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Abstract: Gastric cancer (GC) is a complex and heterogeneous disease with poor prognosis 
and limited available treatment options. During recent years, several molecular stratifications 
have been proposed to optimize the overall treatment strategy for GC patients. 
Breakthroughs in cancer biology and in molecular profiling through DNA and RNA sequen-
cing are now opening novel landscapes, leading to the personalization of molecular matched 
therapy. In particular, therapies against HER2, Claudine 18.2, Fibroblast Growth Factor 
Receptors (FGFR), and other molecular alterations could significantly improve survival 
outcomes in the advance phase of the disease. Furthermore, immunotherapy with checkpoint 
inhibitors also represents a promising option in a selected population. Hoping that precision 
oncology will enter soon in clinical practice, our review describes the state of the art of many 
novel pathways and the current evidence supporting the use of monoclonal antibodies 
implicated in GC treatment. 
Keywords: gastric cancer, precision oncology, HER2-inhibitors, Claudine 18.2 inhibitors, 
FGFR inhibitors

Introduction
Gastric cancer (GC) represents the fifth common tumor and the third leading cause 
of cancer-related death globally since it frequently occurs at an advanced stage at 
diagnosis.1 For these patients, the mainstay of the treatment is still represented by 
systemic chemotherapy based on platinum- and fluoropyrimidine combination. Of 
note, GC is a heterogeneous disease that arises from multiple interplay of genetic, 
environmental, and host characteristics, in which initiation, cancer growth, and 
metastatic spreading result from several genomic alterations that induce the activa-
tion of different molecular pathways. Although the increasing number of target 
therapy options in several cancer types, the target treatments in GC are limited, and 
current options for selected patients include HER2 blockade, anti-VEGF and 
immunotherapy. Historically, the increased knowledge on potential antigen targets 
expressed on cancer cells has stimulated the use of monoclonal antibodies to tackle 
cancer progression. The killing capabilities of these molecules may result from 
direct action of the antibody, immune-mediated mechanisms including comple-
ment-dependent and antibody-dependent citotoxicities, payload delivery, specific 
inhibitory effect of the antibody on targets expressed on the neovascular tumor or 
the surrounding stroma, or a combination of these antineoplastic actions. With time, 
an increasing number of monoclonal antibodies have received approval from the 
US Food and Drug Administration for the treatment of various solid tumors and 
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hematological malignancies. Nowadays, the use of mono-
clonal antibodies has become routinary and has achieved 
significant clinical success in many cancer types. Despite 
the proven efficacy of these treatments, the prognosis of 
advanced gastric cancer remains poor with a median sur-
vival of approximately 12 months.2–6 Despite considerable 
efforts to improve comprehensive molecular classifications 
for GC focused at offering a precision strategy to patients, 
only a few drugs have been currently approved. In the 
present review, we discuss the updates about molecular 
features and promising target agents that could facilitate 
precision medicine on GC in the near future.

Novel Hint on the Molecular Profile 
in Gastric Cancer
To date, molecular classification of GC is a complex topic 
of discussion that we have extensively discussed 
elsewhere.7 In brief, Lauren and World Health 
Organization (WHO) classifications are the most common 
used during pathological assessment. Lauren classified GC 
into intestinal, diffuse, and mixed histology. The most 
frequent subtype is intestinal with liver organotropism. 
Conversely, diffuse-types are locally aggressive with high 
rates of peritoneal invasion.8,9 WHO stratification pro-
posed a division into tubular, papillary, mucinous, poorly 
cohesive (including Lauren diffuse type), and mixed 
histology.

Despite their advantage in clarifying putative histolo-
gical origin, neither classification is currently useful in 
guiding real world treatment strategies. In recent years, 
the molecular characterization of GC is rapidly evolving, 
with novel insights in molecular findings that allow the 
identification of targetable pathways. The Cancer Genome 
Atlas (TCGA) suggested a comprehensive molecular stra-
tification of GC according to genomic, transcriptomic and 
proteomic data into four different subtypes: tumors with 
chromosomal instability (CIN), genomically stable (GS) 
cancers, Epstein–Barr Virus (EBV)-positive tumors and 
microsatellite instability (MSI) tumors.10

Tumor tissues of 295 early GC patients were analyzed. 
More than 50% of GC belong in CIN subgroup, which dis-
play receptor-tyrosine kinase (RTK/RAS) pathway activa-
tion, amplification of ERBB2, ERBB3, EGR, FGFR, MET, 
KRAS/NRAS and cyclins responsible of cell divisions. GS 
tumors are associated with mutations of CDH1 and RHOA or 
CLDN18–ARHGAP fusion. EBV-positive tumors (approxi-
mately 9%) are enriched for mutation in PIK3CA and 

ARIDIA, extreme DNA hypermethylation, and high ampli-
fication of PD-L1, PD-L2 and JAK2. MSI high tumors 
(22%) are characterized by high mutation rates accumulating 
alterations in PIK3CA, ERBB3, HER2 and EGFR.10

In 2015, The Asian Cancer Research Group (ACRG) 
developed a classification with 4 molecular subgroups 
based on array-based gene-expression profiling: MSI-H, 
microsatellite stable with epithelial-to-mesenchymal tran-
sition features (MSS/ EMT), MSS/TP53 mutant (MSS/ 
TP53), and MSS without TP53 mutation (MSS/TP53–).11

Intriguingly, MSI-H and EBV-positive subtypes, dis-
play high inflammatory infiltrate of TCD8+ cells and that 
could impact on immune treatment.12–15

However, current molecular evaluation based on tissue 
analysis is unable to capture spatial and temporal tumor 
heterogeneity, clonal evolution, and secondary resistances 
due to therapeutic strategies. Noteworthy, discordance 
between primary tumor and metastatic lesions is observed 
in 32% of advanced GC; while 87.5% is the concordance for 
mutation between metastatic tumor and circulating tumor 
DNA (ctDNA).16,17 Therefore, in the near future, liquid 
biopsy assessing circulating cancer-derived molecules could 
optimize treatment selection. Of note, liquid biopsy could 
exert its role in GC in several manner according setting. 
Firstly, ctDNA plays a key role in the early detection of 
metastatic disease and estimation of tumor volume: a subset 
analysis of 18 GC patients showed an association between 
high ctDNA level and recurrence. The role in detecting 
molecular residual disease has been prospectively evaluated 
in 46 resected GC patients with stage I–III. Presence of 
ctDNA was reported in 45% of samples and independently 
associated with tumor stage and recurrence; interestingly, 
ctDNA positivity has been detected approximately 6 months 
before recurrence. Moreover, in recent years ctDNA evalua-
tion has been demonstrated as a promising analysis for 
response monitoring and to follow treatment resistance. 
Wang et al showed that ctDNA predicted anti-cancer 
response in 24 GC patients treated with trastuzumab, obser-
ving a decreased HER2 copy number in progressing patients.

Targeting HER2: From Trastuzumab 
to Novel Compounds
Epidermal growth factor receptor (EGFR, also called 
ERBB or HER) is a membrane tyrosine kinase receptor 
composed by an intracellular, a transmembrane lipophilic 
and a cysteine-rich extracellular ligand-binding domain. 
Amplification or over-expression of HER2 plays a key 
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role in cancer initiation and progression, through activa-
tion of several signaling pathways like PI3K/AKT/mTOR. 
HER2-EGFR dimers, HER2 homodimers and HER2- 
HER3 dimers promote cancer growth by sustaining 
tumor cell metabolic functions, cell survival, proliferation 
and metastatic spreading. Interestingly, HER2 protein has 
become a therapeutic target in different cancer types. 
Several monoclonal antibody with anti-HER2 functions 
have been developed and evaluated in several tumors 
including GC, where it accounts for approximately 6– 
30% of all cases.18,19 HER2-positive GC is mostly 
detected in intestinal subtype, located at proximal tumor 
site, as high tumor grade, and they are usually well- or 
moderately-differentiated. Nonetheless, HER2 inhibition 
in GC has not achieved the outstanding results reported 
in breast tumors.20 The anti-HER2 antibody trastuzumab 
has been the only well established cornerstone for many 
years in GC treatment. The Phase III TOGA trial assessed 
trastuzumab-containing regimen compared with standard 
first-line chemotherapy. Trastuzumab yielded a statistical 
improvement in terms of median overall survival (OS), 
(13.8 months for trastuzumab containing regimen vs 11.1 
months for standard arm; HR 0.74, 95% CI 0.60–0.9, 
P=0.0046), median progression-free survival (PFS) (6.7 
months vs 5.5 months, respectively; P=0.0017) and overall 
response rate (ORR) (47% vs 35%, respectively; 
P=0.0017).21 Henceforth, based on these results trastuzu-
mab combination therapy became the gold standard for 
advanced HER2-positive GC.21 Since these data, many 
attempts have been made to improve survival outcomes 
in this cohort of GC patients by assessing many other 
HER2-targeting molecules. Lapatinib, a potent ATP–com-
petitor of both EGFR and HER2 tyrosine kinase inhibitor, 
failed to demonstrate OS improvement in the first-line 
phase III TRIO-013/LOGIC trial comparing capecitabine 
and oxaliplatin with or without lapatinib (12.2 months 
versus 10.5 months, respectively; HR 0.91; 95% CI 
0.73–1.12).22 In second-line phase III TYTAN trial, the 
addition of lapatinib to paclitaxel showed no benefit on 
survival outcomes. Noteworthy, in the subgroup analysis, 
tumors with IHC3+ score was associated with better OS 
(14.0 vs 7.6 months; HR 0.59, P=0.02), conversely no 
difference was reported in IHC2+ tumors.23 Based on 
promising results in advanced HER2-positive breast can-
cer, another recombinant humanized monoclonal antibody 
that exerts its action through the dimerization of HER2 
with other HER receptors has been examined. Namely, the 
phase III JACOB trial evaluated the combination of 

pertuzumab and trastuzumab with chemotherapy in 780 
HER2-amplified GC patients candidate to receive first- 
line treatment.24 Despite the 3.3 month improvement in 
terms of median OS in the experimental arm, no statistical 
significant benefit has been reached (14.2 vs 17.5 months; 
HR 0.84, 95%C.I. 0.71–1.00; P=0.057). Notably, signifi-
cant improvement on PFS has been observed (8.5 vs 7.0 
months; HR 0.73, 95%C.I. 0.86; P=0.0001).23

Trastuzumab emtansine (T-DM1), an antibody-drug 
conjugate consisting of trastuzumab with the tubulin inhi-
bitor emtansine, was also tested as second-line versus 
physician’s choice in patients progressing after first-line 
trastuzumab based therapy in the phase II/III GATSBY 
trial.25 Patients were randomized to receive taxane or 
T-DM1. The experimental anti-HER2 agent did not pro-
long OS and PFS compared with standard arm (7.9 versus 
8.6 months, HR 1.15, CI 0.87–1.51, P = 0.86).25 Similar 
results have been obtained when trastuzumab was tested in 
combination with paclitaxel beyond progression in Phase 
II trials in patients resistant to first-line with trastuzumab 
and platinum-based treatment.26

These contradictory results suggest the intrinsic differ-
ences in the HER2 biology between GC and breast cancer 
cells, which reflects the heterogeneous pattern of expres-
sion in GC (that usually ranges from 26 to 79% in IHC) 
affecting response to anti-HER2 treatments. This 
becomes evident especially in the second-line setting due 
to loss of dependence on HER2 biology during first-line 
treatment because of pharmacological pressure27–29 

Several potential mechanisms of resistance could explain 
the lack of benefit of anti-HER2 blockade. In particular, 
GC is a complex heterogeneous disease. In particular, the 
HER2 membranous expression in GC is mainly basolateral 
and incomplete linked to a high intratumoral heterogene-
ity. Moreover, HER2 distribution is different between pri-
mary tumor and metastatic lesions. As a result, current 
guidelines recommend to test a minimum of 5 tumor 
biopsies to confirm HER2 positivity.30 Notably, the 
VARIANZ study conducted on 548 GC patients enrolled 
investigated the concordance between central and local 
assessment of HER2 test. Final 77 HER2 positive GC 
were confirmed by central assessment with a deviation 
rate of approximately 22%, especially in borderline 
HER2 positive GC. Patients treated with trastuzumab and 
with HER2 confirmed GC by central evaluation were 
associated with longer survival than patients receiving 
trastuzumab according local assessment (20.5 months vs 
10.9 months; HR 0.42; 95% CI, 8.2 to 14.4; P < 0.001). 
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HER2 positivity detected in ≥40 cancer cells and a HER2 
amplification ratio of ≥ 3.0 have been proposed as the 
optimal thresholds to identify patients benefiting from 
trastuzumab-based therapy.

Moreover, the presence of emerging molecular altera-
tions, such as PI3K, MAPK activation and MET or FGFR 
aberrations are involved in the resistance to HER2- 
directed agents.16,31–34

Noteworthy, a pan-HER inhibitor afatinib, that irrever-
sibly blocks EGFR, HER2, HER3, and HER4, has been 
tested in a phase II trial with esophagogastric cancer who 
progressed to trastuzumab, showing an ORR of 10%.34 An 
ongoing phase II study is currently evaluating afatinib 
combined with paclitaxel in previously treated patients 
with anti-HER2 therapy (NCT02501603; NCT01522768).

Interesting results have recently been achieved with 
trastuzumab deruxtecan (DS-8201), an anti-HER2 mono-
clonal antibody conjugate with a cleavable tetrapeptide- 
based linker and a cytotoxic topoisomerase I inhibitor.35 

The most relevant feature is the “bystander killing effect” 
consisting in the internalization of trastuzumab deruxtecan 
mediated by HER2-positive cells, the release of deruxte-
can into the cytoplasm and the subsequent transfer into 
adjacent HER2-negative cells. Thereby, trastuzumab der-
uxtecan could overcome the heterogeneity of HER2 
expression in GC. DS-8201 has a higher drug-to- 
antibody ratio compared to T-DM1 (approximately 8 vs 
3–4) associated with higher cytotoxic payload on HER2 
positive cancer cells. Furthermore, its high cytotoxic effect 
could also be extended due to high membrane permeabil-
ity. In PDX model, trastuzumab deruxtecan demonstrated 
high activity in resistant tumors, probably due to higher 
p-glycoprotein mediated efflux for T-DM1.

Based on encouraging results in breast cancer and the 
Phase I trial in GC patients, the phase II trial, DESTINY- 
Gastric01, randomized GC patients treated with two previous 
lines to receive trastuzumab deruxtecan versus physician 
choice’s (ORR 51.3% in the experimental arm and 14.3% 
in the control arm).36,37 Accordingly, FDA has recently 
approved trastuzumab deruxtecan for the treatment of HER2- 
positive GC patients who have received a prior trastuzumab- 
based therapy37 Table 1.

More recently, among anti-HER2 monoclonal antibody 
under development, margetuximab has emerged as 
a promising agent in treating HER2-positive GC. It is 
a next-generation Fc-modified chimeric antibody with 
ADCC activity.38 In a phase Ib/II trial in advanced HER2- 
positive GC patients, regardless PD-L1 expression, 

margetuximab plus pembrolizumab has been evaluated 
in second-line therapy. Preliminary results showed an 
acceptable profile of toxicity and an objective responses 
rate of 18.4%, supporting the synergistic activity between 
anti-HER2 treatments and immune modulation 
treatments.39 The ongoing phase II/III MAHOGANY 
trial randomized HER2-positive GC to receive margetux-
imab combined with an anti-PD-1 monoclonal antibody, 
INCMGA00012 (Cohort A) and margetuximab combined 
with INCMGA00012 or MGD013 (anti-PD-1/anti-LAG-3) 
and chemotherapy compared to trastuzumab combined 
with chemotherapy (Cohort B) NCT04082364.

Immune Checkpoints Inhibitors for 
Selected Profiles
In the last few years, impressive improvements have been 
achieved in many different cancers thanks to novel 
immunotherapy strategies.40–42 Recently, its role has 
been investigated also in gastrointestinal cancers, includ-
ing GC. Immune system plays a key role in cancer 
growth control. Cancer cells, through immune checkpoint 
pathways the recruitment of inhibitory and co-inhibitory 
molecules, escape immune response. In a first phase of 
cancer development, the release of tumor antigens and 
danger molecules activates the innate and adaptive 
immune system. However, after initial killing phase of 
high immunogenicity clones, several clones variants 
could develop leading the escape of immune system 
control. In particular, cancer subverts immune cells by 
activating inhibitors pathways, such as CTLA4 and PD1. 
CTLA4 binding CD28, produces inhibitory signals. PD-1 
binding PD-L1/2 stimulates apoptosis in T-lymphocytes. 
Immune checkpoint inhibitors, by avoiding binding with 
their ligands, can reestablish immune activity against 
cancer cells. Although interesting data are available in 
molecularly selected GC patients, the clinical impact of 
immune checkpoints inhibitors for the overall population 
is still under investigation in several ongoing clinical 
trials.43 Developing strong immunotherapeutic strategies 
in GC is made more complicated by the broad hetero-
geneity of different tumor subtypes that involves the lack 
of potential predictive biomarkers.7

Pembrolizumab is an IgG4 humanized antibody target-
ing programmed cell death protein-1 (PD-1) receptor of 
lymphocytes. Nowadays, it is the only FDA-approved 
immunotherapy for heavily pre-treated PD-L1 CPS posi-
tive and microsatellite instability-high (MSI-H) GC 
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patients44 on the basis of single-arm multicohort multi-
center trials (KEYNOTE-016, −164, −012, −028, and 
−158).45 The Phase 1b multicohort KEYNOTE-012 trial 
showed that pembrolizumab obtained a 22% of disease 
partial response in PD-L1 positive chemo-refractory 

patients.46 In the Phase 2 trial KEYNOTE-059 a durable 
overall response rate (ORR) of 22.7% was observed in 
PDL-1 positive patients with a median response duration 
of 8.1 months, compared with an ORR of 16.4% in the 
overall study population.44

Table 1 Clinical Trials Supporting the Use of Molecular Matched Therapy in GC

Trial Phase Experimental Arm Control Arm Line of 
Therapy

HR 
for OS

P value 95% CI

Anti-HER2 agents

TOGA III Trastuzumab plus Cisplatin+5-FU/ 
capecitabine

Cisplatin+5-FU/ 
capecitabine

First 0.74 0.0046 0.60–0.90

TRIO-013/LOGIC III Oxaliplatin, capecitabine plus 
Lapatinib

Oxaliplatin, 
capecitabine

First 0.91 0.35 0.73–1.12

TYTAN III Paclitaxel plus Lapatinib Lapatinib Second 0.84 0.10 0.64–1.11

JACOB III Cisplatin+5-FU/ capecitabine / 
Trastuzumab plus Pertuzumab

Cisplatin+5-FU/ 
capecitabine / 

Trastuzumab

First 0.84 0.057 0.71–1.00

GATSBY II/III TDM-1 Taxane Second 1.15 0.85 0.87–1.51

DESTINY- 
Gastric01

II Trastuzumab Deruxtecan Paclitaxel or Irinotecan Third 0.59 0.01 0.39–0.88

Immune checkpoint inhibitors

KEYNOTE-059 II Pembrolizumab - Third or later

KEYNOTE-061 III Pembrolizumab Paclitaxel Second 0.82 0.04 0.66–1.03

KEYNOTE-062 III Pembrolizumab or 
Pembrolizumab plus CT

CT plus placebo First 0.91; 
0.85

0.69–1.18; 
0.70–1.03

ATTRACTION-2 III Nivolumab Placebo Third or later 0.63 0.0001 0.51–0.78

CheckMate-032 I/II Ipilimumab plus Nivolumab or 

Nivolumab

Nivolumab plus 

Ipilimumab

Third

CHECKMATE-649 III Nivolumab or Ipilimumab + 

Nivolumab

CapeOX e FOLFOX First 0.80 0.0001 0.59–0.78

Anti-angiogenic treatment

AVAGAST III Bevacizumab, Cisplatin and 

Capecitabine

Cisplatin and 

Capecitabine

First 0.87 0.10 0.73 to 

1.03

RAINBOW III Ramucirumab plus Paclitaxel Paclitaxel Second 0.80 0.01 0·67–0·96

RAINFALL III Cisplatin+5-FU/ capecitabine plus 
Ramucirumab

Cisplatin+5-FU/ 
capecitabine

First 0.96 0.67 0·80–1·15

Drugs targeting tight-junction Proteins

FAST II Zolbetuximab plus EOX EOX First 0.56 0.001 0.40–0.79

PARP inhibitors

GOLD III Olaparib plus paclitaxel Paclitaxel plus placebo Second 0.79 0.026 0.64–1.00
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In the KEYNOTE-061 trial, patients progressing on 
first-line therapy were randomized to receive either pem-
brolizumab for up 2 years or standard second-line therapy. 
Overall, pembrolizumab did not demonstrate any benefit in 
the primary endpoints of OS and PFS in patients with PD- 
L1 positive tumors. However, the post-hoc analysis sug-
gested a clear benefit for pembrolizumab in both tumors 
with PDL-1 expression > 10% with median OS of 10.4 
month (vs 8 months) and a RR of 24.5% (vs 9.1) and in 
patients with MSI-H, irrespective of the PDL-1 value (HR 
0.42 with median OS not reached).47

Notably, in the ATTRACTION-2 Phase 3 trial, nivolu-
mab, an IgG4 human monoclonal antibody anti-PD-1, was 
evaluated as monotherapy versus placebo in heavily pre- 
treated GC patients. Nivolumab obtained significant survi-
val benefit with median OS of 5.26 versus 4.14 months 
(HR 0.62, 95% CI 0.51–0.78; p<0.0001) and 12-month 
overall survival rate of 26.2% versus 10.9%, regardless of 
PDL-1 status.48

The phase 1/2 CheckMate-032 trial showed a 24% 
ORR with the combination of nivolumab and ipilimumab, 
an IgG1 human monoclonal antibody anti-cytotoxic 
T-lymphocyte antigen-4 (CTLA-4), in GC pretreated 
patients, regardless of PDL-1 and MSI status. Anyway, 
ORR seemed higher in patients with PD-L1 positive or 
MSI-H subtypes.49

An open-label randomized phase 3 trial (CheckMate- 
649) investigating the role of upfront ipilimumab plus 
nivolumab in comparison to nivolumab plus chemotherapy 
and to standard chemotherapy alone was conducted in 
first-line advanced GC patients, regardless of PD-L1. 
First-line nivolumab in combination with chemotherapy 
showed a statistically significant improvement in OS and 
PFS versus chemotherapy alone in HER2 negative GC 
patients with tumors expressed PDL-1 CPS>5 (OS HR 
0.71 98.4% CI 0.59–0.86 p<0.0001) and (PFS: HR 0.68 
98% CI 0.56–0.81; p<0.0001). Significant benefit in terms 
of OS was also observed in patients with CPS>1 1 (HR 
0.77, 99.3% CI 0.64–0.92, p<0.0001) and in the overall 
population (HR 0.80, 99.3% CI 0.68–0.94, p<0.0001). No 
unexpected toxicities were registered.

The phase 3 randomized trial, KEYNOTE-062, of 
pembrolizumab ± chemotherapy versus chemotherapy 
alone in first-line therapy enrolled 763 patients with 
HER2-negative advanced GC patients. Pembrolizumab 
monotherapy resulted in non-inferior OS compared with 
standard chemotherapy: median OS was 10.6 months for 
those receiving pembrolizumab compared with 11.1 

months for those who received chemotherapy (HR 0.91; 
99.2% CI 0.69–1.18; p<0.0001) with less toxicities. In 
patients with a PD-L1 combined positive score (CPS) of 
10 or more and MSI-H, a clinically significant improve-
ment of survival was found (17.4 months for those receiv-
ing pembrolizumab compared with 10.8 months for those 
receiving chemotherapy [HR 0.69; 95% CI 0.49–0.97; 
p<0.0001]).50

Moreover, in the KEYNOTE-062 trial the combination 
of pembrolizumab with standard chemotherapy failed to 
improve both OS and PFS of patients with PD-L1 positive 
(with CPS 1 or higher) GC (HR 0.85; 95% 0.70–1.03; p = 
0.046).50

The ATTRACTION-4 trial, designed similarly to 
CheckMate-649, was conducted in Asian GC patients. 
Nivolumab plus chemotherapy improved the co-primary 
endpoint PFS, supporting results obtained in CheckMate- 
649. However, OS was not improved, likely due to inclu-
sion of all-comers or more subsequent lines treatment 
proposed to Asian patients compared to Western subjects.

Based on all these results, pembrolizumab was 
approved by FDA for PD-L1 positive chemo-refractory 
GC patients while nivolumab only in Japan for all chemo- 
refractory patients.

Toripalimab, anIgG4 monoclonal antibody anti-PD1, 
was evaluated in a Chinese multi-center phase 1b/2 trial 
[NCT02915432] as monotherapy or added with standard 
chemotherapy in GC patients who progressed to standard 
treatment. Patients were divided into 2 groups depending 
on their TMB status. Patients in the TMB-high group 
showed a significant OS advantage than patients in the 
TMB-low group (14.6 versus 4.0 months, HR 0.48, p= 
0.038)51 Table 1.

Other phase 2/3 clinical trials evaluating several immune 
checkpoint inhibitors are ongoing, including atezolizumab 
(anti-PDL1) [NCT04661150], avelumab (anti-PDL1),52 dur-
valumab (anti-PDL1),53 stintilimab (anti-PD1) [NCT03 
745170], tislelizumab (anti-PD1) [NCT03469557], retifanli-
mab (anti-PD1) [NCT04082364], camrelizumab (anti-PD1) 
[NCT03472365], tremelimumab (an anti-CTLA 4)15 relatli-
mab (an anti-LAG3) [NCT01968109] and tebotelimab (an 
anti-CTLA-4 and antiPD1 bispecific DART protein) 
[NCT04082364].

Furthermore, different strategies are emerging to over-
come primary and secondary resistance to checkpoint 
inhibition. In particular, tumor macrophages-associated 
(TAMs) were found to play a central role in tumor promo-
tion and immunoediting in several cancer types.54 A direct 
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inhibition of TAM through targeting (CSF-1)/CSF-1 
receptor (CSF-1R) is under development in early phase 
clinical trials. First phase 1 data showed promising activity 
of emactuzumab (RG7155; Celleron Therapeutics), 
a monoclonal IgG1 antibody against CSF-1R and further 
clinical investigation is ongoing.55–57

For resectable GC and gastroesophageal patients, two 
randomized phase 3 clinical trials of perioperative che-
motherapy with immunotherapy are ongoing 
(KEYNOTE-585, NCT03221426 and DANTE trial, 
NCT034212889). PFS is the primary endpoint of the first 
trial evaluating perioperative pembrolizumab plus cispla-
tin/5FU versus cisplatin/5FU while pathological CR is the 
primary endpoint of the DANTE trial evaluating the com-
bination of atezolizumab with FLOT versus FLOT in the 
same perioperative setting.

Overall, clinical data suggest a significant clinical ben-
efit of checkpoints inhibitors approaches in particular in 
MSI-H advanced GC, accounting for 5% of advanced and 
10–20% of localized disease. For patients with MSI-H 
tumors, the benefit of pembrolizumab seems consistent 
regardless of the line of therapy in which it was received.58

Role of combination of different checkpoints inhibitors 
or with standard chemotherapy is still not defined and 
further clinical investigation is required.

Angiogenesis Targeting Drugs
Angiogenesis, especially vascular endothelial growth fac-
tor (VEGF) plays a key role in cancer growth control and 
metastatic spreading in several cancer types, including 
GC. Thereby, its targeting represents a significant thera-
peutic approach.59

Despite milestone advances in many other diseases, bev-
acizumab – an anti-VEGF humanized monoclonal antibody – 
has yielded disappointing results in terms of OS compared to 
standard chemotherapy in the first-line setting for advanced 
GC patients in two phase III trials.60,61 Of note, subgroup 
analyses revealed a different response to anti-angiogenic 
treatment in different genetic populations (no clinical benefit 
for Chinese patients instead of a significant survival exten-
sion for American patients).

Furthermore, anti-angiogenic treatment with bevacizu-
mab among resectable patients did not improve OS com-
pared to chemotherapy alone in the preoperative setting, 
even if improving PFS and rates of complete surgical 
resection.62 Moreover, Cunningham et al reported higher 
incidence of anastomotic dehiscence for patients treated 

with bevacizumab.63 Based on these results, bevacizumab 
is not approved for the treatment of GC patients.

Ramucirumab, a human IgG1 monoclonal antibody that 
binds to VEGF receptor (VEGFR)-2 on the endothelial cells 
in blood vessels and inhibit VEGF ligand binding and 
receptor signaling, showed a significant benefit in terms of 
survival outcomes of pretreated patients with advanced GC 
in two phase III trials.4,6,64 In both REGARD (ramucirumab 
8 mg/kg vs placebo every 2 weeks) and RAINBOW (ramu-
cirumab 8 mg/kg or placebo every 2 weeks in combination 
with weekly paclitaxel 80 mg/m2) trials, clinical outcomes 
of patients treated with ramucirumab were significantly 
improved with an acceptable tolerability profile. In particu-
lar, in REGARD trial median OS was 5.2 months for the 
ramucirumab group vs 3.8 months in the placebo group 
(HR 0.77, 95% CI 0.60–0.99; p=0.047). In RAINBOW, 
median OS was 9.8 months for combined treatment vs 7.4 
months in the placebo arm (HR 0.80; 95% CI 0.67–0.96; 
p=0.017). Based on these results, ramucirumab is currently 
approved alone or in combination with paclitaxel for the 
treatment of advanced GC patients who have progressed to 
first-line platinum-based therapy.64 Notably, the randomized 
first-line phase III trial RAINFALL failed to show any 
improvement from the combination of ramucirumab with 
standard chemotherapy (HR 0.96, 95% 0.80–1.15, p=0.675, 
median OS 11.2 vs 10.7 months in the placebo group).65 

Interestingly, the RAMSES/FLOT7 phase II trial are cur-
rently testing ramucirumab in combination with periopera-
tive chemotherapy in addition with FLOT- based regimen 
(fluorouracil/oxaliplatin/docetaxel) [NCT02661971].

Other antiangiogenic strategies have been tested for 
GC patients. Among them, apatinib, in a novel small- 
molecule inhibitor of VEGFR-2 by blocking its intracel-
lular domain. Compared to placebo, apatinib showed to 
prolong OS (6.5 vs 4.7 months; HR =0.71; 95% CI, 0.54– 
0.94; p=0.015) and PFS (2.6 vs 1.8 months; HR =0.44; 
p<0.001) in GC patients progressed to first-line therapy in 
a phase III trial. The authors reported low rates of severe 
toxicity with 21% of patients requiring a dose reduction.66

Anti-angiogenic agents can influence the immunosup-
pressive tumour microenvironment which rouses cancer 
resistance to anti-PD-1/PD-L1 treatment strategies. 
Camrelizumab (SHR-1210) (INN) is an anti-PD-1 immune 
checkpoint inhibitor that showed promising antitumor 
activity in early phase clinical trials. In a multicenter, 
open-label, phase II trial, which assessed camrelizumab 
in combination with chemotherapy followed by camreli-
zumab plus apatinib as a first-line therapy for advanced 
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GC, the ORR was 58.3% (95% CI, 43.2–72.4) with mOS 
of 14.9 months (95% CI, 13.0–18.6), and mPFS of 6.8 
months (95% CI, 5.6–9.5) with manageable toxicity 
[NCT04067986].

Lastly, regorafenib, a multi kinase inhibitor blocking 
VEGFR-1 and 2, demonstrated to prolong PFS in the 
phase II INTEGRATE trial67 in which 147 patients were 
randomized 2:1 to receive regorafenib (160 mg daily, days 
1–21 on a 28-day cycle) or placebo after disease progres-
sion on 1 or 2 lines of chemotherapy. The treatment was 
generally well-tolerated.67 In a systematic review among 
16 trials of TKIs in GC only apatinib and regorafenib 
showed positive results in terms of clinical benefit com-
pared to standard treatment.68 These overall disappointing 
results could be linked to the rapid development of escape 
pathways in GC that overcome anti-angiogenic inhibition. 
Identifying potential predictive biomarkers will be crucial 
for developing new selected therapeutic strategies.

Novel Potential Signaling Pathways
Claudin 18.2
In recent years, the tight junction molecule Claudin 18 
isoform 2 has been evaluated as a potential therapeutic 
target in GC patients.69 Claudins are proteins controlling 
the interchange of molecules among cells. They are 
expressed on stomach, pancreas and lung, whilst Claudin 
18.2 is distributed only in gastric tissues, and it is reported 
both in HER2 positive and in HER2 negative cancers. 
During carcinogenesis, tight junctions expose Claudin 
18.2 epitopes expressed on cancer cells.70

Zolbetuximab, the first agent anti-Claudin 18.2 devel-
oped, is a IgG1 monoclonal antibody acting through 
inhibition of cell growth triggering ADCC and comple-
ment-dependent cytotoxicity (CDC).71

A phase II trial, MONO 2013, showed an interesting 
clinical benefit in refractory GC patients with Claudin 
18.2-positive tumors defined as an IHC score ≥2+ in 
more than 50% of cancer cells treated with zolbetuximab 
as single agent.72 Notably, among 40 patients who 
received claudiximab (or called zolbetuximab), the ORR 
was 10%, and the disease control rate was 30%. 
Henceforth, the randomized phase II FAST trial demon-
strated that zolbetuximab plus EOX confers a survival 
improvement over EOX alone (mOS: 13.3 vs 8.4 months, 
respectively; HR 0.56; 95% CI 0.40, 0.79, p<0.001; mPFS 
7.9 vs 4.8 months; HR 0.47; p=0.0001) along with a better 
ORR (39% vs 25%; P=0.022) in GC patients with Claudin 

18.2-positive (Table 1). Therefore, several randomized 
studies, such as GLOW, ILUSTRO and SPOTLIGHT are 
currently investigating the role of zolbetuximab in improv-
ing clinical outcomes in advanced GC combined with 
a platinum-based therapy.73 Noteworthy, a subgroup ana-
lysis of FAST trial demonstrated that Claudin 18.2 expres-
sion in ≥ 70% of cancer cells was associated with better 
OS (HR 0.44), leading to further patient enrichment (≥ 
75% of tumor cells) in the ongoing phase III SPOTLIGHT 
trial, evaluating zolbetuximab in association with 
FOLFOX in first-line setting.74

FGFR Pathway
Several molecular targeting agents did not show signifi-
cant improvement in clinical studies, probably due to 
inappropriate patient selection and molecular stratification.

Interestingly, Pearson et al reported high response rate 
in advanced GC expressing high level of FGF2 treated 
with FGFR inhibitor AZD4547.75 FGFR pathway consists 
of five kinase receptors that are activated by FGF inducing 
cell survival and proliferation.76,77

Notably, the FGFR2b variant is overexpressed in 
approximately 2–30% of GC and, in preclinical studies, it 
is associated with an FGFR2 gene amplification.10,77,78 GC 
is associated with worse prognosis in patients with FGFR2b 
overexpression or FGFR2 amplification. Of note, this latter 
often occur in CIN and GS molecular subtypes.79

Moreover, many studies provided increasing data of 
FGFR pathway in acquiring resistance to trastuzumab- 
based treatment, particularly mediated by overexpression 
of FGFR3 and FGF9 that are associated with phosphory-
lated AKT, in addition to losing HER2 expression.33

The phase II SHINE trial randomized advanced GC 
patients presenting FGFR2 polysomy or gene amplifica-
tion to receive AZD4547 or paclitaxel. AZD4547 was not 
associated with PFS improvement over standard 
chemotherapy.80 A biomarker analysis suggested 
a correlation between the lack of efficacy and the intratu-
mor heterogeneity for FGFR2 gene expression.80

Bemarituzumab is an afucosylated humanized monoclo-
nal antibody that inhibits FGFR2b on cancer cells, thus 
blocking growth factor signaling. In the FIGHT trial, 
a double blind study enrolling patients with advanced GC 
that were treated either with bemarituzumab added to stan-
dard chemotherapy or chemotherapy alone, the investigators 
reported for FGFR positive patients treated with the experi-
mental drug a 2-month improvement in terms of median 
PFS (9.5 vs 7.4 months) and an higher response rate (47% 
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vs 33%).81 Notably, more corneal adverse events, stomatitis 
and nausea were linked to bemarituzumab.

DNA Damage Response Pathway
Alteration of the DNA damage response characterized 
chromosomal instability (CIN) and promote carcinogen-
esis. In particular, ataxia-telangiectasia mutated (ATM) 
proteins plays a key role in the DNA double strand breaks. 
Thereby, ATM deficiency, harbored up to 22% of 
advanced GC, is associated with sensitivity to poly(ADP- 
ribose) polymerase (PARP) inhibitors.16,82

The phase III GOLD trial failed to demonstrate signifi-
cant benefit from adding olaparib to taxane, both in the whole 
unselected subgroup and ATM-negative population (mOS 
8.8 months in the olaparib group vs 6.9 months with placebo; 
HR 0.79, 95% CI 0.64–1.00; P = 0.026)83 (Table 1).

Ongoing phase III studies are testing maintenance 
treatments in advanced GC patients after first-line plati-
num-based treatment.

EGFR Inhibitors
Despite the use of several Epidermal Growth Factor Receptor 
(EGFR) inhibitors having been approved in colorectal malig-
nancies, head and neck tumors and specific subgroup of 
EGFR-mutated advanced non–small cell lung cancers, their 
use in gastric cancer remains controversial. A number of phase 
III RCTs evaluating the use of cetuximab, panitumumab, or 
gefitinib combined to the standard of care in molecularly 
unselected gastric cancer patients reported negative results, 
since this combination failed to improve the outcome of 
patients with locally advanced or metastatic disease. For exam-
ple, no benefit was found adding panitumumab to FOLFOX84 

or EOX.85 Also, no survival increase was reported adding 
cetuximab to capecitabine and cisplatin combination.86 

Result of the use of EGFR-inhibitors in molecularly selected 
tumors are similarly disappointing, and EGFR inhibitors are 
not licensed for clinical use to treat advanced gastric cancer.

Nevertheless, novel translational research and experi-
mental preclinical data showed a positive correlation 
between cetuximab response and high EGFR expression/ 
amplification, which occur in 3–4% of all cases, and let 
investigator rethink on how to optimize the treatment strat-
egy. In fact, a recent study conducted in PDX xenopatien 
models has confirmed that EGFR inhibitors may be active in 
EGFR-addicted gastric adenocarcinoma with EGFR copy- 
number gain87 and may serve as springboard for future 
research to identify potentially actionable targets and resis-
tance mechanisms.

Conclusions
Despite chemotherapy having long been the gold standard of 
treatment for advanced GC, we are now moving towards 
a new era of developing targeted agents for genes and 
signaling pathways. However, a widespread approach 
towards personalized oncology is still far away. Further 
studies embracing the crosstalk among tumor microenviron-
ment, host characteristics and cancer molecular make-up are 
necessary to better identify those patients that could benefit 
from monoclonal antibodies, in order to optimize treatment 
strategies according to novel molecular pathways.

Chemotherapy combined with trastuzumab is the current 
standard first-line setting for HER2 positive advanced GC 
and recent more active anti-HER2 agents are leading to 
improved survival in this subgroup. Anti-VEGF inhibitors, 
in particular ramucirumab, has been approved for the use in 
the second-line treatment. Immune checkpoint inhibitors 
represent a promising option in MSI high, EBV positive or 
tumors with strong PD-L1 expression. In this moving land-
scape, the possibility to specifically target HER2, Claudine 
8.2, FGFR, and many other oncogenic alterations will hope-
fully improve survival outcomes of advanced GC patients.
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