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Abstract

:

Due to its rapid progression to advanced stages and highly metastatic properties, gastric cancer (GC) is one of the most aggressive malignancies and the fourth leading cause of cancer-related deaths worldwide. The metastatic process includes local invasion, metastasis initiation, migration with colonisation at distant sites, and evasion of the immune response. Tumour growth involves the activation of inhibitory signals associated with the immune response, also known as immune checkpoints, including PD-1/PD-L1 (programmed death 1/programmed death ligand 1), CTLA-4 (cytotoxic T cell antigen 4), TIGIT (T cell immunoreceptor with Ig and ITIM domains), and others. Immune checkpoint molecules (ICPMs) are proteins that modulate the innate and adaptive immune responses. While their expression is prominent on immune cells, mainly antigen-presenting cells (APC) and other types of cells, they are also expressed on tumour cells. The engagement of the receptor by the ligand is crucial for inhibiting or stimulating the immune cell, which is an extremely important aspect of cancer immunotherapy. This narrative review explores immunotherapy, focusing on ICPMs and immune checkpoint inhibitors in GC. We also summarise the current clinical trials that are evaluating ICPMs as a target for GC treatment.
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1. Introduction


Gastric cancer (GC) is the fourth leading cause of cancer-related deaths and the fifth most prevalent type of cancer worldwide. By 2040, the annual burden of GC is projected to increase to ~1.8 million new cases and ~1.3 million deaths [1]. Most cases are reported in Asia (75%), where it is considered to be a serious health problem. GC occurs most often after the age of 50 years, with approximately three fourth of cases in both sexes occurring in the elderly population (over 65 years of age). Therefore, the risk of developing GC is correlated with age. GC has a relatively poor prognosis, with a 5-year survival rate of only about 36% according to data from the Surveillance, Epidemiology, and End Results (SEER) database. Lauren classification is the most common system used to classify GC; it recognises the intestinal and diffuse types [2]. There are two topographically, epidemiologically, and etiologically different subtypes of GC: cardia (proximal) and non-cardia (distal) [3]. Depending on the molecular cause, four subtypes can be identified: Epstein–Barr virus (EBV) positive, microsatellite instability, chromosomal instability, and genomically stable tumours [4].



GC risk factors (Figure 1) include obesity, excessive alcohol consumption, smoking, Heliobacter pylori infections, and poor dietary habits. Diets rich in salt, N-nitroso compounds [5], smoked foods, and red meat [6] increase the risk of GC. Interestingly, fresh fruit and vegetable consumption decreases the risk of developing GC [7]. Obesity is strongly associated with GC; it entails many changes in the body that predispose an individual to GC, including hormonal imbalance, increased inflammation, and reflux [8]. According to the World Health Organization (WHO), H. pylori is considered a carcinogen. Moreover, EBV can also lead to GC [9,10]. Apart from environmental factors, which are considered the major contributors to GC development, genetic predispositions are also important. The most common mutations related to GC occur in the CDH1 gene; in addition, familial aggregation is relatively uncommon for this neoplasm [11].



GC often displays no symptoms, especially in the early stages. The usual symptoms are nonspecific and include abnormal bowel movements, nausea, vomiting, haematemesis (in 10%–15% of cases), weight loss, decreased appetite, and abdominal pain [12]. In most countries, early-stage detection rates are low, a factor that drastically decreases 5-year survival rates. By contrast, in Japan GC is detected relatively early due to precautionary screenings, and the 5-year survival rates are remarkably longer [13]. The peritoneum is the most common site of GC metastasis, and, despite radical surgery, the average survival time is only 6 months after diagnosis of peritoneal metastases, compared with 14 months for GC without peritoneal metastases. This shows the importance of early GC diagnosis.



Prevention of GC is the key; improving diet, quitting bad habits (smoking and drinking), and regular medical check-ups can therefore greatly decrease the chance of developing GC or at least improve the outcomes. Some GC biomarkers are detectable in blood serum, including carcinoembryonic antigen (CEA), cancer antigen CA19-9, CA72-4, and CA125. There are several biomarkers in liquid biopsies (obtained non-invasively), including circulating tumour cells, long non-coding RNAs, cell-free DNA, microRNAs, and exosomes. Assessment of these biomarkers may help to identify those at risk of developing GC and/or facilitate an early diagnosis of this disease [14]. Several molecular GC biomarkers have been extensively explored. The main signatures of GC development include human epidermal growth factor receptor 2 (HER2) expression as well as regulatory factors of apoptosis and the cell cycle, including proteins responsible for cell membrane properties, multidrug resistance, and microsatellite instability [15].




2. Standard Treatment Strategies for Gastric Cancer


The standard and most effective treatment for GC is gastrectomy, which involves resection of all cancerous and surrounding tissues, usually along with the nearest lymph nodes. The extent of stomach resection is determined for each individual patient based on disease progression and the aim of surgery—curative, palliative, or reduction [13,16]. Before commencing surgical treatment, laparoscopy is performed to gain a more accurate assessment of the extent of the tumour and whether it can be treated surgically. Immunotherapy could be used as neoadjuvant preceding the surgery or as an adjunct therapy. Both methods increase patient survival.



Chemotherapy can shrink tumours and prolong the patient’s life. It is mainly used for patients with GC that cannot be resected, in advanced stages of the disease, and/or when there is metastasis. All patients are evaluated for eligibility for this treatment and to determine which drugs are to be used for the best results. The most-used anticancer drugs for GC treatment include cisplatin, oxaliplatin, 5-fluorouracil (5-FU), and paclitaxel, among others. Many combined therapy regimes are developed and widely used such as SOX (S-1 and oxaliplatin), FOLFOX (5-FU/levofolinate calcium and oxaliplatin), and FOLFIRINOX (fluorouracil, leucovorin, oxaliplatin, and irinotecan) [13,16].




3. Immunotherapy in Gastric Cancer


In most cases, cancer immunotherapy plays a complementary role to surgery, chemotherapy, or radiotherapy. However, surgical removal of the GC tumour is not always possible. In such cases, patients are treated with chemotherapy, immunotherapy, or broader, a molecularly targeted treatment as a part of the drug programme. Such modern medicine has increased the chances of survival and recovery.



Cancer immunotherapy involves activating the immune system, which has many natural anti-cancer defence mechanisms. The first immunocompetent drug, an anti-cytotoxic T4 lymphocyte antigen (CTLA-4) antibody (ipilimumab), was created based on research by Nobel Prize winners James P. Allison and Tasuku Honjo [17] and registered in 2011. It was a breakthrough discovery. Currently, immunotherapy plays a practical role in the treatment of many malignancies, including GC. There are two forms of immunotherapy: Passive immunotherapy uses monoclonal antibodies (mAbs) generated outside of the body to target cancer cells. This is the most frequently used method of cancer immunotherapy in clinical practice; it can enhance the host’s immune response or inhibit tumour development by blocking cancer growth factors. By contrast, active immunotherapy focuses on boosting the body’s immune response against cancer cells (e.g., vaccinations and chimeric antigen receptors) [18]. The effect of immunotherapy is more selective, offering greater protection of healthy tissues with fewer side effects. For certain groups of patients with cancer, immunological treatment works spectacularly, and the effects of treatment last for many years, even in the case of advanced cancers.



Regarding gastrointestinal cancers, immunotherapy has become the first-line treatment for microsatellite-instability-high (MSI-H) late-stage colorectal cancer and the first-line treatment for late-stage GC, albeit combined with chemotherapy and HER2-targeted drugs (in HER2-positive patients, approximately 20% of patients with GC). This combination has shown significant efficacy and has enhanced long-term patient survival by enhancing antibody-dependent, cell-mediated cytotoxicity against tumour cells via natural killer (NK) cells. HER2 is a receptor tyrosine kinase that belongs to the human epidermal growth factor receptor (EGFR) family of tyrosine kinase receptors [19]. Unfortunately, how to qualify cancers as HER2 positive remains a debated topic. Another problem that may make immunotherapy impossible or reduce its effectiveness is the stage of advancement and the presence of GC metastases. Interestingly, Liu et al. [20] showed that immunotherapy is less effective in patients with GC with liver metastases compared with those without liver metastasis.



Currently, immunotherapy also focuses on the use of drugs or combinations of drugs and on targeting immune checkpoints. Since 2011, when ipilimumab was first approved for the treatment of BRAF-negative metastatic melanoma, studies of immune checkpoint inhibitors (ICIs) have become very popular.



3.1. Immune Checkpoint Molecules


The beneficial effect of treatment based on ICIs and chemotherapy has been demonstrated. The combination of programmed cell death protein 1 (PD-1) inhibitors with chemotherapy has been studied extensively and proved to be more efficient than chemotherapy alone. At present, cancer treatment is customised to the patient’s needs; in most cases, a combination of available methods is used [21]. Over the past 20 years, there has been a marked increase in knowledge regarding immune checkpoints in the prevention of autoimmunisation. Checkpoints regulate the stimulation of T cells at many levels of the immune response [22]. Many molecules have been discovered that constitute checkpoints. Interactions between immune checkpoint molecules PD-1 or CTLA-4 and their receptors on immune system cells are presented in Figure 2.



CTLA-4, a CD28 homologue, has not been detected in naive T cells, but appears shortly after activation of T cells [23,24]. CTLA-4 expression is stimulated as a result of the activation of the T cell receptor TCR/CD3 complex; CTLA-4 is therefore a negative feedback signal in the specific immune response, preventing its excessive development. Overproduction of CTLA-4 is associated with the presence of multiple TCR-related signalling molecules that bind to the major histocompatibility complex (MHC) antigen present on the surface of antigen-presenting cells (APCs), resulting in competition between CD28 and CTLA-4 for binding to CD80 (B7-1) and CD86 (B7-2). Compared with CD28, CTLA-4 has a much higher affinity for B7 [22,23,24]. The goal of CTLA-4–ligand binding is to minimise defects in properly functioning tissues and to prevent the development of autoimmunisation, which leads to the inhibition of the signal associated with T cell proliferation, but also to a decrease in survival and in the ability to differentiate, thus contributing to a reduction in the production of certain cytokines [22,25,26]. Interestingly, the monomeric form of CTLA-4 has the ability to bind ligands, but without activating signalling pathways. In addition, regulatory T cells (Tregs) express CTLA-4. These cells are closely related to the maintenance of the suppressive functions of lymphocytes, and their deficiency causes dysfunction [22,25]. CTLA-4 also undergoes regulatory processes that are closely related to their own distribution in the cell [22]. To summarise, CTLA-4 may play a two-fold role in disease processes: first, increased expression may lead to immunosuppression, and second, its deficiency or dysfunction leads to loss of control over lymphocytes and to the development of inflammatory diseases.



Another important control molecule is PD-1, which is homologous to the co-stimulating receptors B7 and CD28 [22,27]. PD-1 is active in a variety of cell types, including T cells, monocytes, macrophages, and B cells [27,28,29,30]. Additionally, they may bind to ligands such as programmed death ligand 1 (PD-L1) and PD-L2, significantly slowing the stimulation of the immune system and thus normalising both peripheral and central tolerance [27,28]. By contrast, PD-L1 is expressed on lymphatic, myeloid, and normal epithelial cells. The PD-1–PD-L1 co-interaction significantly enhances immune tolerance, preventing disproportionate immune system dynamics and protecting the body from autoimmunisation and unnecessary disorganisation of immune cells [31]. PD-1 restricts the proliferation of T cells, decreases interferon gamma (IFNγ) production, and reduces T cell survival. When a T cell binds to both TCR and PD-1, the signalling mediated by PD-1 blocks the phosphorylation of transient products, which eventually inhibits the initial TCR stimuli, leading to a reduction in T cell activation [22,29]. Although anti-PD-1 treatment showed promise compared with placebo in patients with GC in a phase 3 trial, it failed when compared with chemotherapy [32]. Like CTLA-4, PD-1 exerts negative effects on T cells, but the mechanisms of action are different. CTLA-4 is restricted to T cells only, while PD-L1 is found on both T and B cells and on myelogenous cells. They also act at different times: CTLA-4 at the initial stage of T cell stimulation and PD-1 at the effector stage and primarily in peripheral tissues [30].



The CTLA-4 and PD-1 signalling pathways play important roles in maintaining homeostasis and transmit many signals involved in cancer [27]. CTLA-4 is also expressed in cancer cells, which affects the development of haematological and solid tumours. At the initial stage of carcinogenesis, T cell stimulation by CTLA-4 is usually minimised. This is due to the generation of stimuli that slow down the process, leading to a significant reduction in the immune response to the cancer. In addition, CTLA-4 contributes to reduce T cell proliferation [33]. On the other hand, the PD1–PD-L1 signalling pathway provides an ideal way for cancer cells to escape the immune response [27,31]. Cancer cells activate this pathway by using inflammatory cytokines such as IFNγ and specific tumour signalling pathways. In addition, tumour-infiltrating lymphocytes (TILs) and cells located within the tumour framework can express PD-L1, which causes a pronounced T cell deficiency that favours the formation of an immunosuppressive environment and supports tumour progression [22,34].




3.2. Importance of Immune Checkpoint Inhibitors in Cancer Therapy


Immune checkpoint molecules (ICPMs) are proteins that modulate innate and adaptive immune responses [35,36]. Their expression is prominent on immune system cells, mainly APCs, as well as on tumour cells, while the specific ligands are expressed mainly on immune cells [35,36]. The engagement of the receptor by the ligand is crucial for producing the inhibitory or stimulatory signal in the immune cell [35,36]. The mechanism of action of ICIs is shown in Figure 3. Their natural role is to prevent the immune system from overreacting and to maintain homeostasis during antimicrobial and antiviral responses [37]. The vast majority of well-known and effectively targeted ICPMs are expressed by T cells, but the cells of the innate immune system can also contribute, underscoring the complex nature of the process [38].



There are three different groups of ICIs that have been approved by the U.S. Food and Drug Administration (FDA) for many types of cancer, including PD-1 inhibitors (e.g., nivolumab, pembrolizumab, and cemiplimab), PDL-1 inhibitors (e.g., atezolizumab, durvalumab, and avelumab), and a CTLA-4 inhibitor (ipilimumab), which have been widely used in the last decade [39]. For several years, some of the ICIs have been for cancer immunotherapy due to the observed immune dysregulation caused by the disease, including upregulation of Tregs, M2 macrophages, and cytokines, effectively impacting the tumour microenvironment [40,41]. T cells—mainly cytotoxic T cells (CTLs), Tregs, and Th1 cells that secrete IFNγ—are crucial for controlling tumour growth. Cytotoxicity is a complex process where activated CD8+ T cells release IFNγ to cause tumour cell death by upregulating the expression of MHC class I on tumour cells and inhibiting tumour cell proliferation [42]. Tumour cells disrupt this immune response by downregulating MHC class I expression on their cell surface, which limits immune recognition by CD8+ T cells [42]. Therefore, ICPMs reduce the suppression of T cells and simultaneously improve tumour-specific immune responses [42,43].



Tregs play a critical role in anticancer immunity. Their depletion improves antitumour T cell responses and reduces tumour growth, a phenomenon that can be mediated by ICPMs [44,45]. Indeed, ICPMs can increase the production of suppressive cytokines and promote cytolysis, metabolic arrest, and dendritic cell (DC) suppression [46,47]. Thus, targeting Tregs can be an effective approach for immunotherapy and encompasses numerous methods, such as lowering the number of Tregs, suppressing their function and disrupting Treg recruitment to the tumour microenvironment [45].



In summary, immunotherapy with ICPMs aims to attenuate specific ligands on tumour cells, reversing T cell exhaustion caused by cancer and restoring antitumour immunity [41]. Interestingly, this approach may also apply to several chronic viral infections caused by the human immunodeficiency virus (HIV), hepatitis B virus (HBV), hepatitis C virus (HCV), herpes simplex virus (HSV), EBV, varicella–zoster virus (VZV), cytomegalovirus, and, recently, severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) [48]. It is worth noting that ICPMs are promising prognostic and preventive biomarkers in many cancers [49].



Some key ICPMs, including CTLA-4, indoleamine 2,3-dioxygenase (IDO), lymphocyte activation gene 3 protein (LAG-3), T cell immunoglobulin and mucin domain-containing protein 3, and PD-1, are often overexpressed in immune cells from patients with GC [50,51,52]. Moreover, tumour-induced T cell exhaustion can promote GC progression [53]. Overall, patients with GC tolerate ICI therapy better than chemotherapy regimens, although the side effects that occur are broadly similar—decreased appetite, diarrhoea, nausea, pruritus or rash, and general fatigue [54,55,56]—but they occur during the first or second infusions. Anti-PD-1/PD-L1 antibodies have shown positive clinical activity in advanced GC as well as in gastroesophageal junction cancer (Table 1).



Results from clinical trials are needed to further evaluate the potential roles of these agents [53]; in the next section we have therefore collected all currently active or completed studies conducted using ICIs that are registered and available on the ClinicalTrials.gov website.





4. Clinical Trials That Have Evaluated Immune Checkpoint Inhibitors in Gastric Cancer


The primary goal regarding GC is to improve the quality of the diagnosis and treatment of patients with this disease. There are numerous approved therapies to treat the disease, and the main goal of new clinical trials is to find a cure for the disease or to improve the patient’s well-being and quality of life. Each new clinical trial must have specific patient admission criteria and be conducted in accordance with the protocol and established principles. Patients enrolled in clinical trials must meet specific criteria and follow certain requirements. Clinical trials provide an answer regarding whether the proposed treatment is more effective and better tolerated than currently used treatments and whether it can or should be routinely used in medicine. This is very important because it gives hope, especially to patients with advanced forms of GC that are difficult to treat. Participation in such clinical trials can provide patients with access to novel therapies years before they become available as standard treatment.



As of 2024, 59 clinical trials examining ICIs in GC have been registered at clinicaltrials.gov (Table 2). Of these, six have been completed, 13 are active (not recruiting), 28 are still recruiting, and one is enrolling by invitation. One has been withdrawn, four have terminated, and six have an unknown status (they are not included in Table 2). Some of these trials focus on the use of a single ICI, and some evaluate multiple ICIs used in combination or with other drugs.



Extensive clinical trials have successfully revealed that ICIs exhibit favourable GC therapeutic effects [57]. For Her2-positive patients, trastuzumab with first-line chemotherapy plus pembrolizumab has shown beneficial response rates and has been approved for use in the USA (KEYNOTE-811). Results described by Janjigian et al. [58] showed that adding pembrolizumab to trastuzumab and chemotherapy induced complete responses in some patients, significantly decreased tumour size, and improved the objective response rate (ORR). For the group of Her2-positive patients who did not benefit from trastuzumab or were progressive under prior trastuzumab therapy, some innovative approaches of Her2-directed therapy are under investigation. These include T-DXd (antibody-drug conjugate trastuzumab–deruxtecan) [59], which was approved in 2021 by the FDA as a second Her2-directed therapy option for patients with unresectable, locally advanced or metastatic GC. T-DXd is currently under investigation as a combination therapy with ICIs.



In a third-line therapy based on nivolumab, the superior overall survival (OS) increased (approval in Japan), and pembrolizumab showed a positive effect on the duration of response (KEYNOTE-059). It should be emphasised that nivolumab is the first PD-1 inhibitor approved for advanced GC patients as a third-line treatment. The safety and effectiveness of nivolumab as a single agent and in combination with ipilimumab in advanced solid tumours have been evaluated in phase I/II clinical trials. The results of the KEYNOTE-590 study based on patients with advanced GEJC and EC showed good results for a combination of pembrolizumab plus chemotherapy in Europe (CPS ≥ 10) and in the USA. An analysis of KEYNOTE-059, KEYNOTE-061, and KEYNOTE-062 demonstrated that pembrolizumab was more effective than chemotherapy as a first-line treatment. Unfortunately, a significant number of GC patients whose disease progressed after first- and second-line therapy determined third- and last-line treatment to be less advisable options. The results of a systematic review and meta-analysis of randomised controlled trials indicated that third- and later-line therapies were more effective in advanced GC patients [60]. Despite many toxic effects in third-line treatment regimens, their safety profile encourages the use of single or combined immunotherapy, even in later lines of treatment.



These clinical trials successfully revealed that ICIs produce favourable GC therapeutic effects [57].




5. Future Outlook and Conclusions


In recent years, therapy based on blocking immune system checkpoints and thereby activating an immune response has shown great effectiveness in the treatment of various cancers, including GC. The use of immunocompetent molecules is already standard practice in the treatment of many cancers, including melanoma, lung cancer, kidney cancer, colon cancer, and head and neck cancer. FDA-approved immune checkpoint inhibitors include anti-PD-1 antibodies pembrolizumab, nivolumab, and cemiplimab, anti-CTLA-4 antibody ipilimumab, and anti-PD-L1 antibodies atezolizumab, avelumab, and durvalumab. Treatment of gastrointestinal cancer requires a comprehensive approach and efficient, high-quality molecular and genetic diagnostics to ensure patients receive optimal care. A major breakthrough in immunotherapy for advanced gastric cancer (AGC) was the approved PD-1 monoclonal antibody for third-line treatment, and PD-1 inhibitors such as nivolumab and pembrolizumab have already been approved in monotherapy and in combination therapy for advanced EGAC in first- or third-line settings in Europe, the USA, and Asia [60]. PD-1 inhibitors have also been approved for the first-line treatment of patients with AGC, gastroesophageal junction cancer, and esophageal adenocarcinoma. However, the results of several clinical trials are not entirely consistent. Interestingly, GC patients with a CPS ≥ 10 received a more significant benefit [61].



It should be remembered that the efficacy of the use of immune checkpoint inhibitors alone is limited; therefore, the combination of the PD-1 monoclonal antibody and chemotherapy (cisplatin, 5-FU) has now become the new standard for the first-line treatment of AGC [62]. Despite increasingly better diagnostics and modern therapy, the 5-year survival rate for advanced GC is still less than 10%, and the median overall survival is still less than 1 year. Patients diagnosed late, with advanced disease, or with other conditions that may adversely respond to standard GC therapies (including chemotherapy and radiotherapy) have limited options and poorer treatment standards. Our body has mechanisms to fight cancer, but unfortunately malignant cells can escape and evade immune elimination. Hence, we urge researchers to gain a deeper understanding of how to safely direct the patient’s immune system cells to fight cancer cells. Of note, ICPMs represent promising prognostic and predictive biomarkers in many cancers. Each subsequent clinical trial for immunotherapy or targeted therapy has produced increasingly better treatment results for patients with gastrointestinal cancer, even in the advanced stages of the disease. Immunotherapy in the neoadjuvant and adjuvant settings as well as in the second- and later-line treatment of late-stage gastrointestinal cancers has demonstrated surprising but promising potential.



Of course, like any other therapy, immunotherapy based on the use of ICIs is associated with a number of side effects that may be observed in patients. The most serious side effects associated with treatment are the death of the patient, caused by severe toxicity of a combined treatment or an aggressive reaction of the immune system, including a cytokine storm. Particularly severe side effects have been reported among patients receiving both chemotherapy and anti-PD-1 or anti-PD-L1 inhibitors [63,64]. It should be remembered that the key to an effective GC treatment is a “teamwork” approach utilising various existing therapies, such as immunotherapy in addition to adjuvant and neoadjuvant protocols. ICIs as well as chimeric antigen receptor (CAR)-T cell therapies are predicted to have the greatest potential for further improving the prognosis for cancer patients. Interestingly, the use of ICIs has been shown to yield better clinical results than CAR-T cells in treating solid tumours [65].



The greatest challenges associated with the routine use of ICPM in therapy include (apart from the side effects of its use) its limitations, such as non-effective immunotherapy or immunotherapy resistance, which reduce the effectiveness of the treatment. Why does immunotherapy not always work? The patient’s response to immune therapy depends on multiple factors that may be responsible for immunoresistance, i.e., factors closely related to the patient’s health and lifestyle, such as genomic factors, factors related to immune system cells or to the gastric cancer microenvironment, factors emerging from the host cells, as well as advanced age, biological sex, diet, hormones, existing comorbidities, or even the composition of the gut microbiome. It should be noted that GC has a complex tumour microenvironment; there are therefore differences in GC patients’ epidemiological characteristics, clinicopathological features, biological behaviour, therapeutic modes, as well as drug selections between Eastern and Western populations. Therefore, selecting the appropriate group of patients for clinical trials and then drawing conclusions and formulating recommendations is crucial. Another problem involved in stopping the development of gastric cancer (as well as other types of cancer) is limiting the process of angiogenesis, which is responsible for the vascularisation of the tumour, thus opening the way to metastasis. Therefore, the next challenge and therapeutic goal will be to combine ICI therapy with anti-angiogenic therapy. Early results from the use of ramucirumab in combination with anti-PD-1/PD-L1 therapy are promising options for improving patient survival [66,67]. It seems that searching for a therapy based on combining ICIs with other ICIs, anti-VEGF agents and radiotherapy will be the plan for the next few years in the treatment of GC. Hyperprogression is another challenging phenomenon associated with the use of immune checkpoint inhibitors as a form of immunotherapy. This phenomenon is characterised by unexpectedly rapid disease progression in response to the immunotherapy drug administration, even faster than it probably would have progressed without any medication. There are some genetic factors warranting further research, but no confirmed molecular defects known among patients with hyperprogression after immunotherapy [68].



In short, we have various forms of cancer immunotherapy other than ICIs that we can select appropriate to the patient’s health, such as cytokine therapies, oncolytic virus therapies, cancer vaccines, and adoptive cell transfer. Progress in GC clinical practice will come when we appropriately combine different treatment strategies and select a therapy tailored to each patient. Obviously, ICIs have completely transformed cancer immunotherapy, and future studies that explore new ICI drug combination strategies for patients with GC are needed. These results will be scrutinised carefully.
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Figure 1. The risk factors and the initiation process of gastric cancer (GC). This figure was created under the bioRENDER license. 
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Figure 2. Interactions between immune checkpoint molecules and receptors on immune system cells. (A) Programmed cell death receptor 1 (PD-1) binding to programmed death ligand 1/2 (PD-L1/2); (B) cytotoxic T cell antigen 4 (CTLA-4) binding to CD80/CD86. This figure was created under the bioRENDER license. 
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Figure 3. Mechanism of blocking immune checkpoint molecules in gastric cancer (GC). This figure was created under the bioRENDER license. Abbreviations: CTLA-4, cytotoxic T cell antigen 4; MHC, major histocompatibility complex; PD-1, programmed cell death receptor 1; PD-L1, programmed death ligand 1. 
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Table 1. Immune checkpoint molecules (ICPMs) and their functions.
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	ICPM
	Cells Expressing the ICPM
	Ligand/Receptor
	Function





	PD-1
	T cells
	PD-L1/PD-L2
	Interaction between PD-1 and ligands

and impacts cytokine secretion



	PD-L1

(CD274, B7H1)
	DCs and

macrophages
	PD-1
	Inhibits T cell responses by anergising tumour-reactive T cells by binding to its PD-1 receptor; renders tumour cells resistant to CD8+ T cell and Fas ligand–mediated lysis; tolerises T cells through CD80



	CTLA-4
	Tregs
	CD80/86
	Inhibits T cell responses



	BTLA (CD272)
	T CD8+ and T CD4+, NK cells, B cells, DCs, and macrophages
	unknown
	Inhibits T cell responses and

maintains immune homeostasis



	B7H3 (CD276)
	T and B-cells, monocytes, DCs, MDSCs,

neutrophils, and

macrophages
	unknown
	Inhibits T cell responses and proliferation, and downregulates cytokine production



	B7H4

(B7x, B7S1)
	T cells, B cells,

monocytes, and DCs
	unknown
	Inhibits T cell proliferation, cell cycle

progression, and cytokine production



	HHLA2 (B7H5, B7H7)
	APCs, monocytes,

B cells and DCs
	unknown
	Inhibits T cells



	IOD1
	T cells and NK cells
	unknown
	Suppresses CD8+ T cells and NK cells,

and induces iTregs



	PVRIG
	DCs, Th1, and NK cells
	CD112
	Inhibits T cell responses



	TIM-3
	DCs, NK cells,

Th1 cells, Th17 cells, and

macrophages
	GAL-9, PS
	Inhibits T cell responses



	GAL-9
	Eosinophils, DCs, IEC,

T cells, macrophages, lymphoid cells, Kupffer cells, and vascular endothelial cells
	TIM-3
	Maintains immune homeostasis



	VISTA
	T cells and APCs
	unknown
	Inhibits T cell responses



	LAG3 (CD223)
	Plasmacytoid DCs, NK T cells, and Tregs
	MHC II,

GAL-9, FGL1
	Interacts with MHC II



	TIGIT
	T cells and NK cells
	CD155, CD112
	Suppresses anti-tumour immunity



	CD28
	T cells
	CD80/CD86

(form CTLA-4)
	Inhibits T cell responses



	CD40
	B cells, DCs, and HPCs
	CD154
	Activates several signalling pathways;



	CD70
	T cells, B cells, and DCs
	CD27
	Stimulates T cell differentiation, enhances cytotoxicity of T cells, and promotes TNF-α production



	CD47
	RBCs and non-HPCs
	integrins
	Inhibits macrophage activity



	CD137
	T cells and APCs
	CD137L

(TNFSF9, 4-1BBL)
	Activates the MAPK and NF-κB signalling pathway










 





Table 2. Clinical trials based on immune checkpoint inhibitors in gastric cancer therapy.
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	Trial Number
	Type of GC
	Status/Phase
	Checkpoint Inhibitor(s)
	Age

(Years)
	Locations





	NCT04694183
	Advanced, unresectable, metastatic GC
	Completed
	Camrelizumab
	18–75
	China



	NCT02903914
	Metastatic/locally advanced GC
	Completed
	Pembrolizumab
	≥18
	USA, Italy, Spain, and The Netherlands



	NCT04294784
	Recurrent or metastatic gastric and

esophagogastric adenocarcinoma
	Active,

not recruiting
	Shr-1210
	18–70
	China



	NCT04267549
	Stage IV gastric adenocarcinoma
	Active,

not recruiting
	Sintilimab
	18–75
	China



	NCT03841110
	Advanced solid tumours
	Completed
	Nivolumab, pembrolizumab, atezolizumab,
	≥18
	USA



	NCT03321630
	Metastatic or recurrent gastric or gastroesophageal junction (GEJ)

adenocarcinoma
	Completed
	Pembrolizumab
	18–100
	USA



	NCT06238752
	HER2-negative, advanced G/GEJ cancer

patients with signet ring cell carcinoma

or peritoneal metastasis
	Completed
	Tislelizumab
	≥18
	China



	NCT04249739
	Advanced gastric or gastroesophageal junction (GEJ) adenocarcinoma–EBV negative and MSS (or MMR-proficient) GC
	Active,

not recruiting
	Pembrolizumab