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Gastrointestinal (Gl) cancers represent 26%

of the global cancer incidence and 35% of all
cancer deaths.! Gl cancers represent multiple
different anatomical cancers.

Even more so, within each anatomical Gl cancer, there will be a unique molecular tumor biology
warranting different treatment approaches. These advances in tumor biology are so important for
individual treatment, that the American Society of Clinical Oncology (ASCO) named Molecular Profiling
Drives Progress in Gl Cancers as the ASCO cancer advance for the year of 2021.2 The role of liquid biopsy
plasma NGS testing in colorectal and non-colorectal Gl cancers has continued to evolve and expand.-

When tumor biology is treated, survival outcomes in advanced Gl cancers improve. Survival in advanced
microsatellite instability-high (MSI-H) cancers treated with immune therapy can exceed 70% at
4-years.® Targeting NTRK and other oncogenic fusions can achieve durable disease control.” Even in
pancreatic cancer, matching individual treatment to the identified tumor biology can extend median
overall survival (OS) by over a year compared to unmatched group therapies.® Just as important as
knowing the right therapy, it is equally important to avoid the wrong therapy. MSI-H GI cancers can have
a detrimental survival benefit if given chemotherapy.® Gl cancers with oncogenic fusions do very poorly
with standard group chemotherapy compared to potential outcomes with the targeted therapy.*®

Not testing for, or not knowing, driver mutations, fusion targets, or MSI status in Gl cancers, will miss

the tremendous survival benefit of targeted and immune therapy for those patients. Molecular testing is
necessary in all advanced Gl cancers and is now becoming equally important in the earlier curative stages
of Gl cancers.
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NGS has facilitated the ease

g of molecular testing in Gl

cancers

Next-generation technology (NGS) makes molecular testing efficient and more cost effective than
single-gene testing approaches. Liquid biopsy with plasma NGS molecular testing has further extended
the ease of full molecular testing with a simple blood test.! Fragments of circulating tumor DNA (ctDNA)
and RNA (ctRNA) can identify specific pathogenic driver mutations, gene rearrangement fusions, and

gene amplifications.

Although tissue and plasma NGS testing remains complementary, comparative simultaneous tissue and
plasma NGS testing has unexpectedly identified that tissue molecular testing will miss up to one-third
of the driver mutations present, whereas plasma testing will identify more of these targetable alterations

guiding treatment and improving survival outcomes.'2-1

Tissue is still the ‘gold standard’ in making a diagnosis of cancer. However, given this data, the true
‘gold standard’ of molecular tumor biology testing has evolved to plasma. More complete molecular
findings and a much quicker turnaround time of the molecular tumor biology results make a liquid
biopsy with plasma NGS an ideal molecular testing approach for Gl cancers.

Tissue is still the ‘gold

standard’ in making a diagnosis
of cancer. However, given this
data, the true ‘gold standard’ of
molecular tumor biology testing

has evolved to plasma.
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Problems with the current
model of molecular testing

Molecular testing not getting done

The biggest problem with the current molecular testing approach is that the molecular testing is not
getting done. Chart review data continues to show National Comprehensive Cancer Network guideline
recommended molecular testing is not being performed by medical oncologists in most patients. In a
chart review of colorectal cancer, only half of patients had MSI testing and full guideline recommended
molecular testing was only performed in 28% of patients before initiating anti-EGFR combination therapy.’®

The National Cancer Database identified only 227 of

all adults and only 4 57 of younger adults with CRC
underwent germline mismatch repair deficiency testing.1®

Time from DX to RX matters

Across all cancers and all stages, the time from diagnosis to treatment matters. It is not the turnaround
time of a molecular test that matters. It is the time from diagnosis of the cancer to starting treatment that
matters. Studies identify a 4 to 6-week window from the time from diagnosis to starting treatment as
the critical period before survival outcomes begin to fall. Not because of any treatment difference, but
simply the delay in starting treatment. A meta-analysis of thirty-four studies across seven major cancer
types noted a significant association between increased cancer mortality and delaying cancer treatment
beyond 4 weeks from diagnosis.'” Data from the National Cancer Database show a delay beyond 6 weeks
in initiating the curative treatment in six cancers, including early-stage pancreatic cancer, resulted in a

significantly reduced OS, with an estimated 1.2 to 3.2% increased risk of cancer mortality per week delay.*®

Studies identify a 4 to 6-weelk window from the time

from diagnosis to starting treatment as the critical period
before survival outcomes begin to fall.
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S Tissue only or first approaches are limiting

A tissue only or first approach of molecular testing is also a limiting factor in the implementation of
therapeutic advances in treating Gl cancers. Tissue NGS testing takes too long with turnaround times

of 3 weeks, and longer when ordered after pathology review, leading to treatment start times greater

than 30 days from diagnosis. Tissue testing is fraught with spatial heterogeneity of pathogenic targetable
mutations, gene rearrangement fusions, and gene amplifications. Sufficient tissue acquisition for full
molecular testing in and of itself can be a limiting barrier to molecular testing in Gl cancers. Additionally,
any time a cancer recurs or progresses, repeat molecular testing is needed as molecular tumor biology has
changed due to clonal evolution. Repeat tissue testing is not always practical in the clinic.

A tissue only or first approach of molecular testing is also a
@ of therapeutic

advances in treating Gl cancers.

Liquid biopsies with plasma NGS molecular testing can overcome these tissue heterogeneity and
acquisition barriers. With a simple blood test, a liquid biopsy for plasma NGS testing can efficiently and
quickly identify a cancer’s clonal evolution and resistant pathways guiding a more effective change in
treatment for that individual.

with
plasma NGS molecular
testing can overcome these

tissue heterogeneity and

acquisition barriers.
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EL}QCJJ The clinical utility of liquid

biopsy in Gl cancers

Microsatellite instability is enriched in Gl cancers

MSI-H is a recognized pan-cancer predictive immune biomarker warranting testing in all cancers. MSI-H

cancers are enriched in Gl cancers. MSI-H findings can be germline (Lynch Syndrome) or somatic (tumor)

origin. Frequency can range from , ,
,and , and Gl neuroendocrine tumors.*®* MSI-H is

also found more frequently in early-stage cancers than advanced stages.?®

MSI-H cancers have a unique tumor biology resulting in detrimental outcomes with chemotherapy,
yet remarkable benefit from immune therapy alone. This immune therapy benefit is irrespective of the
primary tissue site and is achieved in early and advanced Gl cancers. In metastatic colorectal cancers,
first-line immune therapy with the immune checkpoint inhibitor (ICl) pembrolizumab demonstrated a
superior median progression free survival PFS compared to standard group chemotherapy.?* Notably
when the chemotherapy treated patients received salvage immune therapy, their outcomes were still
significantly inferior to first-line immune therapy. Results from the phase 3 CheckMate-8HW trial also
support a first-line dual anti-PD-1/anti-CTLA-4 chemotherapy free nivolumab/ipilimumab immune

therapy approach.??

Frequency can range from

15% in colorectal 25% in small bowel
cancers adenocarcinomas

Up to 5% in
5-15%inGEJ pancreaticobiliary
cancers
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The impact of treating the ICl sensitive MSI-H tumor biology in early-stage cancers is now recognized.
MSI-H rectal cancers receiving immune therapy alone achieved a 100% complete response obviating
the need for concurrent chemoradiation therapy or a surgical resection.?® In the resectable MSI-H
colon cancer NICHE-2 trial, neoadjuvant ICI therapy achieved a major pathologic response

and pathologic complete response.?* In a study of neoadjuvant dual ICI therapy in
gastric or GEJ adenocarcinomas, all patients had an RO resection with 59% having surgical pathologic
complete responses.?

It is oncologically clear that knowing the MSI status before any treatment step, whether advanced or early
resectable stages, is essential for patients with Gl cancers to get their best potential outcomes.

NTRK and other alterations are primary tissue-site agnostic

Oncogenic fusions with parts of two genes undergoing rearrangement are increasingly becoming
identified and can be targeted with oral tyrosine kinase inhibitors (TKI). NTRK1-2-3 fusions have an FDA
treatment indication of targeted NTRK TKI treatment irrespective of the primary anatomical cancer

site. NTRK fusions can be present in colon, cholangiocarcinoma, pancreatic, esophageal, and gastric
carcinomas as well as GIST tumors.?® Oncogenic RET fusions have been identified in esophageal, gastric,
and colorectal adenocarcinomas.?” ALK and ROS1 fusions have also rarely been identified in Gl cancers.
Although rare by group incidence, for everyone with a pathogenic and targetable fusion, itis a

100% finding for that individual. In MSI-H BRAF wild-type CRC, fusions are enriched up to a reported
5-7% incidence.?®

The treatment impact of testing for and potentially identifying fusions is clinically profound.
Chemotherapy is notably poorly effective in oncogenic fusion cancers. In fusion driven metastatic
CRC,median OS with standard chemotherapy was just 15.6 months. That compares to 33.7 months in
non-fusion metastatic CRC (10). Oncogenic fusion driven Gl cancers are best treated with the specific
fusion targeted TKI agents. BRAF V600E mutations also have a tumor agnostic testing indication with a
combinational targeted therapy approach.?®

In fusion driven metastatic
CRC,median OS with standard

chemotherapy was just 15.6
months. That compares to
33.7 months in non-fusion
metastatic CRC (10).
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Different anatomical Gl cancers have a different
molecular tumor biology

Different ctDNA/RNA alterations are typically different in different cancer histologies. Unique to GlI
cancers, beyond the primary tissue-site agnostic MSI and fusion testing, there is a different molecular
tumor biology in the different anatomical Gl cancers.

The different treatment approaches in right-side versus left-side CRC is not anatomical sidedness driven,
but molecular tumor biology driven. Sidedness is a group surrogate for the individual's specific underlying
tumor biology. Right-sided CRC is more frequent MSI-H than left-sided CRC, 22% versus 4%.3° There

is an important clinical caveat supporting the importance of liquid biopsy plasma NGS testing in CRC.
Even when the primary tumor is RAS mutant, if the plasma ctDNA is not demonstrating circulating RAS/
RAF ctDNA mutations, there can still be a benefit of anti-EGFR monoclonal antibody therapies.’! PIK3CA
mutations although not directly targetable indicate an OS benefit of simple ASA after standard of care
treatment and a more durable benefit with liver metastases radioembolization. 3?33

Right-sided CRC is more frequent MSI-H than left-sided CRC,

227 versus 4 7.

GEJ cancers demonstrating HER2 gene amplification are best treated with anti-HER2 monoclonal
antibody and now in combination with immune checkpoint inhibitors (ICI).>* Plasma ctDNA HER2
copy number can identify effective anti-HER2 therapy.*® Clinical trials have shown that plasma HER2
amplification overcomes tissue spatial heterogeneity is a better predictor of anti-HER2 /ICl treatment
benefit than relying solely on tissue HER2 testing results.®*

Pancreaticobiliary and small bowel adenocarcinomas are typically fraught with limited tissue for full
molecular testing. Biliary tract cancers are especially unique with uniquely specific molecular tumor
biology identifiable in ctDNA.3¢ Extrahepatic and intrahepatic cholangiocarcinoma carry unique
molecular tumor biologies. FGFR1-3 fusions and IDH1/2 mutations are frequent enough to the point of
being pathognomonic for an intrahepatic cholangiocarcinoma.¥” Plasma NGS testing can be helpful in
diagnostically differentiating an intrahepatic cholangiocarcinoma from a hepatocellular carcinoma and
therapeutically guiding treatment for either entity.*® In the Know Your Tumor pancreatic cancer registry,
actionable molecular findings guiding matched and a matched
treatment approach extended OS by 1 year and improved 3-year OS by an absolute 30% compared to
patients not receiving treatment based upon the molecular tumor biology.®

Plasma NGS testing of small bowel adenocarcinomas has identified multiple potential therapeutic targets
beyond MSI-H.* Even in GIST tumors, the specific KIT mutation exon and PDGFRA mutation guides
specific TKI treatment sensitivity and resistance. KIT exons 11 and 9 are primary imatinib sensitive. Exon 11
is most durable with exon 9 benefitting from double dose imatinib. However, PDGFRA exon 18 D842V are
imatinib resistant yet sensitive to Avapritinib.*® KIT and PDGFRA negative GIST may have NF1 mutations
indicating a genetic syndrome.*
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Molecular findings in Gl neuroendocrine tumors (NET) and carcinomas (NEC) can also be distinct. Plasma
ctDNA/RNA alterations were identified in 87% of 320 neuroendocrine neoplasms, including 165 pancreatic
NET and 52 GI NEC, sampled patients.*> These findings can be helpful to discern the underlying tumor
biology. KRAS would be far more typical of pancreatic adenocarcinoma than pancreatic NET. TP53,
SMADA4, and RB1 mutations are not seen in well-differentiated but are frequent in poorly differentiated
cases. Even in Gl neuroendocrine malignancies, plasma NGS has a role in diagnosis and treatment.

PD-L1 expression is a predictive immune biomarker in GEJ and biliary tract cancers. Positive plasma
cell-free RNA PD-L1 findings can overcome the limitations of necrotic tissue sampling and subsequent
tissue PD-L1 protein negative or unknown results.

Plasma ctDNA/RNA alterations

were identified in 87% of 320
neuroendocrine neoplasms,

including 165 pancreatic
NET and 52 GI NEC,

sampled patients.

ctDNA can guide treatment decisions in Gl cancers

Plasma NGS can identify targetable oncogene drivers and MSI-H tumor biology guiding first-line
treatment. But also, a liquid biopsy identification of any genomic shedding of ctDNA into plasma is a
powerful prognostic indicator of the underlying tumor biology aggressiveness for all Gl cancers.** The
more ctDNA mutations being shed into plasma, the more aggressive the tumor biology of that cancer.
That can guide potential aggressiveness of what and timing of and multi-disciplinary treatment options.

Plasma ctDNA can also be particularly useful and helpful in monitoring treatment in Gl cancers.*®
Clearance of baseline ctDNA or a large decrease of the ctDNA variant allele fraction percentage is

very predictive of survival and benefit of treatment.** Liquid biopsy can enhance therapeutic decision
making even when tissue molecular testing has been done.*® In the proof of principle CHRONOS trial,
ctDNA was effectively used to guide rechallenge with panitumumab in metastatic colorectal cancer.*¢
Another advantage of plasma NGS ctDNA/RNA testing is not only to monitor treatment response,
detect a cancer recurrence or progression, but to identify resistant pathways and identify potential new
treatment targets. 48

Plasma NGS can easily provide vital treatment information and guidance, that tissue molecular testing
cannot, across the spectrum of treating Gl cancers.
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Molecular testing impactful in
the treatment of earlier stage

Gl cancers

Molecular tumor biology also matters in earlier stage Gl cancers. The proof of principle trials of
neoadjuvant immune therapy in MSI-H colorectal and GEJ cancers are just the beginning of the clinical
utility and impact of molecular testing in early-stage Gl cancers.

Pre- and post-operative plasma NGS testing can guide and monitor neoadjuvant/adjuvant treatment.4%5°
Baseline shedding of ctDNA or post-operative persistence of ctDNA is associated with poorer outcomes
in resected Gl cancers.> Clearance of the baseline shedding ctDNA with neoadjuvant treatment can

overcome this poor tumor biology.®

Tissue-informed liquid biopsy testing is limited by

tumor biology

There is a role, albeit limited, for tissue-informed liquid biopsy assays in resected CRC. A tissue informed
liquid biopsy assay is individually developed by identifying mutations in the resected surgical primary
tumor specimen. It is just assessing those primary tumor specific mutations. It is not assessing the clonal
evolution that occurs when a cancer recurs or progresses. This has been useful in clinically discerning
patients with stage || CRC who need, or who can forego, adjuvant treatment. However, these tissue-
informed liquid biopsy assays are limited to that one point in time post-surgical decision making. These
assays are not designed to be used in a repeat testing approach. The active clonal evolution with new
genomic alterations with cancer recurrence/progression renders the primary tumor mutations irrelevant
in this metastatic setting. Nor do they provide precision oncology of new mutations or resistant pathways
guiding treatment. In a non-industry supported study comparing a tissue informed liquid biopsy assay to
standard CEA and CT monitoring in resected CRC, CEA/CT monitoring outperformed the tissue informed
liquid biopsy assay in identifying more recurrences nor did the tissue informed assay identify recurrences
any earlier than standard CEA/CT monitoring.>

A tissue informed liquid biopsy assay is individually
developed by identifying mutations in the resected surgical

primary tumor specimen.

www.circulogene.com 10



Germline testing is
underutilized in Gl cancers

Germline testing to identify, or exclude, hereditary cancer syndrome remains an underutilized part of Gl
cancer care. Lynch syndrome with germline defective DNA mismatch repair is the classic hereditary Gl
cancer syndrome occurring in of CRC patients. Associated Lynch Syndrome cancers are
wide-ranging including endometrial, small intestine, stomach, pancreas, biliary tract, ovary, brain, and
upper urinary tract with and

53 Finding a Lynch Syndrome impacts
management of the individual with a direct therapeutic impact of immune therapy treatment given the
resulting MSI-H tumor biology and surveillance follow-up of metachronous CRC and other primaries.
There is also a vitally important impact of focused cancer screenings of affected family members.

Lifetime risks ranging from

20-70% in CRC and

endometrial cancers

Lesser L0-15% risks of
gastric, ovary and the other

extra-colonic cancers
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Programmatic molecular testing
makes a difference across all
stages of Gl cancers

Implementing a programmatic approach to molecular testing and treatment of Gl cancers is a vital
foundation for any ‘center of excellence’ Gl cancer program. The survival outcome benefits that
precision oncology, immune oncology, and aggressive multi-disciplinary treatment of all anatomical

Gl cancers provide will be lost if molecular testing is not fully done. With a consistent programmatic
approach of molecular testing, all members of the Gl cancer program team will know what needs to be
done, when it needs to be done, and will ensure it gets done. This will provide the needed molecular
tumor biology when treatment discussions and recommendations are being made. A programmatic
approach to molecular testing will allow one to see the molecular tumor biology never seen or known
before. Just as we think and provide better cancer care and treatment together as a multi-disciplinary
team, having a consistent programmatic approach to molecular testing will ensure the needed molecular
testing gets done. Without molecular tumor biology findings, precision oncology and personalized cancer

treatment does not exist.

Drawing the liquid biopsy for plasma NGS testing at the time of the tissue biopsy ensures the molecular
tumor biology is known and available at the time of treatment discussions and decision making. Even
though the final stage is frequently unknown at the time of diagnosis of Gl cancers, all stages need and
can benefit from molecular testing. Any ctDNA in an anatomical early-stage Gl cancer indicates a more
aggressive tumor biology warranting more aggressive treatment approaches. Just as not fully staging

for metastatic disease with PET imaging and locoregional staging with endoscopic ultrasound when
indicated, can lead to a wrong treatment and poorer outcome, not knowing the molecular tumor biology
of a cancer may miss the right and best multi-disciplinary treatment approach and potentially lead to a

wrong treatment and patient survival outcomes suffer.

Implementing a programmatic approach to molecular
testing and treatment of Gl cancers is a vital foundation for

any center of excellence’ Gl cancer program.
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Programmatic plasma NGS testing in Gl cancers...
Plasma AND tissue NGS COMPLEMENTARY testing
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