any topics identified by Complaint Counsel as potential topics 
for his testimony. 

5. Nicole Berry – Senior VP and General Manager, Americas Region, Illumina, 
Inc.  We expect Ms. Berry will testify about Illumina’s NGS products, 
Illumina’s negotiations with customers, Illumina’s customer relationships, 

 
1 Respondents reserve all rights to object to the admissibility of all transcripts of investigational hearings conducted 
by the FTC during its investigation of the Proposed Transaction, and reference herein to the facts and opinions 
expressed in the investigational hearing transcripts does not alter those objections.  
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including Illumina’s open offer and the standard contract for oncology 
customers; and other topics relevant to the Complaint, Answer, or any 
affirmative defenses, including facts and opinions expressed in her 
investigational hearing and deposition transcript and any topics identified by 
Complaint Counsel as potential topics for her testimony. 

6. Ammar Qadan – VP and Global Head of Market Access, Illumina, Inc.  We 
expect Mr. Qadan will testify about efficiencies and procompetitive effects of 
the Proposed Transaction, including efficiencies and procompetitive effects 
relating to regulatory approval of, third party payor reimbursement for, 
GRAIL’s tests, including the Galleri test; and other topics relevant to the 
Complaint, Answer, or any affirmative defenses, including facts and opinions 
expressed in his deposition transcript and any topics identified by Complaint 
Counsel as potential topics for his testimony. 

7. Stacie Young – Senior Director of Business Development, Illumina, Inc.  We 
expect Ms. Young will testify about Illumina’s agreements with customers 
including the open offer and agreements relating to regulated, kitted tests on 
Illumina’s instruments (“Illumina’s IVD Agreements”); and other topics 
relevant to the Complaint, Answer, or any affirmative defenses, including facts 
and opinions expressed in her deposition transcript and any topics identified by 
Complaint Counsel as potential topics for her testimony. 

8. Jay Flatley – former Chief Executive Officer; Outgoing Chairman of 
Illumina’s Board of Directors, Illumina, Inc.  We expect Mr. Flatley will 
testify about Illumina’s NGS products; the history of GRAIL; Illumina’s Non-
Invasive Prenatal Testing (“NIPT”) business; the Proposed Transaction; and 
other topics relevant to the Complaint, Answer, or any affirmative defenses, 
including facts and opinions expressed in his investigational hearing and 
deposition transcripts, and any topics identified by Complaint Counsel as 
potential topics for his testimony. 

9. Nicholas Naclerio – former Senior VP, Corporate & Venture Development, 
Illumina Inc.; Founding Partner, Illumina Ventures.  We expect Dr. Naclerio 
will testify about Illumina’s NIPT business; and other topics relevant to the 
Complaint, Answer, or any affirmative defenses, including facts and opinions 
expressed in his investigational hearing and deposition transcripts, and any 
topics identified by Complaint Counsel as potential topics for his testimony. 

10. John Leite – former VP Clinical Business Development, Illumina, Inc.; Chief 
Business Officer, InterVenn Biosciences.  We expect Dr. Leite will testify 
about Illumina’s agreements with customers including agreements relating to 
regulated, kitted tests on Illumina’s instruments, InterVenn’s proteomics 
platform, InterVenn’s cancer screening tests in development and other topics 
relevant to the Complaint, Answer, or any affirmative defenses, including facts 
and opinions expressed in his investigational hearing and deposition transcripts 
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and any topics identified by Complaint Counsel as potential topics for his 
testimony. 

11. Hans Bishop – Chief Executive Officer, GRAIL, Inc.  We expect Mr. Bishop 
will testify about the history of GRAIL; GRAIL’s business; GRAIL’s tests; 
and other topics relevant to the Complaint, Answer, or any affirmative 
defenses, including facts and opinions expressed in his investigational hearing 
and deposition transcripts, and any topics identified by Complaint Counsel as 
potential topics for his testimony. 

12. Josh Ofman – Chief Medical Officer, GRAIL, Inc.  We expect Mr. Ofman 
will testify about efficiencies and procompetitive effects of the Proposed 
Transaction relating to regulatory approval and reimbursement of GRAIL’s 
tests, including the Galleri test; oncology tests, including GRAIL’s tests; and 
other topics relevant to the Complaint, Answer, or any affirmative defenses, 
including facts and opinions expressed in his deposition transcript and any 
topics identified by Complaint Counsel as potential topics for his testimony. 

13. Aaron Freidin – Senior VP, Finance, GRAIL, Inc.  We expect Mr. Freidin 
will testify about efficiencies and procompetitive effects of the Proposed 
Transaction; GRAIL’s deal model; and other topics relevant to the Complaint, 
Answer, or any affirmative defenses, including facts and opinions expressed in 
his investigational hearing and deposition transcripts and any topics identified 
by Complaint Counsel as potential topics for his testimony. 

14. Arash Jamshidi – VP of Bioinformatics and Data Science, GRAIL, Inc.  We 
expect Mr. Jamshidi will testify about oncology tests, including GRAIL’s tests; 
switching between diagnostic platforms for clinical applications, including 
oncology; and other topics relevant to the Complaint, Answer, or any 
affirmative defenses, including facts and opinions expressed in his deposition 
transcript, and any topics identified by Complaint Counsel as potential topics 
for his testimony. 

15. Chris Della Porta – Director of Growth Marketing, GRAIL, Inc.  We expect 
Mr. Della Porta will testify about GRAIL’s business; oncology tests including 
GRAIL’s tests; efficiencies and procompetitive effects of the Proposed 
Transaction; and other topics relevant to the Complaint, Answer or any 
affirmative defenses, including facts and opinions expressed in his deposition 
transcript and any topics identified by Complaint Counsel as potential topics 
for his testimony. 

THIRD PARTY WITNESS LIST 

16. Konstantin Fiedler – Chief Operating Officer, Foundation Medicine, Inc. 
(“FMI”).  We expect Dr. Fiedler will testify about the Proposed Transaction; 
Illumina’s relationship with FMI and Roche, including agreements between 
FMI and Roche; Dr. Fiedler’s declaration; and other topics relevant to the 
Complaint, Answer, or any affirmative defenses, including facts and opinions 
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expressed in his deposition transcript, and any topics identified by Complaint 
Counsel as potential topics for his testimony. 

17. Lauren Silvis – Senior VP, External Affairs, Tempus Labs, Inc. (“Tempus 
Labs”).  We expect Ms. Silvis will testify about Tempus Labs’ business; its 
oncology products; the Proposed Transaction; supply agreement negotiations 
with Illumina, including the open offer and the standard contract for oncology 
customers; and other topics relevant to the Complaint, Answer, or any 
affirmative defenses, including facts and opinions expressed in her 
investigational hearing and deposition transcripts, and any topics identified by 
Complaint Counsel as potential topics for her testimony. 

18. Jorge Velarde – Senior Vice President, Corporate Development and Strategy, 
Singular Genomics.  We expect Mr. Velarde will testify about the Proposed 
Transaction; Singular’s S-1 filing and subsequent Initial Public Offering 
(“IPO”); Singular’s NGS platform and products in development; the ability to 
use Singular’s platforms and products in development for cancer screening 
applications; switching between Illumina’s platforms and Singular’s platforms 
for clinical applications and other topics relevant to the Complaint, Answer, or 
any affirmative defenses, including facts and opinions expressed in his 
deposition transcript, and any topics identified by Complaint Counsel as 
potential topics for his testimony. 

19. Matthew Strom – Managing Director, Morgan Stanley.  We expect Mr. Strom 
will testify about any contemplated fundraising, IPO, or merger by GRAIL; 
Illumina and GRAIL’s royalty and supply agreement; efficiencies and 
procompetitive effects of the proposed transaction; and other topics relevant to 
the Complaint, Answer or any affirmative defenses, including facts and 
opinions expressed in his deposition transcript and any topics identified by 
Complaint Counsel as potential topics for his testimony. 

20. William Cance – Chief Medical and Scientific Officer at the American Cancer 
Society.  We expect Dr. Cance will testify about the American Cancer 
Society’s operations, current cancer screening methods, the importance of 
early cancer detection, innovation in cancer detection and treatments, the 
importance of customer choice, market definition, regulatory processes and 
approvals, and other topics relevant to the Complaint, Answer, or any 
affirmative defenses, including facts and opinions expressed in his declaration 
and deposition transcript and any topics identified by Complaint Counsel as 
potential topics for his testimony.  

EXPERT WITNESS LIST 

1. Dennis Carlton – Dennis Carlton is an industrial organization and antitrust 
economics expert.  He will testify about economic issues, including the 
proposed transaction, finances, projections, strategic plans, pricing strategy and 
structure, cost structure, customer relationships and contract negotiations, the 
competitive effects of the proposed transaction, efficiencies arising from the 

PUBLIC
FEDERAL TRADE COMMISSION | OFFICE OF THE SECRETARY | FILED 8/9/2021 | DOCUMENT NO. 602231 | Page 20 of 39 | PUBLIC 

 



 

7 

transaction and the procompetitive nature of the transaction, other topics 
relevant to the Complaint and Answer, any topics contained in his expert 
report(s) or deposition and any topics raised by Complaint Counsel’s experts in 
their expert reports or depositions and will respond to any economic analysis 
or other arguments put forward by Complaint Counsel. 

2. Richard Cote – Richard Cote is an expert on the field of cancer care, the area 
of test development for cancer screening and in the area of next-generation 
sequencing (“NGS”), and is a medical doctor.  He will testify about cancer and 
cancer treatment, methods for cancer screening, the differences between 
different types of oncology tests in the cancer continuum, oncology tests on the 
market and in development, comparisons between such tests on the market and 
in development, the development timelines for such oncology tests, various 
platforms—both NGS and non-NGS—that can be used for such oncology 
tests, switching between different platforms for such oncology tests and the 
potential use of in vitro diagnostic (“IVD”) kitted tests for oncology testing.  
He will also testify regarding technical issues relating to the relevant market(s) 
alleged by Complaint Counsel, other topics relevant to the Complaint and 
Answer, any topics contained in his expert report(s) or deposition and any 
topics raised by Complaint Counsel’s experts in their expert reports or 
depositions and will respond to any technical issues or other arguments put 
forward by Complaint Counsel, primarily focusing on issues relating to cancer 
screening and NGS technologies. 

3. Patricia Deverka – Patricia Deverka is an expert on the field of health 
economics and outcomes research, focusing on the clinical adoption of 
genomics.  She will testify about the process for obtaining private payor and 
Medicare/Medicaid coverage, including potential pathways for multi-cancer 
screening tests and Illumina’s ability to accelerate that process for GRAIL’s 
Galleri test, payor relationships, other topics relevant to the Complaint and 
Answer, any topics contained in her expert report(s) or deposition and any 
topics raised by Complaint Counsel’s experts in their expert reports or 
depositions and will respond to any other arguments put forward by Complaint 
Counsel, primarily focusing on third party payor reimbursement and 
Medicare/Medicaid coverage for cancer screening tests. 

4. Margaret Guerin-Calvert – Margaret Guerin-Calvert is an industrial 
organization, antitrust and healthcare economics expert.  She will testify about 
issues relating to Illumina’s open offer and standard contract for oncology, 
including Illumina’s standard IVD terms, as a means to reduce or eliminate 
certain alleged potential anticompetitive effects raised by Complaint Counsel 
and Dr. Fiona Scott Morton, relating to Illumina’s proposed acquisition of 
GRAIL; other topics relevant to the Complaint and Answer; any topics 
contained in her expert report(s) or deposition; and any topics raised by 
Complaint Counsel’s experts in their expert reports or depositions and will 
respond to any economic analysis or other arguments put forward by 
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Complaint Counsel, primarily focusing on the open offer and other contractual 
terms from Illumina. 

5. Robert Willig – Robert Willig is an industrial organization and antitrust 
economics expert.  He will testify about the soundness and reliability of the 
relevant product market defined by Dr. Fiona Scott Morton, and her analysis in 
support of that definition, market participants’ conduct and whether their 
conduct is consistent with Complaint Counsel’s claim that there will be no 
viable substitutes for Illumina’s NGS platforms (from the standpoint of 
purported multi-cancer early detection (“MCED”) test developers), during the 
relevant time period, the bargaining model presented by Dr. Scott Morton, its 
applicability to the proposed merger, and its robustness, other topics relevant to 
the Complaint and Answer, any topics contained in his expert report(s) or 
deposition and any topics raised by Complaint Counsel’s experts in their expert 
reports or depositions and will respond to any economic analysis or other 
arguments put forward by Complaint Counsel, primarily focusing on the 
relevant product market from an economics standpoint, bargaining and theories 
of anticompetitive effects. 

6. Robert Rock2 – Robert Rock is an expert in financial accounting, contract 
compliance, and audit engagements.  He will testify about the proposed 
transaction, customer relationships and contract negotiations; Illumina’s open 
offer, standard contract for oncology customers, and any other agreements, 
including the ability of an independent auditor or consultant to be effective in 
examining an entity’s compliance with various terms of contracts, performing 
agreed-upon procedures related to an entity’s compliance with specified terms 
and performing agreed-upon procedures related to an entity’s internal controls 
over compliance with specified terms; other topics relevant to the Complaint 
and Answer; any topics contained in his expert report(s) or deposition; and any 
topics raised by Complaint Counsel’s experts in their expert reports or 
depositions, and will respond to any accounting, compliance or audit analysis 
or other arguments put forward by the Complaint Counsel, primarily focusing 
on the open offer and other contractual terms from Illumina. 

7. Richard Abrams3 – Richard Abrams is an expert in the field of primary and 
preventative care, and is a medical doctor.  He will testify about current and 
anticipated cancer screening options, including purported MCED tests, the 
factors primary care physicians would consider prior to using a MCED test and 
whether the blood-based tests with other characteristics could substitute for 
GRAIL’s Galleri test and vice versa, other topics relevant to the Complaint and 
Answer; any topics contained in his expert report(s) or deposition; and any 

 
2 Pursuant to 16 CFR § 3.31A, Respondents intend to move for leave to call Robert Rock as an additional expert 
beyond the five expert witnesses permitted under the default rules.  

3 Pursuant to 16 CFR § 3.31A, Respondents intend to move for leave to call Richard Abrams as an additional expert 
beyond the five expert witnesses permitted under the default rules. 
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topics raised by Complaint Counsel’s experts in their expert reports or 
depositions, and will respond to any analysis or arguments put forward by 
Complaint Counsel, primarily focusing on the factors primary care physicians 
would consider prior to using a MCED test. 

 

Dated: July 23, 2021 
 
 
Respectfully submitted,  
 
 
/s/ Richard J. Stark    
Christine A. Varney  
Richard J. Stark  
David R. Marriott 
J. Wesley Earnhardt  
Sharonmoyee Goswami  
CRAVATH, SWAINE & MOORE LLP 
Worldwide Plaza 
825 Eighth Avenue 
New York, NY 10019 
(212) 474-1000 
cvarney@cravath.com 
rstark@cravath.com 
dmarriott@cravath.com 
wearnhardt@cravath.com 
sgoswami@cravath.com 
 
Attorneys for Respondent  
Illumina, Inc. 
 
Michael G. Egge  
Marguerite M. Sullivan  
Anna M. Rathbun  
David L. Johnson 
LATHAM & WATKINS LLP, 
555 Eleventh Street NW 
Suite 1000 
Washington, D.C. 20004 
Telephone: (202) 637-2200 
Facsimile: (202) 637-2201 
michael.egge.@lw.com  
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Alfred C. Pfeiffer  
505 Montgomery Street 
Suite 2000 
San Francisco, CA 94111-6538 
Telephone: (415) 391-0600 
Facsimile: (415) 395-8095 
Al.pfeiffer@lw.com 
 
Attorneys for Respondent 
GRAIL, Inc. 
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CERTIFICATE OF SERVICE 
 

I hereby certify that, on July 23, 2021, I caused to be delivered via email a copy of Complaint  
Counsel’s Final Proposed Witness List to: 
 

The Honorable D. Michael Chappell 
Administrative Law Judge 
Federal Trade Commission 
600 Pennsylvania Ave., N.W., Rm. H-110 
Washington, D.C. 20580 

 
I hereby certify that I caused the foregoing document to be served via email to: 
 
Complaint Counsel 
U.S. Federal Trade Commission 
 

Susan Musser 
Dylan P. Naegele 
David Gonen 
Jonathan Ripa 
Matthew E. Joseph 
Jordan S. Andrew 
Betty Jean McNeil 
Lauren Gaskin 
Nicolas Stebinger 
Samuel Fulliton 
Stephen A. Mohr 
Sarah Wohl 
William Cooke 
Catherine Sanchez 
Joseph Neely 
Nicholas A. Widnell 
Daniel Zach 
Eric D. Edmonson 
 
 

July 23, 2021 
 

/s/ Richard J. Stark____________________ 
Richard J. Stark 
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From: O"Dea, Brian A.
To: sgoswami@cravath.com; Anna.Rathbun@lw.com; IlluminaTrialTeam@cravath.com;

LWVALORANTITRUST.LWTEAM@lw.com
Cc: Simons, Bridget; Gaskin, Lauren; Musser, Susan; Joseph, Matthew
Subject: In re Illumina & Grail (No. 9401) - Serafin Declaration & Deposition
Date: Thursday, July 29, 2021 5:42:00 PM

Counsel,
 
Complaint Counsel intend to file a motion to strike the declaration of George Serafin on the basis
that Respondents’ final witness list does not include Mr. Serafin and the Commission Rules of
Practice do not provide a mechanism for presenting opinions from a non-testifying expert.
 
George Serafin’s deposition is scheduled for Monday, August 2 at 9:30am.  In the event that that the
motion is not resolved by the Court in advance of the scheduled 9:30am start time for the
deposition, we intend to proceed with the deposition.  I am available to meet and confer on this
topic this evening or tomorrow between 10:00am and 4:00pm.
 
Relatedly, please provide an email address and location (city/state) for Mr. Serafin for his deposition
on August 2.  Please also provide the names and email addresses for any of Respondents’ counsel
who will appear at the deposition.  We will provide this information to the court reporter.
 
Best,
Brian
 
--------------------------------------------------
Brian O’Dea
Attorney, Bureau of Competition
Federal Trade Commission

400 7th St., SW
Washington, DC 20024
bodea@ftc.gov
(202) 326-2227
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UNITED STATES OF AMERICA  
BEFORE THE FEDERAL TRADE COMMISSION  
OFFICE OF ADMINISTRATIVE LAW JUDGES 

In the Matter of 

Illumina, Inc., 
a corporation, and 

and 

GRAIL, Inc., 
a corporation, 

Respondents 

Docket No. 9401 

 

RESPONDENTS’ EXPERT WITNESS LIST 

Pursuant to the Scheduling Order entered in the above-captioned proceeding on 

April 26, 2021, this list designates the witnesses whom Illumina, Inc. (“Illumina) and GRAIL, Inc. 

(“GRAIL”) (collectively, the “Respondents”) may call as expert witnesses to testify in this 

proceeding. 

Respondents reserve the following rights: 

A. To provide supplemental expert reports and opinions, if necessary, to address any rebuttal 
or criticisms of the opinions offered by an expert or to supplement an expert’s conclusions 
and the basis therefore. 
 

B. To provide, through the below-identified experts or through subsequently identified 
experts, expert testimony rebutting any expert report or testimony offered by Complaint 
Counsel’s expert witnesses.   
 

C. Not to call at the hearing any of the persons listed, as circumstances may warrant. 
 

D. To call any of these individuals or any person at the hearing in order to provide rebuttal 
testimony.  
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Subject to these reservations of rights, Respondents provide the following list: 
 

1. Dennis Carlton: Dr. Carlton’s curriculum vitae is enclosed, which identifies all 
publications authored by Dr. Carlton within the last ten years.  Also enclosed is a list of all 
matters in which Dr. Carlton has testified or has been deposed within the last four years.  
Enclosed are all transcripts of Dr. Carlton’s testimony from these matters that are not 
under seal and that are within the possession, custody, or control of Respondents or Dr. 
Carlton. 
 

2. Richard Cote: Dr. Cote’s curriculum vitae is enclosed, which identifies most publications 
authored by Dr. Cote within the last ten years.  Also enclosed is a list of Dr. Cote’s 
additional publications within the last ten years and all matters in which Dr. Cote has 
testified or has been deposed within the last four years.  Enclosed are all transcripts of Dr. 
Cote’s testimony that are not under seal and that are in the possession, custody, or control 
of Respondents or Dr. Cote. 
 

3. George Serafin: Mr. Serafin’s curriculum vitae is enclosed, which identifies all 
publications authored by Mr. Serafin within the last ten years.  Also enclosed is the name 
of the one matter in which Mr. Serafin has testified or has been deposed within the last 
four years.  The transcript of this testimony is under seal and cannot be disclosed.  
 

4. Patricia Deverka: Dr. Deverka’s curriculum vitae is enclosed, which identifies all 
publications authored by Dr. Deverka within the last ten years.  Dr. Deverka has not 
testified or been deposed within the last four years.    
 

5. Joseph Ferrara: Mr. Ferrara’s curriculum vitae is enclosed, which identifies all 
publications authored by Mr. Ferrara within the last ten years.  Mr. Ferrara has not 
testified or been deposed within the last four years. 
 

6. Margaret Guerin-Calvert: Ms. Guerin-Calvert’s curriculum vitae is enclosed, which 
identifies all publications authored by Ms. Guerin-Calvert within the last ten years. Also 
enclosed is a list of all matters in which Ms. Guerin-Calvert has testified or has been 
deposed within the last four years.  The transcripts of this testimony are under seal and 
cannot be disclosed. 
 

7. Tasneem Chipty: Dr. Chipty’s curriculum vitae is enclosed, which identifies all 
publications authored by Dr. Chipty within the last ten years.  Also enclosed is a list of all 
matters in which Dr. Chipty has testified or has been deposed in the last four years.  
Enclosed are all transcripts of Dr. Chipty’s testimony that are not under seal and that are 
within the possession, custody, or control of Respondents or Dr. Chipty. 
 

8. Robert Willig: Dr. Willig’s curriculum vitae is enclosed, which identifies all publications 
authored by Mr. Willig within the last ten years.  Also enclosed is a list of all matters in 
which Dr. Willig has testified or has been deposed within the last four years.  Enclosed are 
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all transcripts of Dr. Willig’s testimony from these matters that are not under seal and that 
are within the possession, custody, or control of Respondents or Dr. Willig. 
 

9. Daniel O’Brien: Dr. O’Brien’s curriculum vitae is enclosed, which identifies all 
publications authored by Dr. O’Brien within the last ten years.  Also enclosed is the name 
of the one matter in which Dr. O’Brien has testified or has been deposed within the last 
four years.  The transcript of this testimony is under seal and cannot be disclosed. 
 

10. Judge Paul Michel: Judge Michel’s curriculum vitae is enclosed.  Enclosed is a list of all 
publications authored by Judge Michel within the last ten years, and the name of the one 
matter in which Judge Michel has testified or has been deposed within the last four years.  
Also enclosed are all the excerpts of the transcript of this testimony that are within the 
possession, custody, or control of Respondents or Judge Michel. 
 

11. Judge Abraham Sofaer: Judge Sofaer’s curriculum vitae is enclosed, which identifies 
some publications authored by Judge Sofaer within the last ten years.  Also enclosed is a 
list of additional publications authored by Judge Sofaer within the last ten years.  Judge 
Sofaer has not testified or been deposed within the last four years. 
 

12. Robert Rock: Mr. Rock’s curriculum vitae is enclosed.  He has not authored any 
publications in the last ten years.  Also enclosed is a list of all matters in which Mr. Rock 
has testified or has been deposed within the last four years.  Also enclosed are all 
transcripts of Mr. Rock’s testimony from these matters that are not under seal and that are 
within the possession, custody, or control of Respondents or Mr. Rock. 
 

13. Sean Iyer: Mr. Iyer’s curriculum vitae is enclosed, which identifies all publications 
authored by Mr. Iyer within the last ten years.  Also enclosed is a list of all matters in 
which Mr. Iyer has testified or has been deposed within the last four years.  Also enclosed 
are transcripts of Mr. Iyer’s testimony from those matters that are not under seal and that 
are within the possession, custody, or control of Respondents or Mr. Iyer. 
 

14. Charles Mathews: Mr. Mathews’ curriculum vitae is enclosed, which identifies all 
publications authored by Mr. Mathews within the last ten years.  Also enclosed is the 
name of the one matter in which Mr. Mathews has testified or has been deposed within the 
last four years.  The transcript from this testimony is under seal and cannot be disclosed. 
 

15. Richard Abrams: Dr. Abrams’ curriculum vitae is enclosed. Dr. Abrams has not 
authored any publications in the last ten years.  Dr. Abrams has not testified or been 
deposed within the last four years. 
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Dated: May 21, 2021 

 
 
Respectfully submitted,  
 
 
/s/ Richard J. Stark    
Christine A. Varney  
Richard J. Stark  
David R. Marriott 
J. Wesley Earnhardt  
Sharonmoyee Goswami  
CRAVATH, SWAINE & MOORE LLP 
Worldwide Plaza 
825 Eighth Avenue 
New York, NY 10019 
(212) 474-1000 
cvarney@cravath.com 
rstark@cravath.com 
dmarriott@cravath.com 
wearnhardt@cravath.com 
sgoswami@cravath.com 
 
Attorneys for Respondent  
Illumina, Inc. 
 
Michael G. Egge  
Marguerite M. Sullivan  
Roman Martinez  
Anna M. Rathbun  
Carla Weaver  
David L. Johnson 
Charles A. Berdahl 
LATHAM & WATKINS LLP, 
555 Eleventh Street NW 
Suite 1000 
Washington, D.C. 20004 
Telephone: (202) 637-2200 
Facsimile: (202) 637-2201 
michael.egge.@lw.com  
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Alfred C. Pfeiffer  
505 Montgomery Street 
Suite 2000 
San Francisco, CA 94111-6538 
Telephone: (415) 391-0600 
Facsimile: (415) 395-8095 
Al.pfeiffer@lw.com 
 
Attorneys for Respondent 
GRAIL, Inc. 
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CERTIFICATE OF SERVICE 

 
I certify that I caused the foregoing document to be served via email to: 
 
Complaint Counsel 
U.S. Federal Trade Commission 
 

Susan Musser 
Dylan P. Naegele 
David Gonen 
Jonathan Ripa 
Matthew E. Joseph 
Jordan S. Andrew 
Betty Jean McNeil 
Lauren Gaskin 
Nicolas Stebinger 
Samuel Fulliton 
Stephen A. Mohr 
Sarah Wohl 
William Cooke 
Catherine Sanchez 
Joseph Neely 
Nicholas A. Widnell 
Daniel Zach 
Eric D. Edmonson 
 
 

May 21, 2021 
 

/s/ Richard J. Stark____________________ 
Richard J. Stark 
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CERTIFICATE OF SERVICE 

I hereby certify that on August 9, 2021, I filed the foregoing document electronically using the 
FTC’s E-Filing System, which will send notification of such filing to: 

 
April Tabor 

                                                Secretary 
                                                Federal Trade Commission 
                                                600 Pennsylvania Ave., NW, Rm. H-113 
                                                Washington, DC 20580 
    ElectronicFilings@ftc.gov 
 

The Honorable D. Michael Chappell 
                                                Administrative Law Judge 
                                                Federal Trade Commission 
                                                600 Pennsylvania Ave., NW, Rm. H-110 
                                                Washington, DC 20580 
 
I also certify that I caused the foregoing document to be served via email to: 
 
David Marriott 
Christine A. Varney      
Sharonmoyee Goswami   
Cravath, Swaine & Moore LLP    
825 Eighth Avenue    
New York, NY 10019 
(212) 474-1140     
dmarriott@cravath.com                  
cvarney@cravath.com 
sgoswami@cravath.com     
                                                    
Counsel for Illumina, Inc. 

Al Pfieffer 
Michael G. Egge 
Marguerite M. Sullivan 
Latham & Watkins LLP 
555 Eleventh Street, NW 
Washington, DC 20004 
(202) 637-2285 
al.pfeiffer@lw.com 
michael.egge@lw.com 
marguerite.sullivan@lw.com 
 
Counsel for GRAIL, Inc. 
 

 
 
 
s/ Brian A. O’Dea  
Brian A. O’Dea 
 
Counsel Supporting the Complaint 

 

PUBLIC
FEDERAL TRADE COMMISSION | OFFICE OF THE SECRETARY | FILED 8/9/2021 | DOCUMENT NO. 602231 | Page 39 of 39 | PUBLIC 

 




