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Abstract: Seminal analyses of The Cancer Genome Atlas (TGCA) and Asian Cancer Research Group

(ACRG) have provided unprecedented insight into the molecular underpinnings of gastric cancer (GC).

At the same time, next generation sequencing (NGS) panels, driven by quantum improvements in DNA

sequencing technology and bioinformatics, are now routinely used in standard clinical care and also

extensively for research purposes. This review article will discuss the molecular subtypes of GC, the current

standard-of-care therapies for GC and the role of NGS in standard care and in research.
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Introduction

Gastric cancer (GC), an uncommon but highly virulent
malignancy in the United States, will be diagnosed in 27,510
patients in 2019, with 11,140 deaths (1). In comparison to
its relative rarity in the U.S., GC is endemic in parts of East
Asia, which account for more than half of the approximately
one million cases that develop per year globally (2). Despite
the much higher incidence, East Asian patients with GC do
appear to have a better prognosis (3).

In the U.S., the incidence of GC has decreased
significantly in the past 50 years but the location of the
primary tumor has also changed. Distal GC, which previously
predominated, has become uncommon, while the incidence
of tumors of the gastric cardia and gastroesophageal junction
(GEJ) have increased 4% to 10% per year among U.S. men
since 1976 (4,5).

Changing epidemiologic factors account for the
increasing incidence of proximal tumors. Chronic
infection with Helicobacter pylori has been implicated in
the development of GC on the basis of epidemiological
evidence (6). A decline in H. pylori infection in the U.S.
has led to an overall decrease in the number of GC cases.
On the other hand, proximal and GEJ tumors are now
more common because of an increased incidence of
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gastroesophageal reflux disease (7) and obesity (8).

Given the clinical heterogeneity of GC on a global
basis, there have been intensive efforts to better understand
the molecular basis of GC. These efforts culminated in
the analyses first by The Cancer Genome Atlas (TGCA)
Network (9) and then by the Asian Cancer Research Group
(ACRG) (10) that have for the first time defined distinct
molecular subtypes of GC.

In parallel and perhaps accelerated by the results of the
TCGA and ACRG analyses, it is now considered standard-
of-care and reimbursed by insurance for U.S. patients
with GC to undergo next generation sequencing (NGS) of
their tumors either through commercial or academic (e.g.,
MSK-IMPACT) platforms, ostensibly under the rubric
of “personalized medicine” in order to identify actionable
alterations that form the basis of targeted therapies.

In this review article, I will discuss the molecular
subtypes identified by the TCGA and ACRG groups,
discuss the current standard-of-care for the treatment of
GC and then focus on experimental applications and the
standard clinical utility of NGS.

Molecular profiles of GC

In 2014, TCGA network presented their landmark analysis,
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where they characterized 295 localized previously untreated
gastric adenocarcinomas based on six molecular platforms:
somatic copy number analysis, whole-exome sequencing,
DNA methylation profiling, messenger RNA sequencing,
microRNA sequencing and reverse-phase protein array (9).
In addition, microsatellite instability (MSI) testing and
whole-genome sequencing were performed. Mindful of the
geographic variation in the clinicopathologic characteristics
of GC, the tumor samples came from North America,
Western and Eastern Europe and East and Southeast Asia.

TCGA analyses identified four GC subtypes: (I)
tumors positive for Epstein-Barr virus (EBV) (9%);
(IT) MSI-high (termed MSI by TCGA analysis) tumors
(22%); (III) genomically stable (GS) tumors (20%)
and; (IV) tumors with chromosomal instability (CIN)
(50%). Each of these subgroups had distinct molecular
characteristics: EBV-positive tumors exhibit high levels of
DNA hypermethylation, recurrent PIK3CA and ARIDIA
mutations and amplification of the genes encoding the
programed death ligand-1 (PD-L1) and PD-L2 proteins.

MSI tumors are associated with hypermethylation of the
MLH]I gene and exhibit elevated mutation rates, including
mutations of genes encoding targetable oncogenic signaling
proteins. Interestingly, MSI tumors occurred in older
patients (median age 72) who were predominantly women
(56%).

GS tumors are more commonly found in the diffuse
histology and carry mutations of CDHI and RHOA,
as well as a CLDN18-ARHGAP26 fusion. The RHOA
protein is implicated in actin-myosin-dependent cell
contractility and cellular motility and activates STAT3 to
promote tumorigenesis. As such, modulation of RHOA
may contribute to the disparate growth patterns and lack
of cellular cohesion that are hallmarks of diffuse tumors.
CLDNI18 is a component of the tight junction adhesion
structures. As such, these fusions may disrupt wild-type
CLDNI18, impacting cellular adhesion. Interestingly,
RHOA mutations and the CLDN18-ARHGAP26 fusions
were mutually exclusive.

Finally, CIN tumors are frequently observed at the GEJ/
cardia and are mostly intestinal-type cancers, with recurrent
TP53 mutation and relatively numerous amplifications of
receptor tyrosine kinase (RTK) genes, as well as the gene
encoding vascular endothelial growth factor (VEGF)-A.

In 2015, the ACRG also proposed four molecular
subtypes based on evaluation of 251 GCs from Korea,
including: (I) MSI-H; (II) microsatellite stable (MSS) with
epithelial-mesenchymal transition features (MSS/EMT);
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(IIT) MSS/TP53 active (MSS/TP537) and; IV) MSS/TP53
inactive (MSS/TP537) (10).

These subtypes are associated with specific
clinicopathologic features. The MSI subtype is associated
with hypermutation, occurs predominantly in the antrum,
is associated with intestinal histology, is more likely to be
diagnosed at an early stage and has the best prognosis.

The MSS/TP53* and MSS/TP53™ subtypes have an
intermediate prognosis. Tumors of the MSS/TP53" subtype
have the highest incidence of EBV positivity and have a
high prevalence of mutations in the APC, KRAS, PIK3CA,
ARIDI1A and SMAD4 genes compared to the MSS/TP53"
subtype. In comparison, the MSS/TP53" subtype—true to
its name—has the highest prevalence of TP53 mutations,
with a low frequency of mutations in other genes.

Finally, the MSS/EMT subtype conveys the worst
prognosis; these tumors are associated with a high rate of
recurrence and the highest risk of peritoneal carcinomatosis.
It predominantly consists of diffuse tumors and tends to
be found in patients diagnosed at a younger age. This
subtype has low cell adhesion due to loss of CDHI and has
the least number of mutations. ARID1A is among the most
frequently mutated gene.

The differences between the two classifications (TGCA
and ACRG) reflect the different approaches and platforms
used, and the ethnicity of the samples (global vs. Korean).
However, similarities do exist. Both analyses identified
an MSI subtype with hypermethylation of MHL1,
hypermutation and the most favorable prognosis. The EBV
and MSS/TP53" subtypes are similar in that both subtypes
have the highest prevalence of EBV infection and carry
mutations in PIK3CA and ARIDIA. The GS and MSS/
EMT subtypes, which include younger patients, are mostly
diffuse tumors and show low intercellular adhesion. The
CIN and MSS/TP53- subtypes are mostly intestinal tumors
and carry mutations in 7P53.

Both of these complementary analyses are groundbreaking.
For the first time, they allow for the accurate molecular
characterization of GC that uses a common language and
moves beyond the century-long limitation of description
based primarily on location (GE]/proximal vs. mid wvs.
distal) and histology (diffuse vs. intestinal, amongst other
classification systems). The potential to better identify
patients for experimental strategies, the ability to accurately
compare patients across different clinical studies and the
opportunity to use these molecular subtypes as springboards
for drug discovery are truly unprecedented.

Nevertheless, it is important to note that both
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analyses required massive and complex laboratory
research methodologies that cannot be recapitulated in
standard clinical care. Therefore, a major and heretofore
unsurmountable challenge remains the approximation of
these molecular subtypes in real-time in the clinic or even
post hoc in the context of a well-funded research study,
where ample quantities of tumor and matched normal tissue
or blood samples, as well as meticulously annotated clinical
data, are not always readily available.

Standard-of-care therapy for GC
Metastatic disease: first-line therapy

Globally, the standard regimen in the metastatic setting
consists of a fluoropyrimidine/platinum doublet. In the U.S.,
most oncologists treat patients with the FOLFOX regimen
(bolus and infusional 5-fluorouracil or 5-FU/leucovorin/
oxaliplatin) (11,12).

At this time, the only validated targeted therapy in the
first-line setting is trastuzumab, an anti-Her2 antibody,
which is added to chemotherapy for the 20-25% of GCs
that over-express the Her2 protein (13). Current guidelines
for the assessment of Her2 positivity call for initial testing
by immunohistochemistry (IHC) and fluorescent in situ
hybridization (FISH) only for tumors that are intermediate
by THC (score 2+) (14). IHC 0/1+ and IHC 2+/FISH
negative tumors are considered Her2 negative, while
IHC 3+ and IHC 2+/FISH positive tumors are Her2
positive. Of note, Her2 staining in GC is considerably
more heterogenous than in breast cancer such that any
tumor where >10% of cells demonstrate strong staining
are considered IHC 3+. As one can imagine, that leads to
significant variation in positivity for tumors that are all
broadly considered to be Her2 positive.

Metastatic disease: anti-angiogenic therapy

Since 2014, the global standard-of-care in the second-line
setting has been ramucirumab, an anti-VEGF receptor
antibody, in combination with paclitaxel chemotherapy (15).
The phase III RAINBOW study showed clear improvement
in all outcomes for this combination vs. single-agent
paclitaxel.

In China, apatinib, an anti-VEGFR tyrosine kinase
inhibitor, has been approved as third-line therapy based on
a positive phase III study vs. placebo (16). However, this
drug is not available in the U.S.

© Translational Gastroenterology and Hepatology. All rights reserved.

Page 3 of 9

Metastatic disease: immunotherapy

Immune checkpoint inhibitors (ICIs) have a clearly defined
role in treatment-refractory GC, although the benefit
of these drugs is modest. In the U.S., pembrolizumab
is approved as third-line or greater therapy for patients
whose tumors are PD-L1 positive by the combined positive
score (>1) using the 22C3 antibody, based on a single arm
of the KEYNOTE-059 study (17). In Japan, nivolumab
is approved in a similar setting but irrespective of PD-L1
status, based on the phase III ATTRACTION-2 study (18).
Both studies revealed essentially identical results for these
anti-PD-1 antibodies.

Efforts to move these drugs into the first- and second-
line setting have unfortunately failed. The KEYNOTE-061
study did not show superiority of pembrolizumab vs.
paclitaxel in the second-line setting (19) and the recently
presented KEYNOTE-062 also failed to demonstrate
superiority of pembrolizumab and chemotherapy
vs. chemotherapy alone; the study did suggest that
pembrolizumab is non-inferior to chemotherapy, although
response rates and progression-free survival (PFS) were
significantly inferior for pembrolizumab (20).

The only other FDA-approved indication for
pembrolizumab is in the second-line setting for any MSI
cancer, based on a pivotal single-arm study that established
remarkable activity for ICIs in these hypermutated
tumors (21). In GC, MSI tumors occur in about 3-4%
of patients with metastatic disease (17,19). This is
markedly lower than the 22% prevalence of the MSI
subtype in TCGA analysis, a difference that may be
partially explained by the fact that the analysis involved
localized, non-metastatic cancers; the incidence of MSI
tumors in the localized setting is higher (about 7%; see
below), presumably because these cancers have a favorable
prognosis and relatively low risk of disease recurrence.

Locally advanced disease: peri-operative chemotherapy

In the U.S. and Western Europe, the current standard
is pre-operative chemotherapy with the FLOT (5-FU/
leucovorin/oxaliplatin/docetaxel) regimen, based on the
phase III FLOT4 study (22). In East Asia, the standard is
upfront surgery and adjuvant chemotherapy, with validated
options including a fluoropyrimidine with oxaliplatin
[Korean CLASSIC study (23)] or with docetaxel [Japanese
JACCRO GC-07 study (24)].

Recently, a retrospective analysis from the MAGIC
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study strongly suggests that patients with mismatch repair
protein deficient (AMMR) or MSI tumors are harmed by
pre-operative chemotherapy (25). For patients who undergo
surgery alone, those with dMMR/MSI tumors (6.7% of the
cohort) had improved outcomes compared to those who
were MSS. Furthermore, a recent post-hoc analysis of the
CLASSIC study identified that 6.8% of patients were MSI (26).
These patients had improved survival vs. MSS patients
and did not benefit from adjuvant chemotherapy. These
results have now been confirmed in an individual patient
meta-analysis of these two studies, as well as the ARTIST
and I'TACA-S studies of adjuvant treatment (27). In this
analysis, 5-year disease-free survival and overall survival
were not statistically different for MSI patients who did and
did not receive chemotherapy, although the point estimate
was lower for those who received chemotherapy.

Standard biomarker analyses

Based on the approaches above, the following biomarkers
are considered standard for U.S. patients with metastatic
GC: Her2 (by IHC and/or FISH), MMR testing by IHC
or MSI testing by PCR and PD-L1 assessment by IHC
(using the 22C3 or other validated antibody). In the locally
advanced setting, we routinely perform MMR or MSI
testing as patients with dAMMR/MSI GCs are referred for
upfront surgery instead of pre-operative chemotherapy.

At this time, NGS does not play a role in standard
clinical care.

NGS panels

In the past decade, there has been an exponential increase in
the availability and use of NGS platforms in cancer through
the development of massively parallel NGS technology—
itself a culmination of improvements in DNA sequencing
technology, computer power and bioinformatics—that
allows for the rapid sequencing of a panel of 300-500
selected cancer genes. In addition to providing information
about genetic alterations, most NGS panels can also provide
an assessment of the MSI status and tumor mutation burden
(TMB) of tumors. Testing can be performed on fresh frozen
paraffin embedded tissue, with a turnaround time of several
weeks. In the U.S., there are now numerous commercial
companies that provide NGS testing for any tumor type.
Many academic institutions have also developed their own
panels.

At Memorial Sloan Kettering Cancer Center, patients
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undergo testing with MSK-IMPACT, a 468-gene panel,
which provides information about single nucleotide
variants, insertions and deletions (28). MSI status is assessed
by MSIsensor, a bioinformatics tool that strongly correlates
with standard methodologies for MSI assessment (29).
Unlike commercial NGS panels, MSK-IMPACT also
requires the collection of whole blood so that genomic
DNA can be extracted to serve as a matched normal
control. This allows for somatic vs. germline mutations to
be distinguished, which offers critical information in terms
of counseling and potential screening strategies for patients
with germline mutations in known cancer susceptibility
genes. Finally, the incidental extraction of DNA from
leukocytes in the blood samples has led to the additional
ability to detect clonal hematopoiesis (30).

Experimental roles for NGS
Identify actionable alterations to guide therapy

Possibly the chief consideration of a clinician who orders
an NGS panel is to identify an actionable alteration, for
which we can consider either enrollment onto a genotype-
matched study or to permit the use of a currently available
treatment as an “off-label” indication. In this regard, the
use of NGS in advanced GC is considered a Category 2A
recommendation by the National Comprehensive Cancer
Network guidelines “for the identification of treatment and/
or clinical trial enrollment.” They do recommend NGS be
performed “in patients with advanced cancer in later stages
of therapy rather than in the early phases of disease”.

Unfortunately, NGS expands treatment options for
patients much less frequently than hoped for. In a review of
the experience at MD Anderson Cancer Center from 2015,
Meric-Bernstam and colleagues noted that, while 39% of
2,000 patients with different solid tumors who underwent
NGS had at least one actionable alteration, only 4% of
this cohort actually received treatment on a genotype-
matched study (31). How many of these patients had GC is
not known and information about their outcomes was not
provided so there is no way to ascertain the clinical benefit
of these experimental therapies. The authors cited various
challenges to trial accrual even in patients with clearly
actionable alterations, including patient preference for
standard treatment or treatment locally, poor performance
status, lack of trials/slots and insurance denial.

As this study dates from 2015 and does not specifically
separate out patients with gastrointestinal cancers, one
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may argue that it is not relevant to the present situation,
where the armamentarium of experimental treatments has
(slightly) expanded. However, our contemporary experience
at MSKCC in enrolling patients with esophagogastric
cancer (EGC) onto genotype-matched studies is similarly
poor. In a 2019 abstract presentation, we noted that, out of
137 patients who had initiated first-line chemotherapy at
MSKCC and who had undergone MSK-IMPACT testing,
none went onto a genotype-matched study based on its
results (32). These data are being updated for publication
and the reasons for the lack of trial enrollment will be
explored in more detail.

At a minimum, these findings should prompt clinicians to
restrict the use of NGS to patients with good performance
status and who are being treated at or who are in close
proximity to a comprehensive cancer center with a large
phase I trial portfolio. Nationally, there are also genotype-
matched studies, e.g., NCI’'s MAT'CH study, that are open
to accrual in multiple centers.

Identify biomarkers of response/resistance to current
therapies

Another major research objective of NGS is to try to shed
light on inherent or acquired mechanisms of response or
resistance to current therapies that go beyond the standard
biomarkers. In this regard, NGS has proven to be of
significant value.

Anti-Her2 therapy
Our group sequenced the tumor of 68 patients with Her2
positive EGC with MSK-IMPACT (33). We observed a
concordance rate of 93.7% between IHC/FISH and NGS.
A total of 50 patients with Her2-positive tumors collected
before treatment received first-line trastuzumab-based
therapy. Of these, 92% (46/50) were ERBB2-amplified
by NGS. Detailed analysis of the four discordant patients
indicated that the discordance was attributed to either
tumor heterogeneity for ERBB2 amplification or equivocal
IHC/FISH positivity. Additionally, the four patients with
discordant cases exhibited significantly shorter PFS on
first-line trastuzumab/chemotherapy compared to patients
with ERBB2 amplified tumors by NGS (median PFS 5.8
vs. 14.0 months, P=1x10"). Essentially, Her2 staining is
heterogenous and the more methodologies that show a
tumor is Her2 positive, the more homogenous and positive
Her2 expression is.

Beyond ERBB?2 itself, we observed significant
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heterogeneity in the pattern of co-mutational events in
the Her2-positive cohort. Patients with co-alterations in
RTK-RAS-PI3K/AKT pathway genes had significantly
shorter PFS, suggesting that activation of this pathway
may contribute to intrinsic trastuzumab resistance. In a
multivariate analysis, ERBB2 levels of amplification and co-
alterations in the PI3K pathway independently contributed
to the differences in PFS.

Finally, 23 patients had NGS performed at baseline
and upon progression on trastuzumab-based therapy.
Notable mechanisms of resistance included the loss of
ERBB2 amplification in 16% of post-progression samples
(confirmed by IHC), a focal ERBB2 exon 16 deletion which
confers resistance to anti-Her2 therapies and the appearance
of K-ras and PIK3CA mutations. Identification of these
mechanisms of resistance is of paramount importance
and allows us to begin to develop potential strategies to
overcome them.

Anti-VEGF therapy
Despite intensive efforts since the advent of anti-angiogenic
therapy, no biomarker has ever been identified. Studies
of ramucirumab have not found a correlation in baseline
angiogenic factors with outcomes (34). Biomarker analysis
of the negative phase III AVAGAST study of bevacizumab,
the VEGF antibody, and chemotherapy suggested that
higher baseline VEGF-A and lower levels of neuropilin-1,
a transmembrane glycoprotein that is a coreceptor for the
VEGF family, were associated with a trend toward benefit
for bevacizumab (35); however, these results have never
been replicated in other data sets.

"To my knowledge, NGS of tumor tissue has never been
used to try to identify biomarkers for any anti-VEGF
pathway therapy.

ICIs

Our group recently evaluated the molecular correlates of
response to ICIs in 161 patients with advanced EGC, 89 of
whom had NGS performed by MSK-IMPACT (36).

The median TMB was 5.6 (interquartile range, 3.3-8.8).
In PD-L1-positive patients, the median TMB was 6.1
(range, 1.1-62) while in PD-L1-negative patients the
median TMB was 3.7 (range, 1.7-9.8); P=0.038. For each
1 unit increase of TMB, there was an association with
improved PFS (HR 0.97; 95% CI, 0.95-0.99; P=0.003) and
OS (HR 0.72; 95% CI, 0.55-0.94; P=0.016), although this
was not maintained in multivariate analysis. Furthermore,
when MSI patients (n=12) were excluded from the TMB
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analysis, we observed no significant difference in PFS or OS
per 1 unit increase in TMB. Although these numbers are
relatively small, they suggest that TMB is not a predictive
biomarker of response to ICI in MSS EGC.

Similarly, we did not identify any genetic alteration on
NGS that correlated with survival outcomes to ICL

Identify biomarkers of response to novel therapies

Anti-epidermal growth factor receptor (EGFR) therapy
Anti-EGFR therapy would seem to be an odd addition to
the list of novel therapies, given two phase III studies [the
EXPAND (37) and REAL-3 (38) trials] that showed no
benefit and even the possibility of harm for adding an anti-
EGFR antibody to first-line chemotherapy in the metastatic
setting. Neither study identified a biomarker of response
nor their results helped to collectively kill any further
evaluation of anti-EGFR therapies in this disease.

Recently, Maron and colleagues from the University
of Chicago treated 7 patients who were identified on
NGS to have EGFR-amplified tumors (5% prevalence in
their cohort) with anti-EGFR antibodies (with or without
chemotherapy) (39). The response rate was 58% (5 of 7
patients) and all patients had disease control, with a median
PFS of 10 months. These investigators also identified
potential intrinsic and acquired mechanisms of resistance,
again highlighting another experimental role for serial NGS.

These intriguing data suggest that there might be a
rationale to revisit anti-EGFR antibodies in a biomarker
selected population based on NGS.

PARP inhibitors

Both TCGA and ACRG analyses suggest that mutations
in genes involved in homologous DNA repair, including
BRCAI1/BRCA2 and ATM, are relatively common. It has
been hypothesized that such tumor cells are particularly
sensitive to treatment with poly (ADP-ribose) polymerase
(PARP) inhibitors, which inhibit this important component
of the base excision repair pathway. Proof of this concept
in a gastrointestinal cancer came from a recent phase III
study of maintenance therapy with olaparib following initial
treatment with a platinum-based regimen in germline
BRCA-1/2-mutated pancreas cancer (40).

In GC, completed randomized studies have unfortunately
been negative. Olaparib was initially evaluated in a
randomized phase II study of paclitaxel alone or with the
combination; the study was specifically enriched for tumors
that had low expressions of the ATM protein to 50% of
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the enrolled patients (41). Olaparib/paclitaxel significantly
improved OS vs. placebo/paclitaxel in both the overall
population (HR, 0.56; P=0.005) and the ATM,,,, population
(HR, 0.35; P=0.002).

These results paved the way for the phase III GOLD
study (42); unlike the previous study, there was no attempt
to enrich for patients with ATM,,,, tumors so that only 18%
of tumors (<50 patients in each arm) were ultimately found
to be ATM,,, based on pre-planned analyses performed
following enrollment. Olaparib did not improve survival in
either the intention-to-treat (I'T'T) or ATM,,, population,
although the HR of 0.79 in the I'T'T population approached
statistical significance (P=0.026).

The negative results of the GOLD study potentially
argue that ATM protein expression is not a useful
biomarker, although the very small number of ATM,,,,
patients may have limited the statistical power. In addition,
the study had 2 co-primary endpoints—OS improvement
in the ITT and ATM,,,, populations—which resulted in a
statistical significance threshold of P<0.025 that was barely
missed. The study was also designed based on the relatively
audacious HRs observed in the randomized phase II study,
which may have rendered it underpowered to detect a
smaller benefit.

Despite these results, there does appear to be a signal
of activity to continue to evaluate PARP inhibitors in this
disease. The use of NGS to identify tumors with mutations
in the homologous recombination deficiency pathway—
which include BRCA1/2, ATM, CHEK1/2 and PALB2—
could therefore serve as a future tool to select patients
for such studies. In addition, a study by our group in
pancreas cancer suggests that patients with progression on
a platinum-based regimen are very unlikely to benefit from
PARP inhibition (43) and this clinical feature can also be
used as part of the selection strategy in GC.

Anti-fibroblast growth factor receptor (FGFR)-2
therapy

FGFR2 amplification occurs in 5-10% of GCs. The SHINE
study was a randomized phase II study that enrolled patients
with FGFR2 polysomy or gene amplification detected by
FISH and randomized them to receive AZ4547, a selective
FGFR-1,2,3 TKI vs. paclitaxel (44). Median PFS was not
improved by the experimental drug. Biomarker analyses
noted considerable intratumor heterogeneity for FGFR2
gene amplification and poor concordance between FGFR2
amplification/polysomy and FGFR2 expression, suggesting
that FISH may have been a suboptiomal biomarker to select
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patients for this study.

Other FGFR TKIs show some early promise in EGC.
Results for TAS-120 have been presented in abstract form
and revealed partial responses in 2 patients with EGC,
one of whom was known to have an FGFR2 amplified
tumor (45). Another drug is bemarituzumab, a monoclonal
antibody against FGFR2b receptor; it has modified to
enhance antibody-dependent cell-mediated cytotoxicity.
It is undergoing phase III evaluation in the FIGHT study,
where it is added to FOLFOX chemotherapy for patients
whose tumors either have FGFR2b protein overexpression
by IHC or who have FGFR2 gene amplification detected by
circulating tumor DNA (ctDNA).

Therefore, for these and other studies, NGS may be
useful to detect these uncommon alterations in the FGFR
pathway to select patients.

ctDNA

Key limitations of NGS of tumor tissue include the
heterogeneity within the same tumor and within different
tumors at different sites and changes with time and through
different therapies. Repeat biopsies or biopsies of several
sites are generally infeasible. As such, ctDNA analysis
through so-called “liquid biopsies” has rapidly emerged as a
promising technique that can overcome many of the logistic
challenges of frequent sampling and can also address issues
of tumor heterogeneity (46). NGS methods have been
modified for ctDNA, ranging from whole-genome or whole
exome sequencing to targeted sequencing of a limited gene
panel. Studies in multiple tumor types have shown good
concordance between the results of tumor NGS and ctDNA
analysis.

In conjunction with tumor-based NGS, ctDNA analysis
may also be used for most of the experimental purposes
discussed above. In addition, ctDNA has been proposed
for early detection of cancers, to monitor minimal residual
disease in patients who have completed definitive therapy
and surgery, to detect early recurrence and to monitor
response to therapies.

Conclusions

The use of NGS has now become increasingly routine
in GC. Despite its common usage, there are actually
no standard-of-care applications and it rarely expands
experimental treatment options based on currently available
therapeutics. Nevertheless, there are multiple research
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applications for NGS, including the identification of
markers of response/resistance to known therapies and the
identification of uncommon molecular subsets of patients
that may benefit from emerging therapies. Finally, an
adjunct technology—ctDNA—will likely place an increasing
role not only in these experimental indications but also in
emerging areas, such as the early detection/screening of
cancer, the early detection of recurrence and the ability to
obtain an aggregate assessment of tumor heterogeneity at
multiple time-points.
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