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Upper gastrointestinal (Gl) cancers include esophageal, esophagogastric junction, and stomach
cancers, which together represent the second leading cause of cancer-related mortality worldwide
in both sexes, with approximately 1,100,000 deaths in 2022. The disease is usually diagnosed at an
advanced non-curable stage, and conventional chemotherapy treatment is associated with poor
prognosis. Advances have been made in the development of new therapies, including immunotherapy
and targeted therapies. Biomarker identification has expanded treatment options and guides treatment
selection. This article reviews the molecular characterization of Gl cancers, which has been the subject
of increasing research, and biomarker-targeted agents, representing a continually evolving landscape in

upper Gl cancers.

Introduction

Upper gastrointestinal (Gl) cancers
generally refer to malignancies of the esophagus,
gastroesophageal junction (GEJ), and stomach.
From a histological standpoint, GEJ and stomach
cancers are usually adenocarcinomas, while
squamous cell carcinomas (SCC) are most
frequently located in the upper and middle parts
of the esophagus. In Canada in 2023, stomach
and esophageal cancer represented the 12" most
common cancers in terms of incidence, with
6,800 new cases, and the 6th in terms of mortality,
with 4,400 deaths.” Between 2010 and 2019, a
study cohort from the National Cancer Institute’s
Surveillance, Epidemiology, and End Results
(SEER), showed an increase in the incidence
of esophageal cancers in young people.2 Most
commonly, upper Gl cancers are detected at an
advanced stage for which treatment with curative
intent is not possible. Over the years, advances
have been made in the chemotherapy regimens
for these types of cancers. Nevertheless, the
prognosis remains poor, and a minority of patients
will survive more than five years. More recently,
promising new therapies have been developed,
including immunotherapy and targeted therapies.
The addition of these therapies to chemotherapy
has improved outcomes for selected patients
with upper Gl cancers. The identification of
biomarkers has expanded treatment options
and is important to guide treatment selection.
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A molecular classification has also emerged

from molecular and genomic analysis of gastric
cancer, as reported by The Cancer Genome
Atlas (TCGA). Gastric adenocarcinomas can be
categorized into four subtypes: tumors positive for
Epstein-Barr virus (EBV), microsatellite unstable
tumors, genomically stable tumors, and tumors
with chromosomal instability. Identifying these
molecular subtypes and other biomarkers has
allowed for a better understanding of the disease
and the development of new targeted therapies.®
In this article, we will discuss the role of the main
biomarkers in upper Gl cancers.

Biomarker Assessment

The multidisciplinary pan-Canadian expert
working group recommends reflex testing
for human epidermal growth factor 2 (HER2),
mismatch repair (MMR) and/or microsatellite
instability (MSI), claudin 18 isoform 2 (CLDN 18.2),
and programmed cell death ligand 1 (PD-L1) in
all patients at the time of diagnosis of gastric or
GEJ adenocarcinoma.*

Immunohistochemistry (IHC) is a
cost-effective method that uses antibodies
to detect and localize specific antigens or
proteins in cells or on the cell membrane. IHC is
useful for the assessment of predictive and/or
prognostic biomarkers, such as overexpression
of transmembrane receptors involved in the
activation of signaling pathways, such as human
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epidermal growth factor 2 (HER2) and fibroblast
growth factor receptor (FGFR). IHC is also used
to determine the expression level of Claudin 18
isoform 2 (CLDN 18.2), a tight-junction molecule
member of the claudin family. A cell surface
protein that plays an essential role in immune
checkpoint function, programmed cell death
ligand 1 (PD-L1) can also be evaluated with

IHC, as well as loss of mismatch repair (MMR)
protein expression, which is also called MMR
deficiency (dAMMR).

IHC is the also the main method used
for biomarker assessment in gastric or GEJ
adenocarcinoma, preferentially on primary tumour
specimens as done in clinical trials. In some cases,
molecular testing must be performed to clarify IHC
results. For example, when protein overexpression
is equivocal, such as IHC 2+ for HER2, gene
amplification of HER2/neu must be assessed by
fluorescence in situ hybridization (FISH). Regarding
MMR testing, some cases of heterogeneity in
nuclear staining within the tumor may require
further evaluation with polymerase chain reaction
(PCR) to detect microsatellite instability (MSI).5
Next-generation sequencing (NGS) in gastric and
esophageal cancer is not recommended in standard
clinical practice, as no actionable mutations have
been identified yet.

Biomarker expression in esophageal and
gastric cancers is heterogeneous, and variation
within the primary tumor or between primary
and metastatic sites can be observed, as well
as temporal heterogeneity, due to the natural
progression of the tumor or tumor evolution
under treatment.®

The implementation of reflex predictive
biomarker testing remains challenging as
it requires sufficient laboratory personnel
and pathologist resources; multidisciplinary
collaboration involving pathologists is essential.

Biomarkers in Upper Gl Cancers (Table 1)

HER2

HER2, encoded by the ERBB2 (also known
as HER2/neu) gene, was the first biomarker
introduced into routine clinical practice for gastric
and GEJ adenocarcinoma. It is a membrane
receptor belonging to the epidermal growth
factor receptor (EGFR) family of receptors and
has intracellular tyrosine kinase activity, which
is associated with growth and development.

Two major mechanisms can lead to oncogenesis:
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mutation or amplification of ERBB2, of which the
latter is generally correlated with overexpression

of HER2. In gastric and GEJ adenocarcinomas,

only HER2 amplification and/or overexpression

is a predictive biomarker for HER2-targeted
therapies, and is found in 10-20% of gastric

and 30% of GEJ cancers, with intratumoral
heterogeneity.” The randomized Phase 3 trial,
TOGA, established the combination of trastuzumab,
an anti-HER2 humanized monoclonal antibody,

and chemotherapy as a new standard-of-care for
first-line treatment in HER2-positive advanced
gastric or GEJ cancers, by showing a statistically
significant gain in overall survival (OS) over
chemotherapy alone (13.8 vs. 11.1 months).®

More recently, the randomized Phase 3 trial
KEYNOTE-811 demonstrated a significant
improvement in progression-free survival (PFS)

(10 vs. 8.1 months) and OS (20 vs. 16.8 months),
with the addition of pembrolizumab, a

programmed cell death protein 1 (PD-1) inhibitor,

to trastuzumab plus chemotherapy, in the

first-line treatment of HER2-positive advanced
gastric or GEJ adenocarcinomas, with expression
of PD-L1 (combined positive score [CPS] 21).°

In subsequent-line therapy, including patients
pre-treated with trastuzumab, trastuzumab
deruxtecan, an antibody-drug conjugate, there was
a significant improvement in overall response rate
(ORR) (51% vs. 14%) and in OS (12.5 vs. 8.4 months)
compared to physician choice of chemotherapy,

in the DESTINY-GastricO1 randomized Phase 2
trial.’™® Because loss of HER2 expression after failure
of trastuzumab-containing chemotherapy is now
well described, it is recommended to consider
biopsy at progression to evaluate changes in

HER2 expression.

Unlike breast cancer, dual HER2 blockade
with trastuzumab and pertuzumab (a humanized
monoclonal antibody that inhibits the dimerization
of HER2 with other HER2 family receptors) is not
effective in HER2-positive gastric or GEJ cancers,
nor at an advanced stage, as shown in the negative
JACORB trial," nor in the perioperative setting
combined with FLOT chemotherapy (fluorouracil,
leucovorin, oxaliplatin, and docetaxel), according to
the results of the INNOVATION trial.”

PD-L1

PD-L1 expression is reported to be
elevated in up to 40-65% of GEJ cancers.
Two scoring methods of IHC data are used
to assess PD-L1 expression in different
types of cancer. The CPS evaluates the
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number of PD-L1-positive cells (tumor cells,
lymphocytes, macrophages) relative to all
viable tumor cells, and the tumoral proportion
score (TPS) evaluates the percentage of
viable PD-L1-positive tumor cells. PD-L1
is well-known for its heterogeneity in the
tumor and the tumor microenvironment, and
expression may vary between the primary
site and metastases, as well as before and
after treatment.” CPS is used in gastric and
GEJ adenocarcinomas, and a positive score
predicts response to immunotherapy.™™ In
the CheckMate 649 Phase 3 trial, patients
with unresectable or metastatic gastric or
GEJ adenocarcinomas were randomized
to nivolumab plus chemotherapy (FOLFOX
[folinic acid, fluorouracil, and oxaliplatin]
or CAPOX [capecitabine and oxaliplatin)
or chemotherapy alone. Improved OS was
demonstrated for the entire population, but
this effect was driven by the PD-L1 CPS
25 subgroup (14.4 vs. 11.1 months)."® The
efficacy subgroup analysis based on PD-L1
expression in this study showed limited OS
benefit for the subgroup with PD-L1 CPS <5.
In the KEYNOTE-859 trial, which included
a similar population, pembrolizumab plus
chemotherapy demonstrated a significant
OS benefit over chemotherapy alone,
particularly in the CPS =10 population
(15.7 vs. 11.8 months).” The combination of
immunotherapy and chemotherapy is now a
standard treatment for eligible patients with
gastric or GEJ adenocarcinomas with positive
PD-L1 CPS, for which a benefit is mainly
demonstrated for those with PD-L1 CPS 5.1
Therapies in advanced or metastatic
esophageal SCC are also guided by PD-L1
expression, which is generally higher than
in gastric and GEJ adenocarcinomas. The
CheckMate 648 Phase 3 trial randomized
patients with untreated, unresectable,
or metastatic SCC to ipilimumab plus
nivolumab, nivolumab plus chemotherapy, or
chemotherapy alone. The two combination
therapies had better OS than chemotherapy
alone in all randomized populations; however,
the patients with PD-L1 TPS =1 seemed
to benefit more.?° In the same setting, the
Phase 3 trial KEYNOTE-590 demonstrated a
gain in OS and PFS for pembrolizumab plus
chemotherapy for patients with esophageal
cancer, particularly in the CPS =210 subgroup.?'
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It has been demonstrated that
EBV-positive tumors usually exhibit high
levels of PD-L1 expression, which may
partly explain the good response to
immunotherapy in this tumor subtype.? While
interesting, stronger data are needed before
recommending EBV testing by EBV-encoded
RNA in situ hybridization (EBER ISH) routinely
in clinical practice.

dMMR/MSI-high

The role of the DNA MMR system
is mainly to recognize and correct DNA
mismatches generated during DNA
replication. dMMR alters the length of
repetitive DNA sequences, leading to high
microsatellite instability (MSI-H). Loss of
MMR proteins, such as MLH1, MSH2, MSH®,
and PMS2, is associated with a germline
mutation of one of several MMR genes found
in Lynch syndrome or, most frequently, with
hypermethylation of the MLHT promoter in
sporadic tumors. Approximately 10% of gastric
and GEJ adenocarcinomas are dMMR/MSI-H,
and the incidence increases in patients
older than 85 years.?> MMR status has a
prognostic and therapeutic impact on upper
Gl cancer, both in localized and in advanced
stages. Indeed, a meta-analysis showed
that patients diagnosed with operable GEJ
cancer with MSI-H status do not benefit
from perioperative chemotherapy with
detrimental outcomes in OS and PFS.?4
Nevertheless, it is important to note that
the chemotherapy regimen used in these
trials did not include FLOT, which is now
the standard of care for this indication. In
patients with dMMR/MSI-H locally advanced
resectable gastric/GEJ adenocarcinoma,
NEONIPINIGA, a Phase 2 trial, evaluated the
pathological complete response (pCR) rate
after surgery and 12 weeks of neoadjuvant
ipilimumab 1 mg/kg (2 doses) and nivolumab
240 mg (6 doses).?> After surgery, upon the
investigator’s decision, patients received
nine doses of adjuvant nivolumab. Of
the 32 patients included, 29 had surgery
and 17 had a pCR. Three patients did not
have surgery due to complete radiological
and endoscopic responses. Additional
follow-up and data from other studies are
needed to confirm the role of adjuvant
perioperative immunotherapy. The INFINITY
study (NCT04817826) investigates the
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combination of durvalumab and tremelimumab
as neoadjuvant definitive treatment in
resectable gastric or GEJ MSI-H cancers. In
advanced stages, data about the efficacy of
immunotherapy for dAMMR/MSI-H cancers are
available from large Phase 3 trials previously
discussed. In the first line setting, among

22 patients with dMMR/MSI-H tumors included
in the CheckMate 649 trial, the combination
of ipilimumab and nivolumab improved

OS compared to chemotherapy (hazard

ratio [HR]: 0.28; 95% confidence interval

[CI]: 0.08-0.92). Finally, an exploratory
analysis of one Phase 2 (KEYNOTE-059) and
two Phase 3 (KEYNOTE-061, KEYNOTE-062)
studies indicated better outcomes in terms
of ORR, PFS, and OS for those treated with
pembrolizumab alone or pembrolizumab plus
chemotherapy, compared to chemotherapy
alone, regardless of the line of therapy in
which it was received.?®

CLDN 18.2

The CLDNSs are a family of tight
junction transmembrane proteins that
play an important role in regulating tissue
permeability, paracellular transport, and
signal transduction. CLDN 18.2 is an
isoform of CLDN and is mainly expressed in
normal gastric tissues.?” During malignant
transformation, alteration in cell polarity and
particularly the disruption of tight junctions
leads to exposure of the CLDN 18.2 epitope,
making it accessible for targeting treatments
such as monoclonal antibodies. CLDN 18.2
positivity among metastatic gastric cancers
is about 30-40%.%8 Zolbetuximab, a chimeric
monoclonal antibody that targets CLDN
18.2 with antitumor activity induced through
antibody-dependent cellular cytotoxicity
(ADCC) and complement-dependent
cytotoxicity (CDC), has been evaluated in two
Phase 3 trials in combination with standard
chemotherapy. The first study, SPOTLIGHT,
included previously untreated patients with
CLDN 18.2+ unresectable or metastatic
gastric or GEJ adenocarcinomas. Patients
were randomized between mFOLFOX6
plus zolbetuximab versus mFOLFOX plus
placebo. The addition of zolbetuximab to
mFOLFOX was associated with a statistically
significant improvement in PFS (11 vs. 8.9
months) and OS (18.2 vs. 15.6 months).2®
In the second trial, GLOW, patients were
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randomized to CAPOX plus zolbetuximab
versus CAPOX plus placebo.®® A statistically
significant gain in PFS (8.2 vs. 6.8 months)
and OS (14.4 vs. 12.2 months) was shown
with the addition of zolbetuximab. A
combined analysis of these two trials
confirmed a statistically significant gain in
0OS (16.4 vs. 13.7 months) and PFS (9.2 vs.
8.2 months).3 Zolbetuximab represents

a new first-line therapy for patients with
CLDN 18.2+ tumors. Nevertheless, the best
standard treatment is not well established
for patients with overlapping expression of
PD-L1 and CLDN 18.2. Future studies will be
required to determine the best therapy for
this subpopulation.

FGFR2b

FGFR are a family of transmembrane
tyrosine kinase receptors involved in
activating signaling pathways responsible for
cell proliferation, survival, angiogenesis, and
migration (metastasis). The most common
alteration is FGFR2b amplification, which
results in FGFR2 protein overexpression, and
occurs in MMR-proficient tumors, which are
generally without PD-L1 expression or HER2
amplifications.3? This subtype represents
approximately 5-10% of gastric cancers and
is associated with poor outcomes.33 FGFR2
overexpression, which can occur without
gene amplification in cases of epigenetic
changes, occurs in ranges between
30% and 60% of all gastric cancers. The
randomized Phase 2 FIGHT trial explored
the efficacy and safety of bemarituzumab,

a humanized monoclonal antibody specific

to FGFR2b.3* Patients with untreated
advanced gastric or GEJ adenocarcinomas
with FGFR2b overexpression and/or FGFR2
gene amplification were randomized

to the combination of mMFOLFOX®6 plus
bemarituzumab or mFOLFOX6 plus placebo.
The combination therapy showed a
numerically but not statistically significant
longer median PFS (9.5 vs. 7.4 months) and
0OS (19.2 vs. 13.5 months) than chemotherapy
alone, and efficacy was more pronounced in
those with FGFR2b overexpression in 210% of
tumor cells. The Phase 3 FORTITUDE-102
study is ongoing to determine if
bemarituzumab could be a new treatment
option in combination with chemotherapy
and immunotherapy.
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Conclusion

References

Upper Gl cancers represent a
heterogenous disease that is mostly
diagnosed at an advanced stage and is
associated with a poor prognosis with
conventional treatments. The identification
of biomarkers has led to the development
of new therapies. Biomarkers are also
useful to predict which patients will benefit
from immunotherapy. These predictive
biomarkers are important to select the
best treatment approach for each patient,
allowing personalized treatment strategies.
Patients with advanced esophagogastric
adenocarcinoma should have their tumor
tested for MMR status, and HER2, PD-L1,
and CLDN 18.2 expression at first diagnosis.
The utility of other emerging biomarkers,
such as FGFR2b overexpression or MET
gene alterations, is currently investigated in
clinical trials.®® Further progress in biomarker
research is essential to shape the landscape
of personalized therapies in oncology.

Correspondence

Francine Aubin, MD, FRCPC
Email: francine.aubin.med@ssss.gouv.gc.ca

Financial Disclosures

N.B.: None declared.

F.A.: Consulting/Advisory: Taiho
Pharmaceutical, Pfizer, Merck, Bristol-Myers
Squibb (Canada), Incyte Biosciences (Canada),
Amgen, Astellas, AstraZeneca Canada;
Speaker's Bureau: Taiho Pharmaceutical,
Merck, Amgen, Bristol-Myers Squibb (Canada),
AstraZeneca Canada, Incyte;

Institutional Research Funding: Bristol-Myers
Squibb/Medarex, GSK, Merck, Novartis

34

RN

https://cancer.ca/statistiques

2. Koh B, Tan DJH, Ng CH, Fu CE, Lim WH, Zeng RW,
et al. Patterns in Cancer Incidence Among People
Younger Than 50 Years in the US, 2010 to 2019.
JAMA Netw Open. 2023;6(8):€2328171. doi: 10.1001/
jamanetworkopen.2023.28171.

3. Cancer Genome Atlas Research Network.
Comprehensive molecular characterization of gastric
adenocarcinoma. Nature. 2014;513(7517):202-9. doi:
10.1038/nature13480.

4. Brezden-Masley C, Fiset PO, Cheung CC, Arnasson T,
Bateman J, Borduas M, Evaristo G, lonescu DN, Lim
HJ, Sheffield BS, Soldera SV, Streukler CJ, ,Canadian
Consensus Recommendations for Predictive
Biomarker Testing in Gastric and Gastroesophageal
Junction Adenocarcinoma, Current Oncology
2024, 31(12), 7770-7786, https://doi.org/10.3390/
curroncol31120572

5. Zito Marino F, Amato M, Ronchi A, Panarese |,
Ferraraccio F, De Vita F, et al. Microsatellite
Status Detection in Gastrointestinal Cancers:
PCR/NGS Is Mandatory in Negative/Patchy
MMR Immunohistochemistry. Cancers (Basel).
2022;14(9):2204. doi:10.3390/cancers14092204.

6. Lee HS. Spatial and Temporal Tumor Heterogeneity in
Gastric Cancer: Discordance of Predictive Biomarkers.
J Gastric Cancer. 2025;25(1):192-209. doi: 10.5230/
jgc.2025.25.e3.

7. Grillo F, Fassan M, Sarocchi F, Fiocca R, Mastracci
L. HER2 heterogeneity in gastric/gastroesophageal
cancers: From benchside to practice. World J
Gastroenterol. 2016 Jul 14;22(26):5879-87. doi:
10.3748/wjg.v22.i26.5879.

8. BangYJ, Van Cutsem E, Feyereislova A, Chung HC,
Shen L, Sawaki A, et al. ToGA Trial Investigators.
Trastuzumab in combination with chemotherapy
versus chemotherapy alone for treatment of
HER2-positive advanced gastric or gastro-
oesophageal junction cancer (ToGA): a phase
3, open-label, randomised controlled trial.

Lancet. 2010;376(9742):687-97. doi: 10.1016/
S0140-6736(10)61121-X. Erratum in: Lancet.
2010;376(9749):1302.

9. Janjigian YY, Kawazoe A, Bai Y, Xu J, Lonardi S, Metges

JP, et al. KEYNOTE-811 Investigators. Pembrolizumab

plus trastuzumab and chemotherapy for HER2-

positive gastric or gastro-oesophageal junction

adenocarcinoma: interim analyses from the phase 3

KEYNOTE-811 randomised placebo-controlled trial.

Lancet. 2023;402(10418):2197-2208. doi: 10.1016/

S0140-6736(23)02033-0.

Vol. 2, Issue 1, Spring 2025 | Canadian Oncology Today



10.

1.

Shitara K, Bang YJ, Iwasa S, Sugimoto N, Ryu MH,
Sakai D, et al. DESTINY-GastricO1 Investigators.
Trastuzumab Deruxtecan in Previously Treated
HER2-Positive Gastric Cancer. N Engl J Med.
2020;382(25):2419-2430. doi: 10.1056/
NEJM0a2004413.

Tabernero J, Hoff PM, Shen L, Ohtsu A, Shah
MA, Siddiqui A, et al. Pertuzumab, trastuzumab,
and chemotherapy in HER2-positive gastric/
gastroesophageal junction cancer: end-of-study
analysis of the JACOB phase Il randomized clinical
trial. Gastric Cancer. 2023;26(1):123-131. doi:
10.1007/s10120-022-01335-4.

12. Wagner AD, Grabsch HI, Mauer M, Marreaud S,

13.

14.

15.

16.

Caballero C, Thuss-Patience P, et al. Integration of
trastuzumab (T), with or without pertuzumab (P), into
perioperative chemotherapy (CT) of HER-2 positive
gastric (GC) and esophagogastric junction cancer
(EGJC): First results of the EORTC 1203 INNOVATION
study, in collaboration with the Korean Cancer Study
Group, and the Dutch Upper Gl Cancer group, J

Clin Oncol. 2023;41(16):suppl 4057. doi: 10.1200/
JC0.2023.41.16.

Zhou KlI, Peterson B, Serritella A, Thomas J, Reizine N,
Moya S, et al. Spatial and Temporal Heterogeneity
of PD-L1 Expression and Tumor Mutational Burden
in Gastroesophageal Adenocarcinoma at Baseline
Diagnosis and after Chemotherapy. Clin Cancer Res.
2020;26(24):6453-6463. doi: 10.1158/1078-0432.
CCR-20-2085.

Lian J, Zhang G, Zhang Y, Liu H, Zhang J, Nan
P, et al. PD-L1 and HER2 expression in gastric
adenocarcinoma and their prognostic significance.
Dig Liver Dis. 2022;54(10):1419-1427. doi: 10.1016/j.
dld.2022.01.128.

Yoon HH, Jin Z, Kour O, Kankeu Fonkoua LA, Shitara

K, Gibson MK, et al. Association of PD-L1 Expression
and Other Variables With Benefit From Immune
Checkpoint Inhibition in Advanced Gastroesophageal
Cancer: Systematic Review and Meta-analysis

of 17 Phase 3 Randomized Clinical Trials. JAMA
Oncol. 2022;8(10):1456-1465. doi: 10.1001/
jamaoncol.2022.3707.

Janjigian YY, Ajani JA, Moehler M, Shen L, Garrido

M, Gallardo C, et al. First-Line Nivolumab

Plus Chemotherapy for Advanced Gastric,
Gastroesophageal Junction, and Esophageal
Adenocarcinoma: 3-Year Follow-Up of the Phase llI
CheckMate 649 Trial. J Clin Oncol. 2024;42(17):2012-
2020. doi: 10.1200/JC0.23.01601.

Canadian Oncology Today | Vol. 2, Issue 1, Spring 2025

17.

18.

19.

20.

21.

22.

23.

24.

The Role of Biomarkers in Upper Gastrointestinal Cancers

Rha SY, Oh DY, Yafiez P, Bai Y, Ryu MH, Lee J, et al.
KEYNOTE-859 investigators. Pembrolizumab plus
chemotherapy versus placebo plus chemotherapy
for HER2-negative advanced gastric cancer
(KEYNOTE-859): a multicentre, randomised, double-
blind, phase 3 trial. Lancet Oncol. 2023;24(11):1181-
1195. doi: 10.1016/S1470-2045(23)00515-6.. Erratum
in: Lancet Oncol. 2024;25(12):e626. doi: 10.1016/
$1470-2045(24)00650-8.

Formica V, Morelli C, Fornaro L, Riondino S, Rofei M,
Fontana E, et al. PD-L1 threshold predict efficacy of
immune checkpoint inhibition in first-line treatment
of advanced gastroesophageal adenocarcinoma. A
systematic review and meta-analysis of seven phase
Il randomized trials. ESMO open. 2024;9(11):103937.

Rajdev L, Kennedy E.B, Shah M.A. Immunotherapy and
targeted therapy for advanced gastroesophageal
cancer: ASCO Guideline Q and A. J Clin Oncol.
2023;19(4). doi: 10.1200/0P.22.00818

Doki Y, Ajani JA, Kato K, Xu J, Wyrwicz L, Motoyama
S, et al. CheckMate 648 Trial Investigators.
Nivolumab Combination Therapy in Advanced
Esophageal Squamous-Cell Carcinoma. N Engl J Med.
2022;386(5):449-462. doi: 10.1056/NEJM0a2111380.

Sun JM, Shen L, Shah MA, Enzinger P, Adenis A, Doi T,
et al. KEYNOTE-590 Investigators. Pembrolizumab
plus chemotherapy versus chemotherapy alone for
first-line treatment of advanced oesophageal cancer
(KEYNOTE-590): a randomised, placebo-controlled,
phase 3 study. Lancet. 2021 ;398(10302):759-771.
doi: 10.1016/S0140-6736(21)01234-4. Erratum in:
Lancet. 2021;20;398(10314):1874. doi: 10.1016/
S0140-6736(21)02487-9.

Salnikov MY, MacNeil KM, Mymryk JS. The viral
etiology of EBV-associated gastric cancers
contributes to their unique pathology, clinical
outcomes, treatment responses and immune
landscape. Front Immunol. 2024;15:1358511. doi:
10.3389/fimmu.2024.1358511.

Polom K, Marrelli D, Roviello G, Pascale V, Voglino
C, Rho H, et al. Molecular key to understand the
gastric cancer biology in elderly patients-The
role of microsatellite instability. J Surg Oncol.
2017;115(3):344-350. doi: 10.1002/js0.24513.

Pietrantonio F, Miceli R, Raimondi A, Kim YW, Kang
WK, Langley RE, et al. Individual Patient Data Meta-
Analysis of the Value of Microsatellite Instability
As a Biomarker in Gastric Cancer. J Clin Oncol.
2019;37(35):3392-3400. doi: 10.1200/JC0.19.01124.

35



The Role of Biomarkers in Upper Gastrointestinal Cancers

25.

26.

27.

28.

29.

30.

36

André T, Tougeron D, Piessen G, de la Fouchardiéere
C, Louvet C, Adenis A, et al. Neoadjuvant Nivolumab
Plus Ipilimumab and Adjuvant Nivolumab in
Localized Deficient Mismatch Repair/Microsatellite
Instability-High Gastric or Esophagogastric Junction
Adenocarcinoma: The GERCOR NEONIPIGA Phase |l

Study. J Clin Oncol. 2023;41(2):255-265. doi: 10.1200/

JC0.22.00686.

Chao J, Fuchs CS, Shitara K, Tabernero J, Muro K,

Van Cutsem E, et al. Assessment of Pembrolizumab
Therapy for the Treatment of Microsatellite
Instability-High Gastric or Gastroesophageal Junction
Cancer Among Patients in the KEYNOTE-059,
KEYNOTE-061, and KEYNOTE-062 Clinical Trials.
JAMA Oncology. 2021;7(6):895. https://doi.
org/10.1001/jamaoncol.2021.0275.

Chen J, Xu Z, Hu C, Zhang S, Zi M, Yuan L, et al.
Targeting CLDN18.2 in cancers of the gastrointestinal
tract: New drugs and new indications. Front Oncol.
2023;13:1132319. doi: 10.3389/fonc.2023.1132319.

Klempner SJ, Janjigian YY, Wainberg ZA. Claudin18.
who? Examining biomarker overlap and outcomes
in claudin18.2-positive gastroesophageal
adenocarcinomas. ESMO Open. 2023;8(2):100778.
doi: 10.1016/j.esmoop.2022.100778.

Shitara K, Van Cutsem E, Lordick F, Enzinger PC, llson

DH, Shah MA, et al. Final Overall Survival Results from

Phase 3 SPOTLIGHT Study Evaluating Zolbetuximab
+ mFOLFOX®6 as First-Line (1L) Treatment for
Patients (Pts) with Claudin 18 Isoform 2 (CLDN18.2)+,
HER2-, Locally Advanced (LA) Unresectable or
Metastatic Gastric or Gastroesophageal Junction
(mG/GEJ) Adenocarcinoma. J Clin Oncol. 2024;42,
(16_suppl):4036-4036. doi: 10.1200/JC0O.2024.42.16_
suppl.4036.

Shah MA, Shitara K, Ajani JA, Bang YJ, Enzinger P,
llson D, et al. Zolbetuximab plus CAPOX in CLDN18.2-
positive gastric or gastroesophageal junction
adenocarcinoma: the randomized, phase 3 GLOW
trial. Nat Med. 2023;29(8):2133-2141. doi: 10.1038/
s41591-023-02465-7.

31

32.

33.

34.

35.

Shitara K, Shah MA, Lordick F, Van Cutsem E, llson
DH, Klempner SJ, et al. Zolbetuximab in Gastric or
Gastroesophageal Junction Adenocarcinoma. N
Engl J Med. 2024;391(12):1159-1162. doi: 10.1056/
NEJMc2409512.

Su, X., Zhan, P., Gavine, P. et al. FGFR2 amplification
has prognostic significance in gastric cancer: results
from a large international multicentre study. Br J
Cancer. 2015;110:967-975. doi: 10.1038/bjc.2013.802

Lau DK, Collin JP, Mariadason JM. Clinical
Developments and Challenges in Treating FGFR2-
Driven Gastric Cancer. Biomedicines. 2024;12(5):1117.
doi: 10.3390/biomedicines12051117.

Wainberg ZA, Kang YK, Lee KW, Qin S, Yamaguchi
K, Kim IH, et al. Bemarituzumab as first-line
treatment for locally advanced or metastatic gastric/
gastroesophageal junction adenocarcinoma: final
analysis of the randomized phase 2 FIGHT trial.
Gastric Cancer. 2024;27(3):558-570. doi: 10.1007/
s10120-024-01466-w.

Zhang Y, Shen L, Peng Z. Advances in MET tyrosine
kinase inhibitors in gastric cancer. Cancer Biol Med.
2024,21(6):484-98. doi: 10.20892/j.issn.2095-
3941.2024.0044.

Vol. 2, Issue 1, Spring 2025 | Canadian Oncology Today



