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Abstract

Gastric cancer (GC) is an aggressive malignancy that is the third leading cause of cancer 

mortality worldwide. Localized GC can be cured with surgery, but most patients present with 

more advanced non-operable disease. Until recently, treatment options for relapsed and refractory 

advanced GC have been limited to combination chemotherapy regimens, HER-2 directed therapy, 

and radiation, which lead to few durable responses. Over the past decade, there have been 

significant advances in our understanding of the molecular and immune pathogenesis of GC. 

The infectious agents Epstein-Barr virus and Helicobacter pylori perturb the gastric mucosa 

immune equilibrium, which creates a microenvironment that favors GC tumorigenesis and evasion 

of immune surveillance. Insights into immune mechanisms of GC have translated into novel 

therapeutics, including immune checkpoint inhibitors, which have become a treatment option for 

select patients with GC. Furthermore, chimeric antigen receptor T-cell therapies have emerged as 

a breakthrough treatment for many cancers, with recent studies showing this to be a potential 

therapy for GC. In this review, we summarize the current state of knowledge on immune 

mechanisms of GC and the status of emerging immunotherapies to treat this aggressive cancer, as 

well as outline current challenges and directions for future research.

Introduction

Gastric cancer (GC) is the fifth most common cancer worldwide, with more than 1 million 

new cases diagnosed in 2018, and GC is the third most common cause of cancer-related 

mortality [1]. GC exhibits a male predominance and there are striking regional variations in 

the incidence of this deadly cancer throughout the world, with Eastern and South-Eastern 

Asia having the world’s highest GC incidence of 32.1 cases per 100,000 men, followed 

by Central and Eastern Europe (17. 1 per 100,000 men), and South America (12.7 per 

100,000 men) [1]. Within the United States, there is a markedly higher GC incidence among 
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Alaska Native people as compared to the non-Hispanic White population (27.0 versus 7.6 

per 100,000 men) [2,3].

GC has a notoriously poor prognosis. In the United States, the 5-year overall survival rate is 

among the lowest of all malignancies [4]. Definitive surgical resection is the only curative 

treatment for GC, and perioperative chemotherapy plays an important role in improving 

clinical outcomes [5]. While modern advances in the use of biologic therapies, neoadjuvant 

chemotherapy, and chemoradiation have modestly improved treatment outcomes, at least 

50% of patients worldwide have unresectable, and thus incurable disease, with a 5

year overall survival (OS) of less than 20% [6]. A growing body of knowledge about 

the molecular pathogenesis of GC has emerged over the past decade, with a greater 

understanding of how immune mechanisms contribute to disease pathogenesis. More 

recently, therapies exploiting the host immune system have changed the landscape of 

medical oncology. Interruption of immune checkpoint interactions between molecules 

such as programmed cell death-1 (PD-1) and its ligand (PD-L1) have revolutionized the 

treatment of many solid tumors. Technologies such as chimeric antigen receptor (CAR) 

T-cell therapies have emerged as potential new breakthrough therapies for many cancers. 

This review will highlight recent advances in our understanding of immune mechanisms of 

GC pathogenesis, current immunotherapies, as well as emerging immune therapies for this 

devastating cancer, and outline conclusions and research challenges.

Immune Mechanisms of Gastric Cancer Pathogenesis

Cancer progression can be shaped by the interplay between tumor processes and the host 

immune response. In GC, the complexity of the tumor microenvironment is augmented 

by the presence of two infectious pathogens of gastric carcinogenesis, Helicobacter pylori 
(H. pylori) and Epstein-Barr virus (EBV). EBV-associated GC (EBVaGC) comprises 

approximately 10–20% of GC, with heterogeneity in prevalence throughout the world 

[7–10]. EBVaGC tumors often appear in the upper portion of the stomach and have a 

diffuse histology with lymphoid infiltration [11,12]. The Cancer Genome Atlas and others 

characterized the molecular features of EBVaGC as exhibiting over-expression of PD-L1/2, 

frequent alterations in the PIK3CA gene, amplification of the Janus kinase 2 gene, and a 

DNA methylation phenotype [2,8,12–18].

The precise mechanism of how EBV infects the gastric epithelium is unknown, however 

it is hypothesized that chronic inflammation such as in atrophic gastritis or co-infection 

with H. pylori serves as a lesion which enables “cell-in-cell” contact between latently 

infected B-lymphocytes and gastric epithelial cells (Figure 1) [19–21]. EBV infection alters 

immune response related genes in GC cells, such as major histocompatibility complex class 

II (MHC-II) and genes that regulate chemokine activity [22]. The presence of viral antigens 

and alterations to immune response genes allow EBVaGC to recruit reactive immune cells, 

leading to an inflamed tumor immune microenvironment. EBVaGCs elicit an interferon

gamma (IFN-γ) immune response/immune activated signatures, elevated tumor infiltrating 

immune stimulatory cells, and fewer CD204+ macrophages known to be associated with 

aggressive tumor behavior [13, 21–24]. Cytokine profiles from EBVaGC patients also 

exhibit increased T-cell activation via upregulation of IL-2, IL-12, IL-23, and IL-27 [7].
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EBVaGC cells escape immune detection by developing adaptive immune resistance through 

multiple mechanisms. EBVaGC gene amplification of PD-L1, shown to occur during tumor 

progression, as well as upregulation of the PIK3CA/Akt pathway can both directly induce 

PD-L1 protein expression in cancer cells resulting in immune suppression (Figure 1) [7,12]. 

PD-L1 and the potent immune cell inhibitor indoleamine 2,3-dioxygenase (IDO) are both 

upregulated in response to IFN-γ secreting CD8+ T-cells, ultimately enabling the cancer 

cells to evade immune detection [25,26]. Furthermore, expression of CD47, a “do not 

eat me” signal, is upregulated in EBVaGC, and high expression correlates with a worse 

prognosis (Figure 1) [27].

The presence of H. pylori and EBV in the gastric mucosa increases the severity of the 

inflammatory response, thus increasing the overall risk of developing GC [28,29]. The 

pathogens cooperate in multiple mechanisms to promote growth of each other as well as 

enhance gastric inflammation and tissue damage [29–31]. In particular, H. pylori dependent 

stimulation of IFN-γ secretion, one of the key pro-inflammatory cytokines associated with 

disease severity [31], is implicated in EBV reactivation and intestinal GC [20]. Moreover, 

EBV-driven epigenetic modifications are enhanced in the presence of H. pylori, specifically 

the Cag A secretory antigen, resulting in increased cellular proliferation [32]. Furthermore, 

EBV and H. pylori associated gastric inflammation persistently activates Th17 T-cells which 

promote severe gastritis and GC [33–35]. Further understanding of the synergistic oncogenic 

effects of infectious agents in the gastric mucosa as well as the therapeutic significance of 

eradicating microorganisms for treatment of GC are needed.

Diffuse type GCs, including signet ring cell carcinomas, have been characterized as 

“cold tumors” which lack infiltrating immune cells [36–38]. Multiple mechanisms likely 

contribute to the “cold tumor” phenotype. Diffuse tumors are characterized as genomically 

stable with a lower mutational load and lack PD-L1 expression [7]. Diffuse tumors express 

lower levels of HLA-DR antigen [39], which may shape tumor antigen specific immune 

responses. Moreover, E-cadherin deficiency due to CDH1 mutations are implicated in 

the oncogenic initiation of diffuse and signet ring cell carcinomas [40] and the lack of 

CD8+ T-cell infiltrates [41]. Further investigation into mechanisms governing the “cold 

tumor” phenotype in diffuse GC may reveal targets which can be exploited in future 

immunotherapies.

Tumor immune surveillance can result in spontaneous cell mediated immune responses 

against cancer [42]. Analysis of the GC tumor microenvironment demonstrates that tumor 

infiltrating lymphocytes (TIL), including intratumoral T-cell and NK cells, correlate with 

improved survival [43,44]. However, the immune phenotype and the ability of immune 

cells to recognize and infiltrate tumors plays an important role in cancer detection and 

elimination. The transcription factor T-bet regulates mucosal homeostasis, promotes the 

Th1 phenotype, and prevents CD8+ T-cell exhaustion [45]. Patients with higher numbers 

of T-bet+ TIL exhibit longer survival [46]. The immune phenotype of macrophages also 

correlates with GC clinical outcomes, with CD11c+ cells being associated with improved 

survival [47], and CD206+ and CXCL8+ macrophages correlated with poor prognosis 

(Figure 1) [47,48]. Therefore, the TIL immune phenotype may be useful as a clinical 

prognostic factor and perturbing it may provide therapeutic utility.
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Immune Directed Therapies for Gastric Cancer

Since the first approval for the immune checkpoint inhibitor ipilimumab for melanoma 

in 2011, immune therapies have revolutionized treatment for solid tumors, with a rapidly 

expanding number of indications for their use, and the United States Food and Drug 

Administration (FDA) approval of six additional agents [49]. Research in GC has lagged 

behind many solid tumors with respect to immune checkpoint inhibitor studies, but there is 

an increasing body of literature in this field (Table I). The initial GC clinical studies were in 

patients who progressed after chemotherapy. The PD-1 inhibitor nivolumab was compared 

to placebo in the randomized phase III trial ATTRACTION 02 conducted at 49 Asian 

clinical centers in 493 patients with non-operable advanced gastric and gastroesophageal 

junction (GEJ) cancers who had progressed after two or more lines of chemotherapy [50]. 

The ATTRACTION 02 trial reported 12-month overall survival rates of 26.2% (95% CI 

20.7–32.0) with nivolumab and 10.9% (6.2–17.0) with placebo in an unselected patient 

population, demonstrating an encouraging response signal in this poor prognosis population 

[50]. A subset analysis of 226 Japanese patients enrolled in ATTRACTION 2 demonstrated 

a median OS that was longer with nivolumab versus placebo (5.4 months, 95% CI 4.6–7.4 

versus 3.6 months, 95% CI 2.8–5.0) [51]. This trial led to the approval of nivolumab 

in Japan as a therapy for unresectable advanced or recurrent GC that has progressed on 

chemotherapy. A post-hoc analysis of variables associated with a favorable response to 

nivolumab on this trial demonstrated that the highest overall response rate (ORR) were 

observed in patients with an Eastern Cooperative Oncology Group (ECOG) performance 

status of 0; those whose tumors were deficient in DNA mismatch repair (dMMR); and those 

with PD-L1 positivity, PIK3CA mutations, a high tumor mutation burden, and Epstein-Barr 

virus positivity [52]. These variables warrant further investigation in prospective studies.

The CTLA-4 inhibitor ipilimumab administered as monotherapy was investigated in a phase 

II study among 143 patients with non-operable advanced GC and GEJ cancer after having 

achieved an objective response to front line chemotherapy [53]. Patients were randomized 

to ipilimumab versus best supportive care. The study was stopped after the first planned 

analysis due to a lack of benefit of ipilimumab compared to supportive care, with both 

groups achieving an OS of approximately one year each [53].

The PD-1 inhibitor pembrolizumab was investigated in a “basket trial” of multiple tumor 

types that were histologically and cytologically confirmed to have microsatellite instability 

high (MSI-H) and to be deficient in dMMR, including 24 patients with advanced GC 

in the phase II trial KEYNOTE-158 [54]. The GC cohort exhibited an ORR of 45.8% 

(25.6 to 67.2%) a median progression free survival (PFS) of 11.0 months (2.1 to NR), 

and OS that was not reached (NR) (7.2 to NR) [54]. This trial prompted the FDA to 

approve pembrolizumab for patients with MSI-H/dMMR tumors regardless of histology. 

Pembrolizumab was studied in the open label multicenter phase Ib trial KEYNOTE-012 

in patients with PD-L1-positive recurrent or metastatic GC or GEJ adenocarcinoma. In 36 

evaluable patients there were 8 (22%, 95% CI 10–39) partial responses [55].

In the international phase II KEYNOTE-059 trial, 259 patients with non-operable advanced 

gastric and GEJ cancers were treated with pembrolizumab after three or more prior lines 
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of chemotherapy [56]. The objective response (CR + PR) rate in those treated with 

pembrolizumab was 11.6% (95% CI, 8.0%−16.1%; 30 of 259 patients), with a complete 

response in 2.3% (95% CI, 0.9%−5.0%; 6 of 259 patients), and a median response duration 

of 8.4 months [56]. Outcomes were improved in patients whose tumors expressed PD-L1, 

with an ORR of 15.5% (95% CI, 10.1%−22.4%; 23 of 148 patients), while patients with 

PD-L1–negative tumors exhibited an ORR of 6.4% (95% CI, 2.6%−12.8%; 7 of 109 

patients) [56]. The median response duration was 16.3 (1.6+ to 17.3+) months in PD-L1 

positive patients and 6.9 (2.4 to 7.0+) months in patients with PD-L1−negative tumors [56]. 

This trial led to the FDA approval of pembrolizumab for patients who have received two 

previous lines of chemotherapy whose tumors express PD-L1. A second translational phase 

II study was conducted to better define molecular features that correlate with response to 

pembrolizumab [57]. Sixty one Korean patients were treated with pembrolizumab as second 

or third line treatment for metastatic GC with pre- and post-treatment biopsies performed, 

and an extensive molecular profiling of the tumors was conducted [57]. They observed high 

response rates in patients whose tumors were MSI-H (7 patients, 85.7% ORR) and EBV 

positive (6 patients, 100% ORR), and those whose tumors were PD-L1 positive (55 patients, 

50% ORR) [57].

Pembrolizumab was compared to paclitaxel in 592 non-operable advanced GC and GEJ 

patients who progressed on front line fluoropyrimidine and platinum combinations studied 

in the randomized phase III KEYNOTE-061 trial [58]. 395 patients whose tumors expressed 

PD-L1 with a combined positive score (CPS) of 1% or higher were enrolled. Pembrolizumab 

did not significantly improve OS or PFS versus second-line paclitaxel therapy in patients 

with a PD-L1 CPS of 1 or higher, and in patients with a PD-L1 CPS of less than 1% 

pembrolizumab treatment resulted in a lower median OS of 4.8 (3.9–6.1) months compared 

to those treated with paclitaxel 8.2 (6.8–10.6) months [58]. The clinical responses in the 

subset of patients with tumors that are MSI-H/dMMR was not reported as a protocol defined 

endpoint.

The PD-L1 inhibitor avelumab was compared to physician’s choice of chemotherapy in 

unselected non-operable advanced GC and GEJ patients who had received two or more prior 

lines of chemotherapy in the randomized phase III trial JAVELIN Gastric 300 [59]. This 

trial did not meet the primary endpoints of improvements in OS or PFS compared with 

chemotherapy, although avelumab was better tolerated than chemotherapy [59].

More recently, front line pembrolizumab was investigated in the phase III KEYNOTE −062 

trial of 763 patients with non-operable advanced gastric and GEJ cancers randomized 1:1:1 

to chemotherapy, pembrolizumab, or a combination of the two [60]. The patient’s tumors 

had to be erythroblastic oncogene B2 (ERBB2/HER-2) negative and express PD-L1 with 

a CPS of 1 or greater. The investigators reported that pembrolizumab was non-inferior to 

chemotherapy for OS in patients with CPS of 1 or higher, and was better tolerated than 

chemotherapy with fewer adverse events [60]. They further reported that pembrolizumab 

prolonged OS versus chemotherapy in patients with a CPS of 10 or higher (median, 17.4 vs 

10.8 months; HR, 0.69; 95% CI, 0.49–0.97), but this comparison was not statistically tested 

because it did not reach the protocol defined threshold for superiority [60]. Pembrolizumab 

plus chemotherapy was not superior to chemotherapy alone in terms of OS in patients with 
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CPS of 1 or greater, or CPS of 10 or higher, or for PFS in patients with CPS of 1 or greater 

[60].

Taken together, these studies demonstrate that immune checkpoint blockade with 

pembrolizumab is emerging as an option for patients with non-operable advanced gastric 

and GEJ cancers with a prospective trial demonstrating non-inferiority to chemotherapy in 

the front line setting for patients whose tumors are ERBB2 negative and exhibit PD-L1 

positivity with a CPS of 1 or higher. Furthermore, in the United States pembrolizumab is a 

treatment option for patients whose tumors exhibit MSI-H/dMMR who have received one 

prior line of chemotherapy, and for patients with PD-L1 positive tumors who have received 

two or more prior lines of chemotherapy. Other immune checkpoint inhibitors such as 

nivolumab and avelumab demonstrate objective responses in this poor risk population, and 

a favorable toxicity profile compared to chemotherapy. There are currently limited data on 

clinical biomarkers other than PD-L1 positivity that predict response to immune checkpoint 

inhibitors, although preliminary studies indicate that MSI-H/dMMR, PIK3CA mutations, a 

high TMB, and EBV positivity are promising indicators. Further work on identifying subsets 

of patients who benefit from immune blockade in prospective clinical trials is needed.

Emerging Immune Therapy Trials

With immune checkpoint inhibitor monotherapy now established as a treatment option 

for non-operable advanced GC and GEJ cancers, an emerging trend is to evaluate these 

compounds in combination with other agents. In the phase I/II Checkmate 032 trial, 160 

patients with locally advanced non-operable and metastatic GC, GEJ cancer, and esophageal 

cancer were randomized to nivolumab 3 mg/kg (59 patients), nivolumab 1 mg/kg plus 

ipilimumab 3 mg/kg (49 patients), and nivolumab 3 mg/kg plus ipilimumab 1mg/kg (52 

patients) [61]. Patients had received multiple lines of prior chemotherapy. At twelve months 

of follow up, there were objective responses in all patients groups with PFS rates of 8%, 

17%, and 10% and OS rates of 39%, 35%, and 24% respectively. These encouraging results 

have led to larger phase III studies that are ongoing.

A more recent multicenter phase Ib/II study enrolled 113 non-operable advanced GC 

and GEJ cancer patients and randomized them to treatment with the PD-1 inhibitor 

durvalumab, the CTLA-4 inhibitor tremelimumab, or the combination of the two [62]. A 

tumor based IFN-γ gene signature was incorporated prospectively in this trial as well as 

on-treatment circulating tumor DNA levels. Response rates were low in all treatment arms 

with ORR ranging from 0%−8.3% [62]. Durvalumab was also studied in combination with 

ramucirumab in a multi-center single arm phase Ib study enrolling 29 patients with non

operable advanced GC and GEJ cancer [63]. The combination was well tolerated and was 

associated with a 21% ORR, and median PFS and OS of 2.6 and 12.4 months respectively 

[63]. Larger prospective studies are underway.

Recent studies have also explored the combination of immune therapies and chemotherapy 

in patients with non-operable advanced GC and GEJ cancers. Pembrolizumab was studied 

in combination with the oral fluoropyrimidine S-1 and oxaliplatin (SOX) administered as 

front line therapy to Japanese patients with non-operable advanced GC and GEJ cancers in 
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the phase IIb KEYNOTE-659 study [64]. In an initial report published this year on the first 

cohort of 54 patients, after 10.1 months of follow up pembrolizumab/SOX resulted in an 

ORR of 72.2% (95% CI 58.4–83.5), with a PFS of 9.4 months and OS not reached [64]. 

The toxicity and safety profile of this combination was in line with the effects of these 

drugs given individually [64], indicating that further studies in larger numbers of patients are 

warranted.

Chimeric antigen receptor (CAR) T-cells have emerged as a powerful immune therapy for 

relapsed and refractory non-Hodgkin lymphomas and other hematologic malignancies, with 

many patients achieving durable long-term remissions [65,66]. CARs are constructed by 

introducing a single variable chain of an antibody (scFv) domain directed against a tumor

specific antigen as an extracellular molecule expressed in tandem with signal transduction 

domains of the T-cell receptor CD3 (Figure 2). Second and third generation CAR T-cell 

constructs also include genes encoding one or more co-stimulatory molecules such as CD28, 

CD138, or 4–1BB. The CAR construct is introduced into the patient’s autologous T-cells 

collected by apheresis and expanded in culture. This creates a targeted cellular therapy 

directed against the surface tumor specific antigen that kills upon binding without the 

requirement for self-antigen presentation. The CAR T-cells are then infused back into the 

patient where they elicit direct cytotoxicity, as well as proliferation of native T-cells and a 

cytokine response that leads to tumor destruction that can persist for months to years.

Many initial attempts at CAR T-cell therapy for solid tumors were disappointing. However, 

persistent effort at developing more effective CAR T-cell constructs directed against solid 

tumors, including GC and GEJ cancers, has led to some encouraging clinical responses. A 

variety of GC tumor antigen targets are being investigated in CAR T-cell constructs [67]. 

Claudin18.2 (CLDN18.2), a gastric membrane protein expressed in 70% of GC tumors, 

was recently demonstrated to have potential utility as a target in a CAR T-cell construct. 

CLDN18.2-specific CAR T-cells were studied in a mouse GC xenograft model, which 

resulted in partial or complete tumor elimination, without any deleterious effect on the 

normal organs including the stomach [68]. An open label phase I first in human clinical 

trial (NCT03159819) utilizing this approach recently reported an ORR of 33% and a 

median PFS of 130 days (95% CI 38– 230) in 11 evaluable patients with advanced GC 

and pancreas cancer treated with CLDN 18.2-specific CAR T-cells [69]. Further clinical 

trials are ongoing.

The mucin transmembrane adhesion protein MUC1 has been extensively studied in 

epithelial cancers as a prognostic factor and a potential marker of tumor progression because 

of its role in stromal and endothelial cell adhesion and its effects on IL-11 secretion [70]. 

MUC1 is aberrantly glycosylated in tumors which creates a unique target for immune 

therapies [71] and it is over-expressed in GC [8]. A recent meta-analysis demonstrated that 

MUC1 expression in GC tumors is correlated with a higher rate of vascular and lymph node 

invasion and a lower 5 year OS [72,73]. A gene encoding an scFv directed against MUC1 

has been incorporated into a CAR T-cell construct and shown in pre-clinical models to be 

effective in selective killing of tumor cells [74]. Clinical trials studying the use of MUC1 

CAR T-cells in breast cancer patients are ongoing (NCT04020575), but GC clinical trials 

have not yet begun.
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Epithelial cell adhesion molecule (EpCAM, CD326) is another transmembrane glycoprotein 

of interest in the study of CAR T-cell directed therapy for GC. EpCAM is highly expressed 

in epithelial carcinomas and is a potential tumor stem cell marker and target for precision 

cancer therapy [75]. Expression of EpCAM was recently demonstrated in a meta-analysis 

to be over-expressed in GC, and associated with larger tumor size, lymph node metastasis, 

and worse prognosis [76]. An initial trial exploring the use of EpCAM directed immune 

therapy utilized catumaxomab, a bispecific and trifunctional monoclonal antibody directed 

against EpCAM, the T-cell marker CD3, and the Fcγ receptors on innate immune cells 

[77]. Catumaxomab was administered to 31 patients with metastatic GC and peritoneal 

carcinomatosis- a group with a particularly poor prognosis- in a randomized phase II 

trial [77]. Patients were randomized to catumaxomab treatment followed by 5-florouracil, 

oxaliplatin, docetaxel (FLOT) chemotherapy versus FLOT alone [77]. Catumaxomab 

treatment was tolerable, but median PFS and OS were not significantly different between 

the two arms [77]. Anti-EpCAM CAR T-cells have been developed [78], and a single-arm 

multicenter Phase I/II trial treating patients with relapsed or refractory GC with CAR T-cells 

directed against EpCAM is ongoing (NCT02725125).

Another tumor antigen target being investigated in CAR T- cell therapies for GC is folate 

receptor 1 (FOLR1), also known as folate receptor alpha and folate binding protein, a 

glycosylphosphatidylinositol (GPI)-anchored membrane protein that is over-expressed in 

epithelial malignancies including ovarian, breast, renal, and lung cancers [79]. FOLR1 is 

over-expressed on 33% of GC and present at low levels on surfaces of epithelial cells in 

normal tissues [79]. FOLR1 CART-cells were recently studied in a xenograft mouse model 

and shown to recognize FOLR1- positive GC cells in a MHC-independent manner, induce 

secretion of cytokines, and induce tumor cell killing [80]. The clinical feasibility of this 

approach is being investigated in a cohort of patients with ovarian and primary peritoneal 

cancers (NCT03585764).

There are several other candidate tumor antigen directed scFv genes being investigated in 

CAR T-cell constructs in pre-clinical models and phase I trials (Table II), including the 

transmembrane receptor HER2/ERBB2 [81], the GPI-anchored protein mesothelin [82–84], 

carcinoembryonic antigen (CEA) [85], the transmembrane glycoprotein natural killer group 

2D receptor [86,87], the surface glycoprotein CA 72–4 [88,89], and the natural killer cell 

activating receptor B7H6 [90]. While the field of CAR T-cell therapy for GC is still in its 

infancy, these preliminary results indicate the feasibility and potential clinical efficacy of 

this approach.

Conclusions

An expanding knowledge of the immune mechanisms of tumor pathogenesis has led to 

the development of promising therapies for many cancers. An attractive advantage of this 

treatment approach is the persistent anti-tumor effects of immune therapy compared to 

cytotoxic chemotherapy, with many patients achieving responses that last months to years 

[65]. Immune checkpoint inhibitors are effective in select GC patients, but challenges 

remain in identifying the most appropriate patients for this treatment. Recent studies 

have identified EBV positivity, MSI-H/dMMR, PIK3CA mutations, and a high TMB as 
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promising predictive markers, but additional biomarkers are needed. The robust and complex 

network of inflammatory and immune cells within GC tumors raises the possibility that 

additional immunotherapies and predictive biomarkers may be identified in the future.

Another formidable challenge in the implementation of immune directed GC therapy 

is the ability of tumors to escape immune detection and attack through a variety 

of mechanisms, including decreasing tumor antigen expression, resistance to cytokine 

signaling, downregulation of major histocompatibility antigen proteins, and upregulation 

of multiple inhibitory checkpoint signals [91,92]. An emerging approach to overcome 

these barriers is to combine immune checkpoint inhibitors with CAR T-cell therapies in 

an effort to enhance sustained tumor cell killing [93]. Clinical trials combining immune 

checkpoint inhibitors with CAR T-cells to treat a variety of tumors are currently underway 

[93]. An improved understanding of immune mechanisms of GC pathogenesis may enable 

development of more effective therapies for this devastating malignancy.
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Abbreviations

AN Alaska Native

CI confidence interval

CLDN18.2 Claudin 18.2

BART Bam-HI-A rightward transcripts

BARF1 BAM-HI A rightward frame 1

CEA carcinoembryonic antigen

CPS combined positive score

CR complete response

dMMR deficient in mismatch repair

EBV Epstein-Barr virus

EBVaGC EBV-associated gastric cancer

EpCAM epithelial cell adhesion molecule

FLOT 5-florouracil, oxaliplatin, docetaxel

FDA Food and Drug Administration

ERBB2 erythroblastic oncogene B2
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FOLR1 folate receptor 1

GC gastric cancer

GEJ gastroesophageal junction

GPI glycosylphosphatidylinositol

H. pylori Helicobacter pylori

IDO indoleamine 2,3-dioxygenase

IFNγ interferon gamma

MHCII major histocompatibility complex class II

MSI-H microsatellite instability high

NR not reached

ORR overall response rate

OS overall survival

ORR overall response rate

PD-1 programmed death-1

PD-L1 programmed death ligand-1

PR partial response rate

PFS progression free survival

TMB tumor mutation burden
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Figure 1. GC tumor microenvironment.
EBV and H. pylori perturb gastric mucosal immune equilibrium, favoring an innate immune 

phenotype characterized by macrophages exhibiting decreased CD204 expression and 

increased expression of CD206 and CXCL8, while eliciting tumor infiltrating lymphocytes 

associated with an IFN-γ response, Th17 cells, and activated T-cells that secrete IL-2, IL-12, 

IL-23, and IL-27. GC tumor cells escape immune surveillance through mechanisms such as 

increased expression of PD-L1 and CD47, decreased MHC class II antigen presentation, and 

inhibition of effector cell lysis.
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Figure 2. 
Schematic of GC CAR T-cell design and mechanism of action.
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Table I.

Gastric Cancer Immunotherapy Trials

Immunotherapy 
Trial

Trial Design Treatment Patients Median PFS months 
(95% CI)

Median OS months
(95% CI)

Ref

ATTRACTION-2 Phase III Trial
3rd line

nivolumab vs
placebo

330
163

1.61 (1.54–2.30)
1.45 (1.45–1.54)

5.26 (4.60–6.37)
4.14 (3.42–4.86)

50

NCT01585987 Phase II Trial
2nd line

ipilumimab vs
supportive care

57
57

2.92 (1.61–5.16)
4.90 (3.45–6.54)

12.7 (10.5–18.9)
12.1 (9.3-NA)

53

KEYNOTE-158 Phase II Trial
2nd line, MSI-H

pembrolizumab 24 11.0 (2.1-NR) NR (7.2-NR) 54

KEYNOTE-059 Phase II Trial
3rd line

pembrolizumab 259 2.0 (2.0–2.1) 5.6 (4.3–6.9) 56

KEYNOTE-061 Phase III Trial
2nd line

pembrolizumab
paclitaxel

196
199

1.5 (1.4–2.0)
4.1 (3.1–4.2)

9.1 (6.2–10.7)
8.3 (7.6–9.0)

58

JAVELIN Phase III Trial
3rd line

avelumab
chemotherapy

185
186

1.4 (1.4–1.5)
2.7 (1.8–2.8)

4.6 (3.6–5.7)
5.0 (4.5–6.3)

59

KEYNOTE-062 Phase III Trial
1st line
PD-L1 CPS 1+

pembrolizumab
chemotherapy
pembro/chemo

256
250
257

2.0 (1.5–2.8)
6.4 (5.7–7.0)
6.9 (5.7–7.3)

10.6 (7.7–13.8)
11.1 (9.2–12.8)
12.5 (10.8– 13.9)

60

Checkmate 032 Phase I/II
3rd line

nivolumab 3mg/kg
nivolumab 1mg/kg + 
ipilumumab 3mg/kg
nivolumab 3mg/kg + 
ipilumumab 1mg/kg

59
49
52

1.4 (1.2–1.5)
1.4 (1.2–3.8)
1.6 (1.4–2.6)

6.2 (3.4–12.4)
6.9 (3.7 to 11.5)
4.8 (3.0–8.4)

61

NCT02340975 Phase IB/II
3rd line

durvalumab
tremelimumab
durval/tremel

24
12
52

1.6 (1.0–1.8)
1.7 (0.8–5.3)
1.8 (1.6–3.3)

3.4 (1.7–4.4)
7.7 (2.1–13.7)
9.2 (5.4–12.6)

62

NCT02572687 Phase Ib
2nd line

durvalumab + 
ramucirumab

29 2.6 (1.5–7.1) 12.4 (5.5–16.9) 63

KEYNOTE-659 IIb
1st line
PDL-1+

pembrolizumab +
SOX

54 9.4 (6.6–NE) NR 64
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Table II.

Development of CAR T-cells directed against GC tumor antigens

Tumor Antigen Target Development Stage CAR T- Cell Design Clinical Trial Reference

Claudin 18.2 Phase I Trial Anti- Claudin 18.2 scFv/CD28/CD3
NCT03159819
NCT03874897

68, 69

MUC1 Phase I Trial Anti- MUC1 scFv/CD28/OX40/CD3ζ NCT04020575 71, 74

EpCAM Phase I/II Trial Anti-EpCAM scFv/ CD8α/ CD28/4–1BB/CD3ζ NCT02725125 78

FOLR1 Phase I Trial Anti-FOLR1 scFv/ CD28/CD3ζ NCT03585764 80

Mesothelin Phase I Trial Anti-mesothelin scFv/ CD3ζ/4–1BB NCT01897415 
NCT04503980

82, 83, 84

CEA Phase I Trial Anti-CEA scFv/CD28/CD3ζ NCT02349724 85

CA 72–4 Phase I Trial Anti-CA 72–4 scFv/CD3ζ — 88,89

NKG2D Pre-Clinical Anti-NKG2D scFv/CD3ζ — 86, 87

ERBB2/HER2 Pre-Clinical Anti-HER2 scFv/CD137/CD3ζ — 81

B7H6 Pre-Clinical Anti-B7H6 scFv/CD28/ CD3ζ — 90
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