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PROPOSED FINDINGS OF FACT
L INTRODUCTION
A. Illumina
1. Overview
1. [llumina is the global leader in sequencing- and array-based solutions for genetic

and genomic analysis. (PX0061 (Illumina) at 5; PX0091 (Illumina) at 4.) Illumina’s focus is on
next-generation sequencing (“NGS”) technology. NGS technology is a much higher throughput
type of sequencing that allows for the simultaneous sequencing of millions or even billions of
sequences in a single run. (Aravanis (Illumina) Tr. 1841.)

2. [llumina was incorporated in California in April 1998 and reincorporated in
Delaware in July 2000. (PX0061 (Illumina) at 5.) Its principal executive offices are located in
San Diego, California. (PX0061 (Illumina) at 5.)

3. Illumina’s products and services serve customers in a wide range of markets,
enabling the adoption of genomic solutions in research and clinical settings. (PX0061 (Illumina)
at 5; see also Berry (Illumina) Tr. 807—08.) Illumina’s customers include leading genomic
research centers, academic institutions, government laboratories, and hospitals, as well as
pharmaceutineecal, biotechnology, commercial molecular diagnostic laboratories, and consumer

genomics companies. (PX0061 (Illumina) at 5; see also deSouza (Illumina) Tr. 2313-15; Berry
(Ilumina) Tr. 807-09;

4. Illumina’s portfolio of integrated sequencing and microarray systems,
consumables, and analysis tools is designed to accelerate and simplify genetic analysis.
(PX0061 (Illumina) at 5.) This portfolio addresses the range of genomic complexity, price
points, and throughput, enabling customers to select the best solution for their research or clinical
application. (PX0061 (Illumina) at 5; PX0091 (Illumina) at 14.)

2. Illumina’s Businesses

5. Illumina targets life sciences and clinical genomics segments and customers.
(PX0061 (Illumina) at 6; deSouza (Illumina) Tr. 2318.)

6. Life Sciences. Historically, [llumina’s core business has been in life sciences
research. (PX0061 (Illumina) at 6.)

6.1 This includes laboratories associated with universities, research centers,
and government institutions, along with biotechnology and pharmaceutical companies.
ipxoom illluminai at 6; see also deSouza (Illumina) Tr. 2312-13; *

6.2  Researchers at these institutions use Illumina’s products and services for
basic and translational research across a spectrum of scientific applications, including

targeted, exome, and whole-genome sequencing, genetic variation; gene expression,

1
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epigenetics, and metagenomics. (PX0061 (Illumina) at 6; see also deSouza (Illumina) Tr.
2313-15; “

6.3 Next-generation sequencing (NGS) technologies are being adopted due to
their ability to sequence large sample sizes quickly, accurately, and cost-effectively,
generating vast amounts of high-quality data. (PX0061 (Illumina) at 6.)

7. Ilumina’s products also serve various applied markets including consumer
genomics and agrigenomics. (PX0061 (Illumina) at 6; see also deSouza (Illumina) Tr. 2318.)

7.1 For example, in consumer genomics, [llumina’s customers use [llumina’s
technologies to provide personalized genetic data and analysis to individual consumers.
(PX0061 (Illumina) at 6; PX0091 (Illumina) at 24.)

7.2 In agrigenomics, government and corporate researchers use Illumina’s
products and services to explore the genetic and biological basis for productivity and
nutritional constitution in crops and livestock. (PX0061 (Illumina) at 6; see also Berry
(Illumina) Tr. 807.) Researchers can identify natural and novel genomic variation and
deploy genome-wide, marker-based applications to accelerate breeding and production of
healthier and higher-yielding crops and livestock. (PX0061 (Illumina) at 6.)

8. Clinical Genomics. Illumina is focused on enabling translational and clinical

markets through the introduction of best-in-class sequencing technology. (PX0061 (Illumina) at
6: see also [N > <00 (1ilumina) at 18.) Further,
[llumina is developing sample-to-answer solutions to catalyze adoption in the clinical setting,

including in reproductive and genetic health and oncology. (PX0061 (Illumina) at 6; see also
PX7072 (deSouza (Illumina) IHT at 157-58).)

0. Reproductive Health. In reproductive health, [llumina’s primary focus is driving
the adoption of noninvasive prenatal testing (NIPT) globally through Illumina’s technology,
which identifies fetal chromosomal abnormalities by analyzing cell-free DNA in maternal blood.
(PX0061 (Illumina) at 6; RX2264 (Illumina) at 50); PX0091 (Illumina) at 20-21.)

10.  Rare and Undiagnosed Disease. 1llumina’s NGS technology is also accelerating
rare and undiagnosed disease research to discover the genetic causes of inherited disorders by
assessing many genes simultaneously. (PX0061 (Illumina) at 6; see also deSouza (Illumina) Tr.
2326-27, PX0091 (Illumina) at 22.) Using NGS can reduce costs compared to traditional
methods of disease diagnosis, which are often expensive and inconclusive while requiring
extensive testing. (PX0061 (Illumina) at 6.)

11. Oncology. Cancer is a disease of the genome, and the goal of cancer genomics is
to identify genomic changes that transform a normal cell into a cancerous one. (PX0061
(Ilumina) at 6.) Understanding these genomic changes will improve diagnostic accuracy,
increase understanding of the prognosis, and enable oncologists to target therapies to individuals.
(PX0061 (Illumina) at 6; see also Aravanis (Illumina) Tr. 1828.)

11.1  There are a variety of NGS applications in oncology including: research
applications where people sequence cancer cells to understand cancer biology, how
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cancer is behaving and how to treat it; therapy selection applications where a tumor is
sequenced to understand whether or not any of the mutations that are present might be
targetable by a drug, monitoring or minimal residual disease where the goal is to look for
cancer signals in the blood in order to determine how effective a treatment is and early
cancer detection where cancer is detected in asymptomatic patients. (Aravanis (Illumina)
Tr. 1843.)

11.2  Customers in the translational and clinical oncology markets use
[llumina’s products to perform research that may help identify individuals who are
genetically predisposed to cancer and to identify molecular changes in a tumor. (PX0061
(Illumina) at 6; see also Berry (Illumina) Tr. 814-22; PX0091 (Illumina) at 17; {PX2035
(Illumina) at 16, 18—19.)} Illumina believes that circulating tumor DNA (ctDNA) will

become an important clinical tool for managing oncology patients during all stages of
tumor progression. (PX0061 (Illumina) at 6-7; ﬁ

11.3  Illumina’s technology is being used to research the implications of ctDNA
in treatment determination, treatment monitoring, minimal residual disease, and

asymptomatic screening. (PX0061 (Illumina) at 7; see also Aravanis (Illumina) Tr. 1843;
PX0091 (Illumina) at 19.)

3. Principal Products, Services and Technologies

12. [llumina’s unique technology platforms support the scale of experimentation
necessary for population-scale studies, genome-wide discovery, target selection, and validation
studies. (PX0061 (Illumina) at 7; Berry (Illumina) Tr. 823-26.)

Figure 1: Illumina Platform Overview

From genome-wide discovery to targeted validation and screening

Sequencing”

Instrument NovaSeq™ 6000 System MiSeq™ and MiSeqDx Systams | MiniSeq™ Sysler \Seq™ 100 System

Technologies Sequencing by synthesis (SBS) powered by TruSeq™ Chemistry BeadArray, Infinium

SN and whol

Applications

i@ throughput and Small who'e-g MiSeq System Targeted DNA Targeted, bacteral
i smal , amplc and RNA sequencing and viral sequencing

or d
iser-defined assays

*Our HiSeq™ series of instruments, Induding the HiSeq 4000 and HiSeq X, have bean discontinuad and are not included in this chart, However, we continue to provide support and sall consumables to customers through Mareh 31, 2024

13. Customers use Illumina’s products to analyze the genome at all levels of
complexity, from targeted panels to whole-genome sequencing. (PX0061 (Illumina) at 7.) A
large and dynamic Illumina user community has published tens of thousands of customer-
authored scientific papers using Illumina’s technologies. (PX0061 (Illumina) at 7.) Through
rapid innovation, Illumina is changing the economics of genetic research, enabling projects that
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were previously considered impossible, and supporting clinical advances towards precision
medicine. (PX0061 (Illumina) at 7.)

14. Most of Illumina’s product sales consist of instruments and consumables, which
include reagents, flow cells, and microarrays, based on Illumina’s proprietary technologies.
(PX0061 (Illumina) at 7; see also Aravanis (Illumina) Tr. 1844—47; Berry (Illumina) Tr. 826—
28.)

15. Illumina also performs various services for its customers. (PX0061 (Illumina) at
7; see also , 865—66; PX7076 (Berry (Illumina) Dep. at §7-92);
PX7063 (Berry (Illumina) IHT at 35-36.) In 2020, 2019, and 2018, instrument sales represented
13%, 15%, and 17%, respectively, of total revenue; consumable sales represented 71%, 68%,
and 65%, respectively, of total revenue; and services represented 16%, 17%, and 18%,
respectively, of total revenue. (PX0061 (Illumina) at 7.)

16. Sequencing. DNA sequencing is the process of determining the order of
nucleotide bases (A, C, G, or T) in a DNA sample. (PX0061 (Illumina) at 7; see also Aravanis
(Ilumina) Tr. 1828.)

16.1 Illumina’s portfolio of sequencing platforms represents a family of
systems that [llumina believes set the standard for productivity, cost-effectiveness, and
accuracy among NGS technologies. (PX0061 (Illumina) at 7; deSouza (Illumina) Tr.
2327-2328; Berry (Illumina) Tr. 809-811.)

17. Customers use Illumina’s platforms to perform whole-genome, de novo, exome
and RNA sequencing, as well as targeted resequencing of specific gene regions and genes.
(PX0061 (Illumina) at 7.)

17.1  Whole-genome sequencing determines the complete DNA sequence of an
organism. (PX0061 (Illumina) at 7; RX2264 (Illumina) at 76.)

17.2 In de novo sequencing, the goal is to sequence and assemble the genome
of that sample without using information from prior sequencing of that species. (PX0061
(Ilumina) at 7.)

17.3 In targeted resequencing, a portion of the sequence of an organism is
compared to a standard or reference sequence from previously sequenced samples to
identify genetic variation. (PX0061 (Illumina) at 7; RX2264 (Illumina) at 74.)

18. Illumina’s DNA sequencing technology is based on its proprietary reversible
terminator-based sequencing chemistry, referred to as sequencing by synthesis (SBS)
biochemistry. (PX0061 (Illumina) at 7; RX2264 (Illumina) at 154)

18.1  SBS tracks the addition of labeled nucleotides as the DNA chain is copied
in a massively parallel fashion. (PX0061 (Illumina) at 7; RX2264 (Illumina) at 154.)

18.2 Illumina’s SBS sequencing technology provides researchers with a broad
range of applications and the ability to sequence even large mammalian genomes in a few
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days rather than weeks or years. (PX0061 (Illumina) at 7-8; c¢f. RX2264 (Illumina) at
156.)

19. [Nllumina’s sequencing platforms can generate between 500 megabases (Mb) and
6.0 terabases (Tb) (equivalent to approximately 48 human genomes) of genomic data in a single
run, depending on the instrument and application. (PX0061 (Illumina) at 8; see also Aravanis
(Illumina) Tr. 1841.)

20. There are different price points per gigabase (Gb) for each instrument, and for
different applications, which range from small-genome, amplicon, and targeted gene-panel
sequencing to population-scale whole human genome sequencing. (PX0061 (Illumina) at 8; see
also {deSouza (Illumina) Tr. 2265.)}

21. Since [llumina launched its first sequencing system in 2007, its systems have
reduced the cost of sequencing by a factor of more than 10,000. In addition, the sequencing time
per Gb has dropped by a factor of approximately 12,000. (PX0061 (Illumina) at 8, 14.)

22.  In 2018, 2019, and 2020, total sequencing revenue comprised 83%, 87%, and
89%, respectively, of total revenue. (PX0061 (Illumina) at 8; see also PX0091 (Illumina) at 11.)

23.

24. Arrays. Arrays are used for a broad range of DNA and RNA analysis
applications, including SNP genotyping, CNV analysis, gene expression analysis, and
methylation analysis, and enable the detection of millions of known genetic markers on a single
array. (PX0091 (Illumina) at 15; see also PX7072 (deSouza (Illumina) IHT at 55).)

24.1  Arrays are the primary technology used in consumer genomics
applications. (PX0061 (Illumina) at 8; see also PX7076 (Berry (Illumina) Dep. at 158);
cf. Berry (Illumina) Tr. 805.)

24.2  Illumina’s BeadArray technology combines microscopic beads and a
substrate in a proprietary manufacturing process to produce arrays that can perform many
assays simultaneously. (PX0061 (Illumina) at 8; see PX0091 (Illumina) at 16.) This
facilitates large-scale analysis of genetic variation and biological function in a unique,
high-throughput, cost-effective, and flexible manner. (PX0061 (Illumina) at 8; see
PX0091 (Illumina) at 16.)

243  In 2018, 2019 and 2020, total array revenue comprised 17%, 13% and
11%, respectively, of total revenue. (PX0061 (Illumina) at 8; see PX0091 (Illumina) at
16.)

25. Consumables. Illumina has developed various library preparation and sequencing
kits to simplify workflows and accelerate analysis. (PX0061 (Illumina) at 8; see also deSouza

(IMlumina) Tr. 2313, 2355-56; Be Illumina) Tr. 82627, 844-85, 928; PX0091 (Illumina) at
15;&).)
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25.1 Illumina’s sequencing applications include whole-genome sequencing
kits, which sequence entire genomes of any size and complexity, and targeted

resequencing kits, which can sequence exomes, specific genes, RNA or other genomic
regions of interest. (PX0061 (Illumina) at 8; see also
ﬁBerry (IMlumina) Tr. 822—-24; Aravanis (Illumina) Tr. 1958-59;

); PX0091 (Illumina) at 21.)

25.2 Illumina’s sequencing kits maximize the ability of its customers to
characterize the target genome accurately and are sold in various configurations,

addressing a wide range of applications. (PX0061 (Illumina) at 8; see also -
B ><076 (Borry (liumina) Dep. at 67-65).)

25.3  Customers use [llumina’s array-based genotyping consumables for a wide
range of analyses, including diverse species, disease-related mutations and genetic
characteristics associated with cancer. (PX0061 (Illumina) at 8; see also deSouza

(Illumina) Tr. 2325-26; PX0091 (Illumina) at 24; PX7076 (Berry (Illumina) Dep. at
158).)

25.4  Customers can select from a range of human, animal, and agriculturally
relevant genome panels or create their own custom arrays to investigate millions of
genetic markers targeting any species. (PX0061 (Illumina) at 8; see also PX7076 (Berry
(Ilumina), Dep. at 163—64).)

26.  Services. Illumina provides whole-genome sequencing, genotyping, NIPT, and

roduct support services. (PX0061 (Illumina) at 9; see also Berry (Illumina) Tr. 866—68;
at 24, )
217. Illumina’s CLIA-certified, CAP-accredited laboratory provides human whole-
ienome seiuencing services. (PX0061 (Illumina) at 9; see also _

PX7073 (Aravanis (Illumina) IHT at 32).) Using Illumina’s services, customers
can perform whole-genome sequencing projects and microarray projects (including large-scale

genotyping studies and whole-genome association studies). (PX0061 (Illumina) at 9; see also
PX0091 (Illumina) at 24.)

28. [Nlumina also provides NIPT services through its partner laboratories that direct
samples to [llumina on a test send-out basis in Illumina’s CLIA-certified, CAP-accredited
laboratory. (PX0061 (Illumina) at 9; PX7063 (Berry (Illumina) IHT at 24, 207-08).)

29.  In addition, Illumina also offers support services to customers who have
purchased its products. (PX0061 (Illumina) at 9; see also PX7076 (Berry (Illumina) Dep. at 58—
59, 87-88, 108—109); PX7063 (Berry (Illumina) IHT at 14).)

30. Clinical Applications. Through its Lab Services division, Illumina offers clinical
sequencing services, including NIPT testing, direct-to-consumer (“DTC”) genomic testing, more
recently, COVID testing, and its TruSight series of therapy selection tests, including TSO-500.
(See PX0091 (Illumina) at 17-24.)
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30.1 The first COVID-19 viral sequence was on an Illumina machine and now
genomic surveillance has emerged as a critical tool in the global fight against the
pandemic, with over 70 countries now using [llumina platforms for COVID-19 variant

trackini. iPX03 77 iIlluminai at 2; see also Aravanis (Illumina) Tr. 1950-51; -

4. Research and Development, Marketing and Distribution

31. Research and Development. Illumina has historically made substantial
investments in research and development. (PX0061 (Illumina) at 9; Aravanis (Illumina) Tr.
1949-50; deSouza (Illumina) Tr. 2354-55.) Illumina’s research and development efforts
prioritize continuous innovation coupled with product evolution. (PX0061 (Illumina) at 9;
deSouza (Illumina) Tr. 2328-30, 2353; Aravanis (Illumina) Tr. 1948.)

31.1 Illumina’s research and development expense in 2020, 2019, and 2018
was $682 million, $647 million, and $623 million, respectively. (PX0061 (Illumina) at 9;
Aravanis (Illumina) Tr. 1948; deSouza (Illumina) Tr. 2354.)

31.2 Illumina expects research and development expense to increase during
2021 to support business growth and continuing expansion in research and product-
development efforts. (PX0061 (Illumina) at 9.)

31.3 Illumina’s research and development efforts have enabled Illumina to
dramatically lower the cost of sequencing over time. (deSouza (Illumina) Tr. 2327-31.)

32.  Marketing and Distribution. Illumina markets and distributes its products directly
to customers in North America, Europe, Latin America, and the Asia-Pacific region. (PX0061
(Illumina) at 9; c¢f- deSouza (Illumina) Tr. 2373-74; PX7076 (Berry (Illumina) Dep. at 50).) In
addition, Illumina sells through life-science distributors in certain markets within Europe, the
Asia-Pacific region, Latin America, the Middle East, and Africa. (PX0061 (Illumina) at 9; see
also PX7107 (deSouza (Illumina) Dep. at 79-80).)

5. Competition

33. Illumina faces intense competition, which could render is products obsolete, result
in significant price reductions, or substantially limit the volume of products that [llumina sells.

(PX0061 (Illumina) at 10; see also deSouza (Illumina) Tr. 2331-32, 2385-86; Aravanis
(Illumina) Tr. 1855-58;

34, [llumina competes with third parties that manufacture and market products and
services for analysis of genetic variation and biological function. (PX0061 (Illumina) at 10, 14.)
For instance, these competitors offer products and services for sequencing, SNP genotyping,
gene expression, and molecular diagnostics markets, including PCR platforms, microarray
platforms and proteomics platforms. (PX0061 (Illumina) at 10; see also deSouza (Illumina) Tr.
2318-20; ¢f- Berry (Illumina) Tr. 813.)

35. In some cases, [llumina competes for the resources its customers allocate for
purchasing a wide range of sequencing and non-sequencing products used to analyze genetic
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variation and biological function, some of which are complementary or adjacent to Illumina’s
own; in other cases, [llumina’s products face direct competition as customers choose among
sequencing and non-sequencing products that are designed to address the same use case or

answer the same biological question. (PX0061 (Illumina) at 10; see also deSouza (Illumina) Tr.
2323-26; ﬁ).)

36. Some of Illumina’s competitors have, or will have, substantially greater financial,
technical, research, and other resources than Illumina does, along with larger, more established
marketing, sales, distribution, and service organizations. (PX0061 (Illumina) at 10; see also
deSouza (Illumina) Tr. 2311-12; ¢f. Aravanis (Illumina) Tr. 1857-61.) In addition, they may
have greater name recognition than Illumina does in the markets Illumina addresses, and in some
cases a larger installed base of systems. (PX0061 (Illumina) at 10.)

37.  Illumina expects new competitors to emerge and the intensity of competition to
increase as existing companies develop new or improved products and as new companies enter
the market with new technologies. (Aravanis (Illumina) Tr. 1860-61, 1866; Berry (Illumina) Tr.

813; PX7079 (Flatley (Illumina) Dep. at 57—58); PX2017 (Illumina) at 40, 43;&
; PX0061 (Illumina) at 10, 15.) One or

more of [llumina’s competitors may render one or more of Illumina’s technologies obsolete or
uneconomical. (PX0061 (Illumina) at 15; see also Aravanis (Illumina) Tr. 1854-58.)

38. In the NGS space in particular, [llumina expects there will be intensifying
competition in the near future both from incumbent players and new entrants. (deSouza
(Ilumina) Tr. 2318-20.)

B. GRAIL
1. Overview

39. GRAIL is a healthcare company focused on saving lives and improving health by
pioneering new technologies for early cancer detection. (PX0043 (GRAIL) at 4.) Using its
platform technology, GRAIL has developed a multi-cancer early detection blood test that has
demonstrated in clinical studies the ability to detect more than 50 types of cancer, across all
stages, and localize the cancer signal with a high degree of accuracy, from a single blood draw.
(PX0043 (GRAIL) at 4.)

2. Formation

40. In February 2013, Illumina acquired Verinata, a company that had developed a
noninvasive prenatal test (“NIPT”) for fetal chromosomal abnormalities using a blood sample.
(RX3337 (Illumina) at 1.) In the first 100,000 women that received the non-invasive prenatal
test from Verinata, some unusual signs were identified: in a handful of cases, a signal was
detected in the mother’s blood that was initially believed to be a false signal indicating a genetic
abnormality in the fetus. (Aravanis (Illumina) Tr. 1868—69; see generally RX2547 (Bianchi et
al., 2015).)

41.  Meredith Halks-Miller, the laboratory director at [llumina, approached Illumina’s
leadership about these unusual signals. (PX7048 (Klausner (GRAIL) IHT at 49-50.) Illumina
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formed a team and a program to evaluate these signals to follow up with patients and prescribing
physicians and discovered that these women had undiagnosed cancer. (Aravanis (Illumina) Tr.
1868-69, 1873-74; PX7079 (Flatley (Illumina) Dep. at 35-37; PX7048 (Klausner (GRAIL) IHT
at 49-50.) This discovery led to the realization that early cancer could be detected in the blood.
(Aravanis (Illumina) Tr. 1868—69, 1873—74; PX7079 (Flatley (Illumina) Dep. at 35-37; PX7048
(Klausner (GRAIL) IHT at 49-50.)

42. At the same time, [llumina was developing a liquid biopsy technology to look at
cancer signals in late-stage cancer for the purposes of therapy selection for advanced cancer
patients. (Aravanis (Illumina) Tr. 1869.) There was data from that project which applied to
some early-stage cancer samples that also suggested early-stage cancer detection might be
possible. (Aravanis (Illumina) Tr. 1869.)

43.  Because of the aforementioned discoveries, [llumina decided to pursue the early
detection of cancer in the blood. (Aravanis (Illumina) Tr. 1868—69; PX7079 (Flatley (Illumina)
Dep. at 35-37; PX7048 (Klausner (GRAIL) IHT) at 49-50.)

44. In 2015, Illumina formed GRAIL with the goal of achieving the “holy GRAIL” in
the war on cancer: a test—enabled by Illumina’s sequencing technology—to detect multiple
types of cancer in asymptomatic individuals through a blood draw. (Aravanis (Illumina) Tr.
1872; PX0036 (GRAIL) at 5; PX7079 (Flatley (Illumina) Dep. at 35-37); PX7104 (Aravanis
(Ilumina) Dep. at 159-160).)

45. It was a “moonshot” ambition—as Illumina’s then-CEQO, Jay Flatley (Illumina),
put it at the time, “GRAIL is going after a much more daunting technology, scientific and
biological problem that [no other companies] to [[llumina’s] knowledge . . . have even begun to
address”. (RX3970 (Illumina) at 10.)

46. By forming GRAIL, Illumina hoped to “[a]ccelerat[e] development of the ctDNA
cancer screening market by 10 years”. (RX1914 (Illumina) at 7.) Thus, from the start, [llumina
viewed GRAIL as an extension of its core goal of expanding and accelerating adoption of NGS

technology in new applications, paving the way for NGS-based screening tests and spurrin
innovation. iAravanis (Illumina) Tr. 1870-71, 1905-1907; cf. ﬂ

47. To position GRAIL for its moonshot objective, [llumina seeded GRAIL with the
talent, R&D capabilities, development plans and data it would need to investigate how to use

NGS technology for multi-cancer early detection through foundational, population-scale trials.
(PX7107 (deSouza (Illumina) Dep. at 182-83).)

48. However, GRAIL would also require a substantial amount of capital to conduct
the foundational clinical trials necessary to build the data sets for its machine learning algorithm.
(PX7079 (Flatley (Illumina) Dep. at 92-94); PX7065 (Aravanis (Illumina) Dep. at 62—-64).)

49. Given the high risks of failure at this early stage, Illumina decided to bring in
outside investors to spread the risk while ensuring GRAIL had the capital it needed to move from
concept through clinical trials, and the freedom of a biotech startup to experiment and fail in
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pursuit of its “moonshot” objective. (Aravanis (Illumina) Tr. 1772—73; PX7079 (Flatley
(Illumina) Dep. at 92-94).)

49.1 To that end, in February 2017, [llumina completed a capital raise in
connection with which Illumina reduced its stake in GRAIL to less than 20%. (RX3972
(Ilumina) at 2; RX3984 (Illumina) at 14; see deSouza (Illumina) Tr. 2202.)

50. Although Illumina reduced its investment in GRAIL in 2017, Illumina remained
heavily invested in GRAIL’s success. In addition to its equity stake in GRAIL (around 12% of
GRAIL’s outstanding shares on a fully diluted basis before the transaction closed), Illumina has
a long-term agreement to supply GRAIL with NGS instruments and reagents for its genomic
testing needs, and also had the right to receive approximately {7%} of future net sales of an
GRAIL oncology products or services.

-; see also Aravanis (Illumina) Tr. 1876—77; RX3984 (Illumina) at 14—15.)

3. GRAIL Today

51. By late 2020, GRAIL had built a multi-disciplinary organization of scientists,
engineers, and physicians to use the power of next-generation sequencing (NGS), population-scale
clinical studies, and state-of-the-art computer science and data science to overcome one of
medicine’s greatest challenges: detecting cancer early, when it can be cured. (PX0043 (GRAIL)
at 4; see also Aravanis (Illumina) Tr. 1907; deSouza (Illumina) Tr. 2334-35.)

52. Using GRAIL’s platform technology, GRAIL developed a multi-cancer early
detection blood test that has demonstrated in clinical studies the ability to detect more than 50
types of cancer, across all stages, and localize the cancer signal with a high degree of accuracy,
from a single blood draw. (PX0043 (GRAIL) at 4; see also Aravanis (Illumina) Tr. 1892, 1897;
deSouza (Illumina) Tr. 2335; PX7104 (Aravanis (Illumina) Dep. at 238).)

53.  GRAIL undertook a rigorous, comprehensive, multi-omic discovery approach to
explore and identify the most promising biological hallmarks of cancer. (PX0043 (GRAIL) at 4,
96; see also Aravanis (Illumina) Tr. 1880-81, 1916—-18.)

53.1 GRAIL invested significant capital and resources in its foundational
studies, which have collectively enrolled approximately 115,000 participants, to build
what GRAIL believes are the largest linked datasets of genomic and clinical data in the
cancer field. (PX0043 (GRAIL) at 4, 96; see also PX7083 (Bishop (GRAIL) Dep. at 63);
PX7069 (Bishop (GRAIL) IHT at 191-92).)

54.  Inorder to determine the optimal means of cancer detection, GRAIL compared
the performance of three different NGS approaches—mutations, chromosomal alterations and

methylation patterns—in head-to-head studies. (PX0043 (GRAIL) at 96; see also Aravanis
(Ilumina) Tr. 1880-81;

55.  While all three markers were capable of detecting cancer, GRAIL found that
methylation profiling yielded significantly better results for cancer detection than was observed

by interrogating mutations or chromosomal alterations, alone or in combination. (PX0043
(GRAIL) at 96; see also Aravanis (Illumina) Tr. 1881; Ofman (GRAIL) Tr. 3291-92.)

10
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56. After comprehensive analysis of whole-genome methylation patterns, GRAIL
discovered highly informative and low-noise methylation regions for cancer signal detection and
localization, leading it to develop a targeted methylation approach with superior performance
and lower costs than whole-genome methylation. (PX0043 (GRAIL) at 96; see also Aravanis

(IMlumina) Tr. 1891; Bishop (GRAIL) Tr. 1373; PX7104 (Aravanis (Illumina) Dep. at 182—83,
188); PX7072 at 55,

57. This approach helps solve a core problem in detecting cancer early in
asymptomatic individuals: the low level of cancer signal circulating in the blood. (PX0043
(GRAIL) at 96; ); see also PX0036 (GRAIL) at 7.)

58.  While methylation profiling is the approach GRAIL is using with Galleri, it
continues to evaluate multi-omic approaches including evaluation of additional analytes and
biofluids. (PX0043 (GRAIL) at 96; ; Ofman (GRAIL) Tr.
3301, 3303-04;

4. GRAIL’s Galleri Test

59. GRAIL’s multi-cancer early detection test, Galleri, is designed as a screening test
for asymptomatic individuals over 50 years of age. (PX0043 (GRAIL) at 96; PX7083 (Bishop
(GRAIL) Dep. at 25); PX7069 (Bishop (GRAIL) IHT at 149).) GRAIL commercially launched
Galleri in May 2021 as a laboratory developed test (LDT.) ( Aravanis (Illumina) Tr. 1892;
Freidin Tr. 2968-69.)

60. Galleri has the potential to transform cancer care and population health. (PX0043
(GRAIL) at 5, 97; see also Ofman (GRAIL) Tr. 3279-80; PX7092 (Ofman (GRAIL) Dep. at 22.)

61. GRAIL has demonstrated that the Galleri test can identify over 50 types of
cancers, over 45 of which lack recommended screenings. (PX0043 (GRAIL) at 97, 5; see also
Ofman (GRAIL) Tr. 3312; Section LA infra).)

62. Data shows that when Galleri detects cancer, it is also able to localize the cancer
signal with high accuracy. (See Bishop (GRAIL) Tr. 1387, ||| )

62.1 In the second sub-study (CCGA-2) of GRAIL’s foundational Circulating
Cell-Free Genome Atlas Study (CCGA), when a cancer signal was detected, an earlier
version of Galleri localized the cancer signal in 96% of the samples, and of these, Galleri

correctli localized the cancer signal in 93%. (PX0043 (GRAIL) at 5, 97; - -

62.2  Early data also suggested that indolent cancers are unlikely to be detected
by Galleri, potentially reducing the problem of treating over-diagnosed cancers.
(PX0043 (GRAIL) at 97, 5; see also Ofman (GRAIL) Tr. 3289-3290.)

62.3 Below is a summary of the results from the CCGA study (GRAIL S-1
Registration Statement) at 97, 5):
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Cancer types detected

34% Positive predictive value in unscreened cancers
Al (modeled)

(\WASll False positive rate
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62.4 In those over age 50, Galleri demonstrated a 66% detection rate of Stage II

cancers for which there are no current recommended screenings. (PX0043 (GRAIL) at

98.)

62.5

Galleri could be integrated directly into the existing healthcare pathways

delivered to 40 million patients a year who are already going to a physician for their

standard-of-care cancer screening. (PX0043 (GRAIL) at 98.)

63. GRAIL has developed a cancer epidemiology forecast model to estimate the
potential impact of multi-cancer early detection testing on cancer stage shift and mortality

reduction. (PX0043 (GRAIL) at 6, 98.)

64. Based on the performance of Galleri in the CCGA-2 study and using 2006 to 2015
SEER data for ages 50—79, GRAIL estimates that by adding Galleri to diagnosis by usual care,
there is potential to detect nearly 70% of cancers resulting in death within five years at an earlier
stage (excluding cancers that grow too quickly to be detected by any screening program), which

would translate to averting potentially 100,000 deaths annually, or 39% o
ﬁected if not for early detection by Galleri. (PX0043 (GRAIL) at 6, 98;

)

12
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of cancers in early stages could potentially avert 100K deaths annually
ey r - Proportion of 5-year deaths
MEE Rt g TRk averted in detected cancers
39%
i =
T 5 . W Averted Deaths
WGaller Clinical
Modeling the addition of Galleri to standard
US screening
65. Galleri has the potential to dramatically increase population early cancer

detection, reducing the attendant morbidity, mortality and costs of late-stage cancer diagnoses.
(PX0043 (GRAIL) at 6, 98; see also Ofman (GRAIL) Tr. 3280-81; PX7069 (Bishop (GRAIL)
IHT at 24, 204.)

66. It has been estimated that a 1% reduction in cancer mortality in the United States
would be worth $695 billion in today’s dollars from increased quality of life, productivity and
survival. (PX0043 (GRAIL) at 6, 98.)

66.1 This estimate does not include intangible benefits such as the decreased
emotional burden to family, friends and caregivers. (PX0043 (GRAIL) at 6, 98.)

5. Barriers to Commercial Success

67. While GRAIL has enormous promise, it must overcome several barriers to
achieve success as it shifts its focus from research and development to commercialization.
(PX0043 (GRAIL) at 20—-69; Bishop (GRAIL) Tr. 1413—14; PX7069 (Bishop (GRAIL) Dep. at
186).)

68. GRALIL is subject to numerous business and industry risks. For example:

68.1 GRAIL is operating in a rapidly evolving field and has a limited operating
history, which makes it difficult to evaluate GRAIL’s current business and predict
GRAIL’s future performance. (PX0043 (GRAIL) at 11, 20; see also Bishop (GRAIL) Tr.
1414.)

68.2  GRAIL may not be successful in transitioning its products to a new or
enhanced version or iteration, since product development involves a lengthy and complex
process and GRAIL may be unable to commercialize, validate, or improve performance
of any of its products on a timely basis, or at all. (PX0043 (GRAIL) at 11, 20; see also
Bishop (GRAIL) Tr. 1415.)

13
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68.3  GRAIL has only limited sales and marketing infrastructures and no
experience as a company in the sale, marketing, and distribution of screening or
diagnostic tests. (PX0043 (GRAIL) at 35; see also Bishop (GRAIL) Tr. 1420-21.)

68.4  Factors that may inhibit GRAIL’s efforts to broadly commercialize any of
its products include:

e GRAIL’s inability to recruit and retain adequate numbers of effective
sales, marketing, reimbursement, customer service, medical affairs, and
other support personnel;

¢ the inability of sales personnel to persuade adequate numbers of
customers, including healthcare systems and healthcare providers, to use
GRAIL’s products;

e the inability to price GRAIL’s products at a price point sufficient to ensure
an adequate and attractive level of profitability;

e GRAIL’s inability to effectively market to, collaborate with, and secure
coverage and reimbursement from third-party payors;

e GRAIL’s failure to comply with applicable regulatory requirements
governing the sale, marketing, reimbursement, and commercialization of
its products; and

e unforeseen costs and expenses associated with creating an independent
commercial organization. (PX0043 (GRAIL) at 35; see also Bishop
(GRAIL) Tr. 1420-21.)

68.5 GRAIL is at a delicate and risky inflection point as it transitions from a
company that up until recently was exclusively an R&D company; GRAIL will need to
build different types of teams; serve customers; continue to develop technologies,
including screening technologies and other new types of tests. (Bishop (GRAIL) Tr.
1367-68.)

68.6  GRAIL has incurred significant net losses in each period since GRAIL’s
inception and anticipate that it will continue to incur net losses for the foreseeable future.
(PX0043 (GRAIL) at 11, 20.)

68.7  But for the Transaction, GRAIL may have failed to obtain additional
financing and may be unable to expand its commercialization efforts with respect to
Galleri and DAC and develop additional products. (PX0043 (GRAIL) at 29; Bishop
(GRAIL) Tr. 1372; 1418; Freidin (GRAIL) Tr. 3052-53.)

]

14
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68.9  Clinical trials are necessary to validate GRAIL’s investigational products
to launch them as LDTs and to support future product submissions to FDA. (PX0043
(GRAIL) at 11, 22.) The clinical trial process is lengthy and expensive with uncertain
outcomes, and often requires the enrollment of large numbers of patients, and suitable
patients may be difficult to identify and recruit. (PX0043 (GRAIL) at 11, 22; see also

Aravanis iIlluminai Tr. 1878-80; PX7130 (Deverka Dep. at 72, 89, 92); cf.

68.10 GRAIL has encountered delays and may encounter substantial delays in its
clinical studies, including due to COVID-19, and may therefore be unable to complete its
clinical studies on the timelines it expects, if at all, which could materially and adversely
impact its ability to launch its products and seek regulato
(PX0043 (GRAIL) at 11, 22;

Aravanis (Illumina) Dep. at 75-76, 268—69);

; PX7104

68.11 GRAIL is building a new laboratory to ensure capacity to meet future
demand and reduce the cost of its test; is investing in robotics and other improvements
and will need to obtain regulatory approval for these processes. (Bishop (GRAIL) Tr.
1368-69.)

68.12 Even if GRAIL commercially launches its products, it may fail to achieve
the degree of market acceptance necessary for commercial success. (PX0043 (GRAIL) at
11, 24; PX7066 (Freidin (GRAIL) IHT at 97).)

68.13 GRAIL has never generated revenue from product sales, does not expect
any near-term revenue to offset its ongoing operating expenses, and may never be

iroﬁtable. iPXOO43 iGRAILi at 11, 25-26; PX7069 (Bishop (GRAIL) IHT at 191);

68.14 GRAIL may be unable to develop and commercialize new products.
(PX0043 (GRAIL) at 11, 26-27; see also Bishop (GRAIL) Tr. 1414-15.)

68.15 One of the key elements of GRAIL’s strategy is to expand access to
GRALIL’s tests by pursuing reimbursement and coverage from third-party payors.
(PX0043 (GRAIL) at 27; see also Bishop (GRAIL) Tr. 1416-17.)

68.16 If GRAIL’s products do not receive adequate coverage and reimbursement
from third-party payors, its ability to expand access to its tests beyond its initial sales
channels and its overall commercial success will be limited. (PX0043 (GRAIL) at 27;
Bishop (GRAIL) Tr. 1416-18.)

68.17 If GRAIL’s competitors’ products do not perform as intended, the market
for GRAIL’s products could be impaired. (PX0043 (GRAIL) at 28.)

69. GRALIL is subject to regulation and legal compliance risks. For example:

15
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69.1 GRAIL launched Galleri initially as an LDT. (PX0043 (GRAIL) at 41;
see also Ofman (GRAIL) Tr. 3317, ||l PX7108 (Freidin (GRAIL) Dep. at 96);
PX7069 (Bishop (GRAIL) Dep. at 65).)

69.2 If FDA were to end or modify its current policy of enforcement discretion
on LDTs, or if Congress were to enact legislation that changes the current requirements
for LDTs, GRAIL may no longer be able to market Galleri without FDA premarket
approval, which could result in substantial costs and delays. (PX0043 (GRAIL) at 41;
see also Ofman (GRAIL) Tr. 3317-20; ¢f. Bishop (GRAIL) Tr. 1323, 1345.)

69.3  The regulatory clearance or approval processes of FDA and comparable
foreign regulatory authorities are lengthy, time-consuming, and unpredictable. (PX0043

(GRAIL) at 43; see also Bishop (GRAIL) Tr. 1411); PX7069 (Bishop (GRAIL) IHT at
64—65); PX7048 (Klausner (GRAIL) IHT at 119-20); cf-
“)

69.4 If GRAIL is ultimately unable to obtain any necessary or desirable
regulatory approvals or clearances, or if such approvals or clearances are significantly

delayed, its business will be substantially harmed. (PX0043 (GRAIL) at 43; PX7104
(Aravanis (Illumina) Dep. at 289); - *

69.5 GRAIL’s multi-cancer detection tests are a new approach to cancer
screening, which present a number of novel and complex issues for FDA review.
(PX0043 (GRAIL) at 21, 44; ) Because FDA
has never cleared or approved a multi-cancer detection test, it is difficult to predict what
information GRAIL will need to submit to obtain pre-market approval (PMA) from FDA
for a proposed intended use, or if GRAIL will be able to obtain such approval on a timely
basis or at all. (PX0043 (GRAIL) at 21, 44;

); PX7065 (Aravanis (Illumina) IHT at 177); Bishop (GRAIL) Tr. 1421.)

69.6  GRAIL’s use and disclosure of personal information, including
individually identifiable health information, biologic samples and related data are subject
to federal, state and foreign privacy and security regulation. (PX0043 (GRAIL) at 45.)
Data privacy rules are evolving and new legislation concerning privacy and data use may
limit GRAIL’s ability to use such data and specimens. (PX0043 (GRAIL) at 45.)
GRAIL’s failure to comply with privacy and security requirements or to adequately
secure such information could result in significant liability, administrative or
governmental penalties, and/or reputational harm and, in turn, substantial harm to its
business and results of operations. (PX0043 (GRAIL) at 45.)

69.7 If GRAIL or its partners fail to comply with federal, state, and foreign
laboratory and other applicable licensing and registration requirements, GRAIL could be
prevented from performing its tests or experience disruptions to its business. (PX0043
(GRAIL) at 47; Ofman (GRAIL) Tr. 3317-18; PX7092 (Ofman (GRAIL) Dep. at 178—
79); PX7069 (Bishop (GRAIL) Dep. at 196); cf- PX7104 (Aravanis (Illumina) Dep. at
74-76).)

16
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69.8  Any product for which GRAIL obtains regulatory clearance or approval
will be subject to extensive ongoing regulatory requirements, and GRAIL may be subject
to penalties if it or its partners fail to comply with regulatory requirements or if GRAIL
experiences unanticipated problems with its products. (PX0043 (GRAIL) at 49.)

69.9 To obtain and maintain FDA approvals or clearances, GRAIL’s products
will need to be manufactured in accordance with federal and state regulations, and it
could be forced to recall its devices or terminate production if it or its partners fail to
comply with these regulations. (PX0043 (GRAIL) at 50-51.)

69.10 Healthcare reform measures, including recently enacted legislation
reforming the U.S. healthcare system, and data protection measures, could significantly
harm GRAIL’s business, operations and financial condition. (PX0043 (GRAIL) at 51.)

C. The Transaction
1. Overview

70. On September 21, 2020, [llumina and GRAIL announced they had entered into a
definitive agreement under which Illumina would acquire GRAIL for cash and stock
consideration of $8 billion upon closing of the transaction. (PX0122 (Illumina) at 1; RX3349
(GRAIL) at 1; RX3971 (Illumina) at 293; PX0378 (Illumina) at 3-4.)

70.1  In addition, GRAIL stockholders were to receive future payments
representing a tiered single digit percentage of certain GRAIL-related revenues.
(PX0122 (Illumina) at 1; RX3349 (GRAIL) at 1; RX3971 (Illumina) at 293; PX0378
(Ilumina) at 3.)

70.2  The Boards of Directors of Illumina and GRAIL approved the agreement.
(PX0122 (Illumina) at 1; RX3349 (GRAIL) at 1; RX3971 (Illumina) at 293.)

71.  Under the terms of the agreement, at closing, GRAIL stockholders (including
I[llumina) were to receive total consideration of $8 billion, consisting of $3.5 billion in cash and
$4.5 billion in shares of Illumina common stock, subject to a collar. (PX0122 (Illumina) at 2;
RX3349 (GRAIL) at 2; PX0061 (Illumina) at 30.)

71.1  Illumina currently holds 14.5% of GRAIL’s shares outstanding, and
approximately 12% on a fully diluted basis. (PX0122 (Illumina) at 2; RX3349 (GRAIL)
at 3.)

71.2  The collar on the stock consideration was to ensure that GRAIL
stockholders excluding Illumina would receive a number of Illumina shares equal to
approximately $4 billion in value if the 20 trading-day volume weighted average price of
[llumina stock as of 10 trading days prior to closing is between $295 and $399. (PX0122
(ITlumina) at 2; RX3349 (GRAIL) at 2; RX3971 (Illumina) at 2, 294.)

71.3  GRAIL stockholders excluding Illumina were to receive approximately
9.9 million Illumina shares if the 20 trading-day volume weighted average price of
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Illumina stock as of 10 trading days prior to closing was above $399 and approximately
13.4 million [llumina shares if the 20 trading-day volume weighted average price of
Illumina stock as of 10 trading days prior to closing was below $295. (PX0122
(Illumina) at 2; RX3349 (GRAIL) at 3; RX3971 (Illumina) at 294.)

71.4  Upon closing of the transaction, current [llumina stockholders are
expected to own approximately 93% of the combined company, while GRAIL
stockholders are expected to own approximately 7% based on the mid-point of the collar.
(PX0122 (Illumina) at 2; RX3349 (GRAIL) at 3; RX3971 (Illumina) at 294.)

72. In connection with the transaction, GRAIL stockholders were also to receive
contingent value rights, which would entitle holders to receive future payments representing a
pro rata portion of certain GRAIL-related revenues each year for a 12 year period. (PX0122
(Illumina) at 3; RX3349 (GRAIL) at 3; RX3971 (Illumina) at 6; PX0061 (Illumina) at 66.)

72.1  This will reflect a 2.5% payment right to the first $1 billion of revenue
each year for 12 years. (PX0061 (Illumina) at 66). Revenue above $1 billion each year
would be subject to a 9% contingent payment right during this same period. (PX0122
(Illumina) at 3; RX3349 (GRAIL) at 3; RX3971 (Illumina) at 4, 143, 295; PX0061
(Ilumina) at 5, 31, 36, 66.)

72.2  Illumina offered GRAIL stockholders the option to receive additional cash
and/or stock consideration, in an amount to be determined prior to closing, in lieu of the
contingent value rights. (PX0122 (Illumina) at 3; RX3349 (GRAIL) at 3; RX3971

(Ilumina) at 2, 295; PX0061 (Illumina) at 36, 66.) Forty percent of shares outstandin
have opted for the CVR Consideration.
2. Strategic Benefits

73. There are numerous strategic benefits of the transaction, including (1) saving of
thousands of lives, (2) acceleration of market access to Galleri, (3) R&D efficiencies, (4)
reduction of GRAIL’s royalty burden, (5) elimination of double marginalization and (6) supply
chain efficiencies, operational efficiencies and acceleration of international expansion of Galleri.
(See deSouza (Illumina) Tr. 2341-80; Aravanis (Illumina) Tr. 1934-70; Febbo (Illumina) Tr.
4332-72; Qadan (Illumina) Tr. 4158-63; Flatley (Illumina) Tr. 4082—89; Bishop (GRAIL) Tr.
1415-32; Ofman (GRAIL) Tr. 3283-84; 3307-08; 3320—21;*

.; Freidin (GRAIL) Tr. 2973-74; 2986, 2999, 3007-08.)
3. Consummation of the Deal

74. On August 18, 2021, Illumina consummated the transaction, but committed to
holding GRAIL as a separate company during the European Commission’s ongoing regulatory
review. (PX0377 (Illumina) at 1; see also deSouza (Illumina) Tr. 2234-38.)

75.  Regulators in the EU were still reviewing the transaction, but a decision was
projected after the deal expires. (PX0377 (Illumina) at 1; see also deSouza (Illumina) Tr. 2235—
38, 2475-77.)
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76. GRALIL has no business in the EU, and Illumina believes that the European
Commission does not have jurisdiction to review the merger as the EU merger thresholds are not

met, nor are they met in any EU member state. (PX0377 (Illumina) at 1; see also deSouza
(Ilumina) Tr. 2235-38, 2339—40; PX0378 (Illumina) at 3—4.)

76.1  The General Court of the European Union is expected to decide Illumina’s
jurisdictional challenge some time in 2022. (PX0377 (Illumina) at 1; see also deSouza
(IMlumina) Tr. 2235-38, 2339-40; PX0378 (Illumina) at 4.)

77. There was no legal impediment to Illumina acquiring GRAIL in the US. Illumina
believes the reasons to reunite the two companies are compelling:

77.1  The deal will save lives. Cancer kills around 10 million people annually
worldwide and 600,000 people in the US alone. (PX0377 (Illumina) at 1; see also
deSouza (Illumina) Tr. 2372.)

77.2  Cancers responsible for nearly 71% of cancer deaths have no
recommended early detection screening, and most cancers are detected when chances of
survival are lower. (PX0377 (Illumina) at 1; ¢f. Aravanis (Illumina) Tr. 1904.)

77.3  Illumina believes there is a moral obligation to have the deal decided by a
thoughtful and full review by the EU regulators and the US courts; this can only be done
if [llumina acquires GRAIL now. (PX0377 (Illumina) at 1; see also deSouza (Illumina)
Tr. 2339-40.)

77.4  Otherwise, the company is locked into a situation where the deal terms
will expire before there is a chance for full review; the clock will just run out. (PX0377
(Ilumina) at 1; see also deSouza (Illumina) Tr. 2475-77.)

77.5 Right now, the Galleri test is available but costs $950 because it is not
covered by insurance. (PX0377 (Illumina) at 1; see also deSouza (Illumina) Tr. 2342.)

77.6  Reuniting the two companies is the fastest way to make the test broadly
available and affordable. (PX0377 (Illumina) at 1; see also deSouza (Illumina) Tr. 2341—
43.)

77.7 Illumina’s expertise in market development and access has resulted in
coverage of genomic testing for over 1 billion people around the world already. (PX0377
(Ilumina) at 2; see also deSouza (Illumina) Tr. 2342—43.)

77.8  This experience will help lead to coverage and reimbursement for the
Galleri test. (PX0377 (Illumina) at 2; see also deSouza (Illumina) Tr. 2341-43.)

77.9  GRAIL and Illumina have a long history. Illumina formed GRAIL and
spun it out in 2016. (PX0377 (Illumina) at 2; see also deSouza (Illumina) Tr. 2195-96.)
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77.10 GRAIL’s first employees were part of I[llumina, which still owns 12

ercent of the company. (PX0377 (Illumina) at 2; see also Flatley (Illumina) Tr. 4094;
152-53, |-

77.11 GRAIL and Illumina are not competitors. (PX0377 (Illumina) at 2;
PX7073 (Aravanis (Illumina) IHT at 80).)

77.12 Based on past experience, when Illumina enters a market, the market
expands. (PX0377 (Illumina) at 2; see also deSouza (Illumina) Tr. 2392-94.) When
[llumina entered the non-invasive prenatal testing space, prices dropped, reimbursement
expanded, the number of providers increased, and more expectant parents had access to
testing. (PX0377 (Illumina) at 2; see also deSouza (Illumina) Tr. 2392-94.)

77.13 Illumina’s acquisition of GRAIL is driven by the belief that Galleri should
be available to as many people as possible as quickly as possible. (PX0377 (Illumina) at
2; see also deSouza (Illumina) Tr. 2342.) From fighting the COVID-19 pandemic to
matching cancer patients to therapies, [llumina’s mandate is to save lives and transform
healthcare. (PX0377 (Illumina) at 2.)

II. BACKGROUND
A. Oncology Overview
1. Cancer and Cancer Stages

78. Cancer affects one in three people in the United States. (RX3035 (ACS)at 1.) 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. (RX3103 (CDC); see also Cote Tr. 3728-29.)

79.  Cancer has been found in all organs of the human body and is typically named for
the part of the body where the cancer originated. (See RX3103 (CDC); RX3035 (ACS).)

80. Breast, prostate, lung, and colorectal are the most common cancer types. (RX3103
(CDC).)
81. Cancer is characterized by the development of abnormal cells that divide

uncontrollably. (RX3449 (Mayo Clinic) at 2; RX3869 (Cote Expert Report) 4 26). Cancers are
understood to be caused by accumulated changes or mutations to the DNA inside cells.
(RX3449 (Mayo Clinic) at 1-2; RX3869 (Cote Expert Report) 4 26.)

81.1  Often these changes are to genes that control cellular functions, such as
those controlling cell growth and division, or DNA repair. (RX3449 (Mayo Clinic) at 1—
2))

82. Increasing evidence suggests that cancer may be caused by genomic and

epigenomic changes to DNA, including DNA methylation. (RX3401 (Kamel and Bagader Al-
Amodi 2016) at 3; Cote Tr. 3733.)
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82.1 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. (RX3449
(Mayo Clinic) at 2; (RX3506 (National Cancer Institute) at 3; RX3869 (Cote Expert
Report) 9] 26.)

83.  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.” (Cote Tr. 3736; PX7131 (Cote Dep. at 137-138); RX3869 (Cote Expert Report) 9 26,
n.21.)

84.  Asaresult of the genomic and epigenomic changes to the DNA, cancer cells
differ from normal cells in that they undergo rapid and uncontrolled growth. (RX3449 (Mayo
Clinic) at 2.) Such uncontrolled growth leads to the formation of tumors. (RX3869 (Cote Expert
Report) 4 27; see also RX3449 (Mayo Clinic).)

85.  As these abnormal cells continue to grow and divide, cancer cells may spread
(metastasize) to other parts of the body from where the cancer originated. (RX3449 (Mayo
Clinic) at 4; RX3869 (Cote Expert Report) 9 27.)

86. As cancers progress, the cancer cells can enter the blood stream and the lymphatic
system (lymph nodes), in a process called “metastasis”. (RX3869 (Cote Expert Report) 4 27;
RX3506 (National Cancer Institute).)

87.  As cancer cells first enter the blood, 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. (Cote Tr. 3733; PX7131 (Cote Dep. at 59-61); RX3869 (Cote Expert
Report) 4 27.)

88. 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 size and amount of spread into nearby
tissue, its spread into lymph nodes, and metastatic status. (RX3031 (ACS); Cote Tr. 3730-33;
RX3869 (Cote Expert Report) § 28, n.25.)

89. Stages of cancers are determined based on how much cancer there is in a patient’s
body and where it’s located. (RX3031 (ACS) at 1; (Cote Tr. 3730-3732; RX3869 (Cote Expert
Report) 4 28.) Cancer is commonly divided into five stages:

89.1  Stage 0 can also refer to a cancer that has not yet invaded into surrounding
normal tissue, which is also called carcinoma in situ. (Cote Tr. 3730-31; RX3869 (Cote
Expert Report) § 28.) 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. (Cote Tr.
3730-31; RX3869 (Cote Expert Report) 9 28, n.26.)
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89.2  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. (Cote Tr. 3731;
RX3869 (Cote Expert Report) § 28.)

89.3  Stage Il is still an early stage cancer, but the cancer is larger, and it may
also have metastasized to regional lymph nodes. (Cote Tr. 3731; RX3869 (Cote Expert
Report) 9 28.)

89.4  Stage Il means the cancer is larger, has penetrated more deeply in to the
organ of origin, and has spread to lymph nodes. (Cote Tr. 3730-32; RX3869 (Cote
Expert Report) 9] 28.)

89.5 Stage IV, which is also called advanced or metastatic cancer, means the
cancer has spread (metastasized) to other parts of the body. (Cote Tr. 3731; RX3869
(Cote Expert Report) 9 28.)

90. At its earliest stages, particularly Stages 0, I and II, cancer generally does not
cause symptoms. (RX3869 (Cote Expert Report) 9 29; see also Cote Tr. 3730-3732.) By the
time symptoms develop, the cancer has very often progressed to Stages III or IV. (RX3869 (Cote
Expert Report) § 29; see also Cote Tr. 3730-30.)

91. 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. (RX3031 (American
Cancer Society, Cancer Staging) at 1; RX3869 (Cote Expert Report) q 30.)

92. The earlier a cancer can be detected, the higher the cure rate.

; Cance (ACS) Tr. 600-01, 606—08; PX7086 (Cance (ACS) Dep. at 81, 97)

RX3869 (Cote Expert Report) § 31.) Because of this, detecting cancer at earlier stages has been
the focus of intense rescarch by the scienific community. [T

Bl Cote Tr. 3719-21; RX3869 (Cote Expert Report) § 31.)

92.1 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. (Cote Tr. 3731-32; RX3869 (Cote Expert Report) §
31). Stage III cancer has a much lower cure rate. (Cote Tr. 3731-32; RX3869 (Cote
Expert Report) § 31).

92.2  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. (Cote Tr.
3731; RX3869 (Cote Expert Report) § 31.) Patients diagnosed with Stage IV cancer only
account for approximately 18% of total cancer cases, but represent up to 48% of deaths
caused by cancer within five years of diagnosis. (RX3178 (Hubbell et al., 2020) at 1.)

93.  Epidemiologically speaking, a cancer patient’s survival rates and prognosis
correlates to the stage of cancer at the time of the diagnosis. (Cote Tr. 3730-32; RX3869 (Cote
Expert Report) § 32.) 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.
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; Cance (ACS) Tr. 600-01, 606—08; PX7086 (Cance (ACS)
Dep. at 81, 97; Cote Tr. 3730-32; RX3869 (Cote Expert Report) 4 32.)

93.1 In breast, colorectal, and prostate cancer, patients diagnosed at Stages [-III
have average five-year survival rates between 70% and nearly 100%, while patients with
the same types of cancer who are diagnosed at Stage IV experience five-year survival
rates of only 14-30%. (RX3504 (SEER) at 4-5; RX3503 (SEER) at 4-5; RX3505
(SEER) at 4-5; RX3869 (Cote Expert Report) 9 32.)

Figure 2: Five-Year Survival Correlated With Stage At Diagnosis
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(RX3869 (Cote Expert Report) Figure 1.)

94, It is well understood that the rate of death for certain cancers, in particular breast,
prostate, lung and colon cancer, has declined over the past few decades in the U.S. (RX3033
(ACS) at 2.) This is almost entirely due to earlier detection of these tumor types by routine
screening. (RX3869 (Cote Expert Report) 9 32; see also RX3033 (ACS) at 2.)

95. 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. (PX0125 (ACS) at 4, Figure 1, 20, Table 7; RX3869 (Cote
Expert Report) 9 32.)

96. Most types of cancers do not currently have effective screening technologies
again highlighting the need for better methods of early detection. ﬂ

; Cote Tr. 3728-3729; RX3869 (Cote Expert Report) 4 32.)
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2. Biomarkers for Cancer Testing

97. Currently, many companies and academic groups are researching methods for
early cancer screening. “; Cote Tr. 3719-21; RX3869
(Cote Expert Report) 4 33.) Many of these methods detect biomarkers that indicate or suggest
the presence of cancer. (Cote Tr. 3733; RX3869 (Cote Expert Report) q 33.)

98.  Asaresult 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). (RX3449 (Mayo Clinic) at 2; PX7131 (Cote Dep. at 60); RX3869 (Cote Expert
Report) 4 34.)

99.  Such uncontrolled cell division and proliferation result in further genomic and
epigenomic changes to the cancer cells. (RX3449 (Mayo Clinic) at 2); PX7131 (Cote Dep. at
59-61); RX3869 (Cote Expert Report) 9 34.)

100.  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. (RX3401 (Kamel, Cancer Biomarkers); Cote Tr. 3733; PX7131 (Cote Dep. at 59—
61); RX3869 (Cote Expert Report) 9 39.)

101.  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. (RX3401 (Kamel, Cancer Biomarkers) at
I; Cote Tr. 3733; PX7131 (Cote Dep. at 59-61); RX3869 (Cote Expert Report) q 39.)

102.  Similarly, exosomes and their constituent components may also be used as a
biomarkers for cancer patients. (RX3165 (Dai, Exosomes: Key Players in Cancer and Potential
Therapeutic Strategy) at 2; PX7131 (Cote Dep. at 111-12); RX3869 (Cote Expert Report) 9 39.)

103. Many tests in routine use today may be used to detect cancer biomarkers.
(RX3869 (Cote Expert Report) q 40). Detection of cancer biomarkers is commonly used to help
screen for early stage cancer, for example, detection of Prostate Specific Antigen (“PSA”) in the
blood for prostate cancer. (Cance (ACS) Tr. 606—07, 622-23; Cote Tr. 3729-30; RX3869 (Cote
Expert Report) 9 40.)

104. 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. (Cote Tr. 3733, 3735-36; RX3869 (Cote Expert Report) 9 40.)

105.  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. (PX7131 (Cote
Dep. at 59-61); RX3869 (Cote Expert Report) §41.)

106. 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. (PX7131 (Cote Dep. at
59); Cote Tr. 3734-36; RX3869 (Cote Expert Report) §41.) Thus, detection of biomarkers that
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indicate the presence of an early stage, potentially curable cancer, has been technically very
challenging. (Cote Tr. 3735-36; RX3869 (Cote Expert Report) 41.)

a. DNA Biomarkers

107. DNA biomarkers, also called genomic biomarkers, are among the most common
biomarkers for cancer used by researchers and test developers today. (RX3869 (Cote Expert

Report) §42.) DNA biomarkers from cancer cells may be identified in various types of samples
from a cancer patient. ﬁ; Cance (ACS) Tr. 609-10; RX3869

(Cote Expert Report) §42.)

107.1 DNA biomarkers may be extracted and evaluated directly from tissue
biopsy samples. (RX3869 (Cote Expert Report) § 43). DNA biomarkers may also be
found in bodily fluids, such as blood, urine, saliva and sputum samples. (Cance (ACS)
Tr. 609—-10; RX3869 (Cote Expert Report) 4 43).

107.2 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”). (Cance (ACS) Tr. 609; RX3869 (Cote
Expert Report) 4 43.)

107.3 DNA biomarkers may be used to identify both genomic and epigenomic
changes that may be relevant for cancer. (Cote Tr. 3733; RX3869 (Cote Expert Report)
44.) Genomic changes include gene mutations, amplifications, and chromosomal
rearrangements. (Cote Tr. 3733; RX3869 (Cote Expert Report) q 44.)

107.4 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 modifications and DNA
methylation. (Cote Tr. 3733; RX3869 (Cote Expert Report) q 45.)

107.5 These epigenomic changes have been of intense interest in the scientific
community, and are now believed to be crucial in cancer formation and progression.
; Cance (ACS) Tr. 612—13; Cote Tr. 3733; RX3869
(Cote Expert Report) 9 45.)

108. 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, as well as
fluorescence in situ hybridization (“FISH”). (Cote Tr. 3736-37; RX3869 (Cote Expert Report)
46.)

b. RNA Biomarkers

109. RNA biomarkers are another type of biomarker, which are also called
transcriptomic biomarkers. *; Cance (ACS) Tr. 609; Cote

Tr. 3733; RX3869 (Cote Expert Report) 4 47.)
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110.  As with DNA biomarkers, RNA biomarkers may also be extracted and evaluated
from tissue and liquid biopsy samples. (RX3869 (Cote Expert Report) q 48.) 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”). (Cote Tr. 3733; RX3869 (Cote
Expert Report) 9] 48.)

111.  Often, the genomic and epigenomic changes to the DNA in cancer cells may be
reflected in the RNA biomarkers. (Cote Tr. 3733; RX3869 (Cote Expert Report) 4 48.)

112.  As with DNA biomarkers, many technologies have been used to detect the
genomic and epigenomic changes in cancer RNA biomarkers. (Cote Tr. 3736-37; RX3869
(Cote Expert Report) 9 49).

113.  Such changes in RNA biomarkers may be detected directly using microarray,
RNA in situ hybridization (“RNA ISH”) and circulating cancer cell RNA imaging. (Cote Tr.
3736-3737; RX3869 (Cote Expert Report) 9 49).

114.  Alternatively, messenger RNAs (“mRNAs”’) may be first reverse-transcribed into
complementary DNA (“cDNA”), and then the genomic and epigenomic changes may be detected
using the same methods for DNA biomarkers, such as RT-PCR, and sequencing. (Cote Tr.
3736-37; RX3869 (Cote Expert Report)  49.)

114.1 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. (Cote Tr. 3753-54;
PX7131 (Cote Dep. at 124-26, 205-06); RX3869 (Cote Expert Report) 4 49 n.38.)

114.2 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. (Cote Tr. 3745; RX3869 (Cote Expert Report)
149 n.38.)

114.3 Another non-bisulfite method to determine DNA methylation has also
been developed. (RX3431 (Liu et al., 2019) at 2—-3; RX3869 (Cote Expert Report) 9 49,
n.38.)

c. Protein Biomarkers

115.  Protein biomarkers, also called proteomic biomarkers, are also commonly used as
cancer biomarkers. (Cance (ACS) Tr. 612—13, 632; Cote Tr. 3736-37; RX3869 (Cote Expert
Report) 4 51.)

116. 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. (RX3869 (Cote Expert
Report) 4 52).
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117.  Protein biomarkers may be examined in bodily fluids, or at a cell, tissue, organ,
system, or the whole-body level. (Cance (ACS) Tr. 632; Cote Tr. 3733; RX3869 (Cote Expert
Report) 4 52.)

118.  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. (RX3274 (Gorelik et al.,
2005) at 3; RX3412 (Kozak et al., 2003) at 1; RX3466 (Mor et al., 2005) at 1; Cote Tr. 3735—
37.)

119. 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. (Cote Tr. 3735-36; RX3869 (Cote Expert Report) 9 53.)

d. Metabolite Biomarkers

120. Metabolite biomarkers, also called metabolomic biomarkers, are presently used
less frequently than DNA, RNA and protein biomarkers. (RX3869 (Cote Expert Report) q 54).
Metabolite biomarkers are direct representations of cancer phenotypes and how a cell’s
metabolic pathways or processes change can have direct implications on whether the cell is
cancerous. (RX3869 (Cote Expert Report) q 54.)

120.1 Metabolite biomarkers include lipids, carbohydrates, nucleotides, and
many other low-molecular-weight chemicals, and can be detected in tissue biopsy
samples, body fluids, and even in breath through detection of cancer volatile organic
compounds (“VOC”) markers. (Cance (ACS) Tr. 609-10, 612—-13; PX7131 (Cote Dep.
at 112); RX3869 (Cote Expert Report) 4 54.)

e. Exosome Biomarkers

121.  Exosomes are best defined as small (40—100 nm) extracellular vesicles that are
released from cells, whose membranes (walls) are composed of the plasma membrane of the cell
and contain a variety of cellular components, including DNA, RNA, proteins and metabolites.
(RX3184 (Edgar 2016) at 1)

121.1 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. (RX3745 (Wong, et al., 2019) at 2, 5; PX7131 (Cote Dep. at 111-12);
RX3869 (Cote Expert Report) § 56.)
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B. Clinical Oncology Tests and Testing Modalities

122.  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. (Cote Tr. 3728-30, 3736-37;
RX3869 (Cote Expert Report) § 57.)

1. Types of Clinical Oncology Tests

123.  Cancer screening and other tests using blood samples are referred to as “liquid
biopsy” tests, even though tests of other body fluids (e.g., urine) can sometimes also be referred
to as liquid biopsy. ; Cance (ACS) Tr. 608-09;

; RX3869 (Cote Expert Report) 9 59.)

124.  Because of the minimal invasiveness and ease of use of liquid biopsy from a small
sample of blood, blood-based clinical oncology tests have become a standard and essential part

of oncology management, and there is enormous interest in developing blood-based cancer
screening tests. ; Cance (ACS) Tr. 608-09;
; RX3869 (Cote Expert Report) 9 59.)

125. Based on intended use and target patient populations, multiple types of clinical
oncology tests have been developed to aid in the management of cancer at different stages of the
“cancer continuum,” including: (1) early cancer screening tests; (2) diagnostic aid to cancer tests;
(3) therapy selection tests; (4) treatment response or acquired resistance monitoring tests; (5)
minimal residual disease (“MRD”) tests; and (6) hereditary risk assessment tests. (Cote Tr.
3735-36; RX3869 (Cote Expert Report) q 60.)

a. Early cancer screening tests

126.  Early cancer screening tests are used in asymptomatic individuals to detect cancer
at the earliest, most treatable stage. (Cote Tr. 3735-36; RX3869 (Cote Expert Report) § 61.)
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). (Cance (ACS) Tr. 60607, 622-23; Cote Tr. 3729-30;
RX3869 (Cote Expert Report) § 61.)

127.  Work on the development of cancer screening tests has primarily focused on the
interrogation of DNA, RNA, proteins, metabolites or exosomes. (Cance (ACS) Tr. 609-10;
RX3869 (Cote Expert Report) § 61.)

128. 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 there are potential tradeoffs between sensitivity and specificity in early
cancer screening, as well as the importance of detecting the cancer signal of origin. (Cote Tr.
3735-36; RX3869 (Cote Expert Report) § 61.)
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b. Diagnostic aid to cancer (“DAC”) tests

129.  Once a cancer is suspected or has been detected, it is sometimes difficult to
confirm the cancer and determine the type of cancer. (Cote Tr. 3735-36; RX3869 (Cote Expert
Report) 4 62.)

130. 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. (Cote Tr. 3735-36; RX3869 (Cote Expert
Report) 4 62.)

c. Therapy selection tests

131.  Therapy selection tests examine biomarkers (e.g., known types of somatic
mutations, hormone receptor status, oncogene protein expression) in individuals who have
already been diagnosed with cancer to help select the particular anti-cancer therapies to which
the patient is most likely to respond. (Cote Tr. 3735-36; RX3869 (Cote Expert Report) 9 63.)

132. Because a patient’s cancer has already been diagnosed via tissue biopsy or
excision at this stage, 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. (Cote Tr. 3735-36; RX3869 (Cote
Expert Report) 9§ 63.)

133.  However, there is growing use of blood-based testing for cancer biomarkers to
help select therapy in patients diagnosed with cancer. (Cote Tr. 3735-36; RX3869 (Cote Expert
Report) 9 63.) 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. (Cote Tr. 3735-36; RX3869 (Cote Expert Report) 9 63.)

d. Treatment response or acquired resistance monitoring tests

134.  Treatment response or acquired resistance monitoring tests test cancer patients
while treatment is ongoing to determine whether the patient has responded to or has acquired
resistance to the treatment. (Cote Tr. 3735-36; RX3869 (Cote Expert Report) q 64.)

135. These tests can include imaging, and increasingly liquid biopsy tests for proteins
or circulating tumor cells (“CTC”). (RX3869 (Cote Expert Report) 4 64.)

e. Minimal residual disease (“MRD”) tests

136. 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 and only a minimal amount of cancer cells and other cancer biomarkers are circulating in
the body available to be tested at this stage. (Cote Tr. 3735-36; RX3869 (Cote Expert Report)
65).

137. There are two types of MRD tests, those that are “tumor-informed” and those that
are “tumor-naive”: tumor-informed MRD tests may use information about a patient’s cancer, i.e.,
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the specific mutations/modifications that were present in the patient’s original tumor biopsy,
while tumor-naive MRD tests are capable of detecting the recurrence of cancer without
information about a given patient’s cancer. (RX3869 (Cote Expert Report) 9 65.)

f. Hereditary risk assessment tests

138. 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. (Cote Tr. 3734; RX3869 (Cote Expert Report) § 66.)
These tests do not test any cancer that has actually developed in the individual being tested.
(Cote Tr. 3734; RX3869 (Cote Expert Report) 9 66.)

139.  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. (RX3869 (Cote Expert Report) q 66.)

2. The State of Early Cancer Screening Tests Today

140. The most pressing unmet need in cancer early detection is to identify cancers for
which there are no existing recommended screening tests. (PX0043 (GRAIL) at 97, 5; see also
Ofman (GRAIL) Tr. 3308—09; Aravanis (Illumina) Tr. 1937.)

141. 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, Iymph nodes, ctc. | TR Co:< . 3725 30:

RX3869 (Cote Expert Report) § 69.)

142. 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 staze. [JSES: 569 (Cotc Expert Report) § 69.)

143.  The United States Preventive Services Task Force (“USPSTF”) is an independent
panel of experts that makes recommendations about clinical preventive services (such as cancer

screening) which influence the coverage and adoption of medical services. (See RX3867 (Expert
Report) 4 39.)

144. USPSTF recommends screening for four cancer types: breast, cervical, lung and
colorectal. (RX3723 (USPSTF) at 2-3, 7; Cote Tr. 3728-29.)

145.  Other organizations, such as the American Cancer Society, also recommend
screening for prostate cancer. (Cance (ACS) Tr. 606; Cote Tr. 3730; RX3869 (Cote Expert
Report) § 67.) Below is an overview of the cancer screening tests that are recommended as the
“standard of care™:

145.1 Breast Cancer. USPSTF recommends biennial screening via

mammography for women ages 50 to 74. (RX3723 (USPSTF, A and B
Recommendations) at 2; Cance (ACS) Tr. 606; Cote Tr. 3729-30).
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145.1.1 A mammogram is an X-ray of the breast, which has the associated
risk of having repeated exposure to a small amount of radiation. (RX3104
(CDC).)

145.1.2  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. (RX3869 (Cote Expert
Report) 4 67.)

145.2 Cervical Cancer. For women ages 21 to 29, USPSTF recommends
screening every 3 years with cervical cytology (i.e., a pap test) alone; for women ages 30
to 65, 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). (RX3723 (USPSTF, A and B Recommendations)
at 3; Cance (ACS) Tr. 606; Cote Tr. 3729-30.)

145.2.1  Both pap tests and hrHPV testing are invasive procedures which
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. (RX3106 (CDC, What Should I
Know About Screening?) at 1; Cance (ACS) Tr. 606; Cote Tr. 3729-30; RX3869
(Cote Expert Report) 9 67.)

145.3 Colorectal Cancer. USPSTF recommends screening for colorectal cancer
in all adults aged 50 to 75 years. (RX3723 (USPSTF, A and B Recommendations) at 3;
Cance (ACS) Tr. 606; Cote Tr. 3729-30).

145.3.1  Recommended stool-based tests include the high-sensitivity guaiac
fecal occult blood test (“gFOBT”), fecal immunochemical test (“FIT”), and stool
DNA test (“sDNA-FIT”). (RX3730 (USPSTF, Screening for Colorectal Cancer)
at 2-3.) Recommended direct visualization tests to screen for colorectal cancer
include colonoscopy, CT colonography, and flexible sigmoidoscopy. (RX3730
(USPSTF, Screening for Colorectal Cancer) at 3.)

145.3.2  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. (Cance (ACS) Tr. 606; Cote Tr. 3729-30.)

145.4 Lung Cancer. Lung cancer represents the most common killer among
cancers, but USPSTF recommendations for lung cancer screening are limited to the high-
risk smoking population—adults aged 50 to 80 years who have a 20 pack-a-year smoking
history and currently smoke or have quit within the past 15 years. (PX0043 (GRAIL) at
97, 110; see also Bishop (GRAIL) Tr. 139 ; RX3723
(USPSTF, A and B Recommendations) at 7; Cance (ACS) Tr. 606; Cote Tr. 3729-30.)

145.4.1  This high-risk population accounts for only 33% of all lung
cancers, meaning there is no effective screening in place for the vast majority of
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lung cancer diainoses. iPXOO43 iGRAIL) at 97, 110; see also Bishop (GRAIL)
Tr. 1392;

145.4.2  USPSTF recommends annual screening for lung cancer with low-
dose computed tomography (“LDCT”), which carries non-negligible radiation
risk and is expensive. (RX3723 (USPSTF, A and B Recommendations) at 7;
RX3107 (CDC, Who Should Be Screened for Lung Cancer?); RX3869 (Cote
Expert Report) 9 67.)

145.5 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 are now often done
under radiographic guidance to determine the most suspicious areas. (RX3034 (American
Cancer Society, Recommendations for Prostate Cancer Early Detection) at 1; Cance
(ACS) Tr. 606; Cote Tr. 3729-30.)

145.5.1 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. (RX3105 (CDC, What
Is Screening for Prostate Cancer?) at 1-2; RX3869 (Cote Expert Report) 9 67.)

146. Standard, recommended screening tests nearly all come with major issues in their
use, interpretation and follow-up. (Cote Tr. 3813—14; RX3869 (Cote Expert Report) 9 68.) 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 USPSTF are either invasive,
burdensome, or carries potential risks to patients, creating a need for blood-based single cancer
screening tests. ﬁ; Cote Tr. 3813—14; RX3869 (Cote Expert

Report) 4 68.)

147. Importantly, nearly all recommended screening tests are often “positive”—that is,
signal the possible presence of cancer, in many more cases compared to the times they actually
detect cancer, which affects what is known as the “Positive Predictive Value” of such tests.
(RX3869 (Cote Expert Report) q 68 see infra PFF q 174.)

3. Modalities Used for Cancer Screening
148.  Several types of technologies are being used for screening tests today or are being
studied for screening tests in development. (PX7095 (Hill (Emory) Dep. at 27-28); -
ﬁ; Cance (ACS) Tr. 612—13.) Scientists and doctors recognize today
that it 1s impossible to speculate which modality for cancer screening will be the most successful.
; Cance (ACS) Tr. 620; PX7086 (Cance (ACS) Dep. at

102); RX3869 (Cote Expert Report) 9 70.)
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a. Imaging

149.  For over half a century, imaging technologies have been the standard of care for
early-stage cancer detection and screening in the United States. (RX3869 (Cote Expert Report)
71.) 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.
(RX3869 (Cote Expert Report) 9§ 71.)

150. Imaging technologies provide direct or indirect views of structures inside the
body, which allow doctors to detect, locate and stage a tumor. (RX3869 (Cote Expert Report) §
71.) Imaging technologies thus may be used for cancer screening, diagnosis, and monitoring.
(RX3869 (Cote Expert Report) § 71.) Imaging technologies are currently the most commonly
used and commercially available technique for cancer screening. (RX3869 (Cote Expert Report)

171

150.1 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. (RX3502 (National Cancer
Institute, Screening Tests) at 2; RX3029 (American Cancer Society, Guidelines for the
Early Detection of Cancer) at 1, 3; Cance (ACS) Tr. 606; Cote Tr. 3729-30; RX3869
(Cote Expert Report) 4 71.)

151.  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 providing
fewer equivocal findings than PET alone, CT alone, or separately acquired PET and CT studies
in a head-to-head comparison. (RX3624 (Schoder & Gonen 2007) at 9.)

152.  However, PET-CT scan is not recommended for routine early cancer screening,
because of cost and radiation concerns, as well as the inability of PET-CT scanning to detect
very small tumors. (RX3624 (Schoder & Gonen 2007) at 9-10; Cote Tr. 3812—13; RX3869
(Cote Expert Report) 9§ 72.)

152.1 Diagnostic PET-CT will necessitate further evaluation of true-positive or
false-positive finding and therefore impose downstream costs on the health care system
as a whole. (RX3624 (Schoder & Gonen 2007) at 9—10.)

152.2 A diagnostic PET-CT exposes an individual to 62 times more radiation
than a mammogram and 12 times more than a low-dose computed tomography (LDCT),
which is only approved in high-risk smokers. (RX0661 (GRAIL) at 36.)

153.  The cost (or reimbursement) for imaging-based cancer screening is relatively low.
(RX3869 (Cote Expert Report) 4 73.) The national average total reimbursement for breast
cancer screening is only about $353 per person screened, taking into consideration follow-up
ultrasonography, biopsy and MRI costs. (RX3414 (Kunst et al., 2020) at 2.)
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154.  Similarly, the average annual reimbursement of low-dose CT scan for lung cancer
screening under Medicare is about $241 per person screened. (RX3593 (Pyenson et al., 2014) at
2; RX3869 (Cote Expert Report) § 73.)

b. Proteomics

155. Protein biomarkers have also been used for many years for early stage cancer
detection and screening. (Cance (ACS) Tr. 606; Cote Tr. 3730; RX3869 (Cote Expert Report)

174

155.1 Protein biomarkers are commonly analyzed using antibodies that
specifically bind to the protein and covalently link with certain modifiers for easy
detection. (RX3869 (Cote Expert Report) 4 74.)

155.2 For example, 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. (Cote Tr. 3736-37,
3872; RX3869 (Cote Expert Report) 9 74.)

156. Proteomics is currently used in a variety of early screening tests for several
cancers. (Cance (ACS) Tr. 606; Cote Tr. 3729-30, 3736-37, 3872; RX3869 (Cote Expert
Report) 4 75.)

156.1 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. (RX3502 (National Cancer Institute); RX3029
(ACS) at 4; Cance (ACS) Tr. 606; Cote Tr. 3729-30; RX3869 (Cote Expert Report)
75.)

157.  The costs for proteomics tests are fairly low. (RX3869 (Cote Expert Report)
76.) Quest Diagnostics offers the PSA prostate cancer screening test for $75, while, according to
the 2021 Fee Schedule, the Centers for Medicare & Medicaid Services (“CMS”) reimburses PSA
prostate cancer screening for $19.31. (RX3595 (QuestDirect) at 1; RX3869 (Cote Expert
Report) 4 76.)

¢. Polymerase Chain Reaction

158. 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. (Cote Tr. 3736-37; RX3869 (Cote
Expert Report) 4 77.)

158.1 Using PCR, copies of very small amounts of DNA sequences are
exponentially amplified in a series of temperature changes. (RX3869 (Cote Expert
Report) q 77.) PCR tests can be used to evaluate all types of samples, including cancer
biopsy tissue, urine, stool, saliva or blood plasma. (RX3869 (Cote Expert Report) § 77).
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158.2 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 into
complementary DNA (“cDNA”), use RNA as templates for the genomic amplification in
RT-PCR (real time-PCR). (Cote Tr. 3736-37; RX3869 (Cote Expert Report) 4 77.)

158.3 PCR is highly sensitive and requires only minimal amount of sample for
detection and amplification of specific sequences. (RX3869 (Cote Expert Report) 4 77.)

159.  Since its invention in 1983, many improved PCR techniques have been developed
and used in clinical cancer testing. (RX3869 (Cote Expert Report)  78.) Multiplex PCR allows
simultaneous detection of multiple targets in a single test, with a different pair of primers for
each target. (RX3686 (Thermo Fisher) at 1-2; RX3869 (Cote Expert Report) 9 78.)

159.1 Multiplex PCR can generate higher throughput than traditional (single-
plex) PCR and obtains more information with less sample. (RX3686 (Thermo Fisher) at
1-2; RX3869 (Cote Expert Report) 9 78.)

159.2 For example, Thermo Fisher’s lon 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. (RX3686 (Thermo Fisher) at 2;
RX3869 (Cote Expert Report) 9 78.)

160.  Another category of new PCR technology is digital PCR (dPCR). (Cote Tr. 3872;
RX3869 (Cote Expert Report) 9 79.)

160.1 For example, 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. (RX3692 (Thermo Fisher).)

160.2 Combinati is developing an Absolute Q Microfluidic Array Partitioning
(MAP) dPCR system with 20,000 microchambers, pushing the microfluidic digital PCR
technology forward even further. (RX3147 (Combinati) at 3; RX3869 (Cote Expert
Report) 4 79.)

161. Because of its high sensitivity, PCR is currently used in a variety of early
screening tests for several cancers. (Cote Tr. 3736—3737; RX3869 (Cote Expert Report) 4 80.)
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. (RX3502 (National Cancer
Institute) at 2; RX3029 (ACS) at 1-2; RX3869 (Cote Expert Report) q 80.)

162. Many PCR-based cancer screening tests have low costs, though some are
reimbursed at higher costs. (RX3869 (Cote Expert Report) § 81.) For example, while the
maximum cost of Cologuard could be $649, the CMS 2021 Fee Schedule for an HPV PCR test is
only $35.09. (RX3306 (Healthline Media) at 2; RX3869 (Cote Expert Report) 9 81.)
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d. Microarrays

163. 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. (RX3869 (Cote
Expert Report) § 82.)

163.1 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. (Cote Tr.
3736-37; RX3869 (Cote Expert Report) q 82.)

163.2 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. (RX3869 (Cote Expert
Report) 9 82.)

164. Microarrays provide a high-throughput platform for simultaneously screening tens
of thousands of biomolecular interactions. (RX3869 (Cote Expert Report) 4 83; see also Cote
Tr. 3736-37).

164.1 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 one time.
(RX3682 (Thermo Fisher) at 1; Cote Tr. 3876.)

164.2 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). (RX3684 (Thermo Fisher) at 2.)

164.3 Agilent Technologies’ SurePrint G3 Human Gene Expression Microarrays
allow for analysis of over 56,600 genes and transcripts at one time. (RX3019 (Agilent
Technologies).)

164.4 Agilent Technologies’ Human Genome CGH Microarrays offers up to 1
million probes for genome-wide CNV identification and characterization. (RX3869 (Cote
Expert Report) 9 83; RX3020 (Agilent Technologies).)

164.5 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. (RX3018 (Agilent Technologies) at 2; RX3869 (Cote Expert
Report) 9 83.)

e. Next Generation Sequencing

165. Sequencing is the process of determining the order of nucleotides, i.e., the
sequence, in genomic materials, such as DNA and RNA. (Cote Expert Report) 4 85.) 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”. (RX3407 (Kircher et al.,
2010) at 2; RX3869 (Cote Expert Report) 4 85.)
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165.1 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. (RX3869 (Cote Expert Report) q 85, n.75.)

165.2 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. (RX3869 (Cote Expert Report) 9 85, n.75). Many genes are thousands
or tens of thousands of basepairs in length, making whole genome sequencing using
Sanger sequencers a difficult task. (RX3407 (Kircher et al., 2010) at 2; RX3869 (Cote
Expert Report) 9 85, n.75.)

166. Next-generation sequencing, also known as NGS, allows parallel sequencing of
millions of small DNA fragments that are combined by software into longer, full-length
sequences . (Cote Tr. 3750-51; RX3869 (Cote Expert Report) 4 86.) With bisulfite conversion
and similar techniques, NGS sequencing can be used not only to detect genomic mutations and
fragmentations, but also epigenomic modifications such as methylation. (Cote Tr. 3745;
RX3869 (Cote Expert Report) § 86.)

166.1 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. (Cote Tr. 3745; RX3869 (Cote Expert Report)
9186, n.76.)

167. 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. (PX7131 (Cote Dep. at 108—
09, 125-27; RX3869 (Cote Expert Report) 4 87.)

167.1 With the massive parallel sequencing capability, NGS is scalable and has
high throughput, 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. (Cote Tr. 3750-51; RX3869 (Cote Expert Report) 4
87.)

167.2 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. (RX3869
(Cote Expert Report) 9 87.)

168. 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. (Bishop (GRAIL) Tr.
1401; RX3292 (GRAIL).) No NGS-based early cancer screening tests have obtained FDA
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approval or mechanisms for reimbursement, either by Medicare or by private payors. (PX7086
(Cance (ACS) Dep.) at 49, 58; RX3869 (Cote Expert Report) 9 88.)

f. Multiomics

169. An increasing number of companies are developing “multi-omic” tests which
combine information from multiple analytes, including DNA (genome), RNA (transcriptome)
and protein (proteome) for increased sensitivity in cancer detection. ({Cote Tr.} 3811-12,
{3844, 3871}; RX3869 (Cote Expert Report) 9§ 89.)

169.1 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.
(RX3419 (Lennon et al., 2020) at 6; Cote Tr. 3811-12.)

169.2 Freenome similarly combines data from whole-genome sequencing, DNA
methylation, and protein quantification for the early detection of colorectal cancer from a
blood test. (RX3426 (Lin et al., 2021) at 1; RX0111 (Putcha et al., 2020) at 1); Cote Tr.
3844.)

169.3 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. (RX3587 (PrognomiQ) at
1-2; RX3869 (Cote Expert Report) ¢ 89.)

C. Features of Cancer Screening Tests
170.  The metrics that may be used to assess the performance of oncology tests,

including blood-based early stage cancer screening tests include sensitivity, specificity and
cancer signal of origin (also known as tissue of origin) analyses. *
I: Cote Tr. 3778-82; RX3869 (Cote Expert Report)  90.)

171. 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. (Cote Tr. 3778-82; RX3869
(Cote Expert Report) 4 90.) 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. (RX3869 (Cote Expert
Report) 4 90.)

172.  Sensitivity. Sensitivity, also called the 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.
(RX3869 (Cote Expert Report) §91.) Low sensitivity leads to high false negative rates. (Cote
Tr. 3778-81; RX3869 (Cote Expert Report) 4 91.)

172.1 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
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cancer. (RX3869 (Cote Expert Report) § 91.) NPV represent the probability a patient
does not have cancer when the test result is negative. (RX3869 (Cote Expert Report)
91.)

172.2 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. (RX3303 (Haque et
al., 2017) at 3); Cote Tr. 3735-36.)

172.3 Therefore, a relatively high sensitivity is an important requirement for an
early cancer screening test designed for use in asymptomatic individuals. (Cote Tr.
3778-81; RX3869 (Cote Expert Report) 9 92.)

173.  Specificity. Specificity, or the 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.
(Cote Tr. 3778-3781; RX3869 (Cote Expert Report) § 93.) Low specificity leads to high false
positive rates. (Cote Tr. 3778-3781; RX3869 (Cote Expert Report) q 93.)

173.1

174. Positive Predictive Value. 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. (Cote Tr. 3778-81; RX3869 (Cote Expert Report) 9§ 93.)

174.1 PPV represent the probability a patient has cancer when the test result is
positive. (Cote Tr. 3779; RX3869 (Cote Expert Report) 93.) The PPV is a particularly
important metric for cancer screening tests. (Cote Tr. 3778-81; RX3869 (Cote Expert
Report) 4 93.)

175. 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. (Cote Tr. 3778-81;
RX3869 (Cote Expert Report) 4 93.) As a result, the rate of true positives—individuals with
cancer in the population—will be extremely low, around 4 in 1000 individuals. (RX3501
(National Cancer Institute, Cancer Statistics).)

176. 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
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given the low baseline rate of cancer in the population. (Cote Tr. 3778-81; RX3869 (Cote Expert
Report) 4 93).

176.1 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.
(Cote Tr. 3778-81; RX3869 (Cote Expert Report) 4 93.)

177.  Both false positive results and false negative results of a cancer screening test will
have significant negative impact on the patient’s well-being. (- 3778-81, 3814,
; RX3869 (Cote Expert Report) 4 94; see also PX7086 (Cance (ACS) Dep. at 90-91.)

178.  False negative findings cause physicians to not diagnose a cancer that either is
already causing or will soon cause harm to patients, and miss precious early treatment
opportunities; 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. [T 3773-81. 3814, I Rx3869 (Cote Expert Report) 94; see also
PX7086 (Cance (ACS) Dep. at 90-91.)

179. Therefore, high specificity, i.e., low false positive rates, is also important for a
cancer screening test. 3778-81, 3814, ; RX3869 (Cote Expert Report) §
94; see also PX7086 (Cance (ACS) Dep. at 90-91.)

180. However, there is typically a tradeoff between specificity and sensitivity.
(RX3869 (Cote Expert Report) 95.) 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. (RX3869 (Cote Expert Report) 4
95.)

180.1 Existing single cancer screening tests typically have very high sensitivity
rates and correspondingly lower specificity/higher false positive rates. (RX3869 (Cote
Expert Report) 4 95.)

180.2 For example, a colonoscopy has a sensitivity of 92.5% and a specificity of
73.2%. (RX3393 (Issa & Noureddine 2017) at 9.) Cologuard has a sensitivity of 92.3%
and a specificity of 86.6%. (RX3222 (FDA) at 19.)

180.3 Mammography for breast cancer screening has a sensitivity of 86.9% and
a specificity of 88.9%, and the PPV is only 4%, meaning that only 4 of 100 positive tests
actually identify breast cancer. (RX3079 (Breast Cancer Surveillance Consortium) at 1;
RX3442 (Marcus 2019) at 4.)

180.4 This means that most patients with a “positive” mammography result will
have to undergo further invasive testing, but will end up with a negative cancer diagnosis.
(RX3079 (Breast Cancer Surveillance Consortium) at 1; RX3442 (Marcus 2019) at 6.)

181. 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. (Cote Tr. 3778-81; RX3869 (Cote Expert Report)
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95.) 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. (RX3869 (Cote Expert Report) q 95.)

181.1 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. (PX6097 (Abrams Expert Report) 4 29; RX3869 (Cote Expert
Report) 4 95.) This again points out the fundamental differences in design that are likely
to differentiate tests used to detect early stage cancer. (Cote Tr. 3778-81, 3868—69;
RX3869 (Cote Expert Report) 9 95.)

182.  Cancer Signal of Origin. 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.
(Cote Tr. 3782; RX3869 (Cote Expert Report) 9 96.)

182.1 Therefore, for a blood-based multi-cancer screening test to be most
effective, identification of the possible cancer signal of origin is highly desirable.
(RX3869 (Cote Expert Report) 9 96.)

182.2

182.3 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. (RX3869 (Cote Expert Report) 9 96.)

182.4 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. (h 3782, 3814, RX3869 (Cote Expert
Report) 4 97.)

182.5 No cancer screening test will be perfect, and even at the extremely high
PPV of 50%, only one half of the patients with a positive screening test will actually have
cancer. (Cote Tr. 3778-81; RX3869 (Cote Expert Report) 4 97.)

182.6 In the above example of a test with a PPV of 50%, the workup would
likely be even more prolonged, invasive and expensive for the patients who do not have
cancer 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.

Bl 3782, 3814, h; RX3869 (Cote Expert Report) § 97.)

182.7 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. (Cote Tr. 3782; RX3869 (Cote Expert Report) 9 97.)
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182.8 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. (PX6097 (Abrams Expert Report), 49 10.g, 22,
27; RX3869 (Cote Expert Report) § 97-98; Cote Tr. 3782.)

183.

D. Regulatory Requirements

184. The FDA is charged with protecting the public health by assuring the safety,
effectiveness, and security of medical devices, including diagnostic and screening tests.
(RX3006 (FDA); PX7099 (Febbo (Illumina) Dep. at 83—-84).)

185. Medical devices marketed in the United States must adhere to regulatory
requirements as set forth in the Federal Food, Drug, and Cosmetic Act and 21 CFR § 1-58, 800—
1299. (RX3326 (FDA) at 1.) Devices are classified as Class I, IT or III, where each class
corresponds with a differing degree of risk. (RX3326 (FDA) at 2.)

185.1 Class I devices are those that present the lowest risk, with minimal
potential for patient harm. (RX3326 (FDA) at 2.)

185.2 Class II devices represent a moderate risk, and Class I1I devices represent
the highest level of risk, used in scenarios where the device is used to sustain or support
life, the device is implanted, or the device presents potential unreasonable risk of illness
or injury. (RX3326 (FDA) at 2; RX6001 (Deverka Trial Dep. at 39); RX3867 (Deverka
Expert Report) 9 32.)

186. Depending on the Class of device, the device may require a different level of
FDA premarket clearance or approval, or may not require FDA premarket submission at all.’
(RX3326 (FDA) at 3; RX3416 (FDA) at 1.)

187. A company can offer a clinical test to patients in three ways: as a Laboratory
Developed Test (“LDT”), as a single-site IVD test, or an IVD distributed kit. (Goswami
(Ilumina) Tr. 3185-87.)

187.1 LDTs are the most common offering and involve a company clinically and
analytically validating the test and then running the test in a single laboratory that has
received CLIA/CAP certification. (Goswami (Illumina) Tr. 3185, 3195-96.)
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187.1.1  While LDTs do not undergo FDA clearance or approval processes,
they are regulated by the Clinical Laboratory Improvements Amendments (CLIA)
program, which is implemented via a division of the Centers of Medicare and
Medicaid Services (CMS) called the Division of Clinical Laboratory
Improvement & Quality. (RX3325 (CMS); PX7113 (Rabinowitz (Natera) Dep. at
382); PX7077 (Chahine (Helio) Dep. at 1028); RX3867 (Deverka Expert Report)

9134.)

187.1.2  Despite not being approved or cleared by the FDA, LDTs still must
meet rigorous quality and safety standards for clinical diagnostic testing because
it must be run in a laboratory with CLIA certification. (RX3325 (CMS); RX3867
(Deverka Expert Report) § 34.)

187.1.3  Labs undergo routine audits in which the clinical data supporting
their tests and the claims that they put on their reports are reviewed and put their
CLIA license at risk if they don’t have sufficient data supporting their tests.
(Febbo (Illumina) Tr. 4322-23.).

187.2 Single-site IVDs are tests that have been FDA-approved, but only can

only be run in a single lab. (Goswami (Illumina) Tr. 3186.)

187.3 An distributed IVD test or [VD kit involves a kit that is developed and

manufactured by a test manufacturer which, after receiving FDA approval, can be run in
various labs provided that the labs are CLIA/CAP certified. (Goswami (Illumina) Tr.
3186-87.)

188.

187.3.1  The manufacturer of an IVD distributed test, not the lab running
the test, bears the burden of continuing to manufacture, distribute and support the
test in accordance with FDA guidelines. (Goswami (Illumina) Tr. 3187.)

187.3.2  IVD kits are most suitable for tests that have precious samples, that
present shipping challenges and require fast turnaround times. (Goswami
(Ilumina) Tr. 3196-3200.)

The below table summarizes the minimum required regulatory submission type

required for diagnostic tests depending on the type and class of device. (RX3326 (FDA) at 1-4;
RX3416 (FDA) at 1; RX3867 (Deverka Expert Report) 9 33.)
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Table 1
Regulator . . . Governing | Regulator
Sulg)missiofl Eligible Devices Body ] Tefminolo{gy
LDT Tests that are designed, manufactured and used ina | CLIA Not currently
single lab (including RUO/IUO kits) do not require | (CMS) reviewed by FDA
FDA premarket submission. LDTs may be widely
accessible even though all analysis is conducted in a
central lab that meets CLIA certification standards.
510(k) Required for some Class I and most Class II devices. | FDA FDA cleared
Manufacturers must demonstrate that the device is
substantially equivalent (SE) to (i.e. as safe and
effective as) a legally marketed predicate device.
De Novo Provides pathway for Class I and II devices for FDA FDA cleared
Classification | which there is no legally marketed predicate device.
PMA Class III devices and companion diagnostics (CDxs) | FDA FDA approved
require a premarket approval (PMA). The PMA
must contain sufficient valid scientific evidence to
assure that the device is safe and effective for its
intended use(s).
189. A company seeking FDA approval for an in-vitro diagnostic (IVD)—i.e., a test of

human tissue or blood samples that is performed outside the body—for any test of a life
threatening disease, such as cancer, would need premarket approval. (RX3867 (Deverka Expert
Report) 9 35.)

190.

Galleri would be classified as a Class III device requiring premarket approval

before it could be commercialized as an FDA-approved test. (Febbo (Illumina) Tr. 4445.)

191.

Premarket approval (PMA) is the “most stringent type of device application

required by FDA.” (RX3585 (FDA Approval) at 10.) It often requires significant preparation
and voluminous amounts of data, including in-depth review of the technical features of a device
and extensive data from clinical trials to demonstrate the efficacy and safety of the device.
(RX3867 (Deverka Expert Report) 9 35.)

192.

PMA submissions not only take significant time, investment and resources to

prepare, but they also take time for the FDA to review. (RX3867 (Deverka Expert Report) § 35.)
PMA submission requires a rigorous evidence review. (RX3569 (FDA) at 1; RX3867 (Deverka
Expert Report) 9 35.)

E. Market Access: Key Factors and Stakeholders

193. The commercial availability of a novel medical device, however promising, will
not result in broad patient access without reimbursement by payors and adoption by stakeholders.
(RX6001 (Deverka Trial Dep. at 30-31); RX3867 (Deverka Expert Report) 9 29.) Test
manufacturers must engage in a multi-pronged campaign to obtain reimbursement of a new test
before it can obtain widespread adoption. (RX6001 (Deverka Trial Dep. at 30-31); RX3867
(Deverka Expert Report) § 29.)
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194.  Test manufacturers must take into account a range of considerations when
bringing a new test to market, including reimbursement by payors, development of clinical
evidence, obtaining regulatory approvals, and adoption by relevant stakeholders. (RX6001
(Deverka Trial Dep. at 31-32, 33-34); RX3867 (Deverka Expert Report) 94 30.)

195. The table below provides an overview of each factor, which is described in more
detail below. (RX6001 (Deverka Trial Dep. at 31-32, 33-34); RX3867 (Deverka Expert Report)

q30.)
Table 2

Factor

Key Components

Evidence

Analytical Validity Evidence

Development

Clinical Validity Evidence

Clinical Utility Evidence

Health Economic Evidence

Engagement with Payors

Regulatory

Approval or Clearance by the FDA or Appropriate
Regulatory Framework

Adoption

Physician Education Campaigns

Engagement with Medical Specialty Societies and Patient
Advocacy Groups

Incorporation of Technology into Specialty Society
Guidelines

Engagement with Health Technology Assessment (HTA)
and Advisory Groups that Provide Treatment
Recommendations

Reimbursement

Coverage

Coding & Payment Assignment

Payment & Contracting

1. Evidence Development

196. Public payors—such as Medicare and Medicaid—and private payors consider
numerous factors when deciding whether to cover a new test, including evidence of
effectiveness, safety, the product’s indication, the product’s appropriate use population, and cost.
In particular, the following types of evidence are considered:

196.1 Analytic Validity. How well the test predicts the presence or absence of a

particular biomarker. (RX6001 (Deverka Trial Dep. at 33—34); RX3867 (Deverka Expert

Report) 4 31.)

196.2 Clinical Validity. How well an analyzed biomarker is related to the

presence, absence, or risk of a specific disease. (RX6001 (Deverka Trial Dep. at 33-34);
RX3867 (Deverka Expert Report) §31.)
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196.3 Clinical Utility. The ability of a screening or diagnostic test to prevent or
ameliorate adverse health outcomes (e.g., mortality, morbidity, or disability) by enabling
the clinician to identify and adopt appropriate treatments or to otherwise alter clinical
care decisions that lead to improved health outcomes, while also accounting for the harms
of testing. (RX6001 (Deverka Trial Dep. at 34); RX3867 (Deverka Expert Report) § 31.)

196.4 Health Economic Evidence. The budgetary impact or cost-effectiveness
of adopting or covering a new test on a health plan or the health care system at large.
(RX6001 (Deverka Trial Dep. at 34-35); RX3867 (Deverka Expert Report) 4 31.)

197.  Generating this evidence is a costly and time-intensive endeavor, often requiring
extensive clinical trials to get the amount and quality of data to satisfy public and private payors.
(RX3867 (Deverka Expert Report) 9§ 31.)

2. Regulatory

198. Payors will also consider the regulatory status of a new test. Payors may be more
apt to cover a test that is perceived to have undergone a more rigorous review process, and
therefore may cover an FDA approved test more readily than an LDT, with a FDA-cleared test
treated as an intermediate preference between the two.

; PX7090 (Sood (Guardant) Dep. at 124); PX7077 (Chahine (Helio) Dep. at 41-42);
PX7116 (Dolan (Quest) Dep. at 66); RX3867 (Deverka Expert Report) 9 36.)

199. Medicare is currently statutorily prohibited from covering most preventive
services including cancer screening tests, unless carved out as a legislative exemption, which
may be influenced based on regulatory status. (RX3646 (Social Security Act § 1833, 42 U.S.C.
§ 13951).) Private payors are not prohibited from covering LDTs, however, payors may prefer to
cover a screening test that is FDA approved. (RX3867, (Deverka Expert Report) 4 36.)

3. Adoption

200. In addition to public and private payors, a number of other stakeholders influence
the availability of novel medical tests and any MCED test developer must attempt to engage
these stakeholders to communicate the value of their test, including health technology
assessment (HTA) and advisory bodies, patient advocacy groups, and medical specialty societies.
(RX3005 (Deloitte); RX3867 (Deverka Expert Report) 4 37.)

201. Each of these stakeholders plays an integral role in shaping treatment pathways
and innovation in oncology, thereby influencing coverage in addition to utilization of oncology
tests and treatments. (RX3867 (Deverka Expert Report) 4 37.)

202. Health Technology Assessment (HTA) and Advisory Bodies. HTAs evaluate the
benefits and shortcomings of medical products, including cost, value and expected clinical
outcomes, to provide recommendations regarding coverage and adoption of these products.
(RX6001 (Deverka Trial Dep. at 43—44); RX3867 (Deverka Expert Report) 9 38.)

202.1 Recommendations from HTA bodies may either increase or decrease
access to a new test, depending on the final recommendation and indications/populations

46



FEDERAL TRADE COMMISSION | OFFICE OF THE SECRETARY | FILED 4/22/2022 | DOCUMENT NO. 604485 | Page 58 of 559 | PUBLIC
PUBLIC

that HT As conclude are most appropriate for a new technology. (RX6001 (Deverka Trial
Dep. at 43—44); RX3867 (Deverka Expert Report) q 38.)

202.2 Among the most influential HTA organizations is the USPSTF, which
influences coverage and adoption of medical services through a review system that

ultimately assigns a letter grade to the reviewed service, indicating positive or negative
support. (RX3867 (Deverka Expert Report) q 39.)

202.3 USPSTF recommendations also impact whether a screening test can be
covered by Medicare, where Medicare has statutory authority to cover only preventive
tests with a USPSTF A or B rating. (RX3646 (Social Security Act § 1833, 42 U.S.C. §
13951); RX6001 (Deverka Trial Dep. at 50); RX3867 (Deverka Expert Report) 4 39.)

203. Medical Specialty Societies. Test manufacturers must engage with specialty
societies to communicate the clinical validity and utility of a new test to physicians and
pathologists. (RX3867 (Deverka Expert Report) 9 40.)

203.1 Medical specialty societies such as the American Medical Association
(AMA), the National Comprehensive Cancer Network (NCCN), American Society of
Clinical Oncology (ASCO®), and American Clinical Laboratory Association (ACLA),
provide a range of services for their members, including providing practice support,
participating in relevant lobbying efforts, and considering the role of new technologies in
existing care paradigms. (RX3867 (Deverka Expert Report) 9 40.)

203.2 Specialty societies such as NCCN and ASCO® develop guidelines that
provide screening, diagnostic workup and treatment recommendations based on
comprehensive literature reviews. (RX6001 (Deverka Trial Dep. at 44-45); RX3867
(Deverka Expert Report) 9 40.)

203.3 For instance, NCCN most recently updated its guidelines in 2021 that
detail recommended screening paradigms, including frequency and modalities, for lung
cancer and breast cancer, called the “Lung Cancer Screening” and “Breast Cancer
Screening and Diagnosis” guidelines, respectively. (RX3867 (Deverka Expert Report)
940.) Such guidelines heavily influence testing and treatment decisions across U.S.
physician practices. (RX3867 (Deverka Expert Report) 4 40.)

203.4 Particularly for new technologies such as MCED screening, physicians
may be unaware of test indications, appropriate populations for testing, and how to
interpret test results. (RX3867 (Deverka Expert Report) 4 40.)

203.5 Without engagement of these specialty societies, new technologies may go
unused despite a positive reimbursement environment. (RX3516 (Bevers et al., NCCN
Breast Cancer Screening and Diagnosis); RX6001 (Deverka Trial Dep. at 44—45);
RX3518 (Wood, et al., NCCN Lung Cancer Screening); RX3867 (Deverka Expert
Report) 4 40.)

204. Patient Advocacy Groups. Patient advocacy groups drive initiatives and promote
policy agendas that improve patient outcomes. (RX3867 (Deverka Expert Report) 9 42.)
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204.1 Advocacy groups are often focused on the treatment and detection of
select disease areas, such as oncology. (RX3867 (Deverka Expert Report) §42.) An
oncology advocacy group generally focuses on the treatment and detection of select
tumor types. (RX3867 (Deverka Expert Report) 942.)

204.2 For instance, advocacy groups may drive education regarding the use of
MCED screening for select tumor types, including how MCED screening fits into the
standard treatment paradigm for that cancer, the risks and rewards of MCED screening
for that cancer, and how family history or other risk factors may influence the benefit of
MCED screening. (RX6001 (Deverka Trial Dep. at 45-46); RX3867 (Deverka Expert
Report) §42.)

204.3 This is particularly important because while MCED tests screen across
many cancer types at once, the patient needs, risks, and existing treatment options across
cancers differ. (RX3534 (Putcha G., One Size Does Not Fit All); RX6001 (Deverka Trial
Dep. at 45-46); RX3867 (Deverka Expert Report) q 42.)

4. Reimbursement

205. Payor reimbursement is a complex, multi-step effort. Coverage defines the range
and extent of services and products for which an insurer will pay. Coding is the language that
characterizes services, procedures and products rendered to patients, and insurers rely on that
coding to define which products and services will or will not be reimbursed.

206. Payment is the amount and process by which reimbursement is made by an
insurer for a covered service and/or technology which may involve development of contracts and
associated contracted rates between payor and manufacturer. In addition to each of these
components of reimbursement, manufacturers must also secure appropriate regulatory
authorization dependent on the type of product. (RX6001 (Deverka Trial Dep. at 47—48);
RX3867 (Deverka Expert Report) 9 43.)

a. Medicare and Medicaid
(i) Development of Coverage Determinations

207. Positive Medicare coverage is critical for cancer screening test developers to
ensure accessibility of tests among individuals who are most at risk. (RX6001 (Deverka Trial
Dep. at 48.) Medicare is generally available for individuals 65 or older as well as certain
younger people with disabilities. (RX3742 (Who is Eligible for Medicare?) at 1.) Based on the
common age ranges in which new cancer cases are identified, Medicare coverage will be critical
for widespread access to MCED screening. (RX6001 (Deverka Trial Dep. at 48); RX3867
(Deverka Expert Report) q 44.)

208. SEER data from 2014-2018 indicates that cancer of any site is most frequently
diagnosed in individuals aged 6574, with a median age of 66. (RX3091 (NCI) at 1). The data
show that 28.7% of newly diagnosed cancer cases during this time period occurred in individuals
aged 65—74, while 24.3% occurred in individuals aged 55-64, aligning with the population for
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which Galleri is currently recommended (ages 50+). (RX3091 (NCI) at 1; RX6001 (Deverka
Trial Dep. at 48); RX3867 (Deverka Expert Report) 9 44.)

209. Medicare’s coverage policies are developed in one of two formats: National
Coverage Determinations (NCDs) are policies that determine coverage for all Medicare patients
nationally, while Local Coverage Determinations (LCDs) are regionally developed policies by
Medicare Administrative Contractors (MACs) that specify coverage specific to that MAC’s
jurisdiction, in the absence of an NCD. (RX3453 (CMS) at 1; RX6001 (Deverka Trial Dep. at
48-49).)

210.  When determining coverage for their Medicare Advantage plans, private payors
must cover all services with a positive coverage determination across NCDs, and across LCDs
within that plan’s region. (RX3867 (Deverka Expert Report) q 45.)

211.  Pertinent to MCED tests, under § 1862(a)(1)(A) of the SSA, Medicare does not
cover experimental or investigational items and services, except in cases of “research conducted
pursuant to [Agency for Healthcare Research and Quality (AHRQ) authority]”. (RX3648 (Social
Security Act § 1862 [42 U.S.C. 1395y]).) § 1142(a)(1) indicates that AHRQ has the authority to
“support research with respect to the outcomes, effectiveness, and appropriateness of healthcare
services.” (RX3645 (Social Security Act § 1142 [42 U.S.C. 1320b—12]).)

211.1 In 2006, Medicare released its initial guidance for the Coverage with
Evidence Development (CED) program, which outlined scenarios for limited coverage of
experimental and investigational products and services relating to clinical studies, under
the statutory basis of § 1862(a)(1)(A) and § 1142(a)(1). (RX3454 (CMS) at 1.)

211.2 CMS finalized the CED policy in 2006 to generate data on the utilization
and impact of the item or service evaluated in an NCD so that CMS can: document the
appropriateness of use of that item or service in Medicare beneficiaries under current
coverage; consider future changes in coverage for the item or service; and generate
clinical information that will improve the evidence base on which providers base their
recommendations to Medicare beneficiaries regarding the item or service. (RX3454
(CMS) at 1-2; RX3867 (Deverka Expert Report) 9 46.)

212.  CMS’s initial 2006 guidance outlined two arms of the CED program: 1) Coverage
with Appropriateness Determination (CAD), which refers to coverage conditioned on specific
additional data collection, and 2) Coverage with Study Participation (CSP), which refers to
coverage conditioned on care being delivered in a setting with a pre-specified data collection
process and additional protections in place, such as those present in some research studies.’
(RX3454 (CMS) at 1; RX3867 (Deverka Expert Report) 947.)

213.  While CMS has since removed use of these terms, scenarios outlined by the
previous terminology remain appropriate uses of CED. Instead of outlining CED options as
falling under CAD or CSP, present CED guidance generally details requirements of CED studies
to ensure that such studies are considered to be AHRQ-supported. (RX3867 (Deverka Expert
Report) 47, n.73; RX3454 (CMS).)
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214.  While the CED program offers alternative coverage options for manufacturers
without a clear coverage pathway through the standard LCD/NCD process, coverage is limited in
scope and contingent on completion of an AHRQ-supported clinical study. As a result, CED-
based coverage bears additional data reporting burdens and setting restrictions, while still
requiring development of a formal coverage determination. (RX3867 (Deverka Expert Report)

q48.)

215.  While Medicare covers individuals aged 65 and older, private payor or Medicaid
coverage must be achieved to ensure coverage for those under 64 years old. (RX6001 (Deverka
Trial Dep. at 55-56).)

216. Because low socioeconomic status is correlated with increased cancer incidence
and mortality, it is also critical to provide access to MCED screening for the population likely to
be covered by Medicaid. (RX3650 (Singh et al., 2017) at 11.)

217. While Medicaid programs differ on a state-by-state basis, § 1905 [42 U.S.C. §
1936d] of the Social Security Act (SSA) sets federal minimum coverage requirements that all
state Medicaid programs must adhere to. RX3649 (Social Security Act § 1905 [42 U.S.C. §
1396d]); (RX3867 (Deverka Expert Report) at 49.) Other items and services, including
oncology tests, are covered on a state-by-state basis, where coverage determinations typically lag
behind coverage from Medicare and other private payors. (RX3150 (OLC, Patient Protection
and Affordable Care Act); RX3438 (MACPAC, Mandatory and Optional Benefits) at 2—3;
(RX3867 (Deverka Expert Report) 4 49.)

218. Manufacturers seeking Medicaid reimbursement for services that fall outside of
the scope of the program’s national coverage mandates will therefore have to understand how
coverage determinations are made on a state-by-state program level, and communicate the value
of their test to payors and state-managed Medicaid programs as appropriate. (RX3867 (Deverka
Expert Report) 9 50.)

(ii) Statutory Limitations to Coverage

219. While Medicare coverage is primarily dictated by development of coverage
determination policies, coverage is limited by statute and other requirements. (RX6001
(Deverka Trial Dep. at 49-50).) Regulations as set forth by 45 CFR § 156.100 of the ACA
require individual and small group market health plans to cover a pre-established list of itemized
Essential Health Benefits (EHBs), including preventive and wellness services. (RX3150 (OLC);
RX3380 (CMS) at 1.)

220. As aresult, eligible plans are required to cover a number of single-cancer
screening tests without cost-sharing, including colorectal cancer screening for adults aged 45-75;
lung cancer screening for adults aged 55-80 at high risk for lung cancer due to current or past
heavy smoking; breast cancer mammography screenings every 2 years for women over 50; and
cervical cancer screenings via pap smear for women aged 21-65. (RX3580 (CMS); RX3581
(HealthCare.gov) at 2-3; RX3867 (Deverka Expert Report) § 51.)
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221. However, due to current statutory restrictions, the Medicare program is restricted
from providing coverage to preventive services in the vast majority of situations. RX3150
(OLC, Patient Protection and Affordable Care Act; (RX3867 (Deverka Expert Report) 9 52.)

222.  As such, manufacturers of new preventive services, including cancer screening
tests and presumably MCED tests, cannot gain Medicare coverage through standard processes.
Instead, MCED tests can only gain Medicare coverage through an exception to these statutory

provisions, which will require prolonged and cumbersome coverage efforts. (RX6001 (Deverka
Tral Dep. 5051

223. Ultimately, a manufacturer seeking coverage of a new preventive service, such as
an MCED test, has only two available pathways to coverage:

224. USPSTF Review with NCD Development. This pathway requires that a test
manufacturer seek development of a USPSTF evidence report reviewing the product, followed
by development of an NCD from Medicare. Developing a USPSTF evidence report requires an
initial topic selection, work plan development, development of a draft recommendation
statement, an associated vote, and eventually development and release of a final report—all of
which can take significant time. (RX3720 (USPSTF); {RX3867 (Deverka Expert Report)
52.)}

224.1 During the initial topic selection stage, USPSTF reviews nominated topics
by considering each topic’s public health importance and potential for impact (i.e.
controversy, timeliness), with an intent to balance USPSTF’s review portfolio across
populations, types of services and disease types. USPSTF selects and prioritizes topics

for review, and is not reiuired to review all nominated topics. (RX3720 (USPSTF);

224.2 Next, USPSTF indicates that expected timelines from workplan
development to draft recommendation vote is 9—15 months, and then an additional 9

months is typically required between the vote to final recommendation release. (RX3720
(USPSTF).)

224.3 As such, manufacturers with screening tests who seek Medicare coverage
through this pathway should not expect approval for at least 1.5 years from the time they
apply, followed by development of an NCD for coverage to be established. (RX3720
(USPSTF).) In practice, the USPSTF pathway often takes far longer because of the time
it requires up front during the topic selection stage. (RX6001 (Deverka Trial Dep. at 50—
51.)

224.4 According to a former USPSTF liaison, it will likely take 5—6 years for the
USPSTF to evaluate a novel technology such as MCED tests. (RX3720 (USPSTF);
RX1912 (Liquid Biopsy GLG) at 2);
225.  Amendment of SSA with LCD/NCD Development. Manufacturers of the MCED
test supports passage of Congressional legislation that provides Medicare authorization to cover

the test based on a newly developed benefit category. (RX6001 (Deverka Trial Dep. at 49-50,
52
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225.1 Only a limited number of other preventive services, such as pap smears,
mammography, and colon and prostate cancer screening, have successfully used this
option. (RX3050 (Balanced Budget Act of 1997 § 4101-04).)

225.2 Further, coverage for these preventive services is limited to the definition
of the service used in the added benefit category. Manufacturers interested in using this
pathway to gain coverage would require approval of a bill that amends § 1861 and § 1862
of the SSA, followed by development of a Medicare LCD or NCD." (RX3647 (Social
Security Act § 1861 [42 U.S.C. 1395x] at Part E- Miscellaneous Provisions); RX3648

(Social Security Act § 1862 [42 U.S.C. 1395y] at Exclusions from Coverage and
Medicare as a Secondary Payor);

225.3 One such bill, the Multi-Cancer Early Detection Screening Coverage Act
(H.R. 1946), was re-introduced by Representative Terri Sewell (D-AL) on March 16,

2021 following its initial introduction as H.R. 8845 during the 116th Congressional
session in 2020. iPXOO95 (HLR. 8845); RX3602 (H.R. 1946); *

225.4 The bill would add MCED tests as a Medicare benefit category, where a
MCED test is defined as an FDA approved/cleared test for early detection across many
cancer types, that is either of the following: 1) A genomic sequencing blood or blood
product test that includes the analysis of cell-free nucleic acids, OR 2) Such other

equivalent tests (which are based on urine or other sample of biological material) as the
HHS Secretary deems appropriate.

225.5 H.R. 1946 presents several challenges for MCED test manufacturers.
First, manufacturers may expend resources in advocating for a bill that may ultimately
lose traction and fail to become law, as seen with the bill’s predecessor, H.R. 8845.

225.6 Second, assuming the bill is passed, manufacturers will be required to
achieve FDA approval or clearance to qualify as a product under the new benefit

cateioi. iRX6001 iDeverka Trial Dei. at 49-50); RX6001 (Deverka Trial Dep. at 52;

(iii)  Alternative Coverage/Regulatory Pathways

226. CMS has developed several alternative streamlined coverage and reimbursement
pathways, although each presents its own set of challenges. Such programs include Parallel
Review Pilot Program, which is not currently available to MCED tests, and the recently
established Medicare Coverage for Innovative Technologies (MCIT) Pathway, for which the
status is unclear and implementation has been delayed until at least December 2021. (RX6001
(Deverka Trial Dep. at 53-55); RX3867 (Deverka Expert Report) 4 55.)

227. The Parallel Review Pilot Program. The Parallel Review Pilot Program (“Parallel
Review”) was established in October 2011 and permanently extended in 2016 to create a
mechanism for the FDA and CMS to simultaneously review clinical data, decreasing the time
between FDA approval and CMS NCD development. (RX3556 (FDA) at 3; RX3867 (Deverka
Expert Report) 9 56.)
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227.1 Since the program’s inception, only two tests, Foundation One CDx and
Cologuard, have successfully navigated Parallel Review, despite 26 applications and over
60 inquiries. (RX3052 (RAPS) at 1-2; RX3867 (Deverka Expert Report) 4 56.) If a test
receives a positive coverage determination via the Parallel Review process, private
payors must cover the test for their Medicare Advantage population, but do not need to
cover the test for their non-Medicare Advantage beneficiaries. (RX3138 (Podemska-
Mikluch, 2018) at 1; RX3867 (Deverka Expert Report) 9 56.)

227.2 As aresult of statutory restrictions preventing Medicare from covering
preventive services, Parallel Review will not be an option for a MCED test like Galleri
unless there is legislative action to add MCED tests as a Medicare benefit category, or
alternatively, if the test first receives a grade of A or B following successful USPSTF
review. (RX3646 (Social Security Act § 1833 [42 U.S.C. 13951]); RX6001 (Deverka
Trial Dep. at 53—54); RX3867 (Deverka Expert Report) 9 57.)

228. The MCIT Pathway. The Medicare Coverage of Innovative Technology (MCIT)
Pathway is a new option that may become effective at the end of 2021, although it is unlikely
that CMS will allow the rule to become finalized without additional revision given that CMS has
delayed implementation of MCIT twice in 2021.

228.1 It was initially proposed in 42 CFR Part 405 in August 2020, but was later
delayed as a result of a regulatory freeze implemented by the Biden administration on
January 20, 2021. (RX3228 (CMS); RX6001 (Deverka Trial Dep. at 54-55); RX3867
(Deverka Expert Report) § 58.)

228.2 While MCIT might offer an accelerated Medicare coverage pathway for
certain innovative products, the pathway is limited to FDA-approved or cleared devices
and offers only a temporary coverage window of four years, after which a qualifying
device loses coverage if not granted coverage via LCD or NCD. (RX3228 (CMS);
RX6001 (Deverka Trial Dep. at 54-55); RX3867 (Deverka Expert Report) q 59.)

5. Private Payors

229.  Private payors use a robust evidentiary framework when considering coverage for
diagnostic tests, including screening tests. (RX6001 (Deverka Trial Dep. at 56); RX3867
(Deverka Expert Report) 9§ 60.) While private payors may consider Medicare coverage policies
when determining the coverage provided to their commercial population, payors are only
required to implement Medicare coverage policies for their Medicare Advantage populations.
(RX3867 (Deverka Expert Report) 9 60.)

230. In addition to the components of evidence development previously discussed —
i.e., analytical validity, clinical validity, clinical utility and health economic evidence — payors
consider a range of factors when determining medical necessity, such as regulatory approval, the
product’s clinical indication (intended test use based on the signs, symptoms and populations for
which a product is used), and health economics. (RX3043 (Akhmetov, 2015) at 1; RX3005
(Deloitte) at 8; RX3584 (Chambers et al., 2015) at 1.)
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231.  Although all diagnostics do not require FDA-approval/clearance, private payors
may factor regulatory status into coverage decisions. Separately, payors will consider the
product’s target population and intended indication, where products that are intended for use in
broad populations, like oncology screening tests, will be subject to greater scrutiny due to
increased budgetary impact. (RX3867 (Deverka Expert Report) § 60.)

232.  When considering the budgetary impact of new products and services, payors will
often consider only the short-term benefit to health outcomes, which underemphasizes the
potential for long-term cost savings that may be afforded by MCED tests. (RX6001 (Deverka
Trial Dep. at 56);RX3084 (Dept. of Veterans Affairs) at 1-2; RX3867 (Deverka Expert Report)

160.)

F. Specific Barriers and Challenges for Commercialization of MCED Tests

233. Asdiscussed above, manufacturers of new MCED tests face a number of unique
challenges regarding test reimbursement and widespread adoption, including the requirement for
significant time and financial investments. (RX6001 (Deverka Trial Dep. at 62—64); RX3867
(Deverka Expert Report) 9 85; Chahine (Helio) Tr. 1125-27; Getty (Guardant) Tr. 264650,
2661.)

233.1 Some of these challenges are due to the novel nature of MCED tests such
as the detection of multiple cancers simultaneously, navigation of Medicare statutory
coverage limitations that currently do not exist for MCED screening, code development
and payment assignment processes for a novel product, FDA approval of a multi-cancer
screening test, and campaigns for other education and adoption challenges. (RX3867
(Deverka Expert Report) 9 85.)

234. Illumina’s planned acquisition of GRAIL would allow Illumina to provide critical
support to address both the unique challenges for early cancer screening as well as the typical
challenges that arise for widespread private and public payor coverage. (RX6001 (Deverka Trial
Dep. at 62—-64); RX3867 (Deverka Expert Report) 9 85.)

234.1 The particularly innovative aspects of a test that can screen for multiple
cancers simultaneously and potentially lead to improvements in cancer outcomes are
often the same features that make evaluation of these tests complicated for payors.
(RX6001 (Deverka Trial Dep. at 61-62); RX3867 (Deverka Expert Report) 9 86.)

1. High Evidence Hurdles

235.  The foremost challenge in bringing a MCED test to market will be the high
evidence hurdles that a test developer must surmount before payors will consider providing
coverage for the test. (RX6001 (Deverka Trial Dep. at 90-91); RX3867 (Deverka Expert
Report) 4 87.)

236. MCED tests face particularly burdensome hurdles during evidence development

stages given the broad nature of their clinical indication and large scale at which screening
methods are implemented. (RX3867 (Deverka Expert Report) 4 87.)
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236.1 Clinical trials for MCED tests must include many patients from a variety
of backgrounds and medical histories. ﬂ; Aravanis
(IMlumina) Tr. 1909-10.) These large sample sizes are required to evaluate MCED tests
due to the low prevalence of individual cancer types across the general, asymptomatic

population and to account for natural patient attrition during these studies. (RX3867
(Deverka Expert Report) 9 87.)

236.2 Further, studies that look to assess the treatment pathway following cancer
detection will require follow-up periods of several years. (RX6001 (Deverka Trial Dep.
at 90-91); RX3867 (Deverka Expert Report) 9 87.)

237. High evidence hurdles are the norm for screening tests since the target population
is individuals without any signs or symptoms of cancer. (RX3583 (Wilson et al., 1968) at 134;
RX3608 (Andermann et al., 2008); RX3156 (Dobrow et al., 2018) at 5.)

238. It is difficult to be certain about predicting the intended use population for the
early adoption of Galleri by payors. (RX6001 (Deverka Trial Dep. at 91-92, 94-95); RX3867
(Deverka Expert Report) § 88.)

238.1 Payors may prefer to limit test coverage to higher cancer risk populations
to increase the diagnostic yield, limit their financial exposure, and minimize the risk of
false positive results, patient anxiety and unnecessary, costly, and potentially harmful
follow-up diagnostic procedures. (RX3867 (Deverka Expert Report) 9 88.)

238.2 Payors may also want to understand the implications of false negatives to
address concerns about the possibility of patients foregoing SOC screening, thereby
delaying cancer diagnoses and potentially increasing patient morbidity. (RX3867
(Deverka Expert Report) § 88.)

238.3 GRAIL will need to invest time and resources to develop this evidence,
either based on additional clinical studies or real-world evidence. (RX6001 (Deverka
Trial Dep. at 91-92, 94-95); RX3867 (Deverka Expert Report) 9 88.)

239. Some payors may want to see prospectively collected evidence of the impact of
MCED screening on mortality, which will require large, long-term follow-up studies. (RX3867
(Deverka Expert Report) 9 89.) Valid assessment of patient safety data requires the return of
results to participants in a prospective study. (RX3867 (Deverka Expert Report) q 89.)

240. To date, GRAIL has only returned results to patients in one study.
PATHFINDER is a prospective study that enrolled 6,662 participants from seven clinical
institutions in the U.S. between December 2019 and December 2020. (RX3044 (NIH); RX6001
(Deverka Trial Dep. at 93-94); RX3867 (Deverka Expert Report) 9 89.)

241. Participants whose MCED test results indicated presence of cancer underwent
diagnostic testing, as determined by their treating physician informed by standard practice
guidelines, to reach a diagnostic resolution - either the diagnosis of an invasive cancer (a “true
positive”) or no cancer (a “false positive”). (RX3867 (Deverka Expert Report) 9 89.)
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241.1 Out of 6,629 analyzable test results, 1.4% (or 92 individuals) had a cancer
signal detected, and 65 individuals had achieved diagnostic resolution as of March 2021.
(RX3053 (Beer et al., 2021).)

242.  While the first prospective study of Galleri is an important initial step to
developing the necessary clinical data, additional and larger studies will be required to begin
generating the evidence that payors will require. (RX6001 (Deverka Trial Dep. at 93-94);
RX3867 (Deverka Expert Report) 9 89.)

242.1 The novelty of a MCED screening approach is likely to slow payor
evidence reviews given the unprecedented nature of a single test that screens for multiple
cancers.

2. Lack of Precedent For Payor Evaluation

243.  There is no precedent that payors can rely on for evaluating the clinical validity
and utility of MCED tests. (RX6001 (Deverka Trial Dep. at 116—-17); RX3867 (Deverka Expert
Report) 4§ 90.) MCED tests are a nascent technology and while some companies have announced
plans to develop multi-cancer tests in the future, GRAIL’s Galleri test is the only MCED test for

asimitomatic individuals that is currentli available. (PX7105 (Getty (Guardant) Dep. at 23);

244.  Given that GRAIL’s test has only very recently been introduced, no company
currently has, or is close to receiving payor reimbursement for a MCED test, meaning payors
would be evaluating and making coverage decisions on MCED tests for the first time. (RX6001
(Deverka Trial Dep. at 116-17); RX3867 (Deverka Expert Report) 9 90.)

245. Typical payor questions regarding whether a new test is clinically meaningful
(clinical validity) or useful (clinical utility) will need to be defined for MCED screening in the
first instance, as there is currently no consensus interpretation of clinical validity or clinical
utility for a MCED test. (RX3867 (Deverka Expert Report) 4 91.)

246.  One of the major justifications for adopting MCED screening is the notion of
“aggregate prevalence” which refers to where universal screening efficiencies are realized by
summing the cancer prevalence rates of individual cancers, thereby increasing the cancer
detection rate (CDR), the overall number of true positive cancers detected out of the total number
of expected cancers in a monitored population. (RX3715 (Ahlquist, Universal Cancer Screening,
2018) at 4; RX3867 (Deverka Expert Report) 4 91.)

247.  Even when adding across the five currently screened cancers, the CDR is only
16% for breast, colorectal, lung, cervical and prostate cancers combined—suggesting a relatively
low percentage of cancers are identified by current screening methods. (RX3670 (Ong, 2021) at
1; RX3867 (Deverka Expert Report) 4 91.)
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248. A MCED test could offer further benefits where the test can screen outside of the
five currently screening cancers. (RX3867 (Deverka Expert Report) §91.) Whereas for many
less prevalent cancers single-organ population-wide screening could not be recommended due to
the rarity of individual cancer types in average risk adults, a single blood-based test that can
detect many different cancer types simultaneously could be justified by aggregating tumor-
specific prevalence rates and increasing the overall CDR. (RX3715 (Ahlquist, Universal Cancer
Screening, 2018) at 4; RX3867 (Deverka Expert Report) § 91.)

249. However, it is unclear whether payors will accept these presumed benefits of
MCED screening or if they will continue to review the clinical validity of any new test for each
cancer type individually. (RX3867 (Deverka Expert Report) § 91.)

249.1 If payors were to review the clinical validity for individual cancer types,
rather than accepting overall MCED test sensitivity and specificity, this would create an
additional evidence challenge for test developers. (RX6001 (Deverka Trial Dep. at 61—
62); RX3867 (Deverka Expert Report) §91.)

250. Regardless of how payors review MCED benefits and harms, any MCED test
developer, including GRAIL, will need to develop extensive evidence to establish clinical utility
of a MCED test. (RX3867 (Deverka Expert Report) 4 92.) GRAIL will need to go beyond
demonstrating multi-cancer detection rates by cancer type and stage to link these intermediate
outcomes to the net health outcomes, such as survival rates and quality of life.

251.  Given the statistical infeasibility of observing significant survival outcome
benefits in the near-term, screening outcomes will need to be modeled. (RX3867 (Deverka
Expert Report) § 92.) The requisite sample size, duration of follow-up and costs of data
collection make these types of studies very expensive with definitive results not available for
potentially decades. (RX3867 (Deverka Expert Report) 9 92.)

251.1 While some single cancer screening models have been used by groups
such as CMS to make decisions about covering new tests (e.g., Cologuard for colorectal
cancer), there has never been a multi-cancer screening model that has been both peer-
reviewed and applied in payor decision-making. (RX3867 (Deverka Expert Report)
92.)

251.2 Further complicating these models is that each specific cancer included in
the model will have different detection rates as well as diagnostic and treatment paths.
(RX3727 (Berger et al., 2016) at 2-3; RX3867 (Deverka Expert Report) 4 92.)

252. More work will need to be done to account for modeling issues such as tumor
sojourn times (the total time a cancer would exist in a particular stage if left undetected by
screening), and estimating lifetime survival benefits given competing risks of death in a multi-
cancer context. (RX3178 (Hubbell et al., 2020) at 4—7; RX3149 (van den Broek et al., 2017) at
12—-13; RX3867 (Deverka Expert Report) 9 92.)

253.  Models that can account for up to 50 cancer types while also following modeling
best practices will be extremely complicated, difficult to communicate to payors, and difficult for
payors to understand. (RX3178 (Hubbell et al., 2020) at 7; RX3149 (van den Broek et al., 2017)
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at 12—13.) There will also need to be extensive provider and patient education regarding how to
interpret and use Galleri test results in order to create the opportunity to meaningfully measure
clinical utility. (RX6001 (Deverka Trial Dep. at 42—43); RX3867 (Deverka Expert Report)

992.)
3. Single Cancer vs. Multi-Cancer Screening

254.  Currently, all covered screening paradigms involve testing for a single cancer. To
obtain coverage for any new single-cancer screening test requires significant evidence, including
studies comparing the benefits and risks of the new test to either no screening for cancers
without current guideline-based testing options, or to the current standard of care (SOC) for that
particular cancer. (RX3867 (Deverka Expert Report) 4 93.)

254.1 This presents a challenge for MCED tests both because a MCED test may
screen for cancers for which there is no current standard of care (e.g., pancreatic cancer)

and because there is no current screening paradigm for screening for multiple cancers in a
single test. (RX3867 (Deverka Expert Report) 4 93.)

255.  For currently screened cancers, the harms of testing are typically well known. For
example, screening for lung cancer using low-dose computed tomography carries known biopsy
risks to evaluate suspicious nodules. (RX3567 (Wiener et al., 2011) at 8; RX3867 (Deverka
Expert Report) 4 94.)

255.1 In contrast, while there are clear advantages to MCED screening tests
(e.g., ease of use given simple blood draw potentially leading to improved screening
compliance) the benefits and harms of MCED tests are largely unknown at this time and
will likely differ by tumor site depending on the different types of low-risk and high-risk
follow-up diagnostic procedures and the unknown effects of MCED screening on
compliance with SOC screening. (RX3428 (Underwood et al., 2019) at 3; RX3867
(Deverka Expert Report) 9 94.)

255.2 Achieving payor coverage for a MCED test based on robust evidence will
be both difficult and time-consuming for any company working in the cancer screening
space because of these challenges. (RX6001 (Deverka Trial Dep. at 112—-13); RX3867
(Deverka Expert Report) 9§ 94.)

256. Studies designed to accurately characterize the benefits and harms of numerous
cancers (up to 50 for Galleri) would need to be very large given the low prevalence of
asymptomatic cancer in a screen-eligible population (and potential for patient attrition) and
unknown harms of screening for cancers that currently do not have a SOC screening modality.
(RX3867 (Deverka Expert Report) 4 95.)

257.  The overall benefit/risk balance for MCED test screening tests as compared to
single cancer screening tests will also likely be based on a much larger number of variables
derived from multiple tumor types (up to 50 different cancer types in the case of Galleri).
(RX3867 (Deverka Expert Report) 4 95.)
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257.1 For example, MCED tests have shown varying test sensitivity and
specificity that differs by cancer site and by cancer stage because these test performance
characteristics depend on tumor size, location and cfDNA shedding rates. (RX3427
(Ignatiadis et al., 2021); RX3867 (Deverka Expert Report) 9 95.)

258. In addition, the ability to accurately localize the tissue of origin in a screened
positive patient may also vary by cancer. (RX3867 (Deverka Expert Report) 9 95.) This
complexity of benefit/risk assessment for MCED tests was the topic of discussion in a recent
FDA public workshop held by Center for Devices and Radiological Health (CDRH) in 2020, and
comparable difficulties will arise in payor decision-making as payors evaluate the clinical utility
(net benefits) of new MCED tests. (RX3591 (FDA); RX6001 (Deverka Trial Dep. at 63—64);
RX3867 (Deverka Expert Report) 9 95.)

4. Evidence of a Clinical Benefit

259. On average, patients diagnosed with earlier stage cancers have better rates of
survival than patients diagnosed with later stage cancers. (RX3867 (Deverka Expert Report) 9
96.)

259.1 For example, the 5—year survival rate for patients diagnosed with Stage I
breast cancer (cancer localized to the breast) is 99%, whereas it is only 26% for women
diagnosed with Stage IV breast cancer (cancer has spread to other parts of the body).
(RX3706 (Susan G. Komen) at 2.)

260. The major clinical advantage of MCED test is the presumed ability of the test to
detect cancers at earlier stages where the prognosis is better and there is a greater likelihood of
cure. (RX3588 (Clarke et al., 2020) at 1; RX3867 (Deverka Expert Report) 9 96.)

261. This benefit of a MCED test is referred to as “downstaging” and is the driver for
claims about likely improvements in survival and quality of life. (RX6001 (Deverka Trial Dep.
at 61-62); RX3867 (Deverka Expert Report) 4 96.)

261.1 This is particularly important for cancers without a current screening
modality such as pancreatic or ovarian cancers where the assumption is that a cancer
diagnosis obtained through screening is always better than waiting for symptoms to
develop. (RX3867 (Deverka Expert Report) 9 96.)

262. However, payors may challenge this assumption as related to lead-time bias: the
phenomenon where patients’ time of death is unchanged, but when measuring survival from the
time cancer was screened-detected leads to the erroneous conclusion that survival is improved.
(RX3867 (Deverka Expert Report) 9 96.)

262.1 As aresult, payors may require additional clinical utility evidence to
establish increased survival due to earlier detection. (RX6001 (Deverka Trial Dep. at 61—
62); RX3867 (Deverka Expert Report) 9 96.)

263. With respect to Galleri, specifically, the sensitivity of the assay varies by tumor
type and stage. (RX3430 (Liu et al., 2020) at 1; RX3867 (Deverka Expert Report) §97.) In
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addition to Galleri, Thrive has published results of a multi-cancer clinical study indicating

different levels of sensitivity and specificity. (RX3867 (Deverka Expert Report) 97, n.193;
RX3419 (Lennon et al., 2020).)

263.1 Given the reliance of the assay on detecting tumor DNA (ctDNA)
fragments in the blood—which increase as cancer develops into later stages, it is
unsurprising that Galleri has the highest sensitivity for later stage cancers as these
represent tumors that have spread regionally or distantly and tend to shed a higher
amount of ctDNA. (RX3773 (Klein et al., 2021); RX3867 (Deverka Expert Report)
197.)

5. Additive To Current Screening Tests

264. Because Galleri is intended to be additive to current standard-of-care screening

tests, this approach raises additional questions for payors. (PX7130 (Deverka Dep. at 198);
RX3867 (Deverka Expert Report) 9 98.)

264.1 For example, what are the additional clinical benefits of the MCED test
for currently screened cancers versus the benefits of the MCED test for cancers that have
no currently recommended screening modalities? (RX3867 (Deverka Expert Report)

198.)

264.2 And what evidence will be required by payors to mitigate the concern that
patients who are tested with Galleri and found to have a “no cancer detected” result may
have a false sense of reassurance and therefore decreased adherence to routine screening
interventions? (RX3867 (Deverka Expert Report) 9 98.)

264.3 These issues stem from the unique features of MCED tests and are likely
to complicate payor evidence reviews as part of coverage decision-making and will
require significant educational outreach to payors on the part of MCED test developers.
(PX7130 (Deverka Dep. at 198); RX3867 (Deverka Expert Report) 4 98.)

6. Economic Considerations

265. With a target population of individuals aged 50 or older with average cancer risk,

the size of the eligible population for Galleri and other MCED tests is very large (i.e., most
individuals ages 50—-79).

Qadan (Illumina) Tr. 4109.)

266.  Affordability is heavily dependent on the price of Galleri and the testing interval
(every 2 years, every year, or more frequently) with significant near-term impact on the per
member per month (PMPM) costs of delivering care to an insured population. (RX3867
(Deverka Expert Report) 9 100.)

267.
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268. While GRAIL and other future MCED test manufacturers may be able to address
these economic considerations by emphasizing the value (cost/outcome) of Galleri, in particular
long-term value, that argument may not be persuasive to private insurers. (RX6001 (Deverka
Trial Dep. at 34-35); RX3867 (Deverka Expert Report) § 101.) In this context, value
(synonymous with cost-effectiveness) is defined as patient cancer-related health outcomes
achieved relative to the costs associated with cancer detection and appropriate clinical follow-up
care. (RX3867 (Deverka Expert Report) 4 101.)

269. Costs are most commonly measured from the health care payor perspective.
(RX3867 (Deverka Expert Report) q 101.) Value assessment is inherently comparative, as the
goal is to inform the question, “should we pay for this new test compared to the standard of
care?” (RX3867 (Deverka Expert Report) 4 101.)

270.  If the presumed benefits of MCED screening approaches are realized, this will
result in improved survival and quality of life for individuals detected with cancer due to
downstaging, which can be measured as cost-effectiveness. (RX6001 (Deverka Trial Dep. at 34—
35); RX3867 (Deverka Expert Report) 9 101.)

270.1 For a stable insured population, downstaging is expected to translate into
cancer-specific cost-effectiveness because of improved survival and reduced cancer
treatment costs or even cures. (RX6001 (Deverka Trial Dep. at 34-35); RX3867
(Deverka Expert Report) 4 101.)

271.  However, even if Galleri is likely to be cost-effective, it will likely not be cost
saving. (RX3867 (Deverka Expert Report) 4 102.) Whereas a “cost-effective” new technology
produces more health benefits at greater cost relative to the current standard of care, a “cost
saving” new technology produces the same or more health benefits at a lower cost than the
current standard of care. (RX3160 (Goodell et al., 2009) at 2; RX6001 (Deverka Trial Dep. at
115-16); RX3867 (Deverka Expert Report) 4 102.)

272.  Most new technologies introduced into the healthcare marketplace are cost-
effective, not cost-saving, with the health benefits accruing over a patient’s lifetime. (RX3867
(Deverka Expert Report) 4 102.) In the U.S., private payors, however, often have a short time
horizon for decision-making (1-3 years) because of high member turnover. (RX3671, (Graves et
al.,2017) at 8.)

273. These private payors evaluating a new screening test may be less likely to cover a
test that is not cost saving despite the potential cost-effectiveness over a longer time period
because U.S. private payors are less likely to see the benefits of cost-effective devices during an
individual patient’s subscription to a particular insurer’s plan. (RX3867 (Deverka Expert
Report) §102.)
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274. Test manufacturers will likely have to expend significant efforts to encourage
private payors to incorporate cost-effectiveness data into their evaluation process for MCED
tests. (RX3867 (Deverka Expert Report) q 102.)

275. In contrast, net health outcome benefits may be more persuasive to Medicare
given their lifetime insurance responsibilities to beneficiaries. (RX3867 (Deverka Expert
Report) 9 102.) In addition, there is evidence that Medicare does consider cost-effectiveness data
in their evaluation of preventive services. (RX3459 (Chambers et al., 2014) at 3—4.) Medicare is
also prohibited from basing coverage decisions on cost effectiveness data. (RX3458 (Neumann
et al., 2012); RX3867 (Deverka Expert Report) 4 102, n.199.)

276. Payors will also likely consider the economic costs incurred through the
diagnostic follow up required for patients who receive a positive result from a MCED test.
(RX3867 (Deverka Expert Report) q 103). Similar to most current single cancer screening tests,
while Galleri can presumptively localize the tumor, follow-up diagnostic testing will be required
to definitively rule-in cancer. (RX3867 (Deverka Expert Report) 4 103.)

277. While data from case-control studies indicates Galleri has a very high specificity
level (over 99%), until there are robust prospective data about the rates of false positive results
with Galleri in average risk populations, payors are likely to be concerned about the potential for
downstream clinical and economic harms with MCED screening approaches. (RX3430 (Liu et
al., 2020) at 1; RX3867 (Deverka Expert Report) 9 103.)

277.1 For example, a false positive result with Galleri could lead to unnecessary
diagnostic testing and costs, the risk of procedure-related complications, and diminished
patient quality of life. (RX3867 (Deverka Expert Report) 4 103.)

278. The PATHFINDER study was GRAIL’s first study that returned results of Galleri
to patients at both average and increased risk of cancer. (RX3044 (NIH); RX3867 (Deverka
Expert Report) 4 103.)

279. Payors will likely require further evidence to establish the clinical utility (net
benefit) of Galleri and for payors to effectively evaluate the full economic costs of Galleri,
including the costs of false positives. (RX6001 (Deverka Trial Dep. at 93—94); RX3867
(Deverka Expert Report) 4 103.); Aravanis (Illumina) Tr. 1947.)

7. Equitable Access and the Size of the Eligible Patient Population

280. The current lack of private and public payor coverage raises significant concerns
about equality and access to potentially life-saving tests. (PX7130 (Deverka Dep. at 23-25);
RX3867 (Deverka Expert Report) § 104.) There are numerous disparities in cancer screening
adherence and cancer outcomes for minorities and other underserved populations. (RX3662
(Patel et al., 2020) at 1).

280.1 Where a new technology could serve to expand access to cancer screening
tests, all efforts should be made to avoid exacerbating these disparities and in fact to work
towards reducing them in healthcare. (RX3180 (Virnig et al., 2009) at 6—8; RX3867
(Deverka Expert Report) 9 104.)
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281. Factors that are being studied for their relationship to poorer cancer outcomes
include insurance status, care-seeking behaviors, income, education, racial differences in
healthcare providers, providers’ role in delayed diagnosis and Medicaid enrollment. (RX3088
(Zavala et al., 2020) at 2-3; RX3867 (Deverka Expert Report) § 104.)

282. The preferred approach is to take advantage of the potential for improved insured
member uptake because of reliance on a simple blood draw so that the benefits of MCED
screening can be equitably shared. (PX7130 (Deverka Dep. at 23-25); RX3867 (Deverka Expert
Report) 4 104.)

283. Improved cancer outcomes for all persons will not be achieved if MCED
screening is introduced under a strictly limited access framework that makes testing narrowly
available to only those individuals that can afford these tests by paying out of pocket or who may
be members of executive wellness programs or other employer-sponsored wellness initiatives—
individuals that on average have lower cancer risk because of their younger age as compared to
retirees. (RX3507 (NCI); RX3867 (Deverka Expert Report) 4 105.)

283.1 For example, Galleri is currently available without any insurance coverage
at a list price of $949 per test. (RX3253 (GRAIL); RX3867 (Deverka Expert Report)
1105

284. Paying out of pocket for an over $900 test that could be potentially life-saving
may not be a significant burden for wealthy individuals but it is likely to be far outside the
budget of most Americans. (RX3867 (Deverka Expert Report) § 105.) The sooner that Galleri
can be adopted and covered by a broad range of payors, the more likely the test could ameliorate
long-standing disparities in access and outcomes. (PX7130 (Deverka Dep. at 23-25); RX3867
(Deverka Expert Report) 9 105.)

8. Stakeholder Engagement

285.  Given that MCED is a new technology class, payors do not yet have relevant
coverage policies. (RX3867 (Deverka Expert Report) § 106). As such, MCED test
manufacturers will have to engage with Medicare, Medicaid and private payors to adequately
demonstrate medical appropriateness based on developed evidence prior to development of new
policies. (RX6001 (Deverka Trial Dep. at 31-32); RX3867 (Deverka Expert Report) 4 106;
Qadan (Illumina) Tr. 4152-53.)

286. Payors may be apprehensive to provide coverage due to the large indicated
population, and therefore substantial budgetary impact, of screening applications without clear
evidence of the benefits and harms (clinical utility) of MCED tests. (RX3867 (Deverka Expert
Report) 4 106).

287.  Given the challenges and the novelty of MCED screening, test manufacturers will
be required to engage with multiple stakeholders to not only demonstrate the utility and
effectiveness of their product but to generate interest and understanding about a new testing
paradigm. (RX6001 (Deverka Trial Dep. at 31-32); RX3867 (Deverka Expert Report) 9 106).
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288.  After development of new codes, corresponding payment assignment, robust
evidence development and securement of private and public payor coverage, MCED test
manufacturers will still need to overcome a number of educational barriers prior to widespread

test adoption, including at the prescribing physician, patient and payor level. (RX6001 (Deverka
Trial Dep.at 4243 :

288.1 The former Vice President of Clinical Business Development at [llumina,
John Leite, summarized this particular challenge as: “[O]nce you have a test
approved . . . you have to spend money to educate physicians, to educate payors, to
educate hospital systems and employers as to why it’s important to adopt your tests. And
ultimately you’re investing to change physician behavior to ultimately change the
standard of care. All of these programs are very expensive and require capital.”
(PX7088 (Leite (Illumina/InterVenn) Dep. at 33).)

289. Physicians may be reluctant to adopt new technology, particularly as they may be
uncertain how to interpret test results. (PX6097 (Abrams Expert Report) 4 32; RX3867
(Deverka Expert Report) q 108.) Galleri offers a sensitivity of ~50% and a specificity of
approximately 99%; the specificity rate of ~99% means that a positive test result is a reliable
indication of cancer and has a very low risk that healthy individuals will be falsely diagnosed.
(RX3279 (Precision Oncology); RX3867 (Deverka Expert Report) 9 108.)

290. However, the ~50% sensitivity rate (while higher than some current SOC
screening tests) means that a negative test result does not guarantee that the patient does not have
cancer. (RX3867 (Deverka Expert Report) § 108.) While these rates may be appropriate for
Galleri as a screening application, how to interpret and respond to aggregate cancer detection
results may not be intuitive to all clinicians. (RX3867 (Deverka Expert Report) 4 108.)

291. The proper integration of positive MCED test results into the oncology clinical
pathway may also differ across tumor types, which could require additional training for
physicians depending on their specialty. (RX3534 (Putcha G., One Size Does Not Fit All);
PX7130 (Deverka Dep. at 23-25); RX3867 (Deverka Expert Report) q 108.)

292. In addition to educational campaigns, GRAIL will need to engage with specialty
societies and patient advocacy organizations, and drive inclusion of MCED screening in standard
treatment paradigms as outlined in key oncology treatment guidelines, such as those developed
by NCCN. (RX6001 (Deverka Trial Dep. at 175-76); RX3867 (Deverka Expert Report) q 109.)

293. The totality of these efforts will require substantial resources, time, and funding to
ensure broad MCED screening access beyond initial commercial availability. (RX6001
(Deverka Trial Dep. at 175-76); RX3867 (Deverka Expert Report) 9 109.)

G. Developing a New Cancer Screening Test Capable of Screening for Multiple
Cancers Simultaneously is Difficult and Takes Years

294. 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. *
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295. Many years of research and development are needed to generate a blood-based
assay that has the appropriate biomarkers needed to have the requisite sensitivity and specificity,
not to mention ability to detect a molecular cancer signal of origin. (RX3869 (Cote Expert
Report) 4 99.)

295.1 GRAIL was launched in 2016 within Illumina, and was only able to
launch its multi-cancer screening test as an LDT in 2021. (Flatley (Illumina) Tr. 4090;
Bishop (GRAIL) Tr. 1322-23.) GRALIL is still years away from seeking FDA approval
for its multi-cancer screening test. (Bishop (GRAIL) Tr. 1343; PX7069 (Bishop
(GRAIL) IHT at 94).)

296. Similarly, Thrive was originally founded based on the research from a company
called PapGene as well as research from Johns Hopkins University. (PX7101 (Vogelstein (Johns
Hopkins University) at 27-28; ).) PapGene
was started in 2014. (PX7101 (Vogelstein (Johns Hopkins University) Dep. at 27-28).)

296.1 Thrive has still not launched a commercial version of its cancer screening
test, CancerSEEK, seven years later.

296.2 In late 2020, Exact Sciences acquired Thrive.

; PX7101 (Vogelstein (Johns Hopkins University)

Dep. at 48-49).)

PX7062 (Kollu (GRAIL) IHT at 162);

297.  Other purported MCED test developers are much further behind. For example,
Freenome was founded in 2014. (Nolan (Freenome) Tr. 2724; PX7121 (Otte (Freenome) Dep. at
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301. 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.

302.

1. Sample Collection and Initial Research

303. While test developers may pursue these steps in different orders, the initial steps
typically involve sample collection, research and biomarker discovery. (Cote Tr. 3783-85;
RX3869 (Cote Expert Report) § 104.)

304. Specifically, a given 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
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one cancer tﬁei these existini samiles would not have the new iroiosed cancer tife.

304.1 It is critical that samples are collected uniformly according to a sample
collection protocol to ensure high quality samples that are comparable. (Aravanis
(Ilumina) 1899-1900.) “If you were just to mix and match samples collected in different
ways from different purposes, you would end up finding [cancer] signals that are just
artifacts of those methods. And were you to develop a test in that way . . . likely it
wouldn’t perform well.” (Aravanis (Illumina) 1899-1900.)

304.2

305. During the sample collection period, the test developer may also perform initial
technoloii develoiment and ireliminai feasibiliti studies. #

305.1 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.

306. 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

biomarker may be used to distinguish between an individual who has cancer and a healthy
.

306.1 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 seccted. [

306.2 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. (RX3869 (Cote Expert Report)
1105

306.3 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 o ptinization. [

306.4 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

67



FEDERAL TRADE COMMISSION | OFFICE OF THE SECRETARY | FILED 4/22/2022 | DOCUMENT NO. 604485 | Page 79 of 559 | PUBLIC
PUBLIC

requisite processing.

306.5 According to Dr. Cote, biomarker discovery can take anywhere from 18
months to three years, and in some cases much longer. (Cote Tr. 3785-86.)

307.  Although it is possible that the R&D process may be shortened to add a new
cancer type to an existing test because the company has already elected to pursue a mutation or
methylation-based approach, the company would still need to pursue new biomarker discovery
for the new cancer(s). (Cote Tr. 3787; RX3869 (Cote Expert Report) 9 106.)

308. To date, scientists have not discovered any biomarkers that are “pan cancer”, and
this is not unexpected given what is understood about the biological drivers of cancer. (Aravanis
(Ilumina) Tr. 1883, 1896-98; RX3869 (Cote Expert Report) 9 106.)

309. 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
cancer type(s) to ensure the accuracy, specificity and sensitivity needed for an early cancer
screening test. (Cote Tr. 3787; RX3869 (Cote Expert Report) 4 106; see also Aravanis
(Illumina) Tr. 1883, 1896-98.)

309.1 The challenge is multiplied many-fold as the number of cancers under
consideration to be screened increases. (RX3869 (Cote Expert Report) 9 106; see also
Aravanis (Illumina) Tr. 1883; 1896-98.)

309.2 As Gary Gao of Singlera explained, in ten years, Singlera has only had
“enough sample type[s] for five given types of a cancer to validate . . . there are hundreds
of different cancer types, and over a ten-year span, you can only collect enough sample
for four or five different cancers for validation purpose. So for five different kinds that
we can estimate, you know, it may take seven to eight years [to conduct a] prospective
trial to have FDA approval. For 50 or 100 kinds of cancer, it would take maybe 50
years. You know, that’s just the reality of it.” (Gao (Singlera) Tr. 1883.)

310.  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, includini costs, iualiti control and other ierformance characteristics.

310.1 For example, an assay that is interrogating multiple cancer types, or is

analyzing multiple analytes may require more time than the assay development stage for
310.2 The development stage can take multiple years and also impose a cost of
et i Con Tt R
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2. Validation/Clinical Studies

311.  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 an LDT or IVD
test 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. (PX7086 (Cance (ACS) Dep. at 50); -
3783-3785, ﬂ

312.  The studies that are required to validate a diagnostic test, and in particular a
multi-cancer screening test, are well-established to be the biggest expense incurred by a clinical

test developer in pursuing an early cancer screening test. (Cote Tr. 3793-3794, 3806; PX7118
(Fiedler (FMI) Dep. at 71); see also PX7090 (Sood
(Guardant) Dep. at 26-27);

312.1 For example, FMI’s COO states that clinical trials are “extremely
expensive” and “in the tens of thousands per patient” (PX7118 (Fiedler (FMI) Dep.
71); see also

also PX7090 (Sood (Guardant) Dep. at 26-27).)

313.  While the requirements for an LDT test are likely to be less stringent than would
be required for FDA approval, for an LDT to gain traction with relevant stakeholders, it will
have to undergo extensive and rigorous clinical validation. (RX3869 (Cote Expert Report)
108.)

313.1

313.2 The American Cancer Society “rel[ies] on published results of those
clinical trials to help it establish screening guidelines for MCED tests” (PX7086 (Cance
(ACS) Dep. at 36) and “multi-cancer detection tests need more data and validation in
order to assist with cancer diagnosis determinations.” (PX7086 (Cance (ACS) Dep. at
50); RX3869 (Cote Expert Report) 4 108, n.109.)

314. A test developer may conduct any one of several types of clinical trials in order to
launch an LDT test conducted by a CLIA-certified laboratory,. (RX3869 (Cote Expert Report)
109; see also Cote Tr. 3783-85, 3806—07.)

314.1 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
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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.
(RX3141 (CMS) at 1.)

314.2 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.
(RX3869 (Cote Expert Report) 4 109, n.111; see also RX3141 (CMS) at 1; RX3912
(CMN).)

315. Retrospective, case-control study. The simplest of the types of clinical trials is
known as a “case-control study.” (Cote Tr. 3783—85; PX7086 (Cance (ACS) Dep. at 60—61);
RX3869 (Cote Expert Report) § 110.) 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.
(RX3869 (Cote Expert Report) q 110.)

315.1 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, and another with samples from healthy donors who have
been “matched” by age or other parameters to the cohort of cancer patient. (PX7086
(Cance (ACS) Dep. at 60—61); RX3869 (Cote Expert Report) 4 110.)

315.2 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. (RX3869 (Cote Expert Report) § 110.)

315.3 There are no specific sample size requirements for such case-control
studies. (RX3869 (Cote Expert Report) § 111.) Such studies vary from fewer than 100
samples in each cohort to several thousands of samples in larger studies. (RX3869 (Cote
Expert Report) § 111.) Case-control 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.
(Cote Tr. 3786; RX3869 (Cote Expert Report) § 111.)

315.4

315.5 A validation study is used to observe, document, and understand variation
in the data generated under specific laboratory conditions. (Cote Tr. 3783—-85; RX3869
(Cote Expert Report) 111, n.115.) Validation helps define the scope or range of

conditions under which reliable results may be obtained. (Cote Tr. 3783—-85; PX7086
(Cance (ACS) Dep. at 50); ; RX3869 (Cote Expert

Report) §111, n.115.)

316. 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
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then follows these patients for a period of time to see who develops cancer, is “prospective” or
forward-looking. (PX7086 (Cance (ACS) Dep.) at 61-62; Cote Tr. 3783—85.) 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. (RX3869 (Cote

Expert Report) 4 112.)

316.1 A study is “observational,” where the investigator will not act upon study
participants, but instead will observe natural relationships between factors and outcomes.
(Cote Tr. 3827-28, 3832; RX3869 (Cote Expert Report) § 113.) In an observational
study, the physician overseeing the patient will not be informed of any test results at least
until after the study is over. (RX3869 (Cote Expert Report) 4 113.)

316.2 In contrast to a retrospective case-control study, 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 and from blood banks, at a cost of about $100 million. _

316.3 However, many prospective observational studies for cancer screening
tests have been even bi

316.4 Prospective studies for tests that will analyze multiple cancer types
simultaneously are likely to require more samples and more funding correspondingly.
(Cote Tr. 3806; RX3869 (Cote Expert Report) 4 114.)

317. Prospective, interventional study. A study is “interventional” where the
investigator intercedes as part of the study design. (RX3869 (Cote Expert Report) § 115.) 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. (RX3869 (Cote Expert Report)
9 115.) The cost of prosiective interventional studies is higher than the cost of a prospective

observational study. 3783-85, 3793-94, ; RX3869 (Cote Expert Report)
115))

317.1 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. (Gao (Singlera) Tr. 2877-78; RX3869 (Cote Expert Report) § 119, n.123).

317.2 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. (Lengauer (Exact/Thrive) Tr. 170; RX3869 (Cote
Expert Report) 4 120, n.124.) Depending on the product being tested, a registrational
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trial is often a randomized, controlled trial, or a prospective, interventional trial.
(RX3869 (Cote Expert Report) 4 120, n.124.)

317.3 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. (PX7086 (Cance (ACS) Dep. at 60); Cote Tr. 3806; RX3869 (Cote
Expert Report) § 116.)

318. FDA’s requirements for obtaining premarket approval from the FDA may be
more stringent than for a test developer to commercialize an LDT: an LDT can be launched by
demonstrating results of a case-control study. (Cote Tr. 3824.) FDA is likely to 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.” (RX3220 (FDA) at 3;
21 CFR § 860.7.)

318.1 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,

rospective, interventional study in asymptomatic patients. (Cote Tr. 3783—85;-
% RX3869

(Cote Expert Report) 4 117.)

319. The FDA has said that “[t]here 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.” (RX3220 (FDA) at 3; 21
CFR § 860.7; RX3869 (Cote Expert Report) § 117, n.120.)

320. 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.” (RX3220 (FDA) at 3; RX3869 (Cote Expert Report) 4 118.)

321. Because 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 patients
who will be diagnosed with cancer to be statistically valid. (RX3501 (National Cancer Institute)
at 2; RX3869 (Cote Expert Report) § 118.)

322. Further, the study must be interventional to evaluate whether the early cancer

screening test can provide clinically significant results. (Cote Tr. 3783-85, 3793-94, 3804-05;
RX3869 (Cote Expert Report) § 118.)
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323. In this case, “clinically significant results” will likely 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. (RX3869 (Cote Expert
Report) § 119).

324.  Such clinical studies will take months of planning, one or more years of recruiting
participants at multiple sites, 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, and at least multiple hundreds of millions of dollars in cost over a minimum
of 5-7 years. (Cote Tr. 3783-85, 3793-94, 3804-05; RX3869 (Cote Expert Report) § 119.)

324.1 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. -
I 13565 (Cotc Exper Repor) ¢ 119)

325. Asaresult, 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. (Cote Tr. 3783-85, 3793-94; RX3869 (Cote Expert Report) 9 120.)

325.1

326.  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. (RX3869 (Cote Expert Report) q 121.)

326.1 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. (RX3869 (Cote Expert
Report) § 121.)

326.2 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
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cancer types covered by the new screening test will be different from the intervention in
the original study. (Cote Tr. 3787; RX3869 (Cote Expert Report) 4 121.)

327.

3. Addition of a New Cancer to An Existing Test

328. Even once you have an existing cancer screening test, it does not become easier to
add additional cancers. (Cote Tr. 3787; RX3869 (Cote Expert Report) 9 123.)

328.1 As Dr. Cote testified, going through the majority of the development steps
for a single-cancer screening test does not put a cancer screening test developer in a
position where they’re ahead in developing a cancer screening test for a different cancer:

The development of biomarkers for a particular cancer will not be
adequate for other cancers. While there may be overlap, one still
needs to go through all of the [development] steps. If. .. the test
developer has made the decision that they’ve already undergone
biomarker discovery with the assay that they have, they still need
to go through the case-control verification to determine whether or
not the assay has the performance characteristics needed . . . for the
new target cancer, and then has to go through a prospective trial
depending on which cancer is being targeted.

(Cote Tr. 3787.)

328.2 Should the FDA adopt a relaxed approach to additional cancers, 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.” (RX3220 (FDA) at 3; 21 CFR § 860.7; RX3869
(Cote Expert Report) 9 123).

329. 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). (RX3869 (Cote Expert Report) 4 124.) The whole process will likely take seven to ten
years, at minimum. (RX3869 (Cote Expert Report) 9 124).
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H. Exemplary Clinical Oncology Testing Workflow

330. 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. (Aravanis (Illumina) Tr. 1829-33;
Berry (Illumina) Tr. 814-21; RX3869 (Cote Expert Report) 9 125.)

331.  As shown in the below figure, sequencing comprises only one step in the overall
testing workflow. (RX3860 (Cote Expert Report) q 125, Figure 3.)

Figure 4: Testing Workflow

Extract Li brary prep Interpretation

Data Analysis,
Sequencing Base Calling Cancer/Origin Prediction
and Report

Biopsy Tissue / DNA/RNA Adaptor Ligation
Blood Plasma Extraction and Enrichment

332. 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. (Aravanis (Illumina)
Tr. 1829-1833; Berry (Illumina) Tr. 814-21; RX3869 (Cote Expert Report) 9 126.)

333. For any test that uses NGS sequencing, only two of these six steps involve NGS
instruments. (RX3869 (Cote Expert Report) 9 126; Aravanis (Illumina) Tr. 1829-33; Berry
(Illumina) Tr. 814-21.)

334.  First, an appropriate sample specimen is collected, such as a tissue biopsy sample,
or blood sample for liquid biopsy. (Aravanis (Illumina) Tr. 1829-30; Berry (Illumina) Tr. 814;
RX3869 (Cote Expert Report) § 127.)

334.1 A blood sample is collected by a phlebotomist. (Aravanis (Illumina) Tr.
1829-30; Berry (Illumina) Tr. 814; RX3869 (Cote Expert Report) q 127.) 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. (Aravanis (Illumina) Tr. 1829-30;

Aravanis (Illumina) Tr. 1829-30; Berry (Illumina) Tr. 814-20; RX3869 (Cote Expert Report)
128.)
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Aravanis

(Illumina) Tr. 1829-30; Berry (Illumina) Tr. 814—15.)

335.2 This step is commonly referred to as sample preparation, or “sample
rep,” which is performed by a trained lab technician, and takes about 1 to 2 hours.
; Aravanis (Illumina)

Tr. 1829-30; Berry (Illumina) Tr. 814.)

336.  Third, the purified nucleic acids undergo library preparation. (Aravanis
(Illumina) Tr. 1830-31; Berry (Illumina) Tr. 815-25; RX3869 (Cote Expert Report) 9 129.)
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 instrument. (RX3869 (Cote Expert Report) 4 129; Aravanis (Illumina) Tr.
1830-31; Berry (Illumina) Tr. 815-25).

336.1 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. (Aravanis
(Ilumina) Tr. 1830-31; RX3869 (Cote Expert Report) § 129; Berry (Illumina) Tr. 815—
25.)

336.2 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. (Aravanis
(Illumina) Tr. 1830-1831; RX3869 (Cote Expert Report) 4 129; Berry (Illumina) Tr.
815-25; PX0091 (Illumina) at 14.)

336.3 For short-read sequencers, the ligated DNA is typically amplified using
PCR, using the adaptor sequence as primers. (RX3869 (Cote Expert Report) 9 129; Cote
Tr. 3743-3756; Aravanis (Illumina) Tr. 1830-31; Berry (Illumina) Tr. 815-25.)

336.4 The adaptor-ligated (and amplified for short-read sequencers) samples are
called sequence “libraries.” (PX0091 (Illumina) at 14; RX3869 (Cote Expert Report) 4
129.)

336.5 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. (RX3869 (Cote Expert Report) § 129;
Aravanis (Illumina) Tr. 1830-31; Berry (Illumina) Tr. 815-25; PX0091 (Illumina) at 14.)

337.  Fourth, the DNA libraries are sequenced using the NGS sequencers. (RX3869
(Cote Expert Report) 4 130; PX0091 (Illumina) at 14; Aravanis (Illumina) Tr. 1831.) This
sequencing step is commonly automated by the sequencer and the sequencing time varies
significantly between sequencers. (RX3869 (Cote Expert Report) 9 130; Aravanis (Illumina) Tr.
1831.)

76



FEDERAL TRADE COMMISSION | OFFICE OF THE SECRETARY | FILED 4/22/2022 | DOCUMENT NO. 604485 | Page 88 of 559 | PUBLIC
PUBLIC

337.1 For example, Thermo Fisher’s Ion GeneStudioTM S5 sequencer with lon
550TM Chip takes about 8.5—-11.5 hours, whereas Illumina’s NovaSeq 6000 with S4 flow
cells takes about 45 hours. (RX3869 (Cote Expert Report) § 130; RX3357 (Illumina) at
6—7; RX3587 (Thermo Fisher) at 1.)

338.  Fifth, the data generated by the sequencer (which varies depending on the type of
sequencer) is converted into DNA base sequences, i.e., A, G, C, T, and U for bisulfite converted
methylated C. (Berry (Illumina) Tr. 816—17; RX3869 (Cote Expert Report) § 131; Aravanis
(Illumina) Tr. 1831-33.) This step is called data processing, and is often conducted at the same
time or soon after the sequencing step. (RX3869 (Cote Expert Report) 4 131; Aravanis
(Illumina) Tr. 1831-33; Berry (Illumina) Tr. 816—17).

338.1 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. (RX3869 (Cote Expert Report) § 131, n.137; Berry (Illumina) Tr.
819-22.)

338.2 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. (RX3869 (Cote Expert Report) § 131, n.138; Cote Tr. 3753; RX3537
(Oxford Nanopore) at 2.)

339. 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 a report is
generated showing ultimate results of the test. (RX3869 (Cote Expert Report) 9 132; Aravanis
(IMlumina) Tr. 1831-33, 1837; Berry (Illumina) Tr. 817-18.)

339.1 This step is called data interpretation and reporting and can take anywhere

from an hour to much longer, depending on the application. (RX3869 (Cote Expert
Report) 9 132; Aravanis (Illumina) Tr. 1831-33, 1837; Berry (Illumina) Tr. 817-18.)
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I11. THE ONCOLOGY TESTING SPACE
A. GRAIL’s Galleri Test
1. Overview of GRAIL’s Galleri Test

340. GRAIL has developed a multi-cancer screening test, Galleri, that simultaneously
screens for over 50 different types of cancers from a single blood sample. (Bishop (GRAIL) Tr.
1373-74; RX0744 (GRAIL) slide 22, 100; RX3869 (Cote Expert Report) 9§ 133.)

341. 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 in June 2021 as an LDT.
(Bishop (GRAIL) Tr. 1322.)

342.  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).
(RX3869 (Cote Expert Report) § 133; Bishop (GRAIL) Tr. 1319-21; RX3254 (GRAIL).)

343. 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. (Bishop (GRAIL) Tr. 1373,
1391; RX3285 (GRAIL) at 1; RX3286 (GRAIL) at 2; RX3287 (GRAIL) at 1)

344. Notably, Galleri has high sensitivity and specificity for forms of cancer that have
no routine screening options, are usually detected at late stage and thus are often lethal. (Cote
Tr. 3795-96; 3799-3801, RX3114 (Chen et al., 2021 at 1); RX0744 (GRAIL) at slide 60.)

345. 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)
(Cote Tr. 3810, 3844, 3852, 3870-71), the Galleri test detects cfDNA shed by cancer cells using

a targeted methylation assay. (Bishop (GRAIL) Tr. 1319-21; (Ofman (GRAIL) Tr. 3286-87;
Specifically,

GRALIL looks at regions of the genome for clusters of CpG sites that are methylated or

unmethilated. iBishoi iGRAIL) Tr. 1320; RX0744 (GRAIL) at slides 30-40; ||| Gz

345.1 Methylation is a form of epigenomic change: rather than change the code
of a DNA molecule, methylation occurs when methyl groups attach to DNA and “affect
which genes are turned on and oft”, which in turn “affects what the cell becomes and
how it behaves”. (Aravanis (Illumina) Tr. 1882.) Methylation is considered “a hallmark
of cancer because they tend to turn tumor suppressor genes off and they tend to turn
tumor promoter genes on.” (Ofman (GRAIL) Tr. 3286.)

345.1.1  As Dr. Alex Aravanis explained, “if you think, for example, of a
lung cell versus a liver cell, they have the same DNA in them. That’s not
different. What’s different is the methylation patterns, so the places in the DNA
that are methylated or unmethylated, which is this chemical change, is very
different even though the underlying DNA is the same. And so this fingerprint
really determines . . . what a cell is and what a tissue [is]. There [are] about 30
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million methylation sites . . . in the human genome.” (Aravanis (Illumina) Tr.
1882.)

346. GRAIL developed a machine learning algorithm that differentiates abnormal

tumor cfDNA methylation patterns from normal cfDNA methylation patterns. (RX3083 (Bryce
et al.i 2021) at 1;

346.1 As Dr. Josh Ofman explained: “[Galleri] looks at over a million of these
methylation sites in over a hundred thousand regions of the genome. And so then you
take these patterns, and [subjected them] across cancer types and across cancer stages to
train a machine learning algorithm to discriminate what is a cancer signal from what is a
noncancer signal. And we made sure that the control group had lots of confounding
indications and diseases to create a lot of biological noise so that our classifier was
effectively trained and we didn’t have models that were overfit. So once you subject
these patterns to the machine learning algorithm, it will classify the pattern as either a
cancer-like signal or a noncancer signal. And then if a cancer signal gets detected, the
patterns then get subjected to a second step, which is another classifier, which looks and
weights different features from these patterns to predict the tissue of origin or where this
cancer signal came from in the body, so we call it a cancer signal origin or a tissue of
origin.” (Ofman (GRAIL) Tr. 3287.)

347.

348. To date, GRAIL has developed three versions of Galleri. (Ofman (GRAIL) Tr.
3291-94.)

349. Version 1 (“v1”) of Galleri was used in GRAIL’s Circulating Cell-Free Genome
Atlas substudy (CCGA?2) and the PATHFINDER Study. (Ofman (GRAIL) Tr. 3291-94.)

350.

RX3869 (Cote Expert Report) 4 135.) GRAIL launched v2 of the
Galleri test as an LDT in June 2021. (Bishop (GRAIL) Tr. 1322; RX3869 (Cote Expert Report)
1135)

351.  GRAIL is currently developing a third version of Galleri, which GRAIL intends
to submit for FDA approval. (PX7083 (Bishop (GRAIL) Dep. at 204—05); Ofman (GRAIL) Tr.
3301-02.)

351.1 The changes in the third version are geared toward reducing the amount of

sequencing that needs to be done in order to lower costs; all of the same biomarkers are
being interrogated as in v2, (Ofman (GRAIL) Tr. 3301-02.)
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; RX3869 (Cote Expert Report) 9 135.)

RX3869 (Cote Expert Report) § 135.)

354. Depending on the type of cancer, Galleri v1 can detect Stage I and Stage 11
cancers (i.e., its sensitivity) between 18—43% of the time overall, and a sensitivity of 43.9% for

all cancer types, at 99.3% specificity. (RX3430 (Liu et al., 2020) at 1; RX0744 (GRAIL) at 54;
*; RX3869 (Cote Expert Report)  136.)

355.  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. (RX3408 (Klein et al., 2021) at
10; RX3869 (Cote Expert Report) 4 136.) This includes cancers that have no screening test
today, are usually only found at an advanced stage and thus have a high mortality rate. (Cote Tr.
3795-96; 3799-3801; RX3869 (Cote Expert Report) § 136.)

356. 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. (RX3869
(Cote Expert Report) 9 136.)

357. Galleri’s specificity for v2 of its test is 99.5%. (RX3409 (Klein et al., 2021) at 5;
RX3408 (Klein et al., 2021 AACR Presentation) at 10; RX0872 (GRAIL) at 9, 13; RX3869
(Cote Expert Report) 9 136.)

358. At this time, Galleri is not meant as an alternative or replacement to standard
cancer screening procedures, but rather as a complement to recommended screenings, designed

to detect more cancers earlier while minimizing the harms that may come from a false positive
result. (RX0744 (GRAIL) at 76-90; RX0867 (Clinical
Overview Deck) at 15; PX7086 (Cance (ACS) Dep. at 50-53);

I RX3869 (Cote Expert Report) § 136.)

359. Because the risk of cancer increases significantly after age 50, GRAIL expects the
use of Galleri to be concentrated in an elevated risk population, for example, in individuals over

the age of 50, when the risk of cancer increases significantly. (PX0043 (GRAIL) at 5, 110; see
also PX7083 (Bishop (GRAIL) Dep. at 25);
2. Galleri Test Workflow

360. 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. (RX3025
(Alexander tal, 2021) o+
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Figure 5: Galleri Test Workflow
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361. First, Galleri uses a blood biopsy specimen collected from participants. Blood
plasma in the specimen is separated from blood cells. (RX3025 (Alexander et al., 2021) at 4;
Bishop (GRAIL) Tr. 1375-76;

362.  Second, cfDNA (i.e., the nucleic acids) are isolated through sample preparation by
GRAIL. (Bishop (GRAIL) Tr. 1379-80;

reparation and enrichment by GRAIL.

363.  Third, the sample undergoes libra
Bishop (GRAIL) Tr. 1379-80;

363.1 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

iuiose of seiuencini. (PX7104 (Aravanis (Illumina) Dep. at 117);

363.2

363.3 Like other tests that rely on NGS sequencing, the proprietary steps for
GRALIL’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 GRAIL uses its
proprietary algorithm to interpret the base calls that the NGS sequencer has provided.
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364. Fourth, the prepared sample then is sequenced at GRAIL’s laboratory. (Bishop
(GRAIL) Tr. 1380; GRAIL’s laboratory currently
uses the Illumina NovaSeq 6000 with an S4 flow cell to process the Galleri assa

. (PX7103
iJ amshidi iGRAILi Dei. at 31); PX7104 (Aravanis (Illumina) Dep. at 168—69);_
364.1 At this step, the library is loaded onto a flow cell and placed on the
sequencer. (Aravanis (Ilumina) Tr. 1831 : [ -

sequencer amplifies the DNA fragments from the sample through “cluster generation,”

which copies the fragments into millions of copies of single-stranded DNA. (RX0461
(tomine) 12223 [

365.  Fifth, the sequencer then identifies the nucleotides in the fragments from the

sample (“base calling”) and gives the predicted accuracy of each base call. (Berry (Illumina) Tr.
819-22; &

366. 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.
Bishop (GRAIL) Tr. 1350: [N

GRALIL also prepares a report for the physician to provide the results
orthe Caterttest. (Bishop (GRAIL) Tr. 1350-22: [N

367. GRAIL uses a number of suppliers for inputs used in performing the Galleri test.
; RX3869 (Cote Expert Report), Appendix C.)

3. Galleri’s Clinical Studies

368. Since 2016, GRAIL has undertaken four major clinical studies to validate its test,
while another clinical study was enrolling participants at the time of trial. (Cote Tr. 3789-94;
Ofman (GRAIL) Tr. 3291-94; RX0744 (GRAIL Core Slide Deck) at 46—47; RX3869 (Cote
Expert Report) 9 138.)

368.1 These four clinical studies involved combined total of nearly 140,000
participants in North America and the United Kingdom. (RX3430 (Liu et al., 2020) at 3;
Ofman (GRAIL) Tr. 3293; RX0744 (GRAIL) at 71; (RX3291 (GRAIL) at 1.)
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a. Circulating Cell-Free Genome Atlas Study

369. The Circulating Cell-Free Genome Atlas Study (“CCGA”), started in August

2016, is GRAIL’s foundational study. (Ofman (GRAIL) Tr. 3291-92; RX3287 (GRAIL) at 2;
RX0867 (GRAIL) at 3; ; RX3869 (Cote

Expert Report) 4 139.)

370. It is a prospective, multicenter (142 sites), case-control, observational study with
longitudinal follow-up. (RX3430 (Liu et al., 2020) at 1; Ofman (GRAIL) Tr. 3291-95;
RX0744 (GRAIL) at 47-48.) It is believed to be the largest case-control study that’s

been for early detection.. (Ofman (GRAIL) Tr. 3291.)

371. It involved the collection of de-identified biospecimens (blood and tissue
samples) and clinical data from 142 clinical networks in the United States and Canada, involving
the enrollment of 15,254 participants and a cost of about $30 million. (RX3430 (Liu et al., 2020)
at 3; RX3869 (Cote Expert Report) § 139.) Of those participants,
44% did not have a known cancer diagnosis while 56% had a newly diagnosed cancer ranging
early to late-stage (Stage I-1V). (RX3430 (Liu et al., 2020) at 3; RX3869 (Cote Expert Report)
91139

371.1 “[F]or cancers where there is no existing screening methodology, those
cancers tend to present very late stage in disease, so finding . . . patients with early-stage
cancers is very hard and very rare.” (Aravanis (Illumina) Tr. 1917-18.) In order to do
s0, GRAIL had to set up 142 trial sites to find rare examples of individuals with these
unscreened cancers at early-stage disease. (Aravanis (Illumina) Tr. 1918.) It was
“unprecedented in scale and complexity and cost to do that.” (Aravanis (Illumina) Tr.
1918.) Because of this effort, Galleri is able to detect 45 cancer types which have no
existing screening methodology. (Aravanis (Illumina) Tr. 1918.)
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371.2 The study was also unique because the samples were prospectively
collected. As Dr. Cote explained: “[The] case-control trial was actually prospectively
collected, and it was done under a strict protocol for the collection of all of these samples.
That makes it unique in terms of the case-control study, and . . . it was designed that way
to provide sample collection under circumstances that would be similar to an actual
clinical collection of samples. (Cote Tr. 3794-95.)

372.  GRAIL collected up to 80 mL of blood from each participant, while also
collecting tissue samples of the individuals with a known cancer diagnosis. (RX3430 (Liu et al.,
2020) at 3; RX3869 (Cote Expert Report) 4 139.)

373.  Inthe CCGA study, GRAIL followed up with its participants for a period of 5
years. (RX0744 (GRAIL) at 48; RX3869 (Cote Expert Report) 9 139.)

374.  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-steps once cancer has been detected in a patient). (RX3430 (Liu et al.,. 2020) at 3; Ofman
(GRATIL) Tr. 3291-95; || Rx0744 (GRAIL) at 47-48; RX3869 (Cote Expert
Report) 4 139.)

375. CCGA is expected to be completed in March 2024; in total, CCGA study will
have spanned nearly eight years. (RX0744 (GRAIL) at 47; RX3869 (Cote Expert Report)
140.)

376. The design of CCGA involves three sub-studies. (Ofman (GRAIL) Tr. 3291-95;
RX3869 (Cote Expert Report) § 140.)

377. 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. (Ofman (GRAIL) Tr.
3291-94.); RX3410 (Liu et al., 2018) at 1; RX3869 (Cote Expert Report)  140.)

378. GRAIL then proceeded to “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.
(Ofman (GRAIL) Tr. 3292; RX3430 (Liu et al., 2020) at 3; RX3869 (Cote Expert Report) 4
141.)

378.1 This training and validation was to demonstrate the feasibility of detecting

cancer and predicting signal of origin with minimal false positives. (RX3430 (Liu et al.,
2020) at 3; RX0744 (GRAIL) at slide 46; RX3869 (Cote Expert Report) 9 141.)
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379. The third sub-study was designed to further validate the assay for multi-cancer
detection and the identification of the cancer signal of origin. (Ofman (GRAIL) Tr. 3292-93;
RX3408 (Klein et al., 2021) at 6; RX3869 (Cote Expert Report) q 141.)

(i) CCGAl

380. In CCGAIl, GRAIL investigated a variety of approaches to determine which
approach performed the best for purposes of an early cancer detection test. (Ofman (GRAIL) Tr.
3291-92; RX3869 (Cote Expert Report) q 142.)

381. CCGALI 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). (Ofman (GRAIL) Tr. 3291-92; RX3430 (Liu et al., 2020) at 1-3;
RX3869 (Cote Expert Report) § 142.)

382.  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. (Ofman (GRAIL) Tr. 3291-92; RX3430 (Liu et al., 2020) at 3, 9; RX3410 (Liu et
al., 2018) at 1.)

382.1 In other words, GRAIL concluded through the CCGA1 sub-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. (Ofman (GRAIL) Tr. 3291-92; PX7103 (Jamshidi
(GRAIL) Dep. at 60—-67; RX3869 (Cote Expert Report) 9 142.)

383. Also, GRAIL found that methylation patterns are highly effective at identifying
the origin of the cancer signals. (Ofman (GRAIL) Tr. 3291-92; RX3550 (Oxnard et al., 2019) at
1; RX3429 (Liu et al., 2019) at 2; RX3869 (Cote Expert Report) 4 142.)

384. GRAIL selected a targeted methylation-based assay (Galleri v1) for further
development in CCGA2. (Ofman (GRAIL) Tr. 3291-92; RX3869 (Cote Expert Report) 4 142.)

385. Intotal, CCGAI took two years (though GRAIL had already commenced research
and biomarker discovery before commencing CCGA1). (Ofman (GRAIL) Tr. 3294; RX3869
(Cote Expert Report) 9 142.)

(i) CCGA2

386. 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. (Ofman (GRAIL) Tr. 3291-92; RX3430 (Liu et al., 2020) at 3; RX3869
(Cote Expert Report) 9 143.)
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387. 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. (RX3430 (Liu et al., 2020) at 6—7; RX3869 (Cote Expert Report) 9 143.)

388.  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% and a false-positive rate of less than 1% across the more than 50 cancer types. (RX3430
(Liu et al., 2020) at 1, 10.)

389.  Galleri vl achieved a sensitivity of 43.9% for all cancer types. (RX3430 (Liu et
al., 2020) at 1,10; RX0744 (GRAIL) at 70; RX3869 (Cote Expert Report) 4 143.) Galleri vl
demonstrated a cancer signal of origin prediction accuracy of 93%. (RX3430 (Liu et al., 2020)
at 1, 9; RX0744 (GRAIL) at 68; RX3869 (Cote Expert Report) 9 143.)

390. CCGA2 took another two years. (Ofman (GRAIL) Tr. 3294; RX3869 (Cote
Expert Report) q 143.)

(ili) CCGA3

391. 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.
(Ofman (GRAIL) Tr. 3292; RX0744 (GRAIL) at 47-48; PX7069 Bishop (GRAIL), IHT at 80;
RX3869 (Cote Expert Report) § 144.)

392. 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 a signal of origin prediction accuracy of 88.7%. (RX3408 (Klein et al., 2021) at
10; RX3869 (Cote Expert Report) § 144.)

393. QGalleri v2 is the test currently being offered by GRAIL commercially as an LDT.
(Ofman (GRAIL) Tr. 3317; RX3869 (Cote Expert Report) 9 144.)

b. PATHFINDER

394.  Starting in December 2019, GRAIL began enrolling participants for its
prospective, interventional multi-center study PATHFINDER. (RX3044 (GRAIL) at 1-2
RX3869 (Cote Expert Report) § 145.)

395. 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. (Ofman (GRAIL) Tr. 3295-98; RX0611 (GRAIL)
at 9; RX3869 (Cote Expert Report) q 145.)
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396. Another goal of PATHFINDER is to test the performance of Galleri’s v1 assay
and review patient experiences and satisfaction with the test. (Ofman (GRAIL) Tr. 3295-98,
3299-3300; RX0611 (GRAIL) at 9; RX3869 (Cote Expert Report) 4 145.)

397. 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 iroier cancer

diagnosis after receiving the results of a Galleri test. (Ofman (GRAIL) Tr. 32969
_ RX3869 (Cote Expert Report)  145.)

398.  This study allowed GRAIL to evaluate the implementation of Galleri in clinical
practice. (Ofman (GRAIL) Tr. 3296-97; RX3869 (Cote Expert Report) 9 145.)

398.1 “The purpose of PATHFINDER was very clear. We needed to show --
after the clinical validation of our test, we needed to better understand how positive
results were going to get worked up, how the test was actually going to get implemented
in clinical practice. And we also wanted to understand whether the positive predictive
value, which again is the key clinical measure, that we saw in the CCGA study, how that
would translate into the real world, and so that was going to be a core aspect of
PATHFINDER. PATHFINDER was not designed or powered to replicate the sensitivity
of Galleri or to try to find, you know, all the cancers that Galleri can find, because that
would require hundreds of thousands of people. So it was really a feasibility study about
implementing Galleri into actual clinical practice.” (Ofman (GRAIL) Tr. 3296-97.)

398.2 The results of PATHFINDER so far have been promising:

Q. And was GRAIL happy with the interim results of the
PATHFINDER study?

A. Yes. It was really remarkable that it performed pretty close to
as we predicted it would, and the PPV that we’ve seen thus far on
the interim seems to be very well-aligned with what we’ve seen in
prior studies. And that’s really important because in this field, you
know, it’s littered with companies that do these small,
underpowered studies, case-control studies -- I have lots of
examples -- where they put it into actual clinical care and the tests
don’t work. And so, you know, there’s a lot of skepticism about
that, and so it was really important for us to show that the robust
CCGA study was able to replicate itself under real-world
conditions. (Ofman (GRAIL) Tr. 3296-97.)

398.3 In PATHFINDER, Galleri has detected “13 different types of cancer, and
some in their early stages. We found early pancreatic cancer. We found early liver
cancer. We found early head and neck cancer. We found a lot of hematologic
malignancies. So it was almost like you were standing on the street corner watching
healthy 50-year-olds walk by that had no idea they had cancer and seeing the cancers just
light up as they walked by. It was really remarkable.” (Ofman (GRAIL) Tr. 3297-98.)
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398.4 There was no concern that Galleri found 13 different types of cancer rather
than 50 in PATHFINDER. To find “all 50 cancers, you know, in a real-world population
is going to require hundreds of thousands of people, so PATHFINDER was not designed
to do that. PATHFINDER was really designed to understand the specificity of the test
and its positive predictive value. So no, we were -- we were thrilled that there was such a
diversity of cancers that were found in PATHFINDER.” (Ofman (GRAIL) Tr. 3298.)

399. 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). (Ofman (GRAIL) Tr. 3293; RX0744 (GRAIL) at 73; RX3869 (Cote Expert Report)
146.)

399.1 Heightened cancer risk was based on a history of smoking, genetic cancer
predisposition, or a personal history of malignancy more than 5 years previously.

400. In February 2021, GRAIL released interim PATHFINDER results that were
ositive and largely confirmed the previous studies. (Ofman (GRAIL) Tr. 3293;

402. At the time of trial, GRAIL expected to complete the PATHFINDER study in
January 2022. (RX3044 (GRAIL) at 2; RX3869 (Cote Expert Report) 9 147.)

¢. STRIVE

403. 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. (Cote Tr. 3804; Ofman (GRAIL) Tr. 3293-95; RX0744 (GRAIL) at 71; RX3869
(Cote Expert Report) 9 148.)

404. 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. (Ofman (GRAIL) Tr. 3293-95; Cote Tr. 3804—05; RX0744
(GRAIL) at 71; RX3869 (Cote Expert Report) 4 148.)
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405. The STRIVE study took its first sample in February 2017 and finished enrollment
in November 2018. (RX0744 (GRAIL) at slide 71; RX3869 (Cote Expert Report) 9 148.)

406. The STRIVE study is actively following up on the 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. (RX3134 (GRAIL) at 1-2; RX0744 (GRAIL)
at 71; RX3869 (Cote Expert Report) 4 148.)

d. SUMMIT

407. SUMMIT is a prospective, observational, cohort study. (RX3291 (GRAIL) at 1;
RX0744 (GRAIL) at 4647, 72; RX3869 (Cote Expert Report) § 149.)

408. 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. (RX3135 (GRAIL) at 1-2; RX0744 (GRAIL) at slide 72; RX3869 (Cote Expert
Report) 4 149.)

409. SUMMIT enrolled approximately 13,000 participants between the ages of 50-77
with a substantial smoking history exclusively from the United Kingdom. (RX3291 (GRAIL) at
1; RX3135 (Clinicaltrials.gov) at 1-2; RX3869 (Cote Expert Report) 9 149.)

410. SUMMIT enrolled its first patient in April of 2019 and completed enrollment in
May 2021. (RX3135 (GRAIL) at 2; RX3291 (GRAIL) at 1; RX0744 (GRAIL) at 72; RX3869
(Cote Expert Report) 9 149.)

411. Participants in SUMMIT will provide annual blood draws for three years, rather
than a one-time blood draw. (RX3291 (GRAIL) at 1; RX0744 (GRAIL) at 72; RX3869 (Cote
Expert Report) q 149.)

412.  The study intends to follow up with each participant through medical records and
the National Cancer Registry for a period of 10 years. (RX0744 (GRAIL) at 72; RX3869 (Cote
Expert Report) 9 149).

B. Other Test Developers Alleged by Complaint Counsel To Be in the Cancer
Screening Space

413.  Other companies, including Exact Sciences Corp. (‘Exact’), Thrive Earlier
Detection Corp. (‘Thrive’), Guardant, Inc. (‘Guardant’), Singlera Genomics, Inc. (‘Singlera’),
Freenome, Inc. (‘Freenome’), Helio Health, Inc. (‘Helio’), Natera, Inc. (‘Natera’), and
Foundation Medicine (‘FMI’), are or purport to be developing cancer screening tests. These
companies are all far behind GRAIL in the development of a multi-cancer screening test.

1. Exact Sciences / Thrive Earlier Detection

414. Exact Sciences Corp. (“Exact”) is a molecular diagnostics company based in
Madison, Wisconsin. (RX3197 (Exact/Thrive) at 1, 4.) Thrive Earlier Detection Corp.
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(“Thrive), now a part of Exact, is a molecular diagnostics company based in Cambridge,
Massachusetts and Baltimore, Maryland. (RX2650 (Morgan Stanley) at 4.)

415. 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. (RX3398 (Johns Hopkins Technical Ventures) at 2; RX3869 (Cote Expert
Report) 4 173.)

416. While Thrive was founded in 2019, it builds on research from the Vogelstein
group and from Vogelstein’s efforts in his prior company, PapGene, which was founded in 2014.
(PX7101 (Vogelstein (Johns Hopkins University) Dep. at 26-29); RX3869 (Cote Expert Report)
at 9 173.)

417. Exact/Thrive is currently developing a cancer screening test known as
“CancerSEEK”. (Lengauer (Exact/Thrive) Tr. 158.)

418. Complaint Counsel has presented no evidence that the current version of
CancerSEEK in development is capable of competing with the Galleri test unless significant
changes are made to the assay. (Cote Tr. 3814—15, 3823; RX3869 (Cote Expert Report) 9§ 174.)

419. Specifically, the CancerSEEK assay is only designed to detect 10 cancer types,
not the over 50 types of cancers by Galleri. (RX3869 (Cote Expert Report) 4 174.) Also, the
CancerSEEK assay does not identify the cancer signal of origin, which is why it is combined
with a whole-body PET-CT. (RX3869 (Cote Expert Report) 9§ 174.)

420.

a. Exact/Thrive’s CancerSEEK Test

422. CancerSEEK is a multiomics test. (RX3869 (Cote Expert Report) § 174.) The
reported version of CancerSEEK requires several steps. (RX3419 (Lennon et al., 2020);
Lengauer (Exact/Thrive) Tr. 24648, 260.)
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423.  The first iteration of the CancerSEEK blood test analyzed two types of
biomarkers: 16 gene mutations and nine protein biomarkers (including 61 variant regions of
interest within the genes, called “amplicons”). (Lengauer (Exact/Thrive) Tr. 210-11; RX3419

(Lennon et al., 2020) at 3.)

424. Inthe DETECT-A clinical trial, two blood tests were performed in the Thrive
workflow. (Lengauer (Exact/Thrive) Tr. 247; RX3419 (Lennon et al., 2020) at 3.)

424.1 Initially, a baseline CancerSEEK test was performed and then an
additional confirmatory blood test was performed on the individuals who tested positive
for cancer 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), which is a

blood mutation that might cause false positives in those DNA or protein markers.
Lo G T 10207 I

); RX3419 (Lennon et al., 2020) at 3).)

425. Individuals remaining positive after the two blood tests were then scanned using
full-body PET-CT imaging. (Lengauer (Exact/Thrive) Tr. 248; Cote Tr. 3811-12;

RX3419 (Lennon et al., 2020) at 3.)

425.1 The CancerSEEK assay as it exists today is not a liquid biopsy-only test,
and does not solely rely on NGS. (RX3869 (Cote Expert Report) § 175.)

426.
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426.1 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. (RX3142 (Cohen 2018) at 3.)

426.2 However, this method was not used in the DETECT-A study, where
Thrive opted for a full-body PET-CT instead. (Lengauer (Exact/Thrive) Tr. 248;
RX3869 (Cote Expert Report) at n. 240.)

426.3 Of the 53 patients identified by PET-CT as having “imaging concerning
for cancer,” only 15 was determined to have cancer, with only a 28.3% detection rate.
(RX3419 (Lennon et al., 2020) at 4, Fig. 2; Lengauer (Exact/Thrive) Tr. 255-56.)

426.4 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 vl in the CCGA3 study. (RX3869 (Cote Expert Report) at
n. 240.)

427. To date, CancerSEEK has been studied in two trials: Cohen, a case-control study
conducted by Thrive’s founders at Johns Hopkins University involving 1817 participants (1005
cancer patients and 812 healthy individuals), and Lennon, the prospective, interventional
DETECT-A (Detecting cancers Earlier Through Elective mutation-based blood Collection and

Testing) study conducted by Thrive involving 10,006 female participants. (RX3142 (Cohen
2018i at li' RX3419 iLennon et al.i 2020i at 2);

428.  Although all cancer types (with some exclusions) were purportedly included in
the DETECT-A study, 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. (RX3419 (Lennon et al.,
2020) at 2-4.)

429.  The study only detected cancers of 10 organs: lymphoma, colorectal, appendix,
uterine, thyroid, kidney, lung, breast, ovary and cancer of unknown primary. (RX3419 (Lennon
et al., 2020) at 4, 67, 9; Lengauer (Exact/Thrive) Tr. 243, 260-61.)

429.1 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. (RX3869 (Cote Expert Report) § 177.)

430.

430.1 CancerSEEK is unable to detect several cancers that Galleri has detected.
(Compare RX3419 (Lennon et al., 2020) at 1, 6-7, 9 with (RX3409 (Klein et al., 2021) at
1, 5; Cote Tr. 3818-19.)
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431. Inthe DETECT-A study, CancerSEEK obtained specificities of 95.3% in its
baseline blood test (that is, with a single blood test), 98.9% with both baseline and
confirmational blood tests (two blood tests) without PET-CT imaging, and 99.6% with both
blood tests and PET-CT imaging, and sensitivity of 30.2% in its baseline blood test, 27.1% with
both baseline and confirmational blood tests without PET-CT imaging, and 15.6% with both
blood tests and PET-CT imaging. (RX3419 (Lennon et al., 2020) at 8 & Table 2.)

432.  Assessed using another test benchmark, CancerSEEK obtained PPV (positive
predictive value) 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. (RX3419 (Lennon et al., 2020) at 8 & Table 2; Lengauer (Exact/Thrive) Tr. 257—
59; RX3869 (Cote Expert Report) § 178.)
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438.1 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. (Cote Tr. 3814; PX6097 (Abrams Expert Report) 9 38.)

438.2
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(Exact/Thrive) Tr. 1709, 1717;

442.
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-

2. FMI/ Roche

444.  Foundation Medicine, Inc. (“FMI”) is a subsidiary of the Roche Group based in
Cambridge, Massachusetts. (RX3869 (Cote Expert Report

.. I

PX7068 (Perettie (FMI) IHT at 68); RX3869 (Cote Expert Report) 9 185.)
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448.1
449.

448.2
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453.  FMI and Roche currently do not have any clinical trials relating to screening for
multiple cancers listed on clinicaltrials.gov. (RX3869 (Cote Expert Report) 9§ 189.)

b. FMI/Roche’s Other Oncology Test Development Efforts

454. FMI/Roche currently markets the following types of oncology tests:
FoundationOne® CDx, an FDA-approved solid tumor therapy selection test; FoundationOne®
Liquid CDx, an FDA-approved liquid biopsy therapy selection test; FoundationOne® Heme, a
solid tumor therapy selection test; and Roche’s AVENIO line of comprehensive genomic
profiling solid tumor kits for therapy selection. (RX3232 (Roche/FMI); RX3234 (Roche/FMI);

98


http://clinicaltrials.gov/

FEDERAL TRADE COMMISSION | OFFICE OF THE SECRETARY | FILED 4/22/2022 | DOCUMENT NO. 604485 | Page 110 of 559 | PUBLIC
PUBLIC

RX3233 (Roche/FMI); RX3615 (Roche/FMI); RX2565 (Roche/FMI); RX3869 (Cote Expert
Report) 4 190.)

—

3. Freenome

456. Freenome is a biotechnology company based in South San Francisco, California.
Freenome was started in 2014 and has been working on its
colorectal cancer early detection test since that time. (Nolan (Freenome) Tr. 2724, {2792.)}

457. Freenome commenced development of its multiomics platform (which it intends
to use for cancer screening) in 2016. H at 13, -).)
Freenome has published data only relating to a single cancer, colorectal, and has commenced

additional clinical trials only relating to colorectal cancer screening. (RX3869 (Cote Expert
Report) § 192;

458. 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. _; RX3869 (Cote Expert Report) § 193.)
- ™

However, Dr.

459.

Scott Morton has not presented evidence supporting this contention, and there is none.
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460. The former CEO of Freenome, Gabriel Otte, testified that Freenome is developing
a “multiomics cancer screening assay’ and is currently “in the process of assessing the clinical
performance of the CRC [i.e., colorectal] portion of that test.” (PX7121 (Otte (Freenome) Dep.

RX3869 (Cote Expert Report) § 194.)
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b. Freenome’s Colorectal Cancer Screening Test
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471. 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. (RX3426 (Lin et al., 2021); RX3592 (Putcha et al., 2020).)
Freenome is able to achieve single cancer specificity of 94% with sensitivity of 91% using this
multiomics approach. (RX3869 (Cote Expert Report) 4 199.)

472. Freenome is currently conducting a 14,000—participant, prospective, observational
cohort study to validate its blood-based multiomics test for the early detection of colorectal
cancer. (RX3132 (Freenome).

4. Guardant Health

473.  Guardant Health (“Guardant”) is a molecular diagnostics company based in
Redwood City, California. (RX3472 (Guardant) at 4.) Guardant was founded in 2011, and
launched its first product, a therapy selection test around the same time. (RX3472 (Guardant) at
4; PX7045

a.

476. There is no evidence that that Guardant will launch in the foreseeable future a
cancer screening test that is a close substitute to the Galleri test. (RX3869 (Cote Expert Report)
9 203.)

477.
; PX7045 (Chudova

(Guardant) IHT at 19); RX3869 (Cote Expert Report) 9 203).
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478.1

479.1
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479.2

479.2.1

479.2.2

479.3

479.4

479.4.1
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479.4.2
479.5

479.5.1

480. 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.” (PX7100 (Chudova (Guardant) Dep. at
24).)

481. Guardant also acknowledged that “[t]here’s also [the] possibility that we would
need 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.” (PX7100 (Chudova (Guardant)
Dep. at 23-24, 26); RX3869 (Cote Expert Report) 9 205).

482.

Chudova (Guardant) Tr. 1179.)
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Dr. Scott Morton provided no basis for this, and Guardant
testified that this determination 1s based on “internal development data” that has not been
validated or published. :

485. In addition, Guardant currently does not have any clinical trials relating to
screening for multiple cancers simultaneously listed on clinicaltrials.gov. (RX3869 (Cote Expert
Report) 9§ 208.

b. Guardant’s LUNAR-2 Colorectal Cancer Screening Tests

486. 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. (RX3296 (Guardant) at 7.)

486.1 In 2019, Guardant reported a 107—participant study with 72 patients with
Stage [-IV colorectal cancer and 35 age-matched cancer-free individuals. (RX3405 (Kim
et al., 2019) at 1-2.) The LUNAR-2 test was 94% sensitive at 94% specificity, with
sensitivity at 97% in Stage I/II, 90% in Stage I1I, and 100% in stage [V. (RX3405 (Kim
et al., 2019) at 2).) The authors also found that DNA methylation analysis significantly
enhanced ctDNA detection relative to somatic mutational analysis alone (94% vs. 56%;
p<0.0001). (RX3405 (Kim et al., 2019) at 2).)

486.2 In 2020, Guardant reported a 205—participant study with 113 patients with
stage I-I1I colorectal cancer and 88 age-matched colonoscopy screen-negative
individuals. (RX3740 (Westesson et al., 2020) at 2); (RX3869 (Cote Expert Report)
9209). The LUNAR-2 test was 90.3% sensitive at 96.6% specificity, with sensitivity at
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90% in Stage I; 88% in Stage 1I; 96% in Stage III. (RX3740 (Westesson et al., 2020) at
2); (RX3869 (Cote Expert Report) 9 209.)

487. In 2019, Guardant initiated the approximately 10,000—participant ECLIPSE
prospective observational trial to evaluate the performance of the LUNAR-2 colorectal cancer
screening test and support its submission to the FDA. (RX3128 (Guardant) at 1-2; Chudova
(Guardant) Tr. 1155, ECLIPSE is expected to complete enrollment in 2021. (RX3296

iGuardant Healthi Solutions) at 7; Chudova (Guardant) Tr. 1155,

487.1 The ECLIPSE trial’s population consists of patients 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. (Chudova (Guardant) Tr. 1189; PX7100
(Chudova (Guardant) Dep. at 32-33); (RX3869 (Cote Expert Report) §210.)

488. Guardant has completed a 40—participant, prospective observational pilot study in
lung cancer, 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. (RX3125 (Guardant) at 1-2); RX3122 (Guardant); RX3124 (Guardant);
(RX3869 (Cote Expert Report) q211.)

489.

¢. Guardant’s Other Oncology Test Development Efforts

491. Guardant currently markets the following types of oncology tests: Guardant360®
CDx, a 61—gene panel, FDA-approved therapy selection test; Guardant360® LDT, an 80—gene
panel therapy selection test; GuardantOMNI, a 500—gene panel therapy selection test; and
Guardant Reveal, an MRD monitoring test. (RX3219 (Guardant); RX3295 (Guardant);
(RX3869 (Cote Expert Report) 9§ 214.)

492.  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. (RX3869 (Cote Expert Report) 4 215.)
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5. Helio Health

493. Helio Health (formerly known as Laboratory for Advanced Medicine (“LAM”)) is
a molecular diagnostics company based in Irvine, California. (RX3310 (Helio) at 1, 5; Chahine
(Helio) Tr. 1001.) It also has an office in Beijing, China. (RX3310 (Helio) at 1,5.) LAM was
founded in 2014.

494.

498. 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. (RX3869 (Cote Expert Report) 217; {Cote Tr. 3872.).}

Helio discloses that its pipeline of cancer testing and screening products,
includes tests for colon, breast, lung and “multi-cancer” indications. (RX3308 (Helio) at 1.)
Both Helio’s recent announcements, as well as its prior work on IvyGene, shows that it has only
ever studied four cancers: breast, colon, liver, nasopharyngeal and lung. (RX3302 (Hao et al.,
2017); RX3308 (Helio) at 2); RX3616 (Roy et al., 2019).)
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501.1 Helio was previously developing a multi-cancer screening test called
IvyGene but has since abandoned those efforts. (PX7077 (Chahine (Helio) Dep. at 218);
RX3417 (Helio); RX3263 (GenomeWeb) at 1; RX3869 (Cote Expert Report) n. 334.)

502. 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. (RX3869

503. 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. (RX3263 (GenomeWeb) at 1.)

504. 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). (RX3263 (GenomeWeb) at 1.)

505. Helio is taking a multiomics approach, by combining methylation data, protein
biomarkers and patients’ demographic information using an Al algorithm to determine whether
the patient has early-stage liver cancer. (RX3869 (Cote Expert Report) 9 220.)

505.1 Helio is pursuing a path of using very limited numbers of biomarkers, (9,
8, 5 and even one), and has done some of their clinical studies not with NGS but with
ddPCR. (See RX3747 (Xu et al 2017); RX3436 (Luo et al 2020).).

506. 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. (RX3265 (GenomeWeb) at 1.)

506.1 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. (RX3617 (Roy et al., 2019).) In the 154 participant liver cancer panel study
with 60 Stage [-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%. (RX3617 (Roy et al.,
2019); (RX3869 (Cote Expert Report) q 221.)

506.2 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. (RX3618 (Roy et al., 2020).) In
the 63 1—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
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95.6%, with sensitivities for Stages I, II, Il and IV at 77.8%, 99.8%, 96.8%, and 98.6%,
respectively, at a 95% specificity. (RX3618 (Roy et al., 2020).)

506.3 Helio further disclosed that the Helio 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%. (RX3308 (Helio) at 1; RX3869
(Cote Expert Report) §222).

506.4 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. (RX3127 (Clinicaltrials.gov) at 2.)
The CLiMB trial is expected to complete in 2023. (RX3127 (Clinicaltrials.gov) at 2.)
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. (RX3263 (GenomeWeb) at 3.)

506.5 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). (RX3308 (Helio) at 1.)

506.6 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.” (RX3308 (Helio) at 1.)

506.7 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.
(RX3308 (Helio) at 1; (RX3869 (Cote Expert Report) § 224).

6. Natera

507. Natera, Inc. (“Natera”) is a molecular diagnostics company based in San Carlos,
California and Austin, Texas. (See PX0155 (Natera).) Natera was founded in 2004 with an
initial focus on genetic testing in women’s health, including non-invasive prenatal testing
(“NIPT”). (RX3488 (Natera) at 5.)

; RX3492 (May 2019

Earnings Call) at 6;

509.
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510. 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
1 e to an existing screening test.

511. There is no evidence 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.
(RX3869 (Cote Expert Report) 1 227: [

512. To date, Natera has not published any studies relating to cancer screening.
RX3869 (Cote Expert Report) 9 228.
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516.1

516.2 Further, Natera contends that it will be able to use the biomarkers that it
has identified for its Signatera MRD test. (RX3869 (Cote Expert Report) 9 230.)
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.” (RX3496
Nov. 5, 2020 Earnings Call) at 18.

517. The MRD test that Natera has developed actually depends on the pre-diagnosis of
cancer. (RX3869 (Cote Expert Report) 4 230.) 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 cells to identify the mutations that cancer might have. (See RX3601
(Reinert et al., 2019); RX3157 (Coombes et al., 2019); RX3118 (Christensen et al., 2019).) 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. (RX3869 (Cote
Expert Report) 4 231.)

518.  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: (RX3869 (Cote Expert Report) 9 232.)

518.1

518.2
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.) 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. (RX3869 (Cote
Expert Report) q 233.)

520.
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The significance of this prior work is undermined by Natera’s own subsequent
strategic decisions regarding the development of its putative cancer screening tests. (PFF
919 526.1-526.3.)

526.1

526.2 Natera’s own public statements show that while Natera may have been
focused on early detection around the time of its IPO, it clearly shifted its focus to MRD
and has only recently turned its focus back to early detection: until its recent shift, Natera
appears to have last mentioned its efforts in early detection in 2016 and 2017. (RX3495
(Natera) at 7 (discussing exploring breast and ovarian cancer screening); RX3491
(Natera) at 18.

526.3 By early 2019, CEO Steve Chapman said, “I want to level set on the
market opportunity and where we are positioned. We’re not focused on asymptomatic
cancers strain or early detection.” (RX3492 (Natera) at 6.)

7. Singlera

527. Singlera Genomics (“Singlera”) is a molecular diagnostics company based in La
Jolla, California. (PX2780 (Singlera) at 1.) Singlera was founded in 2014 to focus on early
cancer detection. (PX7102 (Gao (Singlera) Dep. at 16, 17; 97-98).)

528. Though Singlera has been focusing on early cancer screening for seven years, it
still views itself as “early in the run.” (PX7102 (Gao (Singlera) Dep. at 17).)

529. 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. (RX3869 (Cote Expert Report) at § 237.)

530.

114



FEDERAL TRADE COMMISSION | OFFICE OF THE SECRETARY | FILED 4/22/2022 | DOCUMENT NO. 604485 | Page 126 of 559 | PUBLIC
PUBLIC

a. Singlera’s PanSeer Test

531. 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
(“cftMeDIP-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. (See RX3628 (Shen et al.,
2019).)

532.  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.
(RX3115 (Chen et al., 2020) at 3; RX3637 (Singlera) at 1-8; Gao (Singlera) Tr. 2874-75.)

533. The PanSeer test only requires approximately 2 million sequencing reads per
sample, 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
[Mlumina. (RX3115 (Chen et al., 2020) at 7; RX3637 (Singlera) at 1-6; Gao (Singlera) Tr. 2875,
2894, 2928-29; PX7102 (Gao (Singlera) Dep. at 78); RX3869 (Cote Expert Report) § 239.)

534. In aretrospective, observational study of 418 participants from part of the
Taizhou Longitudinal Study 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
cancer patients. (RX3637 (Singlera) at 1-6; Gao (Singlera) Tr. 2877-79.) 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. (RX3869 (Cote Expert Report)
9239; RX3115 (Chen et al., 2020) at 6.)

534.1

In fact,
only a very small portion of the samples from 100,000 participants of the Taizhou
Longitudinal Study were used. (RX3115 (Chen et al., 2020) at 3; RX3869 (Cote Expert
Report) n. 38.)

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. (Gao (Singlera) Tr. 2917-18; RX3869 (Cote Expert
Report) 9 241;

536.
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However, Singlera’s subsequent deposition testimony suggests that such a timeline does not
appear to be feasible. (Gao (Singlera) Tr. 2925-27, 294243, 2949; PX7102 (Gao (Singlera)
Dep. at 81-85).)

536.1 In particular, Singlera testified that it is “far away” from starting clinical
trials for PanSeer in the United States, and that it is “still not in the really starting clinical
trial state.” (Gao (Singlera) Tr. 2926; PX7102 (Gao (Singlera) Dep. at 113-14, 81-82.)
For a pan-cancer trial, Singlera estimates that a clinical trial would need to be for 100,000
or 200,000 people, somewhere around eight or 10 years. (Gao (Singlera) Tr. 2925-26;
PX7102 (Gao (Singlera) Dep. at 122-23).).

536.2 Therefore, by Dr. Gao’s own calculation, PanSeer is at least eight to ten
years away from potential launch in the United States. (Gao (Singlera) Tr. 2925-26;
RX3869 (Cote Expert Report) § 242.)

536.3 Singlera does not currently have any clinical trials relating to screening for
multiple cancers listed on clinicaltrials.gov. (RX3869 (Cote Expert Report) 9 242.); Gao
(Singlera) Tr. 2926; Cote Tr. 3869.)

b. Singlera’s ColonES® Tests

537. 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. (Gao
(Singlera) Tr. 2872-73; RX3869 (Cote Expert Report) 9 243.)

538.  The ColonES® rapid colon cancer assay is a targeted bisulfite NGS sequencing
test of ctDNA methylation signatures from blood plasma. (Gao (Singlera) Tr. 2873—74; RX3869
(Cote Expert Report) 9 244.)

539. 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. (RX3635 (Singlera) at 1-2.)

540. In 2018, Singlera reported the results of its ColonES retrospective study to screen
for early stage colorectal cancer and precancerous advanced adenomas. (RX3869 (Cote Expert
Report) 4 244.)

540.1 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%.
(RX3636 (Singlera) at 1-2; RX3273 (Gole et al., 2018); RX3869 (Cote Expert Report)
91244.)

541. Singlera has also conducted a prospective, observational study in China of 300
participants for the detection of early-stage lung cancer. (RX3130 (Clinicaltrials.gov) at 1-5.)
Singlera has not reported results of this study yet. (RX3869 (Cote Expert Report) q 245.)
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542. Despite these efforts with clinical trials in China, Singlera believes that it is “far
from” starting FDA clinical trials for ColonES in the United States. (PX7102 (Gao (Singlera)
Dep. at 113).) Singlera testified that it will need a three to four year study for at least 10,000
people for the trial. (PX7102 (Gao (Singlera) Dep. at 120-21); Gao (Singlera) Tr. 2923.) In
addition, Singlera is considering a qPCR version—not NGS—of the ColonES test to be
launched in China first. (PX7042 (Gao (Singlera) IHT at 90-91); Gao (Singlera) Tr. 2911-12.)
Therefore, by its own admission, Singlera appears to anywhere from three to seven years away
from completing clinical trials for ColonES, and likely even longer. (RX3869 (Cote Expert
Report) 4 246; Gao (Singlera) Tr. 2923.)

C. Non-NGS Cancer Screening Developers
1. StageZero

543. StageZero Life Sciences (“StageZero”), formerly known as Genenews, is a
molecular diagnostics company based in Richmond Hill, Canada and Richmond, Virginia.
(PX8542 (StageZero) at 1.)

544.

545.  StageZero was founded in 2000, and began working on its colorectal cancer
i in 2003. (PX7114 (Stamatiou (StageZero) Dep. at 1011,

546. 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. (RX3659 (StageZero) at 1.)

547. Aristotle is a microarray-based blood biopsy test that interrogates mRNA from
whole blood (blood transcriptome) to detect gene expression profiles indicative of 10 discrete
cancers. (RX3171 (Dempsey et al., 2020) at 1-2.)

548. 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. (RX3653 (StageZero) at 4;
RX3869 (Cote Expert Report) 4 248.)

549. 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.
(RX3643 (Smyth et al., 2006) at 1-50.)
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549.1 As aresult 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. (RX3869
(Cote Expert Report) 9 249.)

549.2 StageZero’s Aristotle detects this change using Thermo
Fisher/Affymetrix’s GeneChipTM Gene Expression Profile microarray—not NGS—
which tests more than 36,000 gene transcripts and variants. (RX3171 (Dempsey et al.,
2020) at 1-2.)

550. 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%. (RX3171 (Dempsey et
al., 2020) at 1-2.)

551.  StageZero states that the Aristotle test can fully discriminate each cancer, but has
not fully disclosed how the tissue of the origin of the cancers are determined. (RX3653

552.
StageZero currently does not have
any multi-cancer clinical trial listed on clinicaltrials.gov. (RX3869 (Cote Expert Report) 9 251.)

2. Genesys Biolabs

553.  Genesys Biolabs, a business unit of 20/20 GeneSystems, Inc., is a molecular
diagnostics company based in Rockville, Maryland. (RX3869 (Cote Expert Report) § 252.)
Genesys Biolabs currently provides a cancer screening test for lung, liver, pancreas, ovaries,
kidneys, prostate and colon cancers. (RX3869 (Cote Expert Report) 9 252.)

554.  Genesys Biolabs currently provides a proteomics-based LDT blood test, called
OneTestTM. (RX3259 (Genesys Biolabs) at 1.) 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. (RX3259 (Genesys Biolabs) at 1.)

555. 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%. (RX3739 (Wen et
al., 2015) at 2.)
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555.1 The panel’s 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%). (RX3739 (Wen et al., 2015) at 2.)

556. Genesys Biolabs currently does not have any clinical trials relating to screening
for multiple cancers listed on clinicaltrials.gov. (RX3869 (Cote Expert Report) 9 254.)

3. InterVenn Biosciences

557. InterVenn Biosciences (“InterVenn”) is a biotechnology company based in South
San Francisco, California. (RX3388 (InterVenn) at 1.) InterVenn is known to be developing
early cancer detection tests for advanced adenoma, colorectal cancer and nasopharyngeal
carcinoma. (Leite (Illumina/InterVenn) Tr. 2171-74.) InterVenn is also developing a population
diagnostic test for ovarian cancer; a therapy selection test for pancreatic cancer, lung cancer and
melanoma, called Dawn; and a renal cell carcinoma test. (Leite (Illumina/InterVenn) Tr. 2170,
2172, 2180; see also RX3869 (Cote Expert Report) 9 255.)

a. InterVenn’s VISTA™ proteomics platform

558. InterVenn currently provides an Al-enabled, mass spectrometry glycoproteomics
based proteomics platform—not NGS—called VISTA. (RX3389 (InterVenn) at 1.) VISTA is a
scalable platform to assess glycoprotein post-translational modifications in a site-specific manner
across thousands of peptides and glycopeptides. (RX3869 (Cote Expert Report) § 256.) It can
quantify thousands of glycoproteoforms in a single measurement using only 10 microliters of
serum/plasma. (RX3389 (InterVenn) at 1.)

559. The VISTA platform can be used to identify new cancer biomarkers. (RX3869
(Cote Expert Report) 4 256.) 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. (RX3424 (Lietal., 2019)
at1.)

560. InterVenn has used 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. (RX3388 (InterVenn) at 2.)

561. 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%. (RX3087 (BusinessWire) at 1; RX3869
(Cote Expert Report) 9 56.)

b. InterVenn’s Dawn™ Immuno-Oncology test

562. InterVenn currently provides a glycoproteomics-based clinical diagnostic test
called Dawn™ to help physicians make the best possible choice for patient outcomes when
deploying immuno-oncology therapies. (RX3387 (InterVenn) at 1.)
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563. InterVenn currently has data to support Dawn™ in pancreatic cancer, lung cancer,
melanoma, and are working on other cancers. (RX3387 (InterVenn) at 2.)

563.1 In a 181-sample 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%. (RX3403 (Kasi et al.,
2020) at 1-2.)

4. Seer

564. Seer, Inc. (“Seer”) is a biotechnology company based in Redwood City,
California. (RX3774 (Seer) at 1.) Seer has a proteomics platform—not NGS—that may be used
to develop multi-cancer screening tests. (RX3869 (Cote Expert Report) 4 258.) Seer’s
subsidiary, PrognomlIQ, is known to be developing early cancer detection tests. (RX3869 (Cote
Expert Report) q 258.)

a. Seer’s ProteographTM proteomics platform

565. Seer is developing a ProteographTM 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. (RX1605 (Blume et al., 2020) at 1-14.)

565.1 The Proteograph platform allows for multiplexing of the protein markers
using tandem mass tags (TMTs), thus increasing the throughput of proteomic detections.
(RX1605 (Blume et al., 2020) at 1-14; RX3869 (Cote Expert Report) q 259.)

566. 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.
(RX1605 (Blume et al., 2020) at 1-14.)

566.1 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. (RX3632 (Siddiqui et al., 2020) at 1; RX3869 (Cote Expert
Report) 4 260.)

567. Seer currently does not have any clinical trials listed on clinicaltrials.gov.
(RX3869 (Cote Expert Report) 9 261.)

b. PrognomiQ

568. PrognomiQ is a subsidiary and a recent spin-off of Seer. (RX3869 (Cote Expert
Report) 4 262.) It is also developing early cancer screening tests by combining rich proteomic
information, obtainable using Seer’s Proteograph platform, with genomic, metabolomic, and
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other health data. (RX3587 (PrognomiQ) at 2.) There are no details available publicly about
PrognomiQ’s technologies or plans. (RX3869 (Cote Expert Report) 9 262.)

569. PrognomiQ currently does not have any clinical trials listed on clinicaltrials.gov.
(RX3869 (Cote Expert Report) 9 263.)

5. Somalogic

570. Somalogic is a biotechnology company based in Boulder, Colorado. (RX3869
(Cote Expert Report) 4 264.) Somalogic has a proteomics platform—not NGS—that may be
used to develop screening tests for multiple cancers. (RX3869 (Cote Expert Report) 9§ 264.)
Somalogic is known to be developing an early cancer detection test for lung cancer. (RX3869
(Cote Expert Report) 9 264.)

571.  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. (RX3651 (Somalogic) at 1-7.)

571.1 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. (RX3869 (Cote Expert
Report) 4 265.)

571.2 These chemical modifications facilitate the aptamer binding to proteins
and enhance the specificity and affinity of protein-nucleic acid interactions. (RX3869
(Cote Expert Report) 4 265.) As a result, these modified aptamers can bind target
proteins with specificity, and also be recognizable as nucleotide sequences by specific
DNA hybridization probes. (RX3869 (Cote Expert Report) 9 265.)

571.3 The SomaScan Platform measures the levels of target proteins by
capturing them using these unique target-binding, fluorescent labeled aptamers, and then
measures the corresponding aptamer concentrations using microarrays of complementary
DNA probes. (RX3651 (Somalogic) at 1-7; (RX3869 (Cote Expert Report) 9 265.).)

572.  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. (RX3869 (Cote Expert Report) 9 266.)

572.1 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. (RX3471 (Narasimhan et al., 2020) at 1-23.)

572.2 Researchers at MIT used the SomaScan platform, in part, to identify a
panel of prostate cancer proteases biomarkers. (RX3177 (Dudani et al., 2018) at 1-6.)

572.3 Researchers in Germany also used the SomaScan platform to identify links
between the recurrence of ovarian carcinoma and proteins released into the tumor
microenvironment. (RX3229 (Finkernagel et al., 2019) at 1-2.)
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572.4 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. (RX3738 (Welton et al., 2016) at 1-2; RX3736
(Webber et al., 2014) at 1.)

573. Somalogic currently does not have any clinical trials relating to screening for
multiple cancers listed on clinicaltrials.gov. (RX3869 (Cote Expert Report) 4 267.)

IV.  NGS COMPETITION
A. Current Players
1. Ilumina

574. Illumina entered the sequencing market following its acquisition of Solexa in
2006 and its subsequent debut of its first instrument, the Genome Analyzer, in 2007. (PX0091
(Illumina) at 4; RX3407 (Kircher et al., 2010) at 5.) The Genome Analyzer was capable of
simultaneously sequencing several million very short sequences (up to 26 nucleotides) in a single
sequencing run. (RX3407 (Kircher et al., 2010).)

574.1 Since the introduction of the Genome Analyzer, [llumina 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. (RX3407 (Kircher et al., 2010).)

574.2 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. (RX3407 (Kircher et al., 2010).)

574.3 The Genome Analyzer was replaced in 2010 by the HiSeq sequencers,
which were subsequently replaced by the NovaSeq sequencers. (RX3869 (Cote Expert
Report) 4 276.)

575. 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:
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Table 3
Instrument(s) Throughput Read Length Run Time
1Seq Simultaneous sequencing of | 2x150 nucleotides to 819 hours
4 million DNA fragments generate outputs of -1.2
Gb per run
MiniSeq Simultaneous sequencing of | 2x150 nucleotides to 4-24 hours
825 million DNA generate outputs of -1.9
fragments to -7.5 Gb per run.
MiSeq Simultaneous sequencing of | 2x150 to 3x300 10-56 hours
1-25 million DNA nucleotides to generate
fragments outputs of -300 Mbp to -
15 Gb per run
NextSeq 500 Simultaneous sequencing of | 2x150 nucleotides to 15-29 hours
130— 400 million DNA generate outputs of - 40
fragments to 120 Gb per run
NextSeq 550/550 | Simultaneous sequencing of | 2x150 nucleotides to 12-30 hours
Dx 130— 400 million DNA generate outputs of -
fragments 16.25 to 120 Gb per run
NextSeq 2000 Simultaneous sequencing of | 2x150 nucleotides to 11-48 hours
400 million to 1.2 billion generate outputs of - 40
DNA fragments to 360 Gb per run
HiSeq X Simultaneous sequencing of | 2x150 nucleotides to
(discontinued) 6 billion DNA fragments generate outputs of -1600
to -1800 Gb per run
NovaSeq 6000 Simultaneous sequencing of | 2x150 to 2x250 13—45 hours
800 million to 20 billion nucleotides to generate
DNA fragments outputs of -80 Gb to -6
] Tb per run ] ]

(RX3357 (Illumina) at 6—7; RX3354 (Illumina) RX3353 (Illumina,); RX3364 (Illumina);
(RX3371 (Illumina); RX1600 (Illumina) at 19, 25); PX0091 (Illumina) at 11.)

576.

calling the correct base from the DNA sequence. (RX3368 (Illumina).)

577.

[Mlumina NGS sequencers are about 99.9% accurate (>87% of bases >Q30) in

[llumina’s improvements to its sequencing technology have driven down the cost

of sequencing dramatically. 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. (RX3113 (Hayden) at 1-2.)

577.1 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.

(RX3113 (Hayden) at 1; RX3370 (Illumina).)
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577.2 In January 2014, Illumina announced the achievement of $1000 genome
with its introduction of the HiSeq X system at 30x coverage (about 100 Gbs). (RX3370
(Ilumina).)

577.3 In August 2020, [llumina announced the introduction of the $600 genome
with the NovaSeqTM 6000 v1.5 Reagent Kit. (RX3355 (Illumina).)

577.4

2. Thermo Fisher

578. Thermo Fisher Scientific, based in Waltham, Massachusetts, offers the Ion
Torrent line of NGS platforms. (RX2577 (Thermo Fisher) at 1.) Thermo Fisher inherited the
Ion Torrent brand via its merger with Life Technologies and Life’s prior acquisition of Ion
Torrent Systems Inc. (PX7070 (Felton (Thermo Fisher) IHT at 11.) Ion Torrent Systems Inc.
developed and released the Ion Torrent NGS sequencers in 2010. (PX2482 (Thermo Fisher) at
50.)

578.1 As with the Illumina sequencers, the nucleic acids to be sequenced must
undergo sample preparation before sequencing. (RX3869 (Cote Expert Report) 9 281.)
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. (RX3869 (Cote Expert Report) 4 281.) Each time a nucleotide is
incorporated into the sequence (e.g., for the sequencing by synthesis), a hydrogen ion is
released. (RX3690 (Thermo Fisher) at 2-3.)

578.2 The lon 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. (RX3690 (Thermo Fisher) at 3.)

579. Thermo Fisher currently markets four Ion Torrent NGS systems: the lon PGM Dx
System, the Ion Proton System, the lon GeneStudio S5 Systems, and the lon Torrent Genexus
System. The below chart shows each of the Thermo Fisher instruments and their current
throughput:
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Table 4
Instrument(s) Throughput Read Length Run Time
Ion PGM Dx Simultaneous sequencing of 200 nucleotides to 4.4 hours
4 to 5.5 million DNA generate outputs of ~
fragments 0.6 to ~1 Gb per run
Ion Proton Simultaneous sequencing of ~ 60| 200 nucleotides to ~2.5 hours

to 80 million DNA fragments generate outputs of up
to 15 Gb per run

Ion GeneStudio S5 | Simultaneous sequencing of ~2 | 200 to 600 ~3 to 12 hours
to 130 million DNA fragments | nucleotides to
generate outputs of ~
0.3 to 50 Gb per run
Ion Torrent Genexus| Simultaneous sequencing of ~ 48| 200 to 400 nucleotides| 12 hours
to 60 million DNA fragments to generate outputs of
10 to 12 Gb per run

(RX3688 (Thermo Fisher); RX3689 (Thermo Fisher); RX3687 (Thermo Fisher); RX3685
(Thermo Fisher).)

580. The Ion Torrent NGS sequencers are about 98.4-99.2% accurate (>Q20) in
calling the correct base from the DNA sequence. (RX3693 (Thermo Fisher).) Thermo Fisher’s
Ion Torrent sequencers’ run time is typically less than 12 hours, comparable to [llumina’s 1145
hours run time for the NextSeq and NovaSeq NGS sequencers. (RX3869 (Cote Expert Report)
282.)

581. 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. (RX3691 (Thermo Fisher).)

581.1 Thermo Fisher also offers chromatin immunoprecipitation sequencing
(“ChIP-Seq”) for its Ion Torrent sequencers. (RX3680 (Thermo Fisher).)

581.2 Researchers have also developed protocols to perform methylated DNA
immunoprecipitation sequencing (“MeDIP-Seq”) using Thermo Fisher’s lon Torrent
sequencers; MeDIP Seq may be used to study DNA methylation genome-wide. (RX3158
(Corley et al., 2015).)

582. Thermo Fisher’s share of the clinical oncology segment has increased over the
last five years. (PX7097 (Felton (Thermo Fisher) Dep. at 91).
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584.  Thermo Fisher will offer its solutions to MCED test developers and 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. (Felton (Thermo Fisher) Tr. 2021-23; PX7097 (Felton (Thermo Fisher) Dep. at
65-68).)

585.  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. (RX3869 (Cote Expert Report) g 285.)

586. 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. (Felton (Thermo Fisher) Tr. 2021-23; PX7097 (Felton (Thermo Fisher) Dep. at 143—
44).)

586.1

3. BGI

587. BGI Genomics, formerly known as the Beijing Genomics Institute, is a Chinese
genome sequencing company. (RX3060 (BGI) at 1.) 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. (RX3063 (BGI).)

588. BGI’s NGS sequencers use an SBS technology that is similar to Illumina’s NGS
sequencing technology. (RX3869 (Cote Expert Report) 9 286.)

588.1 BGI is currently enjoined from launching its sequencing instruments and
related reagents in the United States due to its infringement of a certain Illumina patents
that expire in 2022 and 2023. (RX3356 (Businesswire).)

588.2 BGI may enter the U.S. market by August 2022. [llumina, Inc. v. BGI
Genomics, Co., 20-cv-01465-WHO (N.D. Cal. Mar. 27, 2022), ECF No. 665 at 48 (“If
[BGI] make[s] offers to sell Accused Products in the U.S. before the expiration of the
patents-in-suit—as they are permitted—they must include the following conspicuous
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written disclaimer: ‘No sales will occur, and no purchase orders will be accepted, until
after August 23, 2022.””).

589. BGI’s technology also measures the light emission when a fluorescent labeled
base is incorporated into the DNA strand. (RX3065 (BGI).) BGI recently introduced a
CoolMPSTM (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. (RX3175 (Drmanac et al., 2020).)

590. BGI currently markets five sequencers. The below chart shows each of the BGI
instruments and their current throughput:

Table 5

Instrument(s) Throughput Read Length Run Time
DNBSEQ-G50 Simultaneous sequencing | 50 to 2x150 nucleotides to 10—66 hours
of ~ 100 to 500 million generate outputs of up to ~

DNA fragments 150 Gb per run
DNBSEQ-G400 | Simultaneous sequencing | 100 to 2x150 nucleotides to | 13—37 hours
FAST of ~ 550 million DNA generate outputs of up to
fragments 330 Gb per run
DNBSEQ-G400 | Simultaneous sequencing | 50 to 2x200 nucleotides to 13-37 hours
of ~ 1,500 to 1,800 generate outputs of up to

million DNA fragments 1,440 Gb (1.44 Tb) per run
DNBSEQ-T7 Simultaneous sequencing | 100 to 2x150 nucleotides to | <24 hours

of ~ 20 billion DNA generate outputs of up to

fragments 6,000 Gb (6 Tb) per run
DNBSEQ- Simultaneous sequencing | 100 to 2x150 nucleotides to | <24 hours
T10x4RS / of ~ 80 billion DNA generate outputs of up to 20
DNBSEQ-Tx fragments Tb per day

(RX3465 (MGI Tech); RX4004 (MGI Tech).)

591. BGI’s DNBSEQ sequencer’s reported accuracy is comparable to [llumina’s
sequencers, and guarantees more than 80% of bases with a quality score greater than Q30—
which is over 99.9% accurate. (RX3465 (MGI Tech); RX3067 (BGI).)

592.  BGI’s highest throughput instrument has a higher reported 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

Compare RX4004 (MGI Tech) at 1-2 with
RX3357 (Illumina) at 7,

593. BGI/MGI offers the MGIEasy Whole Genome Bisulfite Sequencing Library Prep
Kit for DNA methylation analysis using bisulfite conversion. (RX3465 (MGI Tech).) BGI also
provide whole-genome bisulfite sequencing and target region bisulfite sequencing for either
genome-wide DNA methylations profiling or DNA methylations profiling in specific regions of
interest. (RX3070 (BGI).)
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593.1 BGI also offers ChIP-Seq services to analyze protein interaction with
DNA using its DNBSEQ sequencers. (RX3066 (BGI).) 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).

594. BGI’s reported sequencing costs for its DNBSEQ sequencers are lower than those
for Illumina’s NovaSeq instrument.

594.1 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. (RX3068
(BGI); RX3071 (BGI).)

594.2 BGI also announced that its DNBSEQ-T10x4RS sequencers can generate
$100 genomes, making it per Gb cost only $1.00. (RX4004 (MGI); see also deSouza
(Ilumina) Tr. 2331 (“Last year, BGI announced its hundred-dollar genome and has
talked about its T-10 being ready to be deployed around the world”).

595.

4. GenapSys

596. GenapSys, Inc., based in Redwood City, California, launched its GenapSys
Sequencer in 2019. (RX3402 (GenomeWeb).) This new NGS sequencing platform uses
semiconductors to measure the minute impedance change, i.e., the change in the effective
resistance of the reaction solution, resulting from the incorporation reaction. (RX3257
(GenapSys).) GenapSys’s technology also relies on a sequencing-by-synthesis approach.
(RX3869 (Cote Expert Report) 9 290.)

597. 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. (RX3262 (GenomeWeb).) GenapSys
announced in January 2021 that the cost on its 144 MM chip to be shipped this year would be
about $27 per Gb. (RX3732 (Vilella).)
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Oxford Nanopore Technology (“ONT”) is a spin-out from the University of

Oxford that launched in 2005. (RX3538 (ONT) at 1-3.) ONT’s nanopore sequencing
technology measures the 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. (RX3538 (ONT); RX3166
(Deamer et al., 2016).)

599. ONT currently makes four NGS sequencers, with one more in development. The
below chart shows each of the ONT instruments and their current throughput:
Table 6

Instrument(s) | Throughput Read Length Run Time

Flongle Simultaneous No limit to read length; highest to 1 min—16
sequencing of up date is 4 million. Total throughput hours
to 126 DNA per run is up to ~ 2 Gb per run
strands

MinlON Simultaneous No limit to read length; highest to 1 min—72
sequencing of up date is 4 million. Total throughput hours
to 512 DNA per run is ~ 10 to 20 Gb, up to 42 Gb
strands

GridION Simultaneous No limit to read length; highest to 1 min—72
sequencing of up date is 4 million. Total throughput hours
to 2,560 DNA per run is up to 210 Gb
strands

PromethION Simultaneous No limit to read length; highest to 1 min—72
sequencing of up date is 4 million. Total throughput hours
to 128,400 DNA per run is up to 10,000 Gb (10 Tb)
strands

Plongle (in Parallel No limit to read length; highest to 1 min—72

development) sequencing with date is 4 million hours
96 flow cells

(RX3913 (ONT,) at 1-5; RX3543 (ONT) at 1; RX3536 (ONT); RX3542 (ONT); RX3869 (Cote
Expert Report) 9 293.)

600. Core components of ONT’s long-read sequencing technology as well as other
recent innovations have made its platform more suitable for multi-cancer screening. (See
RX3869 (Cote Expert Report) 4/ 293, 295-98.)

600.1 Because it does not require PCR amplification, ONT’s long-read
sequencing eliminates amplification bias while preserving base modifications, making it
ideal for epigenomic analysis such as methylation profiling. (RX3439 (Mantere et al.,
2019) at 2; see also RX3236 (Folkard et al., Methylation with Oxford Nanopore
Technologies Video Seminar).) ONT recently released a Cas9 targeted nanopore
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sequencing kit, which enables high depth sequencing and retains methylation patterns and
other base modifications. (RX3537 (ONT).)

600.2 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 [llumina’s sequencing
technology) that can cause sample degradation, and that can complicate data analysis.
(RX3869 (Cote Expert Report) 9 295.)

600.3 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. (RX3539 (ONT).)

600.4 The use of ONT’s nanopore 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. (RX3539 (ONT).)

600.5 ONT’s MinION nanopore sequencer has also been used by researchers for
ChIP-Seq to study protein-DNA binding activity and strength. (See RX3077 (Borlin et
al., 2020).) Researchers are also improving the Rapid Analysis of ChIP-Seq data (RACS)
software for the analysis of ONT’s nanopore sequencing data. (See RX3620 (Saettone et
al., 2019).)

601. While ONT has historically focused on long-read sequencing, recently published
research has demonstrated ONT’s capability to perform short-read sequencing. (PFF 99 601.1—
601.4.) Such research suggests that ONT’s nanopore sequencers are “a reliable alternative to
[llumina sequencing, with the advantages of minute instrumentation costs and extremely short
analysis time”. (RX3446 (Martignano et al., 2021) at 1.)

601.1 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 MinlON nanopore sequencer in a test for aneuploidy. (RX3737 (Wei
& Williams 2016).)

601.2 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 ONT’s MinlON nanopore
sequencer. (RX3744 (Wilson et al., 2019).)

601.3 In 2020, researchers from Utrecht University of the Netherlands developed
a CyclomicsSeq method that uses similar rolling-circle amplification to accurately detect
lowly abundant (0.02%) circulating tumor DNA (ctDNA) from liquid biopsies of patients
with head-and-neck squamous cell carcinoma (HNSCC) using MinlON nanopore
sequencer. (RX3441 (Marcozzi A et al., 2020).)
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601.4 In February 2021, researchers from Italy also showed successful use of
low-coverage MinlON nanopore sequencing for profiling of copy number variation from
plasma cfDNA from liquid biopsies of lung cancer patients as a reliable alternative to
[llumina sequencing. (RX3446 (Martignano et al., 2021).)

602. ONT has also announced its intent to support the liquid biopsy market. (RX3470
(Nanopore); RX3521 (NCM) at 50-52; RX3167 (Nanopore); RX3520 (NCM) at 6, 9—10).)

603. The per gigabase sequencing costs for ONT’s NGS sequencers are comparable to
those for the highest throughout [llumina NGS sequencers. (PFF 9 603.1-603.3.)

603.1 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. (RX3717, University of Wisconsin-Madison Biotechnology
Center.)

603.2 A PromethIlON customer reported repeatedly achieving 220 Gb of
sequencing data output per single $625 flow cell, making per Gb cost for the
PromethION only $3/Gb. (RX3698 (Amadeus Capital).)

603.3 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. (RX3543 (ONT) (showing $625 per flow cell at 245 Gb).)

604. 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% (Q30)”. (RX3541 (ONT) at 1; RX3535 (ONT) at

1)

604.1 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). (RX3541 (ONT) at 1; RX3535 (ONT); RX3536 (ONT).)

B. New and Future Entrants
1. Singular Genomics

605. Singular Genomics was founded in 2016 and is headquartered in La Jolla,
California. (PX8561 (Singular) at 15.) 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. (PX8561
(Singular) at 1-2.)

606. Singular has also developed multiomics platform that incorporates NGS called the
PX System. (PX8561 (Singular) at 1-2; PX7117 (Velarde (Singular) Dep. at 17).) 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. (PX7117 (Velarde (Singular) Dep. at 22-23).)
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607. Singular commercially launched the G4 NGS sequencer at the end of 2021 and
will begin shipping the G4 NGS systems in the first half of 2022. (Velarde (Singular) Tr. 4515—
16, 4522; see also PX8561 (Singular) at 1-2; PX7117 (Velarde (Singular) Dep. at 30-31).)

608. 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. (PX8561 (Singular) at 92.)

609. The G4 System’s performance characteristics claim to be comparable or better to
[Nllumina’s NextSeq and NovaSeq systems:

609.1 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. iVelarde iSiniulari Tr. 4528-30; PX8561 (Singular) at 4-5;
609.2 Read leniths of 50 bases to 150 bases. (PX8561 (Singular) at 4-5;
609.3 Tarieted 400 Gbs ier seiuencini run. iPX8561 (Singular) at 4-5;

609.4 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

comilete a 2x150 base run. (PX8561 (Singular) at 4-5;

609.5 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”

methodoloiy. (PX8561 (Singular) at 4-5; PX7117

609.6 Independent, flexible throughput that uses flow cells with independent
lanes, enabling libraries to be kept separate in each lane while still retaining high

throuihiut caiacity. (PX8561 (Singular) at 4-5;

610. Singular expects that the G4 System will compete with Illumina for sales of
sequencers and integrated systems to multicancer early detection test developers.
Tr. 4522,

see also PX8561 (Singular) at 8.)

611. Singular is targeting clinical oncology applications for the G4 system; Singular is
developing HD-Seq as one of the potential applications for MCED tests; Singular believes that in
addition to faster turnaround time in clinical settings, Singular’s HD sequencing process also
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les of seiuencers and

gives it an advantage; Singular expect to compete with Illumina for sa
consumables to MCED test developers. (Velarde (Singular) Tr. 4522,

612.

613.  Singular does not believe that [llumina’s reacquisition of GRAIL will have an
effect on Singular’s ability to innovate in the NGS space and Singular does not project that

[llumina’s reacquisition of GRAIL will slow down Singular’s commercialization plans. (Velarde
(Singular) Tr. 4534.)

2. Ultima Genomics

614. 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. (PX7119 (Lauer (Ultima) Dep. at 34-36, 146-48).)

615.

617.1
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3. Roche

624. Roche Diagnostics, parent of the company that previously brought to the market
the first NGS sequencer—the 454 GS FLX Titanium sequencer—in 2005, acquired two NGS
sequencer developers: Stratos Genomics that is developing a nanopore DNA sequencing
technology utilizing Sequencing by Expansion (SBX), and Genia Technologies that is
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developing a single-molecule, nanopore technology. (RX3407 (Kircher et al., 2010); RX3615
(Roche); RX3614 (Roche).)

625. Roche expects to bring to market an NGS nanopore sequencer by the 2024 time
frame. (RX3614 (Roche).)

626.
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4. Element

632. Element Biosciences is a biotechnology company headquartered in San Diego,
California that was founded in 2017. ﬂ Element is developing a
currently unnamed NGS platform through its sequencing-by-trapping technology. (RX3186

Element Biosciences, International Patent Application No. W02020242901).

633. 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.

5. Omniome

639. Omniome is a biotechnology company headquartered in San Diego, California
that was founded in 2013. (PX7071 (Song, IHT at 13).) In July 2021, Pacific Biosciences of
California (“PacBio”) announced it had acquired Omniome for $800M. (RX3947 (Clinical
OMICs).)
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639.1 Many of PacBio/Omniome’s senior executives came from Illumina:
PacBio CEO Christian Henry held several positions at [llumina, including former Chief
Commercial Officer; Omniome President Richard Shen is a former Illumina Vice
President of Oncology R&D. (RX3947 (Clinical OMICs) at 2.)

640. The combined PacBio and Omniome have said they would specifically target the
cancer screening market, as well as other oncology applications. (RX3947 (Clinical OMICs) at
3)

640.1 PacBio stated that it believes Omniome’s data accuracy should help the
combined company target oncology applications like cancer screening. RX3947
(Clinical OMICs) at 3.)

642. Omniome’s sequencer will reportedly have comparable throughput and run times
to [llumina’s NexSeq sequencers, but with better accuracy—98%> Q50 to 99% Q70—10 to

100x better than the accuracy of Illumina’s sequencers. (PX7096 (Song (Omniome) Dep. at 82,
too-o. . I

642.1 Omniome expects that, at - its NGS sequencer will have higher

accuracy, longer sequence read and lower reagent costs than Illumina’s sequencers.
(PX7096 (Song (Omniome) Dep. at 43, 58, 68-72); ﬁ

642.2 In arecent earnings call, PacBio CEO Christian Henry claimed that

2 13

PacBio/Omniome’s “error rates are so low, we’re more than 15-fold better than what
other SBS players can do today”. (RX4050 (PacBio) at 7.)

RX3189 (Encodia).) Omniome currently plans to launch
its sequencer in early 2023. (PX7096 (Song (Omniome) Dep. at 28-29, 56).)

644. Omniome expects its NGS platform will be used for “applications like cancer,”

and has general interest in oncology, including companies that are developing blood-based earl
cancer screening tests. (PX7096 (Song (Omniome) Dep. at 59—63, 66); H
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C. Switching Platforms

645.  Switching between Illumina’s platform and alternative platforms is feasible.
(RX3869 (Cote Expert Report) 4 336.) To the extent a test developer believes this sort of
switching is costly, there are alternative methods of switching between platforms, including
concurrent development on multiple platforms. (RX3869 (Cote Expert Report) 4 336.)

646. In fact, cancer screening developers will inevitably need to switch between
different Illumina instruments in the course of developing their respective screening tests.
(RX3869 (Cote Expert Report) 9 336.)

646.1 Illumina’s own model contemplates that a portion of test developers will
switch to an alternative sequencing platform developer in the process of upgrading
[Mllumina instruments. (PX7087 (Goswami (Illumina) Dep. at 16).)

1. Feasibility

647. 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. (RX3869 (Cote Expert Report) § 338.) These revalidations are part of
a good test developer’s business plan. (RX3869 (Cote Expert Report) 9 338.) It is routine to
switch or to upgrade platforms (which from a re-validation point of view is equivalent). (Cote
Tr. 3739; Aravanis (Illumina) Tr. 1865; (RX3869 (Cote Expert Report) § 338.) This is built into
all clinical labs’ workflow and plan for long-term functioning for the lab. (Cote Tr. 3771.)

648.  Given that test developers will need to undergo such redevelopment simply to
maintain their use of Illumina’s instruments, there 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. (RX3869 (Cote Expert Report) 4 338.)

649. For companies developing 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 to modify their tests to use 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. (RX3869 (Cote Expert
Report) 4 339; Cote Tr. 3786-87.)

RX3419 (Lennon et al.,

Material) at 2—3.
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651.  Similarly, FMI is using [llumina’s HiSeq 2500 and 4000 as its NGS platforms for
the FoundationOne CDx test for tissue biopsy sample based therapy selection, but switched to
Illumina’s NovaSeq 6000 for its FoundationOne® Liquid CDx test for liquid biopsy sample
based therapy selection. (RX3231 (FMI) at 4; RX3234 (FMI) at 7.) There is no indication that
switching from HiSeq to NovaSeq 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. (RX3869 (Cote Expert Report) 9 341.)

652. 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.”
(PX7111 (Fesko (Natera) Dep. at 251-52); RX3062 (BGI) at 1.) Natera’s Signatera test was
initially validated on Illumina’s HiSeq 2500 NGS platform. (RX3499 (Natera) at 6.)

653.  Ariosa (at the time part of Roche) switched its Harmony non-invasive prenatal
test from an NGS-based approach to a microarray-based approach, and claimed to have achieved
lower cost and decreased turnaround time for the test. (PX7096 (Song (Omniome) Dep. at 124—
28); RX3400 (Juneau et al., 2014).) Ariosa completed this platform switching without
interrupting the commercial availability of the Harmony test. (PX7096 (Song (Omniome) Dep.
at 125-26).)

654.

654.1
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655. In addition, a test developer may develop its test on one platform, but choose to
commercialize on another.

656. Even if switching requires a more substantial change, for example in capture
technology or a different/unfamiliar sequencing chemistry, 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. (Cote Tr. 3776.)

656.1 For example, it took approximately nine months for Dr. Cote’s lab to
revalidate 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. (RX3869 (Cote Expert Report) 4 346; Cote Tr. 3774-75.)

2. Expectations

657.  Although it cannot be estimated 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. (RX3869 (Cote Expert Report) 9 347.)

658.  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). (Aravanis (Illumina) Tr. 1865.) In the re-
validation stage, a test developer needs to repeat the analytical studies on a new NGS platform.
(RX3869 (Cote Expert Report) 9 348.)

659. Dr. Cote estimates that re-validating a test on a new NGS platform, if successful,
would take approximately 6—12 months. (Cote Tr. 3774-75.) 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.
(RX3869 (Cote Expert Report) 9 348; Cote Tr. 3773.)

660. For an LDT test not approved by the FDA, switching NGS platforms or technical
modalities is fairly straightforward. (RX3869 (Cote Expert Report) 9 349.) 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. (RX3869 (Cote
Expert Report) 9 349.)

661. Dr. Cote expects 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. (RX3869 (Cote Expert
Report) 4 349.)

662. 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
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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. (Cote Tr. 3776;
RX3218 (FDA) at 30).)

663. 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. (RX3218 (FDA) at 30.)

663.1 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. (RX3869 (Cote Expert Report) § 350.) 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. (RX3869 (Cote Expert
Report) 4 350.)

664. Dr. Cote estimates that conducting the bridging or comparison study—including a
repeatability study—would take approximately one month to complete. (Cote Tr. 3773.) It

would cost approximately $1 million to $2 million if samples need to be purchased. (Cote Tr.
3775.

The time and
cost of these bridging or comparison studies are both relatively low compared to overall

develoiment time and cost for clinical tests. (PX7065 (Aravanis (Illumina) IHT at 164-66);

665. If the results generated by the two systems were not substantially equivalent, the
clinical studies might have to be repeated on the alternative platform. (RX3869 (Cote Expert
Report) at 174.) 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. (RX3869 (Cote Expert Report) 4 352.)

665.1 The chance for a bridging or comparison study failing to show the
[Mlumina 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. (Cote Tr. 3775-76;
RX3869 (Cote Expert Report) 9 352.)

666.  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. (RX3869 (Cote Expert
Report) 9 353.) Tests may be developed based on more than one platform. (RX3869 (Cote
Expert Report) 4 353.)

667. Singlera has publicly stated that its test is compatible with both Illumina and
Thermo Fisher NGS systems. RX3637 (Singlera) at 6.)
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668. Singlera notes 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”. (RX3637
(Singlera) at 6.) Therefore, switching between these two NGS suppliers would not be likely to
require any significant time to adapt the technology for that developer. (RX3869 (Cote Expert
Report) 4 353.)

669. Natera and BGI Genomics formed a partnership and has now launched the
Signatera in China “that incorporates MGI sequencing platforms.” (RX3062 (BGI) at 1.)
Neither Natera nor BGI has complained about any difficulty switching from Illumina’s HiSeq to
BGI’s NGS platform. (RX3499 (Natera) at 6); (RX3869 (Cote Expert Report) § 354.)

670.  Ariosa switched its Harmony NIPT test from an NGS-based approach to a
microarray-based approach, and claimed to have achieved lower cost and decreased turnaround
time for the test. (PX7096 (Song (Omniome) Dep. at 124-28); RX3400 (Juneau et al., 2014).)
Switching for the Harmony test, which is an LDT, required only a bridging study; no additional
clinical trials were needed. (RX3869 (Cote Expert Report) 9 355.)

670.1 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. (RX3400 (Juneau et al., 2014) at

671. Companies routinely conduct bridging or comparison studies for modifications of
their clinical oncolo

672. When Roche initiated its EURTAC study for the correlation between EGFR
activating mutations and Non—Small-Cell Lung Cancer (NSCLC), the test utilized Sanger
sequencing, then confirmed by fragment length analysis and Tagman assay for two mutations.
(RX3057 (Benlloch et al., 2014) at 3.)

672.1 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. (RX3221 (FDA) at 28.)

672.2 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. (RX3221 (FDA) at 28.)
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672.3 The bridging study concluded that the “PCR test showed superior
sensitivity and specificity compared with conventional Sanger sequencing.” (RX3057
(Benlloch et al., 2014) at 2.)

673.  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
one for adding the test for the EGFR T790M mutation — using existing samples from the original
clinical trials. (RX3223 (FDA) at 49.)

674. 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. (RX3240 (Roche/FMI) at 1-2.)

D. Distributable IVDs

675. Several features of sequencing instruments and pipeline multi-cancer screening
tests suggest that distributable [IVDs would not be an appropriate option for MCED tests.
(RX3869 (Cote Expert Report) 9§ 359.)

PX0064 (Illumina) at 7.)

677.1 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. (Goswami (Illumina) Tr.
3194-95.)

677.2 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.

Goswami (Illumina) Tr. 3194-95.

678. 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. (RX3869 (Cote Expert Report) 9 361.)
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678.1 Illumina has not yet received clearance for NovaSeq Dx system.
(Goswami (Illumina) Tr. 3194.) Illumina currently has regulatory clearance in the United
States for the NextSeq Dx and MiSeq Dx systems. (Goswami (Illumina) Tr. 3191-92.)

Nolan (Freenome) Tr. 2715;

PX7112 (Bailey (PGDx) Dep. at 107).)

678.2 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. (RX3869

678.3 Because the evidence suggests that many sequencing platforms suitable
for multi-cancer screening will become available in the next 1-2 years, 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. (RX3869 (Cote
Expert Report) at 178.)

The NovaSeq instrument 1s

a substantial investment. (Goswami (Illumina) Tr. 3189-91.)

678.5 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.
(Goswami (Illumina) Tr. 3194-95.) As of 2021, there are nearly 30,000 diagnostic and
medical laboratory businesses in the U.S.
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V. COMPLAINT COUNSEL FAILED TO PROVE THE REQUISITE ANTITRUST
MARKETS

A. The Alleged Relevant Market
1. Speculative and Simultaneously Over- and Under-Inclusive
a. The Alleged Relevant Market is Speculative

679. Complaint Counsel alleges an MCED market consisting of the Galleri test and
any other test in development, so long as its developers contend that it will detect more than one
cancer type and use NGS, no matter its anticipated features, functions, or launch timeline. (See
FTC Pretrial Br. at 43—44; Compl. § 3; PX6090 (Scott Morton Expert Report) 9 141-46.)

680. This definition is impermissibly speculative. (PFF 9 680.1-680.5.)

Gao (Singlera) Tr. 2925-26.)

Gao (Singlera) Tr. 2925-26.)

680.5 These “products” cannot be considered substitutes for Galleri. (-
Bl 3727. 3777, 3782-83, 3814-15,

681. Numerous fact witnesses testified that the future contours of the MCED field were
largely speculative or unknown:

681.1
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681.2

681.3 Dr. William Cance, Chief Medical Officer of the American Cancer
Society, said it “would be very hard to even speculate” on how long it will be before
there is a blood-based test that’s sensitive and specific enough to replace the standard of
care cancer screens available today. (PX7086 (Cance (ACS) Dep. at 51).)

681.4 Quest’s Kristie Dolan testified that “the field is too nascent to say with any
level of specificity” whether MCED tests would compete with each other in the absence
of identical capabilities. (PX7116 (Dolan (Quest) Dep. at 106).)

682. Because the proposed market does not exist, Complaint Counsel’s economic
expert admitted that she did not and could not consider any real world evidence regarding the
pricing of MCED tests:

682.1

682.2

682.4

682.5 “Q. In forming your opinions, is it accurate to say that you did not
consider data describing the past purchase patterns of consumers in their responses to
price changes for MCED tests? A. As I have said, the MCED test was only launched a
couple of months ago. We don’t really have a setting in which consumers can do
anything except [buy] Galleri in an uninsured fashion.” (RX3852 (Scott Morton Dep. at
19).)

683.
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683.1 She also did not attempt to fill the information gaps using surveys or other
means, including information about the likely preferences and potential switching
behavior of clinicians, patients, and payors related to the products she includes and
excludes from her proposed MCED market. (RX6004 (Katz Trial Dep. at 17-22).)

683.2 Nor did she attempt to analyze likely substitution from the perspective of
payors, despite acknowledging that payor choices will drive adoption of different
screening tests. (RX6004 (Katz Trial Dep. at 17-22).)

684. The evidence in the record demonstrates is that it is unlikely customers (i.e.,
patients, doctors and payors) will view the products in development as substitutes with Galleri.
(PFF 99 684.1-684.3.)

684.1 None of the tests in development has demonstrated the capability to detect
50 cancers. (See Lengauer (Exact/Thrive) Tr. 243, 260-61;

Gao (Singlera) Tr. 2874—
75.)

684.2 Nor has any test in development demonstrated the ability to identify
cancer signal of origin without the aid of a PET-CT scan. (Lengauer (Exact/Thrive) Tr.

); RX3115 (Chen et al 2020) at 6.)

684.3 Determining the boundaries of Complaint Counsel’s alleged market
depends on a comparison to, or of, one or more non-existent tests.

Gao (Singlera) Tr. 2925-26.)

685. As Dr. Katz testified, “[t]he timing of when [putative MCED developers are]
going to actually have commercial products and when they’re going to launch them and
ultimately when [they are] going to get insurance coverage so that they have a chance of
significant competitive success, . . . is highly uncertain and it’s in the future.” (RX6004 (Katz
Trial Dep. at 34-35).)

b. Simultaneously Over- and Under-Inclusive
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(Bishop

(GRAIL) Tr. 1373—74; RX0744 (GRAIL) slide 22, 100.)

RX6004 (Katz, Trial Dep. at 30 (“[I] t’s counterintuitive that a test, say,
for testicular cancer should be out of the market because it’s not a close enough substitute to a
test that [detects] testicular cancer and prostate cancer” but that two hypothetical tests that detect
“two completely nonoverlapping” cancer types are included “because they each do two”).)

688. In addition to clearly not being substitutes for Galleri, many of the tests in
Complaint Counsel’s proposed market are also not even substitutes with each other. (See
RX6004 (Katz Trial Dep. at 29).)

689. Complaint Counsel’s proposed market would include any test that screens for two
or more cancer types, even though that would necessarily group together screening tests that
detect distinct cancer types in different populations. (£.g., PX6090 (Scott Morton Expert
Report) 9 141-42.)

690. As Dr. Katz testified: “suppose we have two tests, one of which covers testicular
cancer and prostate cancer . . . and then we have another one that does uterine cancer and
ovarian cancer. It’s really difficult for me to see how those could be substitutes for one another.
I believe they’re not. And I think that shows a fundamental defect in [Complaint Counsel’s
proposed] market.” (RX6004 (Katz Trial Dep. at 29).)

690.1 Dr. Katz also testified that by defining the market to include tests that
cannot be shown to be substitutes for Galleri or each other, Complaint Counsel’s
proposed market violates the narrowest market rule: “[Dr. Scott Morton] did not attempt
to define the narrowest relevant market . . . that would pass the hypothetical [monopolist]
test, and I believe this is a fact, that she did not explain or offer a justification for why
that would be appropriate. And that’s not something that’s relying on testimony by other
people. It’s a failure of the logic and the form of analysis that she’s applied.” (RX6004
(Katz Trial Dep at 165-66).)

691. At the same time, Complaint Counsel’s proposed market is also under-inclusive,
because it excludes MCED tests that are not based on NGS technology.

692. It is undisputed that there are at least two MCED tests on the market that are not
based on NGS technology. (PFF 99 692.1-692.2.)

692.1 StageZero’s Aristotle test is a microarray-based liquid biopsy test that

interrogates mRNA to detect 10 cancers. (Cote Tr. 3875-76; RX3171 (Dempsey et al.,
2020); RX3869 (Cote Expert Report) q 248.)
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692.2 Genesys Biolabs’ OneTest is a proteomics-based test that measures seven
cancer protein biomarkers to screen for lung, liver, pancreatic, ovarian, prostate and colon
cancers. (RX3259 (Genesys Biolabs); RX3869 (Cote Expert Report) 9 253.)

693. Moreover, a number of companies are developing cancer screening tests that are
not based on NGS technology, including tests in development from InterVenn Biosciences,
PrognomiQ and Somalogic. (Leite (Illumina/InterVenn) Tr. 2171-74; RX3587 (PrognomiQ) at
2; RX3651 (Somalogic) at 1-7; RX3869 (Cote Expert Report) 9 247-67.)

693.1 These tests are too undeveloped to be included in a relevant market with
Galleri. (Leite (Illumina/InterVenn) Tr. 2171-74; RX3587 (PrognomiQ) at 2; RX3651
(Somalogic) at 1-7.)

694. There is no evidence, or reason to believe, that an MCED test must use NGS
technology to compete with GRAIL. (See Cance (ACS) Tr. 606; Cote Tr. 3729-30, 373637,
3872; RX3869 (Cote Expert Report)  75.)

695. Nor is there any evidence, or reason to believe, that patients or doctors have any
preference for an MCED test based on the platform used to run it. (See, e.g., RX3852 (Scott
Morton Dep. at 51).)

696. What patients and doctors care about is whether a test works and for which
indications, not how exactly it works. (See, e.g., RX3852 (Scott Morton Dep. at 51)
(“[U]ltimately the patient and the doctor are going to care about the ability of the test to prevent
the disease and save lives.”).)

2. No Reasonable Interchangeability

697. Not on the Market. At present, there is no product in existence that is reasonably
interchangeable with GRAIL’s Galleri test. (Bishop (GRAIL) Tr. 1401.)

698.  Galleri is the only multi-cancer early detection test testing for anywhere near 50
cancer types on the market. (Bishop (GRAIL) Tr. 1401, {1459}); Ofman (GRAIL) Tr. 3308;
RX3852 (Scott Morton Dep. at 53); (Cance (ACS) Tr. 632-33).)

699. Indeed, the prices and qualities of these yet-to-exist products are not even
specified. (See PFF 9 750.1-750.4.)

700. Years Away. Most of the putative MCED developers identified by Complaint
Counsel do not expect (and none can reasonably be expected) to launch a screening test for more
than one cancer for many years. (PFF 99 701-706.)

701.  Guardant. Guardant’s LUNAR-2 product is being developed initially with an
indication only for colorectal cancer. (Chudova (Guardant) Tr. 1154, 1179;*
_ Thereafter, Guardant is prioritizing adding cancers with existing
screening guidelines such as lung and breast cancer. (Chudova (Guardant) Tr. 1154.)
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Chudova (Guardant) Tr.

701.2

701.3

701.4

701.5

701.6

701.7
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703.10

703.11

703.13
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705.2
706. Singlera. Singlera is “far, far away” from launching its PanSeer test. (PX7102
(Gao (Singlera) Dep. at 118-19).)

706.1 Singlera does not plan on marketing its PanSeer test in the US until it has
received FDA approval. (Gao (Singlera) Tr. 2873.)

706.2 Singlera is not currently in talks with the FDA. (Gao (Singlera) Tr. 2926—
27).
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706.3 It will “take at least seven to ten years of time for [the current PanSeer]
test to be able to go to FDA”. (Gao (Singlera) Tr. 2891).

707. These far-off projections are consistent with other record evidence regarding the
product development timeline to launch an MCED test, and show that many years of
development are required before launching an MCED test like Galleri. (PFF 9 707.1-707.3.)

707.1 For each cancer included in an MCED test, you “have to go through a
somewhat similar process to what GRAIL did”, meaning **‘a research phase”, **“a test
development phase”, and **“a clinical phase”, and that must be done “for each cancer”,
which, if done “serially” would take a “very long time” and is “not practical”. (Aravanis

(Illumina) Tr. 1895-96.)

2¢¢

707.2  As Dr. Chahine of Helio Health confirmed, compared to the R&D process
for a single-cancer screening test, “[i]t probably gets exponentially harder if you’re
adding . . . five and ten cancers, and so just from a practical standpoint, a small company

trying to go after multiple cancers at the same time I think is just really just not feasible.”
(Chahine (Helio) Tr. 1032.)

707.3 Accounting for all of these steps in the development process, Dr. Cote
opined that most of the putative MCED developers identified by Complaint Counsel were

at least five to seven years away from launching any kind of MCED test.

708.  No proof of interchangeability. Even if the tests in development were on the
market, or could be expected to launch in the near term, Complaint Counsel failed to prove that
any of these tests will be reasonably interchangeable with Galleri if and when they are launched.
(PFF 99 708.1-708.3.)

708.1 The purchasers of any MCED test will be patients, health care providers
and/or insurers. (See RX3871 (Willig Expert Report) 9 12.)

708.2 Complaint Counsel did not call any medical expert, nor a single patient,
health care provider or insurer to testify that he/she would substitute one of the tests in
development (were it ever to be sold) for Galleri. (RX6004 (Katz Trial Dep. at 18.)

708.3 Nor did Complaint Counsel conduct any surveys of such groups.
(RX6004 (Katz Dep. at 19-20) (Complaint Counsel’s expert “didn’t attempt to fill those
information gaps in by, say, doing some sort of survey of, you know, clinicians or payers
to understand what they would think about, you know, various alternatives and how close
they would view those to be substitutes and then try to infer from that what that would
mean for their switching behavior.”).)

709. Ample proof of no interchangeability. Numerous witnesses testified that Galleri
is not reasonably interchangeable with the MCED tests in development. (PFF 9 709.1-709.6.)

709.1 Francis deSouza, Illumina’s CEOQ, testified, based on his conversations
with doctors during due diligence for the Transaction, that Galleri would not compete
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with tests that screen for fewer than ten cancers or with tests that do not identify cancer
signal of origin. (deSouza (Illumina) Tr. 233637 (“[D]octors who are looking for 50
cancers and doing a screen would not want a test that did not tell the patient where that
cancer was. They felt that that [it] would [not work] to raise so much anxiety in a person
without telling them what they actually have. And so for that use case, for doing
screening of a healthy person to identify if they have 50 cancers, they felt it was essential
that as part of the conversation with the patient you’re immediately able to say what to do
next, you know, look at this organ, image your pancreas or something . . . and so they
would not substitute Galleri with another test that identified 50 cancers but didn’t tell you
what cancer it was and where it was, and so they are not substitutes.”))

709.2 Illumina’s Chief Technology Officer (and GRAIL’s former Chief Science
Officer and Head of R&D), Dr. Alex Aravanis, testified that it is “unlikely” Galleri will
compete with a test that screens for fewer than ten cancers and that Galleri would not
compete with a test that does not identify cancer signal of origin, since it would be used
in a very different clinical context than Galleri. (Aravanis (Illumina) Tr. 1921-22.)

709.3 GRAIL’s then-CEO, Hans Bishop, testified that he did not foresee Galleri
competing with other MCED developers, such as Guardant, Freenome, Exact/Thrive and
Singlera, given the substantial differences between the tests those companies may be
developing and Galleri. (Bishop (GRAIL) Tr. 1390-91; 1393-94 (Freenome); 1397
(Exact/Thrive); 1399 (Singlera).)

709.4 Dr. Josh Ofman, GRAIL’s Chief Medical Officer, testified that Galleri
will not compete with MCED tests that are first pursuing colon cancer tests: “[w]e screen
for colon cancer with stool-based colon cancer screening tests or colonoscopy, which is
the gold standard, and so . . . for people who want to use blood to look for colon cancer,
they’ll just do that. But adding a multicancer early detection test to the single-cancer
screening test is a very different activity. They’re not really competing.” (Ofman
(GRAIL) Tr. 3310-11.) Dr. Ofman also testified that Galleri would not compete with a
test that detected two or three cancers, because “conceptually what you’re trying to do
with Galleri is very different than something you’d be trying to do with a test that says
we can find stomach and esophageal cancer.” (Ofman (GRAIL) Tr. 3312-13.)

709.5 Dr. Cote testified that
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709.6

710. The intuition as to complementarity between a 50 cancer test and a test that
screens for fewer cancers was also supported by some of Complaint Counsel’s third party
witnesses. (PFF 99 710.1-710.3.)

710.1
710.2

710.3 In response to questioning about what customers will view PanSeer and
Galleri as substitutable options, Singlera’s Chairman Gary Gao testified that “I don’t
think there is a product yet. And I could not say how we are interchangeable right now
....0 (PX7042 (Gao (Singlera) IHT at 101).)

711.  Complaint Counsel has no testimony from potential consumers of MCED tests.
(See RX6004 (Katz Trial Dep. at 18.)

712.  The only testimony that Complaint Counsel elicited regarding this point is self-
serving testimony from certain MCED test developers that they view GRAIL as a rival and

expect the tests they are working on to compete with Galleri (if ever they were launched). (£.g.,
I /100 Chuovs Guardun) Dep. o 22°
23); PX7042 (Gao (Singlera) IHT at 96, 98—100);

PX7068 (Perettie, IHT at 76).)

3. Brown Shoe Factors

a. No industry or public recognition of the alleged market as a
separate economic entity

713.  Neither the industry nor the public recognizes an MCED market as defined by
Complaint Counsel. (PFF 9 717-721.)

714.  There is an NGS-based multi-cancer early detection test available for sale in the

U.S. (Galleri) and a number of companies are working to develop cancer screening tests, some
of which have been loosely described as MCED tests. (PFF 99 698, 701-706.)
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715.  But there is no industry or public recognition of a separate “economic entity”
comprised of any NGS-based screening test that detects more than one cancer type. (PFF
99 717-721.)

715.1 Galleri is the only test on the market, and it has been shown (with
published data) to detect more than 50 cancers and tissue of origin. (Bishop (GRAIL) Tr.
1373-74; RX0744 (GRAIL) slide 22, 100.)

715.2 None of the MCED tests in development has had a single sale. (See
Bishop (GRAIL) Tr. 1401.)

715.3 None has been shown to detect more than 10 cancers (and most far fewer)
and none has the ability to detect cancer signal of origin. (PFF 99 684.1-684.2.)

715.4 Indeed, most of the in-development tests are focused at present solely on
detecting a single cancer with the aspiration of one day detecting more cancers by adding
additional bio markers and conducting additional clinical trials. (See Chudova
Guardant) Tr. 1154, 1179;

(Helio) Tr. 1082.)

716.  The available industry or public information about the putative MCED tests in
development does not suggest that these tests belong in the same product market as Galleri.
Instead, they make clear that they are all very different from Galleri. (PFF 9 717-721.)

717.  Analyst reports from investment banks that cover the broader biotechnology space
recognize that Galleri is very different. (PFF Y 717.1-717.2.)

717.1 For instance, a report on the liquid biopsy market from Cowen notes that
GRALIL has “conducted systematic clinical studies” and that Galleri “has been shown to
be capable of identifying >50 types of cancers by scanning methylation patterns”.
(PX2022 (Cowen) at 27).)

717.1.1  The only other entity it recognizes as pursuing a multicancer
screening test is Thrive, but notes that it had only been shown to detect 10 cancers
and required the use of a confirmatory PET-CT scan. (PX2022 (Cowen) at 27,
29.)

717.1.2  The report notes that Freenome and Guardant are among the
companies in a separate market segment pursuing single-cancer screening tests to
detect colorectal cancer (PX2022 (Cowen) at 30-31), lists Singlera in passing
under the heading “[s]Jome [o]thers” following its summary of the colorectal
cancer screening market (PX2022 (Cowen) at 33), and considers Helio in a
separate segment for “High Risk Cancer Detection” for its liver cancer screening
test. (PX2022 (Cowen) at 29, 35, 37, 38.)

717.1.3  Cowen does not recognize_ as pursuing early cancer
detection at all: it notes -as a participant in the recurrence
monitoring/MRD and “liquid biopsy for biopharma” (i.e. companion diagnostic)
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segments (PX2022 (Cowen) at 46—53), and -in the therapy selection and
“liquid biopsy for biopharma” market segments (PX2022 (Cowen) at 39, 54).

717.2  An analyst note from SVBLeerink comes to a similar conclusion, only
mentioning GRAIL and Thrive as pursuing “multi-cancer detection” and noting that

Guardant and Freenome are among those in the colorectal cancer screening space.
(PX4180 (SVBLeerink) at 32.)

717.2.1  SVBLeerink also notes a number of “must have” features for an
multi-cancer screening assay, including cancer signal of origin capability (which
it notes as “essential”); “99%+ specificity”; detection of “higher mortality cancers
with no current screening methodologies”; “and [1]arge-scale, prospective trials
that reflect prevalence of cancer in the real world”. (PX4180 (SVBLeerink) at

32.) Only Galleri can claim to have these features. (PFF 9 61-62, 355, 400-01.)

719.  The features and functions of Galleri are described in detail in several peer-
reviewed publications, including Annals of Oncology, (RX3409 (Klein et al 2021); RX3430 (Liu
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et al 2020)), and GRAIL has multiple clinical trials listed at clinicialtrials.gov. (See RX3133
(Clinicaltrials.gov); RX3134 (Clinicaltrials.gov); RX3135 (Clinicaltrials.gov).)

719.1 The available peer-reviewed publications show, with only two exceptions,
that Complaint Counsel’s so-called “MCED” developers have only published peer
reviewed articles or initiated clinical trials, if any, for single-cancer screening tests.
(RX3132 (Clinicaltrials.gov); RX3426 (Lin et al., 2021), RX3592 (Putcha et al., 2020);
RX3740 (Westesson et al., 2020); RX3128 (Clinicaltrials.gov), RX3405 (Kim et al.,
2019) (Guardant); RX3616 (Roy et al., 2019); RX3617 (Roy et al., 2019) (Helio).)

720. Some have not even published articles or initiated clinical trials relating to cancer
screening at all. (RX3869 (Cote Expert Report) at 301 (FMI/Roche); RX3869 (Cote Expert
Report) 4 228, at 303 (Natera).)

721.  Other than Galleri, only Exact/Thrive and Singlera have conducted clinical trials
and/or published one or more peer reviewed articles about MCED tests in development.
(RX3419 (Lennon et al., 2020); RX3115 (Chen et al., 2020).) But that data shows that these
tests are very different from Galleri. (PFF 99 721.1-721.4.)

721.1 The Exact/Thrive data shows only that its CancerSEEK assay can detect,
at most, 10 types of cancer—with no identification of tissue of origin (a whole body PET-
CT scan is required to identify the tissue of origin for every positive case). (RX3419
(Lennon et al 2020); Cote Tr. 3811-14.)

721.2

721.3 Similarly, the published Singlera data is from a 418—sample case control
study and shows only that Singlera’s PanSeer assay could detect five types of cancer.
(RX3115 (Chen et al 2020) at 3.)

721.4 Moreover, the data show that PanSeer achieved only 96.1% specificit
RX3115 (Chen et al 2020) at 1

b. The products’ peculiar characteristics and uses

722. Unique characteristics. Galleri sequences a patient’s blood sample to detect
methylation and then takes the data and analyzes it using a machine learning algorithm, which
will classify the methylation pattern as a cancer signal or noncancer signal. (Ofman (GRAIL)
Tr. 3285-88; Aravanis (Illumina) Tr. 1886—87; RX3025 (Alexander et al 2021) at 4.)

723. If a cancer signal is detected, the sample is analyzed again using the machine
learning algorithm to predict the cancer’s signal of origin. (Ofman (GRAIL) Tr. 3285-88;
Aravanis (Illumina) Tr. 1886—87; RX3025 (Alexander et al 2021) at 4.)
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724.  Galleri has been shown to detect more than 50 cancers with high specificity, and
cancer signal of origin with high accuracy. (Bishop (GRAIL) Tr. 1373-74; RX0744 (GRAIL)
slide 22, 100.) No other test has been shown to detect more than 10 cancers or been able to
detect the cancer signal of origin. (See PFF 99 684.1-684.2.)

725. Most of the tests in development are too underdeveloped to permit a meaningful
comparison of their features, and at present are being actively developed as single cancer tests
(not MCED tests), but the three for which there are data are readily distinguishable, as illustrated

in the below table:
Table 7
CancerSEEK
Test Galleri 1 Blood 2 Blood 2 Blood + PanSeer
Test Tests PET-CT
Study CCGA3 DETECT-A Taizhou L.S.
Types of 50 10 5
Cancer
Lemnesr .Slzgnal Yes No No Yes No
of Origin
Specificity 99.5% 95.3% 98.9% 99.6% 96.1%
Sensitivity 51.5% 30.2% 27.1% 15.6% 94.9%
PPV 44.4% 5.9% 19.4% 28.3%

(RX3409 (Klein et al., 2021) at 5; RX3419 (Lennon et al., 2020) at 7; RX3115 (Chen et al.,
2020) at 4.)

726. In addition to obvious differences in the number of cancers detected, the nature of
the testing and the ability to detect cancer signal of origin, there are significant differences
between the specificity and sensitivity of the tests. (PFF 99 726.1-726.8.)

726.1 For example, the specificity of Galleri is 99.5% compared to 95.3% for the
single blood draw in CancerSEEK (the apples-to-apples comparison). While those
numbers may seem close, the difference between them is huge in the context of a
screening test. (See RX3869 (Cote Expert Report) 9 93.)

726.2 The 4.2% difference means that for every 100,000 patients screened, an
additional 4,200 people using CancerSEEK will receive a false positive result that they
have cancer. (See also Cote Tr. 3779-81.)

726.3 The specificity of CancerSEEK comes closer to Galleri only when an
additional blood draw and full body PET-CT scan are added.

726.4 The sensitivity of the tests is not at all comparable (51.5% as compared to
30.2%). (See RX3409 (Klein 2021) at 5; RX3419 (Lennon et al., 2020) at 7.) This
means that when both tests are used in a random population, CancerSEEK will miss 20%
more instances of cancer in patients than Galleri would. (See Cote Tr. 3778-79.)
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726.5 These metrics enable a calculation of positive predictive value (“PPV”):
the percentage of participants with a positive test result who truly have the disease.
(PX0043 (GRAIL) at 93; see also PX7103 (Jamshidi (GRAIL) Dep. at 136-37).)

726.6 Any analysis of CancerSEEK’s characteristics is premature, as Exact is
going back to the drawing board with the test and “combining the Exact Sciences and
Thrive approaches in one test.” (RX4007 (Exact/Thrive) at 7.)

726.7

726.8

Different uses. The Galleri test is recommended for use in asymptomatic adults
aged 50 and older. (PX0043 (GRAIL) at 5.) It is intended to be used in addition to, and not to
replace, other cancer screening tests. (Ofman (GRAIL) Tr. 3309-10.)

728.  While we do not know exactly what the MCED tests in development will look
like, if ever they launch, there is no question that the tests Complaint Counsel points to will be
used very differently than Galleri. (PFF 99 728.1-Error! Reference source not found..)

728.1 Most of the tests are single cancer tests to which the developer may use as
a starting point for a test that includes an additional cancer or two in the future. (PFF
701-706.

728.2

The overwhelming evidence showed that the purported MCED tests cited by
Complamt Counsel are likely to be used very differently from Galleri in the event of launch.
(PFF 99 730-736.)
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730.1 As Bill Getty explained, “Galleri is going after something very different,
which is just a larger population, test for more things. We are saying use us for colorectal
cancer screening ostensibly when we are commercialized.” (PX7040 (Getty (Guardant)
IHT at 155-56).)

730.2

730.3

730.4

730.5

731.1

731.2

731.3
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732.1 Helio had previously developed a multi-cancer screening test called
IvyGene but has since abandoned those efforts. (PFF 9 501.1.)

732.2 Helio has only ever studied five cancers: breast, colon, liver,
nasopharyngeal and lung. (RX3302 (Hao etal., 2017) at 1; RX3616 (Roy et al., 2019).)

732.3

732.4

733.2

733.3 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 the test’s
sensitivity, so it can serve as a “rule-out” test that does not require follow-up to confirm a
negative result. As a corollary, in such tests, a lower level of specificity (and increase in
the false-positive rate) can be tolerated, especially where there is a standard of care
screening available that a doctor can reflex to, such as colonoscopy. (Cote Tr. 3829;
RX3869 (Cote Expert Report) 9 95.)

734. FMI. FMI admittedly has no test.
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735. Exact/Thrive. Exact/Thrive’s CancerSEEK requires three separate tests to
conclude a positive sample: first, a patient takes a baseline blood test, and if that returned a
positive result, they then had a confirmation blood test. (Lengauer (Exact/Thrive) Tr. 246—48.)
If both the baseline and the confirmatory blood tests were positive, then a patient would have to
undergo a diagnostic full-body PET-CT scan to confirm the results of the blood testing and also
to localize the potential cancer. (Lengauer (Exact/Thrive) Tr. 246—48.

736. Singlera. Singlera’s PanSeer assay has been shown to detect five types of cancer
at 96.1% specificity in a retrospective, observational study of 418 participants. (RX3115 (Chen

et al., 2020) at 1, 3.) On that measure alone, it is likely that Singlera would not be used in the
same target population as Galleri. ‘

737.  This is further confirmed by the fact that any patient testing positive on PanSeer
would then undergo an additional blood test and/or follow-up imaging to allow tissue of origin
mapping. (RX3115 (Chen et al 2020) at 6).)

738.

But the
patient experience with the only version of the CancerSEEK test for which Exact/Thrive has

iublished ani data is Veri different from that same iatient’s exierience with Galleri -

739.  The version of CancerSEEK used in the DETECT-A study consisted of three
separate tests—two blood draws and a PET-CT scan that must each be collected at a different
time (Lengauer (Exact/Thrive) Tr. 246—48)—makes it very different from Galleri, which consists
of one blood draw that can be conducted as part of an annual physical exam. (PX0043 (GRAIL)
at 112, 114.)

740. Moreover, a comparison between Galleri and the first blood draw in CancerSEEK

further shows the significant differences between them. As shown in the table below, the
performance of Galleri is superior to CancerSEEK’s single blood draw:
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Table 8
Test Galleri CancerSEEK 1 Blood Test
Study CCGA3 DETECT-A
Types of Cancer 50 10
Cancer Signal of Origin Yes No
Specificity 99.5% 95.3%
Sensitivity 51.5% 30.2%
PPV 44.4% 5.9%

(See RX3409 (Klein 2021) at 5; RX3419 (Lennon et al., 2020) at 7).)

740.1

¢. Unique production facilities

741.1 As Nicole Berry explained, “[t]he mechanism by which a test provider
translates the variant calls or the presence of absence of a combination of biomarkers into

2

a clinically relevant conclusion is typically part of the proprietary piece of the workflow.
(Berry (Illumina) Tr. 822.)

741.2 According to Ken Chahine, “[t]he magic occurs in basically deciphering
the information you get back from that sequencing machine and determining what
algorithm may or may not predict whether someone has cancer.” (Chahine (Helio) Tr.
1015.)

741.3 As part of the CCGA study, GRAIL determined that the most appropriate
biomarker to identify early cancer through blood tests were methylation sites, in which
plasma cfDNA is subjected to bisulfite conversion, prepared as a dual indexed
sequencing library and enriched using standard hybridization capture conditions,
followed by paired-end sequencing. (See RX3430 (Liu et al 2020) at 5.)

741.4 GRAIL developed a proprietary method for library preparation to
efficiently prepare methylated DNA fragments for sequencing, and then developed
proprietary machine learning algorithms to take those methylation signals and make a
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prediction about whether or not a patient has cancer, and if they do, what type of cancer.
(Aravanis (Illumina) Tr. 1887.)

Aravanis (Illumina) Tr.
1883 (“So the methylation patterns between different cancers can be quite different.
Methylation patterns actually within a cancer, even of the same type that looks the same,
can also be quite different. And this is actually why you need so many markers, which is
that you need many markers to be able to understand which type of cancer, to distinguish
it from someone who doesn’t have cancer.”).)

741.5.1 There are about 30 million methylation sites in the human

genome, and Galleri uses about one million of those. (Aravanis (Illumina) Tr.
1882-83; —

742.  The library preparation and back-end algorithms used by the other putative
MCED test developers are different from GRAIL’s. (PFF 49 742.1-742.4.)

742.1 Exact/Thrive is focusing only on 16 gene mutations and nine protein sites
to screen for ten cancers. (See RX3419 (Lennon et al., 2020) at 4.)

742.2

742.3 Freenome’s approach combines data from whole-genome sequencing,
DNA methylation, and protein quantification using a multiomics approach. (RX3426
Lin et al., 2021); RX3592 (Putcha et al., 2020).

d. Distinct customers

743. But what is clear already (and Complaint Counsel has not demonstrated
otherwise) is that these tests will have different indications, and therefore distinct customers,
from Galleri.

744. The Galleri test can detect the presence of more than 50 cancers as well as the
cancer signal of origin in positive cases. GRAIL expects Galleri will be ordered annually as part
of a patient’s annual physical exam. (PX0043 (GRAIL) at 112, 114.) The test is likely to be of
interest to anyone above 50 who wishes to know whether they have cancer, regardless of location
in the body, at an early stage through a single blood draw, without any need for a PET-CT scan
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and the risks such scans entail. (See Aravanis (Illumina) Tr. 1921-22; Ofman (GRAIL) Tr.
3315; Cote Tr. 3812.)

745.  In contrast an MCED test capable of detecting only two or three cancer types

would be used only by customers with reason to suspect susceptibility to the few cancers the test
could detect

746.

e. Distinct prices

747. At present, Galleri is the only MCED test with a price, currently selling for $949,
Bishop (GRAIL) Tr. 1322

748. It is virtually impossible to compare Galleri to tests not yet in existence: as Bill
Getty of Guardant testified, “[i]n the context of the blood-based screening market, which is yet to
evolve to its maturity, it would be very difficult to speculate about the relevancy of price.”
(PX7105 (Getty (Guardant) Dep. at 106-07).)

749.  Complaint Counsel failed to show that any will have a similar price point to
Galleri. (PFF 9 750.1-750.4.)

750.  None of the putative MCED tests has a published price and no test developer has
determined what the price of a putative MCED test might be. (PFF 99 750.1-750.4.)

750.1 Singlera has said that it “couldn’t know right now” at what price Singlera
plans to market PanSeer. (PX7042 (Gao (Singlera) IHT at 99).)

750.2

750.3

750.4 There is no evidence to suggest any other putative MCED developer has
made any determination on the price of any putative test that detects multiple cancer
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751.  While none of the putative MCED tests in development has an established price
point, if they do not launch with comparable characteristics as Galleri, such as the number of
cancers detected or the ability to detect cancer signal of origin, the evidence suggests they will
not share the same price as Galleri.

f. Sensitivity to price changes

752. Just as it is impossible to compare the price of Galleri to the prices of tests not yet
in the market, it is impossible today to say whether the price of Galleri will be sensitive to the
availability and pricing of the putative tests in development. (See Getty (Guardant) Tr. 2678
(“Q. Based on what you know about healthcare markets and your determinations about
competition between LUNAR-2 and Galleri, once LUNAR-2 is on the market at a given price, if
that price were to increase by, let’s say, $10, you could not say one way or another that that
increase would cause doctors to prefer Galleri over LUNAR-2; right? A. No. Q. In other
words, what I’ve just asked you is correct; you agree with my statement. A. Yes, [ do.”).)

753.

754.  On top of that, there is no record evidence that an increase in price to the 50-
cancer test is likely to cause consumers to switch to a two- or three-cancer test. (RX6004 (Katz
Trial Dep. at 18).)

755. In any case, Complaint Counsel did not undertake any study concerning the price
sensitivity of Galleri or any of the purported MCED tests in development. (RX6004 (Katz Trial
Dep. at 20-23).)

755.1 Indeed, they did not offer any evidence at all that the prices of Galleri will
be sensitive to the changes in the prices of the MCED tests in development. (RX6004
(Katz Trial Dep. at 20-23).)

756. It is undisputed that an MCED test’s price will in part depend on the level of
payor adoption, and that payor adoption will in large part depend on the development of
extensive evidence to establish clinical utility of a MCED test. (See RX3867 (Deverka Expert
Report) 4 92.)
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g. Specialized vendors

757.  While all purported MCED tests except for Galleri are still in early stages of
development, all available evidence indicates that Galleri and the purported MCED tests in
development have unique attributes which involve specialized vendors.

758.  Different vendors provide different medical services to patients. For example, a
blood test may be performed in a physician’s office by a phlebotomist, (RX3869 (Cote Expert
Report) § 127), while imaging or other scanning must be performed in a specialist offices and
through other means, (Aravanis (Illumina) Tr. 1829-30; Berry (Illumina) Tr. 814—16.)

759.  Because the Galleri test is exclusively a blood test, it can be performed in a single
physician’s office alone. (See Bishop (GRAIL) Tr. 1402—03.)

760. By contrast, Thrive’s CancerSEEK assay entails at least two separate tests: one

blood draw and the use of a PET-CT scan to confirm positive results and determine cancer signal
of origin. (Lengauer (Exact/Thrive) Tr. 248-49.)

761.  Similarly, based on the current published data, a patient with a positive result
from Singlera’s PanSeer test could potentially undergo follow-up imaging to allow tissue of
origin mapping. (RX3115 (Chen et al 2020) at 6.)

762.

763.

Should additional imaging be required to do so, those putative tests would likely
require specialized vendors, that are not utilized in the routine workflow of the Galleri test, to

provide a result to the patient. (See Aravanis (Illumina) Tr. 1829-30; Berry (Illumina) Tr. 814—
16.)

4. Hypothetical Monopolist Test

764.  To show the hypothetical monopolist test is met here, Complaint Counsel relies
exclusively on the testimony of Dr. Scott Morton. (CC Pretrial Br. at 47.)

764.1
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765.
urchase data.

Dr. Scott Morton did not conduct a SSNIP analysis based on quantitative

767. In addition, Dr. Scott Morton did not attempt to fill the information gaps in her
assessment using surveys or other means, including information about the preferences and likely
switching behavior of clinicians, patients and payors related to the products she includes and
excludes from her proposed MCED market. (RX3871 (Willig Expert Report) 4 21; RX6004
(Katz, Trial Dep. at 21).) She did not attempt to analyze substitution from the perspective of
payors, despite acknowledging that payor choices will drive adoption of different screening tests.
(RX3871 (Willig Expert Report) 4 20.)

767.1 For instance, the need to obtain payor coverage of NGS-based screening
tests will exert pressure on test developers to keep prices low when they commercialize
their products. (See RX6004 (Katz, Trial Dep. at 19-20) (“[T]here’s an information gap
there then because we don’t have the actual experience and she didn’t, as far as I can tell
certainly from her reports and her testimony, that she didn’t attempt to fill those
information gaps in by, say, doing some sort of survey of, you know, clinicians or payers
to understand what they would think about, you know, various alternatives and how close
they would view those to be substitutes and then try to infer from that what that would
mean for their switching behavior.”);

768.  Dr. Scott Morton’s failure to account for payor adoption in this way is
compounded by her failure to assess how the possible characteristics of the MCED tests in

171



FEDERAL TRADE COMMISSION | OFFICE OF THE SECRETARY | FILED 4/22/2022 | DOCUMENT NO. 604485 | Page 183 of 559 | PUBLIC
PUBLIC

develoiment miiht imiact the likelihood of switching within her defined market. -

768.1

768.2

768.2.1

768.2.2

768.3

768.4

..
o
—
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768.5

769.1
770.

5. Subjective and Changing Policy Assessments

771.  Complaint Counsel seeks to dismiss the shortcomings in its proof by asserting that
the relevant market is nascent and that there is limited evidence available to it. (See CC Pretrial
Br. at 31.) It suggests that the law is specially written to protect nascent markets and that such
markets are not inoculated from application of the antitrust laws. (See CC Pretrial Br. at 31.)

772. Dr. Scott Morton has not performed the analysis necessary to define an
innovation market. (RX6004 (Katz Trial Dep. at 26) (“If she had been doing an innovation
market, she should have been asking a different question about the hypothetical monopolist.

You would ask the question did a hypothetical monopolist that controlled some set of assets to
innovation -- you know, you already think of those as easier just think of controlled a bunch of
firms that were innovators -- could it find it profitable to cut back on innovation. And thinking
about the boundaries of the market, you’d be focusing on capabilities to do innovation. You’d be

173



FEDERAL TRADE COMMISSION | OFFICE OF THE SECRETARY | FILED 4/22/2022 | DOCUMENT NO. 604485 | Page 185 of 559 | PUBLIC
PUBLIC

looking at different factors. I think it’s clear that Professor Scott Morton when she applies her
hypothetical monopolist test is applying it to defining a product market, not an innovation
market.”).)

B. The Alleged Related Product Market
1. No Proof to Support Alleged Related Product Market

773.  Complaint Counsel defines the related product market as “Illumina’s NGS
instruments and consumables”. (CC Pretrial Br. at 49; Complaint § 50 (“Illumina’s NGS
platform is the related product”.) The narrowness of this alleged market, in which [llumina
would obviously be a monopolist (as it would necessarily be the only supplier), stands in stark
contrast to the very broad manner in which Complaint Counsel seeks to define the relevant
product market. (See PFF V.A.)

774.  In discussing the relevant product market, Complaint Counsel acknowledges that
an appropriate antitrust market is dependent on reasonable interchangeability, the Brown Shoe
practical indicia and the hypothetical monopolist test. (See CC Pretrial Br. at 30—48.)

775.  Neither Complaint Counsel nor its expert (Dr. Scott Morton) does the requisite
analysis, despite the availability of quantitative data. Complaint Counsel says simply that
MCED test developers prefer Illumina’s NGS instruments and consumables to the alternatives.
(FTC Pretrial Br. at 53-57;

2. Current NGS Platform Alternatives to Illumina

776.  Contrary to Complaint Counsel’s unproven contention, there are other viable
NGS platforms on the market that can support MCED tests in development.

777. BGIL BGI already has a commercially available NGS platform, markets its NGS

technoloii in mani other countries and is exiected to enter the U.S. market in the near future.

777.1 BGI is currently enjoined from launching its sequencing instruments and
related reagents in the United States due to its infringement of a certain Illumina patents
that expire in 2022 and 2023. (RX3356 (Businesswire); RX3869 (Cote Expert Report) §
287.)

777.2 BGI may enter the U.S. market by August 2022. [llumina, Inc. v. BGI
Genomics, Co., 20-cv-01465-WHO (N.D. Cal. Mar. 27, 2022), ECF No. 665 at 48 (“If
[BGI] make[s] offers to sell Accused Products in the U.S. before the expiration of the
patents-in-suit—as they are permitted—they must include the following conspicuous

written disclaimer: ‘No sales will occur, and no purchase orders will be accepted, until
after August 23, 2022.””)

777.3
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RX3869 (Cote Expert

Report) 4 287; see also
777.4 BGI’s DNBSEQ sequencer’s reported accuracy is comparable to

[llumina’s sequencers, and guarantees >80% of bases with quality score of >Q30 (over
99.9% accurate). (RX3465 (MGI Tech); RX3067 (BGI) at 1.)

Cote Tr. 3743—44; RX3869 (Cote Expert

Report) 94 287.)

778. Thermo Fisher.

779. Oxford Nanopore. In addition to BGI and Thermo Fisher, Oxford Nanopore is

also a viable alternative for MCED developers. (RX3521 (NCM) at 50-51; RX3167 (ONT);
RX3520 (NCM) at 6, 9—10; RX3869 (Cote Expert Report) 9 268.)

779.1 ONT’s recent improvements, such as adaptations to its sequencers and
library preparation, has made its platform more suitable for multi-cancer screening. (See
RX3441 (Marcozzi et al., 2020); RX3446 (Martignano et al., 2021); RX3869 (Cote
Expert Report) 99 293, 295-98.)

779.2 ONT’s instruments reportedly will compete with [llumina’s on
throughput, accuracy and cost. 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. (RX3543 (ONT); RX1205
(Illumina); RX3869 (Cote Expert Report) 9 294.)

779.3 ONT’s claims its instruments have similar accuracy to Illumina.
(Compare RX3541 (ONT) at 1; RX3535 (ONT) at 1 with RX3368 (Illumina).) And, as
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shown in the table below, ONT may offer per Gb sequencing costs that are lower than
what [llumina offers.

780. Liquid biopsy test makers view these platforms as viable substitutes for [llumina’s
platform:

see also RX3062 (Natera).)

780.2
780.3

780.4 Dr. Gao of Singlera testified that the PanSeer test can be run using Thermo
Fisher equipment. (Gao (Singlera) Tr. 2928.)

780.5
780.6

-

_ RX3543 (ONT) at 2; RX3258 (Genengnews).)
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3. Promising NGS Sequencers in Development and Likely Entrants

782.  In addition to the viable platforms on the market, there are also many NGS
platforms in development and likely to enter the market in the near future that will be viable
platforms for MCED tests. (Cote Tr. 3923; see PFF 99 782.1-787.)

782.1

783.  Singular Genomics. Singular Genomics has developed an NGS platform, the G4
System, which launched at the end of 2021 and expects to begin shipping units in the second
quarter of 2022. (RX4048 (Singular); Velarde (Singular) Tr. 4515-16; (PX8561 (Singular) at 1;
PX7117 (Velarde (Singular) Dep. at 30); RX3869 (Cote Expert Report) §301).)

783.1 The G4 Systems’s performance characteristics claim to be comparable to
that of Illumina’s NextSeq and NovaSeq systems, with read lengths of 50 to 150 bases,
targeted 400 Gbs per sequencing run, high speed sequencing at 4—minute cycle times and
high accuracy of 99.7% on 150 base reads. (PX8561 (Singular) at 4-5;

784. Ultima Genomics.
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784.3

784.4

784.5

784.6

785.

785.1

785.2

785.3
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786. Element.
786.1

786.2

786.3

787. Omniome. Omniome, recently acquired by PacBio (RX3552 (GenomeWeb) at
1), is developing an NGS sequencer using its sequencing-by-binding technology. (RX3533
(Omniome) at 1.)

787.1

—10 to 100x better than” the accuracy of Illumina’s sequencers. (PX7096
(Song (Omniome) Dep. at 82).)

787.2 Omniome expects that, at launch, its NGS sequencer will have higher

accuracy, longer sequence read and lower reagent costs than Illumina’s sequencers.
PX7096 (Song (Omniome) Dep. at 43, 58); — RX3869 (Cote

Expert Report) 4 319.)

787.3

_
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789. Complaint Counsel bases its alleged market definition on speculation about future
entry by early-stage developmental MCED tests (see Section [.A above), while simultaneously
discarding evidence of actual competition and future entry by NGS developers in defining the
alleged related product market. (See RX6000 (Carlton Trial Dep. at 37-38) (“[A]ll I can do is
point out the asymmetry in [Complaint Counsel’s] analysis . . . in which [it] assumes that the
MCED products are going to come into existence, but the NGS alternatives to Illumina are not.”)

4. Adapting Assays Developed on Illumina’s Platforms to Another
Platform

_

791.  Itis likely that a test developer will need to switch between different sequencing
platforms (such as between different [llumina NGS platforms) during the course of developing a
screening test, even absent the acquisition. (Cote Tr. 3739, 3771; Aravanis (Illumina) Tr. 1865.)

791.1 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. (RX3869 (Cote Expert Report) 4 338.)
These revalidations are integral to a sound business plan for any test developer. (RX3869
(Cote Expert Report) 9 338.)

792.

793.  Other screening test developers have, in fact, switched platforms for their MCED
tests in development. (PFF 99 793.1-793.4.)

793.1 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. ; RX3419
(Lennon et al 2020) at 18;
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793.2

793.3

794.  Given 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, with a process no more burdensome than that they would use to switch to the
next generation of [llumina sequencers. (RX3869 (Cote Expert Report) §271.)

795.
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VL.  COMPLAINT COUNSEL FAILED TO PROVE THE TRANSACTION IS
LIKELY TO SUBSTANTIALLY LESSEN COMPETITION

A. Vertical Mergers

797.  Vertical mergers do not raise the same concerns as horizontal mergers because
they do not involve the combination of substitutable products and the reduction of competition
between those products. (RX6000 (Carlton Trial Dep. at 16).)

798.  Vertical mergers can harm competition only in narrow circumstances. (RX3864
(Carlton Expert Report) 9 43; RX6000 (Carlton Trial Dep. at 15-24.)

799. A vertical merger involves combining firms that have complementary assets.
(RX3864 (Carlton Expert Report) 99 42, 54; RX6000 (Carlton Trial Dep. at 16:7-24; 17:7-24.)

800. Most vertical mergers are likely to generate significant efficiencies for reasons
that are well understood in the literature. (RX3864 (Carlton Expert Report) 942, 52; RX6000
(Carlton Trial Dep. at 15-18.)

800.1 It is well known that when two firms with complementary assets combine,
it can eliminate transaction costs that enable procompetitive collaboration that would not
be achieved by the firms in an arm’s-length relationship. (RX6000 (Carlton Trial Dep. at
16.)

800.2 The efficiency benefits from vertical integration 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. (RX3864 (Carlton
Expert Report) § 42; RX6000 (Carlton Trial Dep. at 16.)

800.3 As Commissioner Wilson as noted, “[e]conomists have conducted a
number of retrospective studies of vertical mergers. Most suggest that consumers benefit.
For example, LaFontaine and Slade found in a 2007 survey that ‘efficiency
considerations overwhelm anticompetitive motives in most contexts.” A 2005 survey by
four FTC economists found similar results. So did a 2018 survey by economists at the
Global Antitrust Institute.” (RX4008 (Wilson).)

800.4 A single firm able to coordinate how these assets are used may be able to
streamline production, inventory management or distribution. (RX3701 (FTC) at 13;
RX3864 (Carlton Expert Report) 9§ 54; RX6000 (Carlton Trial Dep. at 17-18, 57.)

800.5 It may also be able to create innovative products in ways that would not
likely be achieved through arm’s-length contracts. (RX3701 (FTC) at 13; RX3864
(Carlton Expert Report) § 54; RX6000 (Carlton Trial Dep. at 17-18, 57.)

800.6 Such efficiencies are particularly important in industries that are
characterized by high levels of R&D expenditures and where firms are unwilling to share
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their valuable, proprietary knowledge with others, absent a merger. (RX3864 (Carlton
Expert Report) § 54; RX6000 (Carlton Trial Dep. at 57.)

800.7 Efficiencies that bring products to market more quickly and facilitate more
productive R&D efforts benefit consumers directly. (RX3864 (Carlton Expert Report)
54; RX6000 (Carlton Trial Dep. at 1718, 57.)

801. An analysis of a vertical merger that ignores evidence of merger-specific
efficiencies is incomplete and likely to arrive at an unsupportable conclusion. (RX3864 (Carlton
Expert Report) 9 54.)

801.1

B. Importance of a Full Economic Model

802. 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.
(RX3864 (Carlton Expert Report) 99 51-55; RX6000 (Carlton Trial Dep. at 24:6-25:10.)

803. A full economic model must 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, while taking into consideration any
constraints on the firms’ behavior. (RX3864 (Carlton Expert Report) 9 51-55; RX6000
(Carlton Trial Dep. at 24-25.)

803.1 As Dr. Carlton testified “[1]f you don’t take account of the efficiencies or,
more broadly, the incentive to lower price, you risk preventing a merger that would bring
large benefits to society because you’ve failed to balance the benefits against the possible
harms.” (RX6000 (Carlton Trial Dep. at 26).)

804. The outcome of a vertical model is influenced by a number of factors, including
(1) the efficiencies arising from the merger, (i1) the incentives on the merged firm that can exert
downward pricing pressure, (iii) the merged firms’ profit margins, (iv) the demand curves of
each of the merging firms, (v) the diversion ratios of the downstream product (that is, the share
of downstream rivals’ sales that would divert to the merged firm in response to an upstream price
increase), (vi) the competitive forces facing the upstream firm, (vii) the cost of the upstream
inputs relative to downstream revenues and margins, (viii) downstream product differentiation,
and (ix) any reputational and contractual constraints on the merged firm. (RX3864 (Carlton
Expert Report) 49 44-50; RX6000 (Carlton Trial Dep. at 24.)

804.1

805. The economic model must also take account of the “timing and magnitude of
potential harm versus likely benefit” because “if the harms are far off in the future, but the

183



FEDERAL TRADE COMMISSION | OFFICE OF THE SECRETARY | FILED 4/22/2022 | DOCUMENT NO. 604485 | Page 195 of 559 | PUBLIC
PUBLIC

benefits are closer in”, that critical balance of potential harms versus benefits would be skewed
and a procompetitive vertical merger could, as a result, be disallowed, depriving consumers of
enormous benefits. (RX6000 (Carlton Trial Dep. at 25-26).)

806.  Only with such a model could one make a judgment as to whether the merger
would likely result in net harm to consumers. (RX3864 (Carlton Expert Report) q 55; RX6000
(Carlton Trial Dep. at 24-25).)

807. Ifan economic model fails to reflect the efficiency benefits of a vertical merger
and balance those effects against the possible harms, it creates the risk of preventing a merger
that would bring large benefits to society. (RX6000 (Carlton Trial Dep. at 25 —26).)

C. Complaint Counsel Failed to Present a Full Economic Model Supporting the
Alleged Harms

808.

811. Complaint Counsel and Dr. Scott Morton offer no model that properly accounts
for the costs and benefits associated with the transaction, including massive merger-specific
efficiencies; properly credits the impact of contractual and reputational constraints on Illumina’s
post-merger behavior; and properly accounts for the ability of MCED test providers to take steps
to reduce their reliance on Illumina. (RX3864 (Carlton Expert Report) 9 55.)

812.

813. Complaint Counsel and Dr. Scott Morton have 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. (RX3864 (Carlton Expert
Report) 4 87.)

814. Such facts are necessary in order to model the effect of any incentive to raise

rivals’ costs, but they are absent from Dr. Scott” Morton’s analysis. (RX3864 (Carlton Expert
Report) 4 87.)
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D. Complaint Counsel and Dr. Scott Morton Fail to Account for Illumina’s Pre-
Merger Stake in GRAIL and Make Unwarranted Assumptions in Describing
the Alleged Changes in Illumina’s Incentives

815. In an analysis of a vertical merger, it is important to compare the premerger world
to the post-merger world to understand the impact of the merger on the merging parties’
incentives. (RX6000 (Carlton Trial Dep. at 92-94).)

816.  Absent the Transaction, [llumina would have a 12% stake in GRAIL’s profits and
would receive 7% of GRAIL’s net revenues on every sale. (PFF 950.)

817. The royalty is a unique feature of GRAIL’s contract with [llumina, reflecting
[llumina’s contributions to the formation of GRAIL—Illumina has no comparable arrangement
with any other test developer purportedly developing an MCED test. (deSouza (Illumina) Tr.
2463—64; PX7107 (deSouza (Illumina) Dep. at 191); Strom (Morgan Stanley) Tr. 3543—44;
RX6000 (Carlton Trial Dep. at 92-94).)

818. In light of the pre-merger royalty and equity stake, under Complaint Counsel’s
own theory of Illumina’s incentives, [llumina “makes much more money if a customer uses the
GRAIL test than if it uses that of” a GRAIL rival, which means “there already is an incentive to
favor GRAIL” and “therefore, the merger” has no effect on [llumina’s dealings with GRAIL
rivals. (RX6000 (Carlton Trial Dep. at 93-94).)

819.

820. Dr. Scott Morton purports to quantify Illumina’s incentives before and after the
transaction, but her only attempt at quantifying those incentives makes unwarranted assumptions
and carries no weight:

820.1

820.2
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821. There is no basis for Professor Scott Morton’s assumption that any rival MCED
test developer would pay a royalty similar to GRAIL, and the assumption ignores the unique
nature of the GRAIL royalty and the undisputed fact that no other supply agreement contains
such a provision. (RX6000 (Carlton Trial Dep. at 92-94).)

822. Correcting for the erroneous assumption that any rival MCED test developer
would pay a royalty similar to GRAIL, the result of her analysis shows that there is an incentive
to favor GRAIL in the world without the merger because Illumina makes much more money if a
customer uses the GRAIL test than if it uses that of the hypothetical rivals in Professor Scott
Morton’s quantification analysis. That means, if Professor Scott Morton were right about
[llumina having a post-merger incentive to favor GRAIL, it would have that incentive even
without the merger. (RX6000 (Carlton Trial Dep. at 92-94); RX3864 (Carlton Expert Report) at
9 148, Table 4.)

822.1 The table below shows the results of Dr. Scott Morton’s quantification
after correcting for her erroneous assumption:

Table 10

(RX3864 (Carlton Expert Report) q 148, Table 4.)

822.2 The first row of Table 4 replicates the conclusions from Scott Morton
Table 2. According to this hypothetical, pre-merger, [llumina makes similar profits from
selling to GRAIL and selling to GRAIL’s hypothetical 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, [llumina makes
approximately five times as much from selling a unit through GRAIL rather than through
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GRAIL’s rivals. Therefore, any incentive to foreclose, by Dr. Scott Morton’s reasoning,
currently exists. (RX3864 (Carlton Expert Report) 9 149.)

822.3 As Dr. Carlton put it: “if you believed those assumptions -- which I do not
-- but if you correct for the fact that she has improperly excluded royalties from rival one
and rival two, you find that in her -- with her assumptions, there already is an incentive to
deal with GRAIL and not deal with the rivals, and, therefore, the merger would do
nothing.” (RX6000 (Carlton Trial Dep. at 92-94).)

E. There is No Basis to Predict That Foreclosure Would Cause Material
Diversion From Future MCED Tests to GRAIL

1. Diversion is a Necessary Condition for Foreclosure

823. Significant diversion is a necessary condition for a vertical merger to give rise to
foreclosure incentives because, as a matter of basic economics, “if there’s no diversion, then
there’s no incentive to engage in [a foreclosure] strategy because the vertically integrated firm
would just lose sales” and therefore “you need significant diversion for the strategy to make
sense.” (RX6000 (Carlton Trial Dep. at 21-22).)

824.

2. Relevance of Product Differentiation

825. Downstream harm from a raising-rivals-costs strategy can only occur if the
downstream rivals’ products are not too differentiated and, even then, only under specific
circumstances. (RX3864 (Carlton Expert Report) 9 50.)

826. Dr. Carlton explained that “if products are very different from one another, it
suggests that they’re unlikely to be close substitutes, and if they’re not close substitutes, then the
diversion of sales from the rival -- to in this case GRAIL . . . [is] likely to be low or nonexistent”,
and “if it’s low or nonexistent, then the incentive -- the profit incentive to engage in the raising
rivals’ cost strategy . . . will also be low or nonexistent”. (RX6000 (Carlton Trial Dep. at 40—
41); RX3864 (Carlton Expert Report) 9 50).)

827. Illumina’s incentive to raise rivals’ costs is diminished the greater the downstream
tests are different from each other, because the greater the differentiation is between GRAIL and
its rivals, the less diversion would be expected to GRAIL if Illumina attempted to raise rivals’
costs. (RX3697 (Carlton 2019) at 7-9; RX3864 (Carlton Expert Report) q 87.)

828.
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3. No Possibility of Current Diversion

830.  Galleri is the only NGS-based MCED test on the market. (Supra PFF q 698.)

831. Because Galleri is the only NGS-based MCED test on the market, there could be
no sales from Galleri rivals to divert today — current diversion is impossible. (RX6000 (Carlton
Trial Dep. at 46).)

4. No Basis To Predict Future Diversion Given Differentiation Of
Galleri And Other Tests In Development

832.  There also is substantial uncertainty around the MCED tests in development.
(Supra PFF 99 701-706).)

833. There is no way to exactly know what the MCED tests-in-development will look
like, if and when they are launched. (Supra PFF 9 680.1-680.5.)

834. It is unfounded speculation to say that any MCED tests-in-development would
include, at any point in the foreseeable future, features that could make them reasonably close
substitutes for GRAIL’s Galleri test. (Supra PFF 99 680.1-680.5.)

835. Most of the MCED test developers cited by Complaint Counsel are planning to
launch tests as single-cancer tests, with additional plans to incrementally add additional cancers
to their tests at some point in the future. (Supra PFF 9 701-705.)

836. None of the MCED test developers cited by Complaint Counsel have ascertained
the specific features of any MCED test that they may launch in the future, although it is clear that
none are on a path to launching a test, like Galleri, that can detect 50 cancer types and cancer of
origin in a single blood draw:

836.1

836.1.1
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836.1.3

836.2

836.2.1

836.2.2

836.2.3

836.3

836.3.1

836.3.2

836.3.3

836.4

836.4.1
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836.5

836.5.1

836.5.2

836.5.3

836.5.4

837. Given the vast differences between those tests and Galleri, it is clear that they will
be too dissimilar to permit a foreclosure strategy to divert material sales to Illumina from GRAIL
rivals at any point in the foreseeable future. (Supra PFF 99 825-829.)

838. A test that detects only colon cancer, or only lung and liver cancer, is not
substitutable for a test that screens for more than 50 cancer types. (Supra PFF 4 687.)

839. Number of cancers detected. Galleri differs from the MCED tests-in-
development based on the numbers of cancers that can be detected.

839.1
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839.2

839.2.1

839.3

839.5

839.6

839.6.1

839.7 Exact/Thrive’s data shows only that its CancerSEEK assay can detect
whether a patient has one of 10 types of cancer (and is unable to identify which one

without further invasive testing in the form of a PET-CT scan). ﬂ
~RX3419 (Lennon et al., 2020); Cote Tr. 3811-14.)

839.8 The published Singlera data is from a small, 418—sample case control
study and shows only that Singlera’s PanSeer assay potentially could detect five types of
cancer. (RX3115 (Chen 2020) at 3.)
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840. Number of tests performed. Galleri differs from the MCED tests-in-development
based on the number of tests of which it is comprised, in that Galleri consists of a single blood
draw, whereas some of the tests in development actually comprise a series of tests.

840.1 For example, Exact’s CancerSEEK test is actually three separate tests in
the form of its latest published trial: two blood draws and a PET-CT scan. (Lengauer
Exact/Thrive) Tr. 246—48.

840.2

.
-
e

840.4

841. Cancer Signal of Origin. Galleri also differs from the MCED tests in
development based on its ability to determine cancer signal of origin.

841.1 Galleri is able to detect tissue of origin; that is, for positive cases, the test
reveals where (lung, stomach, etc.) the detected cancer is likely located based on the
same blood draw used to detect the cancer’s presence. (Supra PFF q61.)

841.2 No other MCED test-in-development has demonstrated this capability.
(Supra PFF 9 684.2.)

841.3 For example, Thrive’s CancerSEEK cannot detect tissue of origin and
instead requires a diagnostic full-body PET-CT scan both to confirm the results of the
blood testing—i.e., that cancer has in fact been detected— and also to localize the
potential cancer. (Lengauer (Exact/Thrive) Tr. 246-48.)

841.4 Similarly, Singlera has said that any patient testing positive would then
undergo additional blood testing and/or follow-up imaging to detect cancer signal of
origin. (RX3115 (Chen 2020) at 6.)

841.5
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841.6

841.7

841.8

841.9

841.10 However, Dr. Abrams, the only expert primary care physician to testify in
this case, explained that the ability to detect tissue of origin is a key differentiating
feature that will influence physician and patient choice. (Abrams Tr. 3624.)

841.11

841.12

842. Sensitivity. Galleri differs from the MCED tests-in-development based on its
degree of sensitivity, meaning how often a test correctly returns a positive result for an individual
who has the cancer for which they are being screened. (Supra PFF q172.)

842.1

842.2

843.  Specificity. Galleri also differs from the MCED tests in development based on its
degree of specificity, meaning how often a test correctly returns a negative result for an
individual who does not have the cancers for which they are being screened; the higher the
specificity, the lower the false positive rate. (Supra PFF 9 173.)

843.1
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843.2 Further, most of the tests-in-development are focused on cancers with
existing standard-of-care screening protocols (supra PFF 99 482, 701-705), for which a
high sensitivity is necessary but a lower specificity is acceptable given the ability to turn

to standard-of-care screening to assess whether a positive case is a true positive. (Cote
Tr. 3829.) As Dr. Cote explained:

“[T]he requirements for a single cancer screening test, particularly
one that has a standard of care screen that can be reflexed

to . . . are very different from a multicancer screening test. What is
really required . . . in the colorectal assay would be a high level of
sensitivity, hopefully superior to that of the standard of care
screening, which is a colonoscopy, and the lower level of
specificity and the increase in the false-positive rate can be
tolerated because the reflex here would be colonoscopy, which
would be the direct visualization of the colon.” (Cote Tr. 3829.)

843.3

843.4 As the table below also shows (see supra PFF Table 7), the specificity of
the MCED tests-in-development to which Complaint Counsel points, for which there is
any specificity information in the record, differ from specificities for the cancers detected
by Galleri.

Table 7

Galleri CancerSEEK (Exact/Thrive) PanSeer

Test (GRAIL) | 1 Blood 2 Blood 2 Blood + (Singlera)
1 Blood Test | Test Tests PET-CT 1 Blood Test

Study CCGA3 DETECT-A Taizhou L.S.
Types of 50 10 5
Cancer
Cance.:r.Slgnal Yes No No Yes No
of Origin
Specificity 99.5% 95.3% 98.9% 99.6% 96.1%
Sensitivity 51.5% 30.2% 27.1% 15.6% 94.9%
PPV 44.4% 5.9% 19.4% 28.3%

(RX3409 (Klein 2021); RX3419 (Lennon et al., 2020); RX3115 (Chen 2020).)

843.5
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843.6

844. The only medical experts called to testify agree that Galleri is very different from

the MCED tests in development. (PX6097 (Abrams Expert Report) 9 42; Cote Tr. 3727, 3777—
78, 3782-83.)

844.1

844.2 Dr. Cote opined that other MCED tests in development would not be
substitutes for Galleri, both because of their inability to detect cancer signal of origin, as

well as other performance metrics such as sensitivity and specificity. (Cote Tr. 3727,
3777-78, 3782-83.)

844.3 Dr. Cote testified:

_

5. No basis to predict limited-cancer tests will develop to close rivals to
Galleri in foreseeable future.

846. Expanding a single cancer test to a 50—cancer test is not a viable approach to
developing a test like Galleri in the foreseeable future:
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846.1 As Dr. Aravanis explained, for each cancer included in an MCED like
Galleri, the developer has “to go through a somewhat similar process to what GRAIL
did”, meaning “a research phase”, “a test development phase”, and “a clinical phase”, and
that must be done “for each cancer”, which, if done “serially” would take a “very long

time” and is “not practical”. (Aravanis (Illumina) Tr. 1895-96.)

846.2 Dr. Aravanis further explained that it is not “straightforward to expand [a
single cancer test] to all other cancers” because “to develop a test for a new indication,
like a new cancer, you have to go get samples related to that different cancer. You have
to find the signals. Then you have to develop a technology for that. Then you have to do a
-- the relevant clinical trial. There’s no shortcut. . . . [T]here’s hundreds of diagnostics
developed” and “I’ve never heard of an example where because you developed a test for
one thing, you can now — it’s a shortcut to develop a test for something different.”
(Aravanis (Illumina) Tr. 1901-02).

846.3 Similarly, Dr. Cote testified that developing a single-cancer test does not
put a test developer “in a position where they’re ahead in developing a cancer screening
test for a different cancer” because the “development of biomarkers for a particular
cancer will not be adequate for other cancers” and, for each cancer, the developer must
“go through the case-control verification to determine whether or not the assay has the
performance characteristics needed for . . . the new target cancer, and then has to go
through a prospective trial depending on which cancer is being targeted” — a process that
can take years and with no certainty of a successful outcome. (Cote Tr. 3787.)

F. Complaint Counsel Failed to Account for the Impact Any Attempted
Foreclosure would have on Illumina’s NGS Sales and Reputation.

1. Ilumina’s Core Business Consists Of Selling NGS Instruments And
Consumables.

847. Illumina’s core business consists of selling NGS instruments and consumables.
(Supra PFF 9 22.)

848. Illumina’s NGS products comprise the vast majority (more than 90%) of its
revenues and profits. (Supra PFF §22.)

849. Illumina’s NGS business is expected to be the dominant driver of Illlumina’s
profits well into the future:

849.1 As Mr. deSouza explained, “[t]he vast majority of [llumina’s revenue in
the next ten years will come from our sequencing business, our sequencers and
consumables.” (deSouza (Illumina) Tr. 2291.) Because Illumina’s “core business is to
sell sequencers and consumables”, its “strong incentive is to continue to be successful
selling sequencers and consumables into the market segments that we serve.” (deSouza

(Ilumina) Tr. 2378.)

849.2 Dr. Aravanis similarly testified that “Illumina’s business is based on
growing sequencing markets” by “lowering the cost, allowing people to do more
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sequencing” and “has also been driven by new applications that are developed”, and
“Illumina is hoping for more of those applications to be developed” on its platforms,
which creates “a strong incentive for us to continue to decrease cost, and that’s our plan.”
(Aravanis (Illumina) Tr. 1922.)

849.3 Dr. Goswami testified that the majority of Illumina’s revenues come from
NGS tools, and the Transaction “keeps our commitment to delivering NGS solutions to
the broad sector of customers we serve.” (PX7087 (Goswami (Illumina) Dep. at 145—
46).)

850. Any attempt by Illumina to foreclose GRAIL’s alleged rivals would harm
Illumina’s core NGS business, because it would result in the loss of highli iroﬁtable NGS sales

in MCED and non-MCED applications. (deSouza (Illumina) Tr. 2378;
d, 86).)

850.1 Those sales either would divert to rival sequencing platforms, such as
those in active development described above, or they would dissipate because customers
would respond to foreclosure by choosing to no longer invest in NGS applications on

[Mlumina systems. (RX6000 (Carlton Trial Dep. at 33—37); deSouza (Illumina) Tr. 2380—
81; Febbo (Illumina) Tr. 4331-32; ,

86.)

850.2 In either case, the loss to Illumina would be enormous — unless, contrary
to fact, [llumina was assured of recouping a substantial volume of the resulting loss in
profits through diversion to GRAIL. (RX3864 (Carlton Expert Report) 9 86.)

850.3 As Mr. deSouza explained, “if we [raised prices] we would lose [our
customers’] business. They would move on to . . . a BGI or a Thermo”, that is, [llumina
would lose upstream revenues it earns today and expects in the future both from MCED
developers and other customers. (deSouza (Illumina) Tr. 2379-80.)

850.4 Dr. Febbo similarly confirmed that attempted foreclosure would “really
disincentivize an R&D lab or clinical labs from using our platforms, which would have a
major impact on our business” through lost NGS sales. (Febbo (Illumina) Tr. 4331-32.)

851.

852.  Dr. Scott Morton admitted that she did not quantify the per-test gross profits
[llumina earns from selling sequencing products used by any hypothetical MCED rival for non-
screening tests or the gross profits that [llumina would lose if, as a result of attempted
foreclosure of an MCED test developer, the test developer moves all of its tests, including non-
MCED tests, to a different platform. (RX3852 (Scott Morton Dep. at 242—44).)
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2. Any Attempted Foreclosure Would Inflict Significant Reputational
Harm on Illumina.

853. Illumina has cultivated a reputation as a trusted supplier of NGS technology. (See
PX7101 (Vogelstein (Johns Hopkins) Dep. at 57-58) (“Illumina makes fantastic instruments. I
mean, they are unbelievably good . . . it’s amazing what they’ve done.”).)

854. Illumina has developed its reputation by investing substantial amounts into
innovation and dramatically lowering sequencing costs over time. (Aravanis (Illumina) Tr.
1922; (RX1100 (George (Invitae) Decl. 9§ 8).)

855. Today, Illumina’s brand is synonymous with innovative, low-cost sequencing
systems. (See Berry (Illumina) Tr. 811-12.)

855.1 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. (RX3515 (National Human Genome Research Institute
Sequencing Costs Data) at 1; RX3864 (Carlton Expert Report) 4 77.)

855.2 The phenomenon of dramatically declining sequencing costs is known in
the industry as “Flatley’s law”, referring to Jay Flatley, Illumina’s former CEO and
Chairman. (See Berry (Illumina) Tr. 811-12 (““Flatley’s law’ was a term coined by . . . a
writer in Forbes magazine when he wrote an article comparing the reduction in the price
of sequencing to Moore’s law, which describes the reduction in the price of like silicon
wafers or something in the computer industry, and [under Jay Flatley’s] leadership where
we really drove significant, significant reductions in the price of sequencing . . . down
towards the level that they are today.”).)

855.3 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. (RX3864 (Carlton Expert Report) 9§ 77.)

856.  Both Illumina witnesses and third parties attested to Illumina’s long-standing
reputation for innovation and driving down sequencing costs.

856.1 In a sworn declaration to the FTC, an Illumina oncology customer
(Invitae) stated that “Illumina’s role as an innovator in NGS has moved the field forward

tremendously, as they have constantly and steadily reduced sequencing costs over time.”
(RX1100 (George (Invitae) Decl. § 8).)

856.2 Gary Gao of Singlera testified that Singlera is “very happy Illumina has
paved the way for NGS” and that he credited “the Illumina team for leading a genome
revolution”. (PX7102 (Gao (Singlera) Dep. at 70).)

856.3 Ms. Berry explained that [llumina routinely measures its reputation using
“net promoter score” customer surveys, a widely-used survey methodology, and
frequently receives “very high Net Promoter Scores relative to industry benchmarks.”
(Berry (Illumina) Tr. 837-38.)
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857. Illumina’s reputation for NGS innovation and lowering sequencing costs is
critical to the continued success of its NGS business and overall profitability:

857.1 Illumina’s profits from clinical applications are largely in the future. (See
deSouza (Illumina) Tr. 232627 (“‘even with all the progress we’ve made in the last . . .
almost two decades since the first human genome, today we still understand very little of
how your genome translates into health and disease states. . . . There is a lot of research
going on in that area, and once the researchers uncover the connections between your
genome and those conditions, we’ll start to see clinical applications emerge to do the
testing based on that finding. . . . [W]e have so much undiscovered in front of us. As we
discover that, I have no doubt we will see a lot more clinical applications emerge in the
future.”); Aravanis (Illumina) Tr. 1842—43 (NGS is still in the “early days” as a “tool for
clinical diagnostics”, and there are “many new applications emerging, and some of those
could be even bigger than the ones we have today”—it is “still early in seeing how [NGS]
can benefit medicine.”).)

857.2 Tllumina relies on its customers to invest in costly R&D to generate
demand for Illumina’s products, including in applications that have not yet been
developed or possibly even conceived, creating a future stream of sequencing sales and
profits. (See, e.g., Berry (Illumina) Tr. 811 (“Our mission remains to . . . enable all
attributes of our technology to drive accessibility and utilization across as many use cases
as possible, and certainly pricing is a key element of that, a key enabler of that, and so

continuing to drive down the price of sequencing is something that we are absolutely
elentlessly continuing 0 pursue.:

857.3 To realize those future profits, [llumina must incentivize customers to
invest, which requires that Illumina maintain its reputation as a supporter of innovation
by its customers in products that use Illumina’s NGS technology. (RX6000 (Carlton
Trial Dep. at 33-35, 186, 188).)

857.4

857.5 Illumina cannot predict which of its customers will create the next
breakthrough product that will greatly expand the adoption of NGS. (RX6000 (Carlton
Trial Dep. at 33-35, 186, 188).)

857.6 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.
44);
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857.7 Tllumina thus has the incentive to support all of its customers even where
foreclosure could theoretically result in short term gain. (RX6000 (Carlton Trial Dep. at
33-35, 186, 188).)

857.8

858.  If Illumina attempted to foreclose cancer screening test developers, its reputation
would change from a supporter of clinical development on its platforms to a supplier willing to
engage in opportunistic hold-up when the applications it encourages customers to develop reach
scale and profitability. (Aravanis (Illumina) Tr. 1922-23, 1931-32; Febbo (Illumina) Tr. 4331—
32;

859.  Such a reputation would damage Illumina’s NGS business and its expectation of
future profits from the expansion of NGS-based clinical testing. (Aravanis (Illumina) Tr. 1922—
23, 1931-32; Febbo (Illumina) Tr. 4331-32; deSouza (Illumina) Tr. 2379-80.)

860. Many innovators would choose not to invest in developing emerging and future
applications using Illumina’s platforms—not just limited to cancer screening—opting instead to
pursue such applications on rival upstream platforms, or not at all. (Aravanis (Illuminai Tr.

1922—23i 1931-32; Febbo iIllumina) Tr. 4331-32; deSouza (Illumina) Tr. 2379-80;

861. This in turn would stunt the growth and expansion of [llumina’s NGS products to
new applications and diminish Illumina’s future sales in markets in which GRAIL is not active,

making recoupment of those lost sales impossible. (Aravanis (Illumina) Tr. 1922-23, 1931-32;
Febbo iIllumina) Tr. 4331-32; deSouza (Illumina) Tr. 2379-80;

862. Raising price to disadvantage clinical oncology test developers would thus
substantially harm the growth of Illumina’s core business. (RX3864 (Carlton Expert Report)
86).

863. The reputational damage from an attempted foreclosure strategy would also harm
[llumina by making it difficult to attract and retain the best scientists and innovators. (Aravanis
(IMlumina) Tr. 1922-23, 1931-32 (explaining that “many employees come to [llumina because of
our culture and our values” and “impeding innovation would be counter to that” and make it
difficult to “retain[] the talent we have and attract[] new people who want to work on developing
new sequencing technology applications.”).)
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864. Illumina’s witnesses offered uncontested evidence an attempted foreclosure
strategy would harm Illumina’s reputation and, in turn, Illumina’s future NGS growth and
profitability:

864.1 As Dr. Aravanis explained, attempting to foreclose a GRAIL rival “would
be very detrimental” because “our business is based on customers using our platforms for
their applications, developing new applications” and “[w]ere we to do something like
foreclose on a customer’s business . . . we would jeopardize the existing customer
relationships”, and “at a kind of reputational level, to do something like that . . . is not
consistent with our mission and values.” (Aravanis (Illumina) Tr. 1922-23; 1931-32.)

864.2 Dr. Febbo explained: “[I]f we were to behave in a way that precluded
competition or in a way that disincentivized groups to use our sequencing [in] screening,
that would disincentivize other companies, laboratories from early research and
development through the development of clinical tests from using our platform and, thus,
it is in our best interest to make sure that we continue to create an environment where
laboratories are excited to use our platform to develop screening tests for cancer, as well
as all the other applications we see happening.” (Febbo (Illumina) Tr. 4331-32.)

864.3 Mr. deSouza explained: “[I]f people heard that we were raising costs in a
market, [ mean, that would cause us to have a ripple effect of losses in our sequencer
business, not just in the cancer screening market, not just in the oncology market, but
across our customer base as a whole.” (deSouza (Illumina) Tr. 2386—87) Mr. deSouza
further noted that the reason it is “very important for us that our customers . . . recognize
that we are the company that drives the cost of sequencing down at high quality and
makes sequencing more accessible” is because we would lose their business. They would
move on to, you know, a BGI or a Thermo”, and for [llumina it is important to remain
known as the company “that drives prices down” and “encourages an ecosystem even in
markets where we have a test.” (deSouza (Illumina) Tr. 2379-80.)

865. Complaint Counsel suggested that I[llumina’s reputation is not valuable to
Illumina because, in its SEC disclosures, Illumina noted that its decision to close the Transaction
could have potentially adverse consequences to Illumina’s reputation; however, Mr. deSouza
explained that, although there was a risk of reputational harm that had to be disclosed, [llumina
believed that “once people hear what we did . . . there won’t be damage to our reputation” given
the reasons for closing and the impact of the Transaction on cancer care and saving lives.
(deSouza (Illumina) Tr. 2236-37, 2340.)

865.1 In other words, Mr. deSouza, and Illumina, believe that closing the
Transaction will in fact have a positive impact on Illumina’s reputation. (deSouza
(Illumina) Tr. 223637, 2340.)

865.2 There is nothing in the SEC disclosure that suggests that closing the

Transaction would harm Illumina’s reputation for lowering costs and innovating to
encourage development on its platforms. (deSouza (Illumina) Tr. 223637, 2340.)
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866. From an economic perspective, it is critical to consider a firm’s reputation in
analyzing that firm’s incentives and ability to foreclose its customers following vertical
integration. (RX6000 (Carlton Trial Dep. at 25).)

866.1

866.2 Illumina’s reputation constrains its incentive and ability to foreclose any
GRALIL rival, because Illumina’s customers are “investing large amounts of money right
now in the hopes of having profitable products in the future”, but “[i]f [llumina got a
reputation for either jacking up price when someone’s successful or harming them in
some other way, that would have implications for the willingness of customers to
continue to do business with Illumina as they’re doing now.” (RX6000 (Carlton Trial
Dep. at 33-34).)

866.3 If llumina “did start raising rivals’ costs, its reputation for doing that
would become known, and Illumina’s customers now, as well as future customers, would
be reluctant to do business with Illumina because they wouldn’t want to make these huge
investments if they think that Illumina is going to take advantage of them in the future”.
(RX6000 (Carlton Trial Dep. at 33-34).)

866.4 “Illumina’s strategy of having customers who are inventing new uses for
[Mlumina’s NGS technology would be upended, and that would have negative
consequences for Illumina and its profits.” (RX6000 (Carlton Trial Dep. at 33—-34).)

867. Illumina thus has an incentive to continue to innovate and reduce sequencing
costs for customers who will discover clinical applications for [llumina’s sequencers, not just in
clinical oncology but in other areas as well. (RX3864 (Carlton Expert Report) 4 79).)

3. No Offsetting Advantage to Foreclosure.

869. As Mr. deSouza explained, “the testing business for many, many years will not
have a profit, will lose business, and that’s very typical in clinical testing businesses”. (deSouza
(ITlumina) Tr. at 2386.)

870.
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871. Itis only “after 2026 that Illumina gets “its first dollar of profit” from GRAIL,
but “it’s not until 2030 where we’ve recouped the losses we’ve made in GRAIL”, and therefore,
“about the next decade even, we really need and are really fueled by the profit pools associated
with our sequencers.” (deSouza (Illumina) Tr. 2383.)

872. Thus, the uncontested evidence shows that Illumina’s NGS business will remain
its core business and will account for most of its profits for “many, many years”. (deSouza
(Ilumina) Tr. at 2386.)

4. No Evidence Illumina Can Target a Foreclosure Strategy to Avoid
Upstream Losses.

873.  Although Illumina may have an understanding of the types of applications a
customer is developing or marketing, in many cases it does not know what specific tests are in its
customers’ development pipeline. (Berry (Illumina) Tr. 849-53.)

873.1 For example, many of the MCED tests Complaint Counsel claims are in
development are unknown to Illumina even today—much less their specific attributes
that would allow Illumina to predict with confidence whether any test will be a close
substitute to Galleri, or, instead, a market-expanding complement, foreclosure of which
would cause no material diversion to Galleri but would result in substantial lost upstream
sales. (RX6000 (Carlton Trial Dep. at 24, 26-27).)

874.

875. Moreover, Illumina’s instruments and consumables are multi-use products that

can be and often are used by Illumina customers for a variety of sequencing applications. (Supra
PFF 99y 6-11.)

875.1 For example, [llumina markets its NovaSeq instrument and consumables,
which are used by GRAIL for developing its early-detection tests, as “[f]lexibl[e] for
virtually any genome, sequencing method, and scale of project”. (RX2557 (Illumina) at

1)

876. If, hypothetically, Illumina were to cut off service to an instrument as Complaint
Counsel speculates, that action could impact a range of tests (commercialized and in
development), resulting in upstream losses without offsetting downstream gains from diversion.
(RX6000 (Carlton Trial Dep. at 26-27).)

877. Moreover, even if [llumina hypothetically could target a particular MCED test in
development, news of Illumina’s opportunistic conduct would reduce future sales to a range of
applications, not just the targeted MCED test. (RX3864 (Carlton Rep.) 949); RX6000 (Carlton
Trial Dep.) at 33-34).)

877.1 As Mr. deSouza observed:
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“[I]f we were to raise prices on GRAIL, we would lose a lot more in
sequencing business from the other markets. . . . The rest of our customers,
whether they are in cancer detection or cancer at all, would look at what we
did here and would be concerned about us doing that in the other markets
that they’re in. And so there would be a knock-on effect where we would
lose sequencing business across our 7000 other customers who would be
concerned about that kind of behavior. And so we wouldn’t do that
because, again, the much bigger part of our business is the sequencer
business. So losses there really are much more impactful.”

(deSouza (Illumina) Tr. 2381-82.)

878. Complaint Counsel’s foreclosure theory does not take these real-world constraints
into account. (Supra PFF 99 847-877.)

G. NGS Costs Will be a Very Small Part of Future MCED Test Revenues and
Profits.

1. Relevance of Upstream Input Costs Relative to Downstream Margins
and Revenues.

879.  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. (RX3864 (Carlton Expert Report) 4 62).

880. There is “a very close relationship” between the prices a vertically integrated firm
charges a rival for an input and the firm’s incentive and ability to foreclose because “that ability
is going to depend on the importance of cost in the downstream firm’s reliance on” the upstream
firm. (RX6000 (Carlton Trial Dep.) at 28.)

881. If input costs are a small number today, or expected to be a small number in
during the relevant time frame for the vertical analysis, it means the upstream firm will not have
the ability to impose a large cost increase on a downstream rival because the cost increase would
have to be substantial. (RX6000 (Carlton Trial Dep.) at 28-29.)

882. 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. (RX3864 (Carlton Expert Report) 9
62,1n.181.)

883. In a case where input costs are, or are projected to be, a small share of

downstream revenues, that alone shows that “there are real constraints on the ability” of the
upstream firm to foreclose downstream rivals. (RX6000 (Carlton Trial Dep. at 28-30).)
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2. Evidence of projected Illumina NGS costs relative to projected
downstream MCED revenues and margins.

884. The only evidence in the record on NGS costs as a percentage of future
downstream MCED revenues and margins shows that NGS costs will be a very small percentage
of MCED test revenues and margins in the future. (RX6000 (Carlton Trial Dep.) at 30-31.)

885. The only evidence of projected future NGS costs in the record is from Illumina’s

a. Illumina.

888.1

888.3 Illumina’s technological improvements are expected to drive significant
reductions in Illumina input costs for GRAIL and any rival, and, even in the absence of
those improvements, GRAIL and any rival, can improve the sequencing efficiency of
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their tests, reducing their reliance on Illumina inputs. (RX3864 (Carlton Expert Report) 4
70.)

888.4 The projected improvements in the number of reads per flow cell reduce
the cost per test of Illumina’s inputs for test developers and underpin [llumina’s
commitment to reduce sequencing costs per gigabase made available to customers by at

least 43 iercent bi 2025. iPX7104 (Aravanis (Illumina) Dep. at 218-19);

888.5

888.6

888.7

888.8 As Dr. Aravanis explained: “it became clear to the leadership at GRAIL
and the R&D team that we were quickly approaching a point where sequencing cost
would be immaterial. In fact, things like the blood tube would en

d up being more
exiensive L iPX7lO4 (Aravanis (Illumina) Dep. at 205—06);&
891. At the time of the Illumina deal model, GRAIL paid Illumina approximately $135
per test, which the deal model projects will 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. (PX4091 (GRAIL) at
-016).

892. Illumina’s supply contracts commit to reducing the price of Illumina’s
instruments and consumables by 43% by 2025. (PX0064 (Illumina) §5.d.)
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899. To the extent that any GRAIL rival emerges and has similar costs and test prices
to GRAIL and , [llumina would need to raise price to GRAIL’s rivals by a large amount
for a RRC strategy to have significant impact. (RX3864 (Carlton Expert Report) q 65.)

900. To the extent that any GRAIL rival has comparable sequencing efficiency to
GRALIL, Illumina input costs are not likely to be an important determinant of downstream profits.
(RX3864 (Carlton Expert Report) § 70.)

901.
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902. Consistent with the documentary evidence from the internal business documents,
Dr. Aravanis explained that sequencing costs will continue to “decrease over time” as a
percentage of Galleri’s costs due to GRAIL “innovations that will lead to a decreased usage of
sequencing over time,” which by itself, would reduce the amount of cost associated with
sequencing per test,” and in addition, “Illumina is also going to lower the cost of sequencing over
time,” as will “other sequencing providers”, which will “compound the overall reduction in
sequencing costs as a fraction of the test.” (Aravanis (Illumina) Tr. 1924-25.)

903. Mr. deSouza similarly explained that, “today sequencing costs represent about 10
percent of the price of Galleri” and “[b]y 2025, we project that sequencing costs will be less than
4 percent of the price of GRAIL’s Galleri test.” (deSouza (Illumina) Tr. 2388.)

904.1

904.2

904.3

904.4

904.5
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904.7

904.8

904.9

904.11

3. Significance Of Illumina’s Declining NGS Costs And NGS Innovation.
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910.1 For example, Mr. deSouza explained that Illumina “will continue to see
profit pool[s] in the sequencer business, but we believe that because of the competition in
this business, the profit pools will -- the operating margin will decline over the years.
And so . . . because of the competition, we expect a decline in the profit pools associated
with sequencers, although it will continue to be a profitable business.” (deSouza
(Illumina) Tr. 2385.)

910.2 Mr. deSouza further noted, that NGS competition is “reflected in
[Mlumina’s pricing plans and strategy” in that it “shows up in our expectation of the price
of sequencing in the market, and it’s continuing to decline” and “in our expectations of
sort of the margin evolution in the industry”. (deSouza (Illumina) Tr. 2331-32.)

910.3 Similarly, Dr. Febbo explained, “[w]e have dropped the cost of
sequencing through our investment in R&D, through our kind of dogged focus on making
sequencing more affordable, because in research what we saw is a term we called
elasticity, where the less expensive the sequencing was, the more sequencing was
performed, so that it made sense to continue to drop the cost.” (Febbo (Illumina) Tr.
4329-30.)

911. 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. (RX3864 (Carlton Expert Report) q 75,
n.208.)

911.1 For example, even in the absence of the contractual prohibition on raising
costs, if [llumina 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. (RX3864 (Carlton Expert Report) q 75, n.208.)

911.2
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911.3 It is inconceivable that even this very large increase in Illumina’s input
price would have a large effect on the competitiveness of downstream firms. (RX3864
(Carlton Expert Report) q 75, n.208.)

912.

4. Dr. Scott Morton failed to analyze Illumina NGS input costs relative
to downstream prices and margins.

915. Dr. Scott Morton fails to address whether she believes the large price increases
that would be required to raise rivals’ costs meaningfully are likely or indicate the magnitude of
such increases or assess the negative impacts that such increases could have on Illumina’s
business. (RX3864 (Carlton Expert Report) 9 65.)

H. Complaint Counsel’s Theory Ignores Intensifying Upstream Competition.
1. Relevance Of Current And Future Upstream Competition.

916. A necessary condition for a vertical merger to harm competition in the relevant
market is a limited ability by the merged firm’s rivals to switch their purchases of the related
product to sufficiently close substitutes. (RX3871 (Willig Expert Report) § 41, n.59; RX3701
(Vertical Merger Guidelines) at 4-5).)

916.1 Complaint Counsel was required to establish that Illumina has a monopoly
over platforms viable for MCED development, and that there will be no viable substitutes
(from the standpoint of MCED test developers that could potentially compete with
Galleri) for Illumina’s NGS platforms during the relevant time period. (RX3871 (Willig
Expert Report) 4 41.)

917. The presence of current and future NGS competitors is significant “in two ways.
First, if you could substitute to another company, then that constrains what Illumina can do. . .
[Second], [e]ven if you can’t switch immediately, the fact that these technologies might be
available . . . in the future, you really want to be focusing on not what is possible today, but you .
.. really want to be talking about what are the alternatives in the future when the MCED market,
to . .. when the MCED industry develops more fully.” (RX6000 (Carlton Trial Dep. at 36).)

918. The presence of upstream NGS alternatives on the market and in development,
and the constraints they impose on Illumina, must be taken into account in any economic
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analysis of Illumina’s post-merger incentives and ability to substantially foreclose MCED
competition. (Supra at [e].)

2. The Evidence Shows Current And Future Upstream Competition.

919. There are today alternatives to [llumina as a provider of NGS sequencing
products and services. (Supra PFF 99 777-779.)

919.1 Suppliers such as Thermo Fisher ONT and Singular are available on the
market today and can be used for MCED test development. (Supra PFF 44 778-779.)

920. A number of other companies are poised to offer NGS sequencing products and
services in the near term. (Supra PFF 99 782—787.)

921.  There is substantial evidence that MCED test developers will have many
commercially viable NGS options within the next few years, before most, if not all, MCED tests
in development are ready for commercial launch. (Supra PFF 9 782-787.)

922. For example, BGI will enter the U.S. market not long after Illumina’s patents that
underlie the injunction against BGI’s entry expire in 2023, and it is undisputed that BGI’s
technology is comparable to [llumina’s NGS systems in terms of throughput, accuracy,
turnaround time and cost. (Supra PFF 9 777.)

923.  There are hundreds of millions of dollars being invested to fund these NGS
innovators, many of which are specifically targeting the screening (and other oncology)
segments and have disclosed roadmaps that project commercial launch within the next few
years—and in the case of Singular, late last year. (Supra PFF 99 782—787; Velarde (Singular)
Tr. 4515-16 (“we’re going to be commercially launching at the end of [2021] and shipping
systems in the first half of next year”).)

923.1 A number of these innovators are led by former Illumina executives, who
are extremely knowledgeable about the industry and what it takes to succeed. Moreover,
in speculating that all of these well-funded, serious players will simply fail, Complaint
Counsel adopts an entirely inconsistent position on the evidence. (Supra PFF 99 782—
787, 789.)

924.  Numerous Illumina executives testified about their expectations for NGS
competition, including with the expiration of key patents in 2023, and how that dynamic impacts
[lumina’s strategies. (PFF 99 924.1-924.3.)

924.1
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924.2 Ms. Berry testified that “there are numerous competitors already
participating in the genomics space with instruments and consumables similar to ours”,
and “we anticipate that that competitive environment will . . . only become more
intensive over time.” (Berry (Illumina) Tr. 813).

924.3 Dr. Aravanis similarly testified that there will be “many new sequencing
platforms, so a tremendous intensification of competition” and “there will be even more
platforms in the coming years.” (Aravanis (Illumina) Tr. 1866).

924.4 Dr. Aravanis identified a number of sequencing platforms on the market
today and in development that would be viable platforms for an MCED test such as
Galleri. (Aravanis (Illumina) Tr. 1848-63.)

925. Furthermore, it is well accepted that sequencing technology is becoming
substantially cheaper every year — it is thus substantially likely that all existing and future
sequencing options will improve and become cheaper over time. (PFF 9 22.)

926. Complaint Counsel infers from the mere fact of “excitement” and “investment” in
downstream test development that it is “highly likely that there are going to be several successful
cancer tests” in the alleged MCED market. (RX3852 (Scott Morton Dep. at 112).) There is no
basis to accept that MCED test developers will be successful and compete with Galleri, yet the
upstream alternatives to Illumina in development are too uncertain to predict their likely success.
(RX6000 (Carlton Trial Dep. at 37-38).)

926.1 As Dr. Carlton put it:

“[A]ll I can do is point out the asymmetry in [the government’s expert’s]
analysis. None of the MCED products that [Dr. Scott Morton is] talking about
exist. . . . All of them are in the future and some, as I read the evidence, far in
the future. In contrast, when she’s evaluating NGS alternatives to Illumina,
even though those seem from the evidence to be more readily available and
likely, she dismisses them. So I agree it’s hard to make predictions, very hard,
as to who will be an actual competitor in the future. That’s true both for MCED
and NGS, and she takes a very asymmetric stance in which she assumes that
the MCED products are going to come into existence, but the NGS alternatives
to [llumina are not.”

(RX6000 (Carlton Trial Dep. at 37-38).)

3. The FTC’s Theory Is Belied by Investment Activity Before and Since
the Announcement of the GRAIL Merger Agreement

927. Numerous companies have been investing in the liquid biopsy early cancer
detection space, since both before and after [llumina announced its agreement to acquire GRAIL.
(RX3871 (Willig Expert Report) 9 50-51.)

928.  Shortly after the merger was announced, analysts predicted that the deal would
accelerate investment and innovation in the space, with one observing that “the recent acquisition
of GRAIL by ILMN has catalyzed the excitement in the market to new highs — even ahead of our
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prior expectations”, and “there is an expectation that more companies will increasingly pursue
liquid biopsy screening as ILMN’s acquisition of pre-revenue GRAIL has ‘validated’ the liquid
biopsy early detection theses.” (RX1096 (SVBLeerink) at 3.)

929. Investment has in fact poured into cancer test development since the time Illumina
announced its agreement to acquired GRAIL. (RX3871 (Willig Expert Report) 9 50.)

929.1 For example, approximately one month after [llumina announced its
agreement to acquire GRAIL, Exact entered into an agreement acquire Thrive for over $2
billion, and completed the acquisition approximately four months after [llumina
announced its agreement to acquire GRAIL. (RX3196 (Exact) at 1.)

929.2

929.3 As another example, in December 2020, Singlera obtained $150 million in
financing, which it planned to utilize “mainly to expand the company’s early cancer
screening product research and development pipeline and focus on promoting product

registration and commercialization, as well as expanding prospective studies into pan-
cancer earli screening.” (RX3633 (PR Newswire) at 1); {(_

930. As Mr. deSouza observed, in addition to Thrive’s acquisition of Exact, other
liquid biopsy companies experienced large rounds of investments after [llumina announced its
agreement to acquire GRAIL, including a significant increase in investment in the early cancer
detection space. (deSouza (Illumina) Tr. 2392-93.)

930.1 This “was very consistent with what we saw in the noninvasive prenatal
testing space [another downstream testing space, discussed below, that [llumina entered
through a vertical merger and that is now thriving competitively] when we entered in
2013 — investment increased there too.” (deSouza (Illumina) Tr. 2392-93.)

931. Firms raised capital at least partly directed towards the development of NGS-
based cancer screening tests after [llumina announced in September 2020 that it would be
acquiring GRAIL, signaling an expectation that Illumina’s alleged ability and incentive to
increase prices or diminish its service to firms that are developing NGS-based cancer screening
tests will be constrained. (RX3871 (Willig Expert Report) 4 51, n.104) (citing (RX3015
(GlobeNewswire) at 1); (RX3075 (BusinessWire) at 1); (RX3170 (PR Newswire) at 1).)

932.  The timing and amount of investment activity in cancer test development is
directly contrary to Complaint Counsel’s speculation that the merger will disincentivize
investment in NGS cancer screening.
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933. The timing and amount of investment activity in cancer test development is
directly contrary is also inconsistent with Complaint Counsel’s claim that test developers are
“captive” to [llumina and locked in to Illumina platforms with no options even if Illumina
disadvantaged their tests. According to Complaint Counsel, customers are and will remain
locked into Illumina’s NGS platform, they would have no choice but to pay the higher price
demanded by Illumina. This concept is commonly referred to by economists as the “hold-up
problem.” (RX3871 (Willig Expert Report) 9 52.)

934. However, the substantial investment in liquid biopsy cancer test development on
[llumina’s platform, by itself, refutes the notion that MCED test developers are indefinitely
locked into Illumina’s platform or that they fear Illumina can impede their test development
efforts. (RX6004 (Katz Trial Dep. at 43—44).)

935.  That is because it would be economically irrational for firms to make such large
investments if they truly anticipated that they would have no options or opportunities to switch
by the time their tests are commercialized and earning profits. (RX6004 (Katz Trial Dep. at 43—
44).)

936.  Otherwise, these firms would be knowingly subjecting themselves to
opportunistic hold-up, since (if Complaint Counsel’s long-term monopoly theory had merit)
[Mlumina would have both an incentive and ability to extract all their returns, even without the
GRAIL merger. (RX6004 (Katz Trial Dep. at 43—44); RX3871 (Willig Expert Report) 4 52—
54.)

936.1
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937. The investment activity by these Illumina customers are a compelling market
signal—one backed by large sums of money, not just words—that NGS-based test developers
expect that competition will powerfully constrain Illumina’s ability and incentive to increase
prices or diminish its service to firms that are developing NGS-based cancer screening tests.
(RX3871 (Willig Expert Report) § 57.)

938.  Even after Illumina announced in September 2020 that it would be acquiring
GRALIL, the marketplace continued to show strong signals that [llumina’s alleged ability and
incentive to increase prices or diminish its service to firms that are developing NGS-based cancer
screening tests will be constrained, as evidenced by the investment activity occurring after the
announcement. (RX3871 (Willig Expert Report) 9 58.)

938.1

938.2 In other words, even without the merger, economic logic states that, if
(contrary to fact) Illumina were a long-term monopolist of NGS platforms for MCED
development, it would extract all the profits by raising prices of NGS inputs once the
downstream developers have “invented the relevant technology.” (RX6004 (Katz Trial
Dep. at 43—44); RX3852 (Scott Morton Dep. at 171).)

939. The substantial investment in NGS-based tests indicates that Complaint Counsel’s
long-term monopoly theory is unfounded. (RX6004 (Katz Trial Dep. at 43—44); (RX3871
(Willig Expert Report) § 50.))

940. Dr. Scott Morton has attempted to explain away this economic evidence by
claiming that, absent the merger, the market would develop into a “bilateral monopoly” where
there would be only one or a few winning MCED test developers, who would then have
sufficient bargaining leverage to “divid[e] the rent” with Illumina, but this claim is without
support. (RX3852 (Scott Morton Dep. at 172 (“So while [llumina would like to expand the
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market and have more sales and the tests can’t [be] delivered without Illumina’s product,
likewise, tests can’t be delivered without the MCED developers’ product. So it’s a case of a
bilateral monopoly. If you think just the MCED developer and Illumina, and that means that they
will be dividing the rent. . . . [The] [p]rospect of those rents is what is inducing investment in
entry is what I’m trying to say.”).)

940.1 Dr. Scott Morton can cite no evidence to support her speculation that the
market is likely to develop that way, or that the purported MCED developers she
identifies have such expectations and justify their investments on this basis.

940.2 Further, she separately contended that a bilateral monopoly is unlikely,
arguing that, in the but-for world without the merger, Illumina would ensure that there are
multiple MCED makers in the market to “lower the profits of the MCED makers and
deliver more of it to Illumina.” (RX3852 (Scott Morton Dep. at 290).)

940.3

941. The only economically logical explanation for the sunk investments is that test
developers—just as Illumina does—anticipate intensifying upstream competition and being able
to switch to alternative platforms if Illumina attempted any opportunistic hold up. (Katz Trial
Dep. at 42:17-46:14.)

941.1 As Dr. Katz explained, “if Complaint Counsel’s view of the world and Dr.
Scott Morton’s view of the world is correct, it would be a risk of really substantial
holdup, and these firms just shouldn’t be making these investments. But in fact they have
made these investments in the past, and . . . those investments are ongoing, and that
indicates that in fact they don’t believe that they’re going to be held up like this. And so .
.. their conduct then is inconsistent with Complaint Counsel and Dr. Scott Morton’s
theory of harm and . . . view of how the economic world operates.” (Katz Trial Dep. at
42:17-46:14.)

941.2 Dr. Katz further explained, that inference holds true both for investment
activity before Illumina announced its agreement to acquire GRAIL and afterward — it is
“really the same economic logic in either case.” (RX6004 (Katz Trial Dep. at 46:15—
47:3).)

942.  Professor Scott Morton also claims that investment could have been even greater
but for the Transaction, but she offers no evidence of that but-for world, and as Dr. Katz
explained, in all events, “the point still remains that there’s substantial investment . . . both
before and after the merger, and the existence of that investment is inconsistent with . . . these
companies fearing the holdup that would be implied by Dr. Scott Morton’s view of the world.”
(Katz Trial Dep. at 47:21-48:14.)
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4. The FTC’s Theory Is Belied by the Purchase Price Illumina Paid For
GRAIL

5. No Evidence That Switching Costs Would Prevent Switching in
Response to sn Attempted Foreclosure Strategy.

946. Complaint Counsel’s contention that switching an MCED test to any alternative
NGS platform would be too costly and time-consuming for a test developer to profitably
undertake is without empirical support. (Supra PFF 9 790-796.)

947. Complaint Counsel also did no analysis of the size of one-time switching costs
relative to the benefits of switching in a hypothetical scenario where Illumina has attempted to
foreclose an MCED rival. (RX3871 (Willig Expert Report) 9] 46, 48.)

947.1 As Dr. Carlton explained, given the magnitude of the potential
downstream market—which, if it reaches its full potential, could be in the tens of billions
of dollars—it cannot be assumed that even high switching costs would deter test
developers from migrating to a rival platform in response to a hypothetical foreclosure
strategy, since whether switching costs impede customer defections depends on not only
the magnitude of switching costs but also the benefits from switching. (RX6000 (Carlton
Trial Dep. at 38-39).)

(Supra PFF 9 791.)

948.1

948.2 Yet neither Complaint Counsel nor Dr. Scott Morton offered any
empirical assessment of the incremental 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
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developer that seeks to upgrade to Illumina’s next generation system. (RX3871 (Willig
Expert Report) 99 46, 48.)

949. Numerous fact witnesses, as well as Dr. Cote, the only technical expert to opine
on the matter, testified as to the feasibility of switching, and some Illumina customers have done
so for their oncology tests. ﬂ; Febbo (Illumina) Tr. 4325-26; Aravanis
(Illumina) Tr. 1865.)

I. Illumina’s Prior Vertical Integrations Belie Complaint Counsel’s Theory

1. NIPT

950. Illumina’s most analogous past vertical acquisition—that of Verinata Health, Inc.
(“Verinata”)—shows that when Illumina vertically integrates, it continues to support
downstream rivals, [llumina helps grow the space, and innovation and competition flourish to the
benefit of patients. (RX3864 (Carlton Expert Report) 9 162.)

951. In February 2013, [llumina acquired Verinata which had developed an NIPT test
for fetal chromosomal abnormalities using a blood sample. (RX3337 (Illumina).)

952. 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. | = ¢+ (Crlton Expert Report) § 164,

953.  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. (PX7089 (Naclerio
(Illumina) Dep. at 42); RX3864 (Carlton Expert Report) 9§ 164.)

954. As in this case, [llumina was the upstream supplier of sequencing inputs to each
of these companies. (RX3864 (Carlton Expert Report) 9 164.)

955. 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. However, 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. (RX3864 (Carlton Expert Report) 4 164.)

956.  Since the acquisition, the number of NIPT tests conducted by Verinata’s rivals on
[llumina’s platforms in the U.S. has increased in each year for which there is available data.
(RX3864 (Carlton Expert Report) q 165.)

956.1 Figure 7 below shows that total NIPT tests conducted by Verinata’s rivals
on [llumina’s sequencing platform have more than doubled between 2015 and 2019.
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Figure 7: NIPT Tests Conducted in the U.S. by Verinata Rivals on Illumina’s NGS
Platform
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Notes: Tests are identified based on Patent Pool Test Fees and field of use test fees paid to Illumina. Verinata tests and NIPT tests that use

non-Illumina platforms are not accounted for.
Source: ILMN-COMPASSBACKUP_00000012; ILMN-COMPASSBACKUP_00000013.

(RX3864 (Carlton Expert Report), § 165, Figure 3).

957. In addition to the fact that total output has expanded, Verinata’s share of U.S.
NIPT sales has decreased. (RX3864 (Carlton Expert Report) q 164.)

958. Natera, in contrast, became the market leader after [llumina acquired Verinata,
with a consistently high share. (RX3864 (Carlton Expert Report) 9 166.)

959. Figure 8 below shows the respective shares of U.S. NIPT providers who use the
[lumina NGS platform:
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Figure 8: Shares of NIPT Tests Conducted in the U.S. on Illumina’s NGS Platform

(RX3864 (Carlton Expert Report) Figure 4).

960. Natera has remained the market leader throughout with a consistently high share,
while Verinata’s share has fallen more than 50%. (RX3864 (Carlton Expert Report) 9 162.)

961.

962.  Furthermore, there has been a steady stream of new entry and substantial
investment into NIPT testing in the U.S. since the Verinata acquisition, indicating that
downstream competitors to Verinata are not concerned that [llumina will act anticompetitively,
and that Illumina has not in fact acted anticompetitively, in the NIPT space. (RX3589
(Illumina); RX3864 (Carlton Expert Report) 9 162.)
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962.1 Figure 9 below shows the NIPT providers in the U.S. that use Illumina’s
platform and which providers entered or exited each year (other providers, using other
sequencing platforms, may exist). (RX3864 (Carlton Expert Report) 4 167.)

Figure 9: Number of NIPT Providers Using Illumina’s Sequencing Platform

(RX3864 (Carlton Expert Report) at Figure 5.)

962.2 Since [llumina acquired Verinata, seven new NIPT providers have
launched using the Illumina platform and two have exited (with one customer switching
to a non-Illumina platform and one customer being acquired). (RX3864 (Carlton Expert
Report) 4 167.)

962.3 Overall, the number of NIPT providers on [llumina’s platform has more
than doubled. Such entry (and the significant investment required to pull it off) is
inconsistent with the claim that [llumina has disadvantaged downstream rivals, or that the
fear that it would do so has impeded innovation in the NIPT space. (RX3864 (Carlton
Expert Report) 4 167.)

963. A number of fact witnesses confirmed what the economic evidence alone starkly

demonstrates: that Illumina’s entry into NIPT via a vertical transaction was decidedly
procompetitive:
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963.1 Dr. Aravanis testified that since the Verinata acquisition, “the cost of
noninvasive prenatal testing has decreased by over 90 percent”; “[t]he number of tests
performed has gone up by a factor of a hundred”; “[t]he number of companies offering
noninvasive prenatal tests has . . . increased significantly”; and “[t]he coverage of patients
for noninvasive prenatal testing has increased by at least 100 million women.” (Aravanis

(Illumina) Tr. 1933-34.)

963.2 Mr. deSouza testified that in NIPT, Illumina makes “eight times as much
revenue selling sequencers and consumables to companies that compete with our test than
we do from our own test”, which is one of multiple factors driving [llumina’s incentives
to support all NIPT customers, including its downstream rivals, as the economic evidence
demonstrates [llumina has done. (deSouza (Illumina) Tr. 2393-94, 2378-79.)

963.3 Mr. deSouza further noted that investment in NIPT increased substantially
after Illumina entered that market through the Verinata acquisition. (deSouza (Illumina)
Tr. 2392-93.)

963.4 Invitae, an [llumina NIPT (and oncology) customer, has attested through a
sworn declaration from its CEO that [llumina has been a “partner[]” and a “leader[]” in
achieving payor coverage for NIPT tests for a broader set of patients, which has
benefitted all market participants in that space. (RX1100 (George (Invitae) Decl.q| 10).)

2. Therapy Selection

964. Illumina has also vertically integrated into therapy selection through organic
development of its therapy selection test, TSO500. (Leite (Illumina/InterVenn) Tr. 2075-76;
Aravanis (Illumina) Tr. 1952.)

As a result, therapy selection test developers compete
with each other to convince pharmaceutical companies—who market the therapies—to
partner with them for a particular therapy. (Goswami (Illumina) Tr. 3184.)

965.  Although Complaint Counsel claims Illumina’s vertical integration into therapy
selection resulted in Illumina raising rivals’ costs and harming competition, the evidence is to the
contrary. (PFF 99966-973.)

966. Today, Illumina has collaboration agreements in place with Roche, PGDx and
numerous other test developers in therapy selection pursuant to which these formidable
competitors to [llumina are developing in-vitro diagnostic (“IVD”) tests that will compete with
[lumina’s own TSO500 therapy selection test. (Goswami (Illumina) Tr. 3202—03.)

967. Illumina provides customer support to its therapy selection rivals and there is

increasing investment and innovation in this space in recent years. (Goswami (Illumina) Tr.
3202-03.)
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967.1 As Dr. Joydeep Goswami, who oversees Illumina’s IVD agreements,
testified, “test developers are investing in developing IVD kits under the terms of
[Mllumina’s] IVD agreements”, and far from diminishing innovation in kitted oncology
tests, [llumina’s IVD program “spurs innovation” because test developers can “just tap
into a network of instruments that is available globally that can run the assay that they’re
providing, so it’s a huge saving of investment on their side and time on their side and
resources on their side.” (Goswami (Illumina) Tr. 3217-18.)

968. From a strategic perspective, [llumina views more test developers using its [VD
platform (which it refers to as “IVD partners”) as a positive regardless of whether those partners
compete with [llumina’s TSO500 test. (Goswami (Illumina) Tr. 3201-02, 3217-18.)

968.1 As Mr. deSouza testified, “[e]ven in markets where we have our own test,
so noninvasive prenatal testing, for example, or cancer therapy selection, . . . or genetic
disease diagnosis — even in those markets, we make significantly more money by selling
sequencers and consumables to companies that compete with our test than we do from
our own test.” (deSouza (Illumina) Tr. 2378-79).

968.2 As Mr. deSouza testified, “[i]n cancer therapy selection, we make 14
times as much money selling sequencers and consumables to companies that compete
with our test than we do from our own test”, and that dynamic drives Illumina’s strategy
which “has been consistently to open up a market and then enable lots of players to serve
that market, each with their own different approach, because we believe that maximizes
the opportunity in the market.” (deSouza (Illumina) Tr. 2379-80).

969.

969.3 However, Illumina has in fact signed IVD agreements in therapy
selection—including with TMB rights—with anyone that has pursued such rights, and
test developers are investing in developing and seeking regulatory approvals for tests
under those agreements. (Leite (Illumina/InterVenn) Tr. 2141-3219; Goswami
(Ilumina) Tr. 3218.)
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970. Complaint Counsel places particular weight on Illumina’s interactions with
PGDx; however, the evidence refutes Complaint Counsel’s claims concerning these interactions:

970.1

970.2

970.3

970.4

970.5

971. Complaint Counsel also places particular weight on Illumina’s interactions with
Roche; however, the evidence refutes Complaint Counsel’s claims concerning these interactions
as well:

971.1

971.2
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971.3.1

971.4

971.5

971.6

972.  Dr. Scott Morton concluded that the events in the therapy selection space show
that [1lumina has engaged in foreclosure where it is vertically integrated, yet she does no actual
analysis of the therapy selection space and the competitive impact of Illumina’s vertical
integration into therapy selection. RX6000 (Carlton Trial Dep. at 201).)

972.1 As Dr. Carlton explained, if one were to do an actual economic analysis of
the impact of Illumina’s vertical integration into therapy selection, “the relevant
question” would have to be “what’s the but-for world”, meaning, “was there a benefit
from Illumina being vertically integrated into therapy selection and selling to Roche
compared to not having Illumina in therapy selection”. (RX6000 (Carlton Trial Dep. at
201).)

972.2 Yet that is not what Dr. Scott Morton did by a long shot—""she pays no
attention to the benefit of vertical integration of Illumina into therapy selection.”
(RX6000 (Carlton Trial Dep. at 201).)

972.3

972.4
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972.6

972.7

973. Inlicensing IVD rights in a field of use and charging fees for those rights,
[llumina has simply followed market practice in the industry.

3. Population Genomics and Helix

973.1

974. Several of the exhibits offered by Complaint Counsel relate to Illumina’s spinout
of Helix, a population genomics company that competes with providers such as Ancestry.com.
(See, e.g., PX7077 (Chahine (Helio) Dep.);*; PX 2420-2421
(i,

975.  Yet, lllumina’s conduct in connection with the formation and spinout of Helix
was recognized, even by Helix’s competitors, as “fantastic”. (PX7077 (Chahine (Helio) Dep. at
57) (“Illumina was -- you know, was and continues to be a fantastic partner to -- to Ancestry.”).)
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977.2

977.4

J. GRAIL Formation and Spinout

979.  Any special pricing and other benefits [llumina may have provided to GRAIL in
its original supply agreement when GRAIL was formed and controlled by Illumina are irrelevant
to evaluating the effects of the Transaction on competition.

980. At the time of GRAIL’s formation, the objective of creating a cancer screening

test was a moonshot concept, and Illumina believed that without deep discounting, it would be
impossible for GRAIL to develop a cancer screening test:

980.1 As Dr. Aravanis, who helped form GRAIL, testified, the industry reaction
to the formation of GRAIL was “very, very skeptical” because the conventional wisdom
was that, while GRAIL’s mission was “noble”, “it will be very hard, may not work at a

scientific level and, even if it did, will take a very long time and be very challenging from
a cost and clinical development” perspective. (Aravanis (Illumina) Tr. 1873-74.)

980.1.1  As Dr. Nick Naclerio, Illumina’s Senior Vice President of
Corporate and Venture Development at the time of GRAIL’s formation, testified,
“I think at the time most of the other companies in the field thought—and what
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they told their investors was Illumina is kind of crazy to go after this
[asymptomatic] pan cancer screening, that we’re going after more reasonable
commercial applications, like screening high-risk people or minimal residual
disease or other things like that, and, you know, Illumina is kind of going after
this crazy thing. Well, it’s kind of good for the field, but I think most people
thought it was a science project. (PX7089 (Naclerio (Illumina) Dep. at 276).)

980.2 As Illumina’s contemporaneous internal documents noted, at the time,
[llumina believed that “no customer has the ability to implement a pan-cancer screening
test responsibly and economically anytime in the next 5 years”; therefore, to accelerate
the growth of the segment, Illumina “felt an imperative to organize an entity” focused on
that moon-shot mission. (RX1088 (Illumina) at 7; (Flatley (Illumina) Dep. at 111-12).)

980.3 In other words, there was no one else pursuing the goal that [llumina set
GRALIL on a path to pursue, and any special pricing at that time was not designed to put
rivals at a disadvantage—there were no rivals, and the goal was in fact to accelerate the
development of the cancer screening space by years, which would benefit others who
might seek to invest in the space. (Aravanis (Illumina) Tr. 1873—74; RX1088 (Illumina)
at7.))

980.4 As Dr. Naclerio put it: “Illumina really went out of its way to create
something that we thought no one else was going to do. . . . [I]f you look at the original
agreements around what GRAIL can and can’t do . . . we designed it specifically so that
they wouldn’t be competing with any other near-term products of any of the other
companies we’ve talked about. It was really meant to be bringing in something that
might someday be possible in the future by years. And I think if you look at the original
GRALIL business plan, they talk about how this would save tens of thousands of lives by
having this available sooner.” (PX7089 (Naclerio (Illumina) Dep. at 275-76).)

981. These considerations from the time of GRAIL’s formation no longer exist for
many reasons, including because (i) the cost of sequencing has come down since 2016 (supra
PFF 9 22); and (ii) [llumina’s assumptions about the volume of sequencing required to develop a
cancer screening test were significantly higher than what is actually required (Flatley (Illumina)
Dep. at 118-20).)
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VII. COMPLAINT COUNSEL ERRS IN DISMISSING THE OPEN OFFER

A. Background on Supply Agreements and Illumina’s Commercial Operations
Organization

982. Illumina’s products and services serve customers in a wide range of markets,
enabling the adoption of genomic solutions in research and clinical settings. (PX0061 (Illumina)
at5.)

982.1 Illumina’s customers include genomic research centers, academic
institutions, government laboratories and hospitals. (PX0061 (Illumina) at 5.) They also
include pharmaceutical companies, biotechnology companies, commercial molecular
diagnostic laboratories and consumer genomics companies. (PX0061 (Illumina) at 5.)

983. Illumina’s commercial operations organization for the Americas region is
responsible for customer-facing activities to drive both revenue and customer success for all of
[llumina’s current and potential customers in the region. (Berry (Illumina) Tr. 833-34.) The
team consists of about 700 people and is led by Nicole Berry, Illumina’s Senior Vice President
and General Manager of the Americas Commercial Team. (Berry (Illumina) Tr. 833.)

983.1 The sales organization is responsible for ongoing customer interactions in
the normal course of business, including prospecting and acquiring new customers,
managing existing customers and providing post-sale support. (Berry (Illumina) Tr. 834.)

983.2 The commercial team is highly focused on driving customer success
because a key part of [llumina’s value proposition and ability to drive growth is customer
satisfaction. (Berry (Illumina) Tr. 835.)

983.3 Illumina validates customer satisfaction through surveys and other
methods for collecting feedback. (Berry (Illumina) Tr. 837-38.)

983.4 Since acquiring GRAIL, [llumina has not changed the way its commercial
team (or Illumina as a whole) will interact with customers because Illumina’s goal of
unlocking the power of the genome can be accomplished only by making it easy for
customers to access Illumina’s technology. (Berry (Illumina) Tr. 838-39.)

983.5 After the transaction, Illumina’s core commercial sales team will not have
any role in selling GRAIL’s products. (Berry (Illumina) Tr. 839.)

984.  Existing Illumina customers that do not have a pricing agreement begin the
process of purchasing a sequencing instrument or core consumable by initiating a conversation
with their [llumina sales representative. (Berry (Illumina) Tr. 840.)

984.1 The representative ensures that the customer purchases the Illumina
products best fit for their needs and then provides a price quote. (Berry (Illumina) Tr.
840—41.) The customer then executes a purchase order consistent with the price quote.
(Berry (Illumina) Tr. 841.)
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985. Sometimes, [llumina’s customers desire terms and conditions that are sufficiently
different from Illumina’s standard terms and conditions to warrant negotiating a customer-
specific supply agreement. (Berry (Illumina) Tr. 841-42.)

985.1 In these circumstances, Illumina is very open to negotiating terms and
conditions. (Berry (Illumina) Tr. 842.) These negotiations often culminate in a separate
supply agreement that captures all of the terms and conditions for that customer that
differ from the standard terms and conditions. (Berry (Illumina) Tr. 842.)

985.2 Illumina enters all of its supply agreements with the intent to follow them
and has never entered a supply agreement planning to not follow it. (Berry (Illumina) Tr.
843.)

986. Customer testimony supports the view that Illumina abides by the terms of its
supply agreements. (See Fiedler (FMI) Tr. 4471.) For example, Dr. Fiedler, COO of FMI,
testified that since entering into a supply agreement with Illumina in 2013:

986.1 Illumina has acted in good faith with respect to its obligations under the
supply agreement. (Fiedler (FMI) Tr. 4471.)

986.2 FMI is a satisfied customer. (Fiedler (FMI) Tr. 4471.)
986.3 Illumina has never monkeyed with supply. (Fiedler (FMI) Tr. 4471.)

986.4 Illumina has never interrupted supply because it claimed FMI had
infringed on Illumina’s intellectual property. (Fiedler (FMI) Tr. 4471.)

986.5 Illumina has never reneged on a commitment it made to FMI. (Fiedler
(FMI) Tr. 4471.)

986.6 Dr. Fiedler trusts Illumina to abide by its commitments. (Fiedler (FMI)
Tr. 4471.)

B. The Development of the Open Offer

987.
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988.1

988.2

988.3

988.4

988.5

989.1

232



FEDERAL TRADE COMMISSION | OFFICE OF THE SECRETARY | FILED 4/22/2022 | DOCUMENT NO. 604485 | Page 244 of 559 | PUBLIC
PUBLIC

989.2

989.3

989.4

989.5

989.6

989.7

989.8

233



FEDERAL TRADE COMMISSION | OFFICE OF THE SECRETARY | FILED 4/22/2022 | DOCUMENT NO. 604485 | Page 245 of 559 | PUBLIC
PUBLIC

989.11

989.12

989.13

989.14

989.15

989.16

989.17

989.18

989.19
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989.20

989.21

989.22

989.23

990. Based on the customer outreach discussions and on what was learned in
negotiations with customers , [llumina developed a standardized
supply contract to offer to all of its U.S. oncology customers (the Open Offer.) (Berry (Illumina)
Tr. 857,

991. On March 30, 2021, Illumina made the Open Offer available on its website for all
for-profit U.S. oncology customers who purchase NGS products for developing and/or
commercializing oncology tests. (deSouza (Illumina) Tr. 2338-39, 2401-02; Berry (Illumina)
Tr. 688-89, 709—10; RX4003 (Illumina) at 1; PX0064 (Illumina); PX0087 (Illumina); PX0088
(Illumina); PX0089 (Illumina).)

992.  While Illumina does not believe that the transaction will have any anticompetitive
effect, it made the Open Offer available to address concerns raised by both Complaint Counsel
and certain customers that the I[llumina-GRAIL transaction would allow Illumina to foreclose
GRAIL rivals. (See Berry (Illumina) Tr. 688—89, 709—10; deSouza (Illumina) Tr. 2338-39,
2401; Goswami (Illumina) Tr. 3207; PX0064 (Illumina) at 1; PX7122 (Eisenberg (LabCorp)
Dep. at 107-08).)

993. 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. (PX0064 (Illumina) at 3.)

993.1 A For-Profit Entity means 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. (PX0064 (Illumina) at 3.) A For-Profit
Entity excludes governments, government agencies, hospitals, research institutes,
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academic institutions, nonprofits and [llumina Affiliates (including GRAIL.) (PX0064
(Illumina) at 3.)

993.2 The Supplied Products are “Illumina’s NextSeq, NextSeqDx and NovaSeq
instruments, and any future sequencing instruments launched by Illumina or its Affiliates,
or Sequencing Consumables, that are purchased by Customer for any Customer Use
pursuant to the Supply Agreement.” (PX0064 (Illumina) at 4-5.)

993.3 Sequencing Consumables are “those consumables intended by Illumina to
be used to perform a sequencing process on [llumina’s NextSeq, NextSeqDx and
NovaSeq instruments and any future sequencing hardware launched by Illumina or its
Affiliates, and includes core consumables that are (i) commercialized or otherwise made
available by Illumina to customers or Affiliates of Illumina and (ii) intended by Illumina
to be used to perform a sequencing process on any such system. Sequencing
Consumables do not include products that were at the ‘end of life’ or ‘end of sale’ or
were announced (before January 1, 2021) to customers as a planned ‘end of life” or ‘end
of sale’. Sequencing Consumables are limited to products that are shipped to and used in
the United States.” (PX0064 (Illumina) at 4.)

993.4 The fact that the Open Offer is available to more than just MCED test
developers makes the Open Offer more effective in protecting competition and limiting
[llumina’s ability to foreclose GRAIL rivals. (RX6002 (Guerin-Calvert Trial Dep. at 26—
27).) It also makes the Open Offer easier to implement because it applies to a class of
customers who are readily identifiable. (RX6002 (Guerin-Calvert Trial Dep. at 27).)

994.  For customers who signed the Open Offer before the close of the acquisition, the
terms took effect on August 18, 2021, when the Illumina-GRAIL transaction closed; for others,
the terms will take effect immediately upon signing. (PX0064 (Illumina) at 1.)

994.1 The Open Offer is irrevocable, binding and governed by New York law.
(PX0064 (Illumina) at 1, 11) (“[t]his irrevocable offer is binding on Illumina.”)

994.2 TIllumina executives have made several public commitments to the Open
Offer, including under oath at this trial, thus giving reasons even beyond New York
contract law for Illumina to adhere to the Open Offer. (See, e.g., Berry (Illumina) Tr.
688-89, 709—10; deSouza (Illumina) Tr. 2338-39, 2401; Goswami (Illumina) Tr. 3207.)

995.  Existing or new customers of I[llumina may sign the Open Offer at any time until
6 years after the close of Illumina’s acquisition of GRAIL, which is August 18, 2027. (Berry
(Ilumina) Tr. 861-62.) Customers thus do not need to make a rapid decision whether to sign the
Open Offer. (Nolan (Freenome) Tr. 2785.)

996. On September 8, 2021, Illumina amended the Open Offer to offer additional
benefits and protections to customers. (RX3935 (Illumina) at 1; deSouza (Illumina) Tr. at 2405—
06.) This addendum provided customers with greater protections in terms of pricing, access to
products and services, and enforcement, as outlined below. (RX3935 (Illumina) at 2—-3; deSouza

(Ilumina) Tr. at 2407-09.)
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997. The Open Offer effectively addresses the concerns that FTC has raised that
[llumina will have the incentive and ability to anticompetitively disadvantage GRAIL’s rivals
now that Illumina has re-acquired the remainder of GRAIL that it did not already own. (RX6002
(Guerin-Calvert Trial Dep. at 20-21).)

997.1 The Open Offer provides the economically necessary terms to prevent the
alleged anticompetitive harms from the transaction in both the short term and the long
term. (RX6002 (Guerin-Calvert Trial Dep. at 21-22).)

997.2 The Open Offer addresses the specific concerns about market power and
related conduct raised by Complaint Counsel, its expert, Dr. Fiona Scott Morton, and
certain Illumina customers. (RX6002 (Guerin-Calvert Trial Dep. at 22).)

997.3 The Open Offer provides a comprehensive set of protections for its
customers for all aspects of conduct and competition including access, pricing and quality
of products and services, and rights to develop distributable IVD kits on [llumina’s FDA-
regulated systems. (RX6002 (Guerin-Calvert Trial Dep. at 22, 94-95).)

997.4 The Open Offer provides for effective monitoring and enforceability
mechanisms. (RX6002 (Guerin-Calvert Trial Dep. at 22).)

998. Additionally, extrinsic aspects of the Open Offer will increase its enforceability.
(RX6002 (Guerin-Calvert Trial Dep. at 22-23).)

998.1 All of the provisions of the Open Offer are publicly known and publicly
available because the Open Offer is posted on Illumina’s website. (deSouza (Illumina)
Tr. 2338-39, 2401; RX4003 (Illumina) at 1; PX0064 (Illumina); PX0087 (Illumina);
PX0088 (Illumina); PX0089 (Illumina); PX7076 (Berry (Illumina) Dep. at 275-76.)

998.2 The letter accompanying the publicly available Open Offer indicates that
the Open Offer’s purpose is to allay concerns and constraining conduct that could
competitively disadvantage rivals. (PX0064 (Illumina) at 1.)

998.3 The Open Offer was made available to a large number of customers—all
of Illumina’s for-profit clinical oncology customers in the United States. (RX4003
(Illumina’s Oncology Contract Terms Website) at 1.)

998.4 All of these extrinsic aspects of the Open Offer—its publicness, its strong
preamble and its availability to a large number of customers—exert external pressure to
make the Open Offer more effective. (RX6002 (Guerin-Calvert Trial Dep. at 22-23).)

998.5

999. The Open Offer also represents an improvement for customers over the premerger
status quo. (RX6002 (Guerin-Calvert Trial Dep. at 37, 52-53, 57); see also RX6000 (Carlton
Trial Dep. at 48).)
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C. Illumina’s Binding Commitments in the Open Offer
1. Term, Unilateral Termination, and Purchase Orders

1000. The Open Offer provides for a 12—year supply contract for the Supplied Products.
(Berry (Illumina) Tr. 690-91, 861, 874—75; Conroy (Exact/Thrive) Tr. 1725; deSouza (Illumina)
Tr. 2402; PX0064 (Illumina) at 5.)

1000.1 The Open Offer “shall be effective for twelve (12) years from the closing
of the Transaction, regardless of the date either party signs this Supply Agreement.”
(PX0064 (Illumina) at 5.) Therefore, the Open Offer and Addendum are in effect until
August 18, 2033 for any customer that signs these agreements. (PX0064 (Illumina) at 5;
PX0378 (Illumina) at 3.)

1000.2 The Open Offer’s 12—year term is longer than the typical agreements
between Illumina and its customers in the pre-merger world, though some customers
entered into long-term agreements with Illumina in the past. (Berry (Illumina) Tr. 690—
91.) The 12—year term was chosen to assure customers that [llumina was absolutely
invested in maintaining longstanding relationships with these customers as a technology
provider. (Berry (Illumina) Tr. 862.)

1000.3 A 12—year term is consistent with what is normally provided in consent
decrees that the FTC and the DOJ have approved historically. (RX6002 (Guerin-Calvert
Trial Dep. at 28); see, e.g., RX3082 (In re Broadcom Ltd. Decision and Order) at 11;
RX3664 (In re Sycamore Partners Il Analysis of Agreement Containing Consent Order)
at4).)

1000.4 The 12—year term is an improvement on the status quo, in which many
customers do not have supply agreements and those that do have supply agreements have
shorter term agreements. (RX6002 (Guerin-Calvert Trial Dep. at 29); PX7085 (Harada
(Exact/Thrive) Dep. at 94).)

1000.5 The 12—year term provides customers with long-term protections and
gives customers certainty about price, quality, access and conduct for the next 12 years.
(RX6002 (Guerin-Calvert Trial Dep. at 28-29).)

1000.6 The 12—year term allows customers to plan for the long term more
effectively. (Fiedler (FMI) Tr. 4485; RX6002 (Guerin-Calvert Trial Dep. at 28-29).)

1000.7 The 12—year term is long enough to address the foreclosure concerns and
alleged competitive harms from the merger. (RX6002 (Guerin-Calvert Trial Dep. at 29—
30).)

1001. Under the Open Offer, Customers can terminate the supply relationship with

[llumina at any time and without specifying any reason. (Berry (Illumina) Tr. 862—63; deSouza
(Illumina) Tr. 2402; PX0064 (Illumina) at 10.)
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1001.1 The Open Offer requires that “Customer has a unilateral right to terminate
its supply relationship with Illumina at any time and for any reason without termination
liability upon ninety (90) days’ prior written notice to Illumina, provided, however, that
Customer shall honor all invoices, which invoices shall be issued upon shipment, for
Supplied Products ordered under a Purchase Order that was accepted by Illumina prior to
the termination date.” (PX0064 (Illumina) at 10.)

1001.2 The 90—day notice period provision is intended to be as “customer friendly
as possible”. (Berry (Illumina) Tr. 863.)

1002. The Open Offer requires that “Illumina cannot terminate this Supply Agreement
for convenience during the Term.” (PX0064 (Illumina) at 10; see also (Berry (Illumina) Tr. 863;
deSouza (Illumina) Tr. 2402.)

1002.1 This asymmetry in the termination provisions addresses the alleged
anticompetitive effects and foreclosure concerns related to the merger: Because Illumina
cannot exit the agreement, its conduct will be restrained over the entire 12—year term, but
the customer enjoys the benefit of being able to switch to alternative suppliers for
sequencing instruments or consumables at any time. (RX6002 (Guerin-Calvert Trial
Dep. at 30-31).)

1003. The Open Offer is “not contingent on any purchase commitments by Customer,
nor does it affect Customer’s existing unilateral right to terminate its supply relationship with
[llumina at any time and for any reason.” (PX0064 (Illumina) at 9; see also Berry (Illumina) Tr.
864-65.)

1003.1 The Offer also requires that “[w]ritten purchase orders (“Purchase
Orders”) submitted in accordance with this Supply Agreement, [llumina’s Terms and
Conditions, or an operative supply agreement may be rejected by Illumina only if
[llumina does not have sufficient supply of the applicable Supplied Product to fulfill the
order or if the Purchase Order is not in accordance with standard lead times for the
applicable Supplied Product.” (PX0064 (Illumina) at 9.)

2. Uninterrupted and Timely Access to Services

1004. Under the Open Offer, [llumina must provide customers with the same access to
services that GRAIL or any other For-Profit Entity has access to, at the same prices.
; Berry (Illumina) Tr. 865—66; deSouza (Illumina) Tr. 2404;
PX0064 (Illumina) at 6; RX3935 (Illumina) at 2.)

1004.1 The Open Offer requires that “Customer shall have access to the same
product services and support services for purchase relating to the Supplied Products to
which GRAIL or any For-Profit Entity has access, or which Customer had access before
the Transaction.” (PX0064 (Illumina) at 6.)

1004.2 The Open Offer also requires that “[f]or such services, Customer shall
have access to the same volume-based pricing that GRAIL has access to for the
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equivalent level of service, or to which Customer had access before the transaction, at the
Customer’s option.” (RX3935 (Illumina) at 2.)

1004.3 Illumina customers can purchase 3 different levels of service contracts—
gold, silver or bronze. (Berry (Illumina) Tr. 681-82.) The different levels of service
contracts vary based on considerations like response times and the number of instances
that [llumina technicians will proactively service the customer’s instruments. (Berry
(Ilumina) Tr. 682.)

1004.4 To comply with the access-to-services provision and ensure consistency in
treatment, [llumina keeps track of services that customers order using service contract
SKUs. (Berry (Illumina) Tr. 866—68.) When a customer purchases a service SKU, there
is an agreement that describes aspects of the service relationship such as turnaround time
and the number of preventative maintenances to which a customer is entitled. (Berry
(Ilumina) Tr. 867.) As with products, there is a standard list of orderable service SKUs,
each associated with a standard U.S. list price. (Berry (Illumina) Tr. 868-69.)

1004.5 Illumina has a long and sophisticated onboarding process when it hires
new service technicians, which helps ensure that service quality among technicians is
consistent. (Berry (Illumina) Tr. 869—70.) It also ensures consistent service among
technicians by tracking individual cases to determine whether there is any gap in
performance between service engineers. (Berry (Illumina) Tr. 870-71.)

1004.6 In order to ensure that it satisfies its obligations when a customer orders a
service SKU, Illumina measures its customer support using key performance indicators
(KPIs). (Berry (Illumina) Tr. 867—68.) These KPIs include metrics like instrument
downtime or the length of time between when a case is opened to when it is closed.
(Berry (Illumina) Tr. 867—68.) These KPIs enable Illumina to compare how it performs
in terms of service and support across individual customers or groups of customers.
(Berry (Illumina) Tr. 868.)

1004.7 If Tllumina delayed or refused to service an instrument that belonged to a
customer who had signed the Open Offer, [llumina would be in breach of the agreement.
(Berry (Illumina) Tr. 871.) Illumina would also be in breach if it provided worse services
to a customer laboratory who did not also purchase Galleri. (Berry (Illumina) Tr. 879.)
Moreover, refusing to service instruments would hurt Illumina’s overall business because
customers would stop buying kits from [llumina. (Berry (Illumina) Tr. 871-72.)

1004.8 The Open Offer’s equal services commitment places customers who have
never had a supply agreement and who purchase subject to a purchase order in a superior
position to the pre-merger status quo by removing the uncertainty of accessing Illumina’s
servicing resources. (RX6002 (Guerin-Calvert Trial Dep. at 57).)

1004.9 The equal services commitment ensures that customers will receive at
least the same level of service that they did before the merger. (RX6002 (Guerin-Calvert
Trial Dep. at 58).)
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1004.10 The commitment also addresses the concern that customers could
suffer a delay in support services because the commitment requires that customers
receive the same quality and type of services. (RX6002 (Guerin-Calvert Trial Dep. at
58-59).)

3. Uninterrupted and Timely Access to the Latest Sequencing
Instruments and Core Consumables

1005. The Open Offer provides customers the same access to purchase sequencing
instruments and core consumables to which GRAIL has access. (Rabinowitz (Natera) Tr. 421;
Berry (Illumina) Tr. 878—79; deSouza (Illumina) Tr. 243435, 2437-38; PX0064 (Illumina) at 6;
RX3935 (Illumina) at 2.)

1005.1 The Open Offer requires that “Customer shall have access to the Supplied
Products for purchase that GRAIL . . . has access, within 5 days of when GRAIL . . . is
offered such access (if not earlier) for purchase.” (RX3935 (Illumina) at 2.)

1005.2 For example, if [llumina created a “NovaSeq-3”, there is no way that it
could provide it to GRAIL (meaningfully) ahead of potential competitors because
everyone would receive access to it within 5 days of GRAIL receiving access. (deSouza
(ITlumina) Tr. 2448.)

1005.3 Illumina will ensure that GRAIL does not get access to a sequencing
instrument or core consumable before other customers get access because Illumina is
designing its organization to prevent leaks between Illumina and GRAIL. (Berry
(Ilumina) Tr. 878.)

1005.4 Further, customers can ensure that Illumina adheres to this provision
because the Open Offer requires Illumina to publish and update information about the
products and services GRAIL purchases, as well as the pricing grids used for those
purchases. (RX3935 (Illumina) at 2.)

1005.5 The Open Offer specifically requires that “Illumina shall publish, on the
“Oncology Contract Terms” website, (i) the Supplied Products, by SKU, that GRAIL is
purchasing; (ii) the service plans, by SKU, that GRAIL is purchasing; and (iii) the pricing
grid for both products and services under which GRAIL is purchasing Supplied Products
and services. To the extent necessary, Illumina shall update this website within 5 days of
entry of any purchase order for Supplied Products or any service contract relating to the
Supplied Products by GRAIL.” (RX3935 (Illumina) at 2; RX4003 (Illumina) at 1;
RX3960 (Illumina).)

1006. In addition to requiring equivalent access to products for purchase, the Open
Offer requires Illumina to provide customers, within 5 days, with the same information that
GRALIL receives about final product specifications of any sequencing instruments or core
consumables. (RX3935 (Illumina) at 2.)

1006.1 Specifically, the Open Offer requires that “Customer shall have access to
the same information about final product specifications of any new Supplied Product, any
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new version of a Supplied Product or any Pre-Release Sequencing Product within 5 days
of when GRAIL is provided such information.” (RX3935 (Illumina) at 2.)

1007. The Open Offer also provides customers the same access to purchase sequencing
instruments and core consumables to which any For-Profit Entity has access. (Rabinowitz
(Natera) Tr. 421; Berry (Illumina) Tr. 878-79; deSouza (Illumina) Tr. 243435, 2437-38;
PX0064 (Illumina) at 6; RX3935 (Illumina) at 2.)

1007.1 The Open Offer requires that “Customer shall have access to the Supplied
Products for purchase that . . . any For-Profit Entity has access, within 5 days of
when . . . such For-Profit Entity . . . is offered such access (if not earlier) for purchase.”
(RX3935 (Illumina) at 2.)

1007.2 For example, if [llumina made improvements to a sequencing instrument
(such as to its speed, throughput, or cost), there is no way for Illumina to limit these
improvements to one particular user or customer. (deSouza (Illumina) Tr. 2446-47.)

1007.3 Illumina can ensure that it complies with this provision because when
[llumina launches a product, the product is made available to all customers at once.
(Berry (Illumina) Tr. 877.) In other words, there is no selective restriction that [llumina
can apply to a product in a full commercial launch. (Berry (Illumina) Tr. 877.)

1007.4 Also, the Open Offer contains a table showing the specific orderable
SKUs that comprise the Supplied Products under the Open Offer. (Berry (Illumina) Tr.
878; PX0064 (Illumina) at 15-27.) If [llumina launched a new product, it would update
this table accordingly. (Berry (Illumina) Tr. 878.)

1008. Customers who sign the Open Offer must also receive equitable access to
purchase any Pre-Release Sequencing Products. (Rabinowitz (Natera) Tr. 421; Berry (Illumina)
Tr. 702; PX0064 (Illumina) at 6; RX3935 (Illumina) at 2.)

1008.1 The Open Offer requires that “Customer shall have access for purchase to
any Pre-Release Sequencing Product to which GRAIL or any For-Profit Entity is offered
access within 5 days of when GRAIL or such For-Profit Entity, as applicable, is offered
such access (if not earlier), and for the same categories of uses . . ..” (PX0064 (Illumina)
at 6; RX3935 (Illumina) at 2.)

1008.2 Pre-Release Sequencing Product “means Illumina sequencing hardware or
Sequencing Consumables that are not available for purchase in Illumina’s product
catalogue. Such sequencing hardware or Sequencing Consumables shall include any re-
designed or modified products made available to any For- Profit Entity or to GRAIL that
optimize, in any material respect, a product’s interoperability, capabilities, or
performance.” (PX0064 (Illumina) at 4.)

1008.3 The pre-release access provision was intended to assure customers that

there would be no advantage conferred on GRAIL or another commercial player in the
oncology testing space. (Berry (Illumina) Tr. 880.)
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1008.4 Because providing Pre-Release Sequencing Products to customers is quite
unusual, it will be very manageable for Illumina to ensure that it complies with this
provision. (Berry (Illumina) Tr. 880.)

1008.5 Illumina will provide access to Pre-Release Sequencing Products as
quickly as practically possible. (Berry (Illumina) Tr. 703—-06.)

1008.6 Considering the length of time that it takes to develop a test on a
sequencing platform, 5 days is “a very inconsequential amount of time” for a developer
making a test. (see Aravanis (Illumina) Tr. 1930; see also Be I1lumina) Tr. 702-03;

; PX7100 (Chudova (Guardant) Dep. at 75-79);

1009. These provisions requiring equitable access to Supplied Products and Pre-Release
Sequencing Products very directly address the foreclosure concerns that have been raised.
(RX6002 (Guerin-Calvert Trial Dep. at 59-60).)

1009.1 The provisions directly address the concern that products could be
withheld so as to disadvantage GRAIL rivals because they require providing equivalent
access within a very short time frame. (RX6002 (Guerin-Calvert Trial Dep. at 60).)

1009.2 The provisions directly guarantee that MCED test developers will have
notice of technical enhancements and technical upgrades because they require upgraded
technologies to be made available to customers on a timely basis. (RX6002 (Guerin-
Calvert Trial Dep. at 60—61).)

1009.3 The provisions guarantee that MCED test developers will have a
consistent quality of supply because, as newer products of higher quality are released,
they must be made available to customers. (RX6002 (Guerin-Calvert Trial Dep. at 61).)

1009.4 The provisions specifically address the concern that [llumina could
disadvantage GRAIL rivals by delaying access to products because they level the playing
field for customers and prevent individual customers from lagging behind in terms of
what products are available to them. (RX6002 (Guerin-Calvert Trial Dep. at 61-62).)

1010. In addition to the provisions requiring equivalent access to products, the Open
Offer requires Illumina to enter into development agreements, on customers’ requests, to design
or modify Illumina’s products to optimize interoperability with customers’ tests. (Berry
(Illumina) Tr. 881; PX0064 (Illumina) at 6.)

1010.1 The Open Offer requires that “Illumina shall enter into, upon Customer
request, a separate development agreement with Customer on commercially reasonable
terms, relating to the design or modification of any Supplied Product, in a manner that
optimizes interoperability with Customer’s tests, including, without limitation,
capabilities, performance, speed, efficiency, cost, convenience, accuracy, specificity,
precision, ease of use and user experience.” (PX0064 (Illumina) at 6.)
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1010.2 The development agreement term was added based on a specific request
from FMI to incorporate this type of clause into an agreement. (Berry (Illumina) Tr.
881.)

1010.3 Illumina typically has not entered into such separate development
agreements with any customers.

1010.4 Customers typically develop their tests without [llumina’s developmental
assistance or any optimization support with respect to their sequencing instruments or
consumables. (Berry (Illumina) Tr. 844-47; see, e. g.,b

1010.5 Customers do not typically come to Illumina for advice on the
development of their assays. (Berry (Illumina) Tr. 844.)

1010.6 Illumina typically does not provide support in the development or
commercialization of its customers’ products. (Berry (Illumina) Tr. 846—47.)

1010.7 Customers typically purchase Illumina equipment and reagents “off the
shelf” and do not commission Illumina to make custom sequencing equipment. (Berry
(Illumina) Tr. 845;

1010.7.1 Customers prefer to develop their tests on their own because they
do not want to share key algorithms or analyses used to analyze the genetic data—
i.e., the “secret sauce”—with Illumina. (See Berry, Tr. 679.)

1010.7.2

1010.8 Although Illumina does not typically enter into separate development
agreements, the development agreement provision was added to the Open Offer to
accommodate, in a customer-friendly way, the possible categories of requests that
[Nlumina might be likely to receive over a 12—year period. (Berry (Illumina) Tr. 882.)

1010.9 The development agreement term works with the term on access to Pre-
Release Sequencing Products to prevent Illumina from materially advantaging GRAIL or
materially disadvantaging GRAIL’s rivals because customers will be notified of any Pre-
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Release Sequencing Products and can pursue a development agreement to optimize
interoperability of their tests with those products. (RX6002 (Guerin-Calvert Trial Dep. at
70-71).)

1010.10 The development agreement term not only prevents Illumina from
disadvantaging GRAIL rivals, but also requires [llumina to act in a particular way to
support rivals developing their own competitive products. (RX6002 (Guerin-Calvert
Trial Dep. at 68).)

1011. The Open Offer forbids Illumina (under the “no-obsolescence term”) from
discontinuing products that any oncology customer has purchased in the prior year. (Rabinowitz
iNaterai Tr. 421-22; Beri iIllumina) Tr. 883; PX0064 (Illumina) at 6;

1011.1 The Open Offer requires that “Illumina shall not discontinue any Supplied
Product so long as Customer continues to purchase that Supplied Product. Illumina may
discontinue a Supplied Product that Customer has not purchased in more than one year.”
(PX0064 (Illumina) at 6.)

1011.2 Illumina will ensure compliance with this provision through
comprehensive recordkeeping, which makes it easy for Illumina to know which products
customers are buying. (Berry (Illumina) Tr. 885.)

1011.3 Before the Open Offer, there were no prohibitions on Illumina
discontinuing any of its sequencing products. (Berry (Illumina) Tr. 883—84.)

1011.4 The no-obsolescence term was introduced into the Open Offer to ensure
that customers did not feel they were being forced to transition to a new product, even if
that new product was better and cheaper. (Berry (Illumina) Tr. 884—85.) The term

commits [llumina to supporting older platforms even if Illumina develops newer
plattorms. [

1011.5 The addition of the no-obsolescence term represents a significant change
and improvement from the premerger status quo. (RX6002 (Guerin-Calvert Trial Dep. at
71-73).)

1011.6 Dr. Sean George, the Chief Executive Officer of Invitae, testified that
[Mlumina’s commitment to provide long-term continued access to Illumina products is
reassuring for customers.
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1011.7 The no-obsolescence provision of the Open Offer adequately addresses the
concern often raised by economists in vertical transactions that an upstream firm could
advantage its affiliate by simply no longer providing a product. (RX6002 (Guerin-
Calvert Trial Dep. at 71-72).)

1011.8 The no-obsolescence term interacts with the pricing terms of the Open
Offer by ensuring that customers are “certainly no worse off than in the current world”
and are actually better off because they are assured continued availability of products and
no price increases. (RX6002 (Guerin-Calvert Trial Dep. at 72-73).)

1012. Under the Open Offer, if [llumina experiences a supply shortage, it must allocate
the existing supply in an equitable manner among its customers, including GRAIL and other
affiliates. (Berry (Illumina) Tr. 885-86; PX0064 (Illumina) at 9.)

1012.1 The Open Offer requires that “[i]n the event Illumina is experiencing a
supply shortage of the applicable Supplied Product (or components therein), Illumina will
allocate the existing supply in an equitable manner among its customers (including
Affiliates) based on expiring lots, and which shall not favor Affiliates over other
customers.” (PX0064 (Illumina) at 9.)

1012.2 Illumina can ensure compliance with this provision because it tracks its
supply when there is a supply shortage. (Berry (Illumina) Tr. 886—87.)

1012.3 Under the Open Offer, Illumina cannot disadvantage a customer in the
event of a short supply relative to GRAIL. (Berry (Illumina) Tr. 886.)

1012.4 Under the premerger status quo, I[llumina would be able to allocate short
supply to GRAIL or to customers who were willing to pay the highest price. (RX6002
(Guerin-Calvert Trial Dep. at 76-77).) The short supply provision of the Open Offer
addresses this concern by providing for an equitable manner of allocation. (RX6002
(Guerin-Calvert Trial Dep. at 77).) It also ensures that customers with the greatest
need—those whose lots are expiring the earliest—will receive allocations of short supply
first. (RX6002 (Guerin-Calvert Trial Dep. at 77).)

4. Pricing

1013. The Open Offer requires Illumina to treat customers equitably relative to GRAIL
and any other For-Profit Entity in terms of pricing. (deSouza (Illumina) Tr. 2402—-03; PX0064
(Ilumina) at 7-8.)

1014. Customers may select one of two options for each product purchased under the
Open Offer: the pricing that they received before Illumina’s acquisition of GRAIL closed
(“Grandfathered Pricing”) or pricing under a universal pricing grid (“Universal Pricing”.)
(PX0064 (Illumina) at 7.)

1014.1 Grandfathered Pricing under the Open Offer is “any pricing (either under a
quote of duration longer than 30 days or a supply agreement) that is operative for the
Customer for use of the Supplied Products at the time that the Transaction closes,
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provided that this pricing is for ongoing, ordinary course purchases of Supplied
Products.” (PX0064 (Illumina) at 4.)

1014.2 Universal Pricing under the Open Offer refers to “the Volume-Based Net
Price for [any given] Supplied Product in accordance with Appendix 1” of the Open
Offer. (PX0064 (Illumina) at 7.) “The universal pricing grid in Appendix 1 contains all
currently available universal pricing, including list prices and volume-based discount
tiers, for currently available Supplied Products, and [the Open Offer requires that] such
Appendix 1 will be updated as additional pricing tiers or new Supplied Products
(including new versions of existing Supplied Products) become available.” (PX0064
(Illumina) at 7.) “Volume-Based Net Price” refers to “the actual list price of a Supplied
Product less the applicable discount for a customer’s volume under a volume-based
discount schedule.” (PX0064 (Illumina) at 5.)

1014.3 The Open Offer requires that “Customer will be able to select one of two
options for each Supplied Product that they purchase under this Supply Agreement.
Customer may elect to receive the Grandfathered Pricing that Customer received before
the close of the Transaction under 5.a. . . . Alternatively, Customer may elect to switch
over to receiving Universal Pricing under 5.b, under which Customer purchases each
Supplied Product under the pricing in Appendix 1.” (PX0064 (Illumina) at 7.)

1014.4 Customers can pick Grandfathered Pricing for some products and
Universal Pricing for others. (Berry (Illumina) Tr. at 892.)

1014.5 The ability to choose on a product-by-product basis presents benefits over
the premerger status quo because it gives customers added flexibility on pricing.
(RX6002 (Guerin-Calvert Trial Dep. at 37).)

1015. If a customer chooses Grandfathered Pricing, it will have the option of
maintaining the pricing it had prior to the Illumina-GRAIL transaction for the duration of the 12—
year term of the Open Offer. (Berry (Illumina) Tr. 889-90, 902—03; PX0064 (Illumina) at 7.)

1015.1 The Open Offer requires that Illumina allow any “Customer” to “continue
to receive the benefit of any Grandfathered Pricing for the Term.” (PX0064 (Illumina) at
7.)

1015.2 The Grandfathered Pricing option was included because some customers
may have the view that their current (pre-merger) pricing was more favorable for a
particular product than the price offered in the Open Offer. (Berry (Illumina) Tr. 889—
90.) Grandfathered Pricing was included to give customers the option to keep their
legacy price. (Berry (Illumina) Tr. 889—90.)

1015.3 If an existing customer uses Grandfathered Pricing, their prices would not
increase during the 12—year term