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Abstract

:

Peritoneal metastases from gastric cancer play a key role in the fatal prognosis of the disease. The lack of efficacy of actual therapeutic approaches together with the outcomes achieved with checkpoint inhibitors in gastric cancer compel us to address the current state-of-the-art immunotherapy treatment of peritoneal dissemination. The immunogenicity of the peritoneum has been described to be particularly active at omentum and peritoneal lymph nodes. Also, both innate and acquired immunity seems to be involved at different molecular levels. Recent works show PDL1 expression being less present at the peritoneal level; however, some clinical trials have begun to yield results. For example, the ATTRACTION-2 trial has demonstrated the activity of Nivolumab in heavily pretreated patients even though peritoneal metastases were diagnosed in a 30% of them. Despite positive results in the metastatic setting, peritoneal responses to systemic checkpoint inhibitors remains unclear, therefore, new strategies for intraperitoneal immunotherapy are being proposed for different ongoing clinical trials.
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1. Rationale


Gastric cancer (GC) is the fifth most diagnosed cancer and the third leading cause of cancer deaths worldwide, according to GLOBOCAN 2020 data [1]. The disease is often not found until it is at an advanced stage. Despite the use of multiple modalities to treat GC, including gastrectomy combined with radiation therapy, chemotherapy or targeted chemo-immune therapy, the disease often progresses, relapses, or metastasizes and has a five-year survival rate of less than 35% overall [2,3].



Peritoneal metastasis (PM), which is the most common form of recurrence in gastric cancer, is estimated to occur in 55–60% of gastric cancer patients.



PM [2] has only a 2% five-year overall survival rate, and this includes patients with only microscopic free cancer cells without macroscopic peritoneal nodules. The mechanism of peritoneal metastasis has yet to be fully understood, there are limited treatment options for these patients, and the appropriate target has not been identified. A complete cure through surgery is difficult and in most cases adds morbidity and mortality without impacting on increased survival, therefore, palliative systemic therapy is the first choice for treatment [4]. However, chemotherapy or other GC approved systemic therapy is often inadequate for peritoneal dissemination due to insufficient drug delivery, and to symptoms such as intestinal obstruction and abdominal bloating.



To overcome the limitations of systemic chemotherapy, a novel multimodal treatment could radically change the outcomes. This new approach combines systemic chemotherapy, radical surgery and intra-peritoneal chemotherapy (IPC) in selected patients with a peritoneal carcinomatosis index (PCI) below 12 and the possibility of a complete cytoreduction [5,6,7,8].



Novel technologies like RNA sequencing and cytometry have become increasingly important techniques to address the challenges presented by peritoneal metastases in order to understand genomics and carcinogenesis [9,10,11,12]. The development of peritoneal carcinomatosis is a multi-step process, beginning with the detachment of cancer cells from the primary tumor, followed by their attachment to peritoneal mesothelial cells, retraction of the mesothelial cells, exposure of the basement membrane, proliferation and finally growth with induction of angiogenesis [13]. In general terms, the human peritoneum is highly complex and unmatched in mice with the same tissue biology and structure. Therefore, reliable preclinical models are crucial for research and development of efficacious treatments. In this sense, syngeneic, humanized, personalized patient-derived xenograft, genetically engineered mouse models, or approaches using biotechnology for 3D tumors have offered proof of concept, enabling the preclinical study of promising immunotherapies for peritoneal carcinomatosis [14].



The immune system, between the innate (neutrophils, macrophages, dendritic cells and natural killers) and the adaptive (B and T lymphocytes) has the ability to detect and eliminate these tumor cells, which is known as immune surveillance. However, cancer cells either inherently or causatively develop strategies to escape immune surveillance by targeting or hijacking the immune system to assist their abnormal growth by a tumor microenvironment (TME) in which cancer and stromal cells participate. Since immune cells such as macrophages and lymphocytes are present in the greater omentum and lymph nodes, the activation of immune cells would be a promising strategy for treatment of PM [15].



In this sense, stimulation of the innate immune system has been described as an effective way to activate immune cells for the treatment of peritoneal dissemination. It can be carried out through dendritic cells. Since they are antigen presenting cells, they could be used as therapeutic vaccines in a co-culture with autologous T lymphocytes to educate and stimulate specific antitumor lymphocytes [16]. Also, macrophages, by the ligand recognition of the Toll-like receptor in antigen-presenting cells, stimulate Th-1-type immune responses [17] or gene therapy with the intercellular adhesion molecule of the adenovirus vector vehicle (ICAM-2) that produces NK infiltration in peritoneal metastatic lesions [18]. Immunosuppressive cell blocking strategies are also being developed, such as Mφ macrophages that are associated with the expression of PD-L1 in gastric adenocarcinoma cells [19] or Treg, with intraperitoneal arsenic trioxide (As2O3) [20].



Specific CAR-T cells are genetically engineered from patient T cells and can secrete cytokines, produce specific molecules, and exert potent cytotoxicity against a wide range of cancer cells. This strategy is being developed in the GC, with T cells modified with the chNKG2D receptor (for GC that expresses NKG2DL with peritoneal metastases) [21] and chA214-1BBz [22], in addition to the third generation bi-specific CAR-T Trop2/PD-L1 method [23].



We know that patients with GC best selected for immuno checkpoint are those with a predictive biomarker such as tumor mutational burden-high, expression of PDL-1, microsatellite instability(MSI) or Epstein-Barr virus (EBV) positive tumors, but PM shows PDL1 expression less frequently [24,25]. These findings suggest that the immune checkpoint molecules PD-1 and its ligand are unlikely treatments among possible therapeutic targets in peritoneal metastasis of GC. However, the immunotherapeutic strategy of targeting multiple immune checkpoints is a great challenge to solve based on the genetic and immune status of each patient. In this work [26], they perform immune profiling for two main groups of PM samples for therapeutic decisions: “exclusive” and “depleted” T-cell subtypes (with high levels of PDL-1, TIM-3, galectin-9). An increase in the expression of immune checkpoint molecules has also been reported after neoadjuvant chemotherapy by modifying the microenvironment, this being a beneficial prognostic factor for overall survival [27]. These data provide the possibility of applying chemotherapy combined with immunotherapy or even dual checkpoints.



The latest advances in gastric cancer are aimed at molecular classification. The two most advanced classifications are The Cancer Genome Atlas (TCGA) [28] and the Asian Cancer Research Group [29], which are able to perform prognostic classification, at risk of relapse, such as peritoneal metastases, in addition to a clinical application, selecting the best treatment strategies. Despite using similar procedures, both classifications are not superimposable, and the subgroups determined in them are not equivalent. Only the subtype with microsatellite instability appears to be equivalent in terms of survival in both classifications. The Cancer Genome Atlas (TCGA) classifies GC into four main molecular subtypes: Epstein-Barr virus positive tumors, showing recurrent PIK3CA mutations; extreme DNA hypermethylation and amplification of JAK2; CD274 (PD-L1); and PDCD1LG2 (PD-L2), unstable microsatellite tumors showing high mutation rates genomically stable tumors, which are enriched for diffuse histological variant and RHOA mutations or fusions involving RHO family GTPase activating proteins; and tumors with chromosome instability, showing marked aneuploidy and focal amplification of receptor tyrosine kinases. However, these classifications have not been shown to be useful in clinical practice, and to date only three molecular biomarkers have been shown to predict a response to targeted therapies in GC patients: HER2 positivity for trastuzumab and trastuzumab deruxtecan and MSI and PD-L1 expression for the immune checkpoint. Therefore, for future clinical trials with immunotherapy, we must select immunosensitive patients [30].




2. Current Practice


In recent years there has been a transcendental change in the treatment of advanced solid tumours due to immunotherapy, but not for most patients with GC, since the benefit of anti-PD-1 monotherapy is modest and most GC are not immunologically “hot”. The clinical trials include advanced GC, with a 25–30% sample representation with peritoneal carcinomatous. (Table 1)



Following the success of ATTRACTION-2 in 2017 [31], immune checkpoint inhibitors’ efficacy with nivolumab in chemo-refractory gastric cancer compared to best supportive care was demonstrated. However, several negative trials testing immune checkpoint inhibitors have been reported, including KEYNOTE-061 [32] (second line pembrolizumab vs. paclitaxel), JAVELIN-300 [33] (third line avelumab vs. chemotherapy), and JAVELIN-100 [34] (first line avelumab maintenance). The biomarker results from these negative assays demonstrated subsets of patients that were more sensitive to anti-PD-1, including those with high PD-L1 expression, unstable microsatellite tumours, and tumours with a high tumour mutation load.



In the first-line setting, the KEYNOTE-062 [35] trial showed non-inferiority of pembrolizumab compared to chemotherapy in PD-L1 CPS (pooled ratio score) ≥1 patients, but low response rates and detrimental survival early in progression-free pembrolizumab-treated patients. In KEYNOTE-062, pembrolizumab also failed to improve overall survival when added to chemotherapy in PD-L1 CPS ≥1 and ≥10 groups. However, in the first-line treatment, the CheckMate-649 [36] trials showed an overall survival benefit of >3 months for GC patients with PD-L1 CPS ≥5 treated with a combination of oxaliplatin-fluoropyrimidine chemotherapy and nivolumab, and its clinical practice is likely to change. ATTRACTION-4 [37], an Asian study, took a similar approach in a population of all types and, although a progression-free survival benefit was evident, no overall survival benefit was demonstrated. This could be due to a lack of selection of biomarkers or high levels of second-line treatment in Asian patients. Finally, the KEYNOTE-059 [38] trial evaluated cisplatin-based chemotherapy plus pembrolizumab in the first-line, and this demonstrated a survival benefit with the addition of pembrolizumab to chemotherapy, although the benefit for adenocarcinoma is not yet clear. In addition, real-world effectiveness of nivolumab (DELIVER trial) demonstrated a comparable survival time and shows that the presence of peritoneal metastasis was a prognostic factor for OS and PFS [39]. Regarding cytoreductive surgery with hypertermic intraperitoneal chemotherapy (CRS-HIPEC) in gastric peritoneal metastases, the benefit remains unclear [7,40]. The evidence is very controversial, among other things due to the design of the studies. It is important to bear in mind that in 2018 a consensus about CRS-HIPEC in PM was published in which the authors agreed that for GC a prospective randomized trial is needed and that patients with PM from GC should be considered for clinical trials [41,42].



There are several case reports and studies showing the benefit of multimodality therapy including immunotherapy [43,44]. Therefore, multidisciplinary treatment of unresectable gastric cancer is believed to be essential to improve patient outcomes.




3. Ongoing Clinical Trials


With next-generation sequencing (NGS) and better genetic profiling, it may be feasible to personalize the systemic therapy regimen; however, currently responses are poor, and the recurrence rates in the peritoneal cavity are still high. Hence, considering the “immunocompetence” of the peritoneum and the oncologic outcomes achieved with checkpoint inhibitors in advanced gastric cancer [45], the need of a research focus on intraabdominal administration of immunotherapeutic drugs is evident.



Limited data has been published with respect to immunotherapy for peritoneal metastasis from gastric cancer, and most of the studies are currently ongoing (Table 2).



The only phase II randomized clinical trial published wanted to address the potential benefit of catumaxomab, a bi-specific (anti-EpCAM, anti-CD3) agent, as a postoperative intraperitoneal immunotherapy [46]. The study had to be stopped prematurely because of toxicity, as one patient died postoperatively of multiorgan failure, and grade 3–5 complications occurred in all of the patients. There are, however, encouraging results as in terms of overall survival.



Lian Lu et al. recently confirmed the efficacy of a combination of camrelizumab, an IgG4κ humanized monoclonal antibody (mAb), anti-angiogenics, and chemotherapy for neoadjuvant/conversion treatment of cT4a/bN + gastric cancer [47]. Patients received camrelizumab (200 mg d1), apatinib (250 mg d1–14), S-1 (50 mg bid d1–10) ± oxaliplatin (85 mg/m2) for at least two cycles, followed by re-evaluation and operation. At a median follow-up of 12.5 months (3.4–19.5) 13 of 17 patients (76.5%) with R0 resection were recurrence-free. Based on those results, two randomized controlled phase II trials have been planned, one of them active but not recruiting, to assess the effectiveness and safety of HIPEC, the anti-PD1 antibody Camrelizumab (SHR-1210), an intravenous chemotherapy combined with surgery for conversion therapy in patients with advanced gastric cancer with peritoneal metastasis (NCT04889768). The other one is under active recruitment for the treatment of unresectable metastatic GC (NCT0469418).



Although not recruiting yet, Sorrento Therapeutics opened a phase I clinical trial (NCT03682744) of anti-CEA intraperitoneal CAR-T infusions for treatment in patients with CEA-expressing adenocarcinoma peritoneal metastases or malignant ascites. T cells are activated and then re-engineered to express chimeric antigen receptors (CARs) specific for CEA. Currently, the INSIGHT platform trial has shown to be safe and efficacious for intralesional/peritoneal IMP321 (LAG-3Ig fusion protein and eftilagimod alpha) and avelumab in advanced stage solid tumor entities [48].




4. Conclusions and Future Perspectives


Currently, the efficacy of CRS-HIPEC in PM still remains unclear. Following the Chicago Group Consensus in 2018, two randomized phase III trials comparing CRS/HIPEC with CRS alone (CYTO-CHIP and GASTRIPEC-I trials) were published showing contrasting data [40,49]. These controversial results mean the scientific community must keep designing new clinical trials to find out which patients may benefit from this strategy.



Furthermore, we need to precisely analyze the outcomes from new target therapies and immunotherapy to elucidate the futility or not of such multimodal approaches. At the moment, with the approval of nivolumab for second/third line due to the positive results in the 2017 ATTRACTION-2 trial [31], and the recent favourable outcomes in the CheckMate 649 trial placing nivolumab plus chemotherapy as the new standard first line treatment [36], it is crucial to recognize molecular conditions such as TMB, PDL1, MSI and EBV in order to stratify real responders. Even though the immunocompetence of the peritoneum is known, the presence of peritoneal metastases appear as a negative independent prognostic factor in real-world data [39]. Therefore, multiple efforts have to be made to achieve valuable immune control of the peritoneum. Hopefully, results from early phase trials with peritoneal camrelizumab (IgG4) and engineering CART cells will answer some of the key points.







Author Contributions


E.R.H., M.P., I.C., J.G.-F., C.C. contributed to the writing and editing of the manuscript. All authors have read and agreed to the published version of the manuscript.




Funding


This review has not been funded.




Institutional Review Board Statement


Not applicable.




Informed Consent Statement


Not applicable.




Data Availability Statement


The study did not report any data.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Bray, F.; Ferlay, J.; Soerjomataram, I.; Siegel, R.L.; Torre, L.A.; Jemal, A. Global cancer statistics 2018: GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in 185 countries. CA Cancer J. Clin. 2018, 68, 394–424. [Google Scholar] [CrossRef] [PubMed]

	



Hartgrink, H.H.; Jansen, E.P.; van Grieken, N.C.; van de Velde, C.J. Gastric cancer. Lancet 2009, 374, 477–490. [Google Scholar] [CrossRef]

	



Siegel, R.; Naishadham, D.; Jemal, A. Cancer statistics for hispanics/latinos. CA Cancer J. Clin. 2012, 62, 283–298. [Google Scholar] [CrossRef] [PubMed]

	



Thomassen, I.; Bernards, N.; Van Gestel, Y.R.; Creemers, G.J.; Jacobs, E.M.; Lemmens, V.E.; De Hingh, I.H. Chemotherapy as palliative treatment for peritoneal carcinomatosis of gastric origin. Acta Oncol. 2013, 53, 429–432. [Google Scholar] [CrossRef]

	



Fugazzola, P.; Ansaloni, L.; Sartelli, M.; Catena, F.; Cicuttin, E.; Leandro, G.; Angelis, G.L.D.; Gaiani, F.; Di Mario, F.; Tomasoni, M.; et al. Advanced gastric cancer: The value of surgery. Acta Biomater. 2018, 89, 110–116. [Google Scholar] [CrossRef]

	



Rudloff, U.; Langan, R.C.; Mullinax, J.; Beane, J.; Steinberg, S.M.; Beresnev, T.; Rn, C.C.W.; Rn, M.W.; Rn, M.A.T.; Schrump, D.; et al. Impact of maximal cytoreductive surgery plus regional heated intraperitoneal chemotherapy (HIPEC) on outcome of patients with peritoneal carcinomatosis of gastric origin: Results of the GYMSSA trial. J. Surg. Oncol. 2014, 110, 275–284. [Google Scholar] [CrossRef] [PubMed]

	



Yang, X.J.; Huang, C.Q.; Suo, T.; Mei, L.J.; Yang, G.L.; Cheng, F.L.; Zhou, Y.F.; Xiong, B.; Yonemura, Y.; Li, Y. Cytoreductive Surgery and Hyperthermic Intraperitoneal Chemotherapy Improves Survival of Patients with Peritoneal Carcinomatosis from Gastric Cancer: Final Results of a Phase III Randomized Clinical Trial. Ann. Surg. Oncol. 2011, 18, 1575–1581. [Google Scholar] [CrossRef]

	



Koemans, W.J.; Van Der Kaaij, R.T.; Boot, H.; Buffart, T.; Veenhof, A.A.F.A.; Hartemink, K.J.; Grootscholten, C.; Snaebjornsson, P.; Retel, V.P.; Van Tinteren, H.; et al. Cytoreductive surgery and hyperthermic intraperitoneal chemotherapy versus palliative systemic chemotherapy in stomach cancer patients with peritoneal dissemination, the study protocol of a multicentre randomised controlled trial (PERISCOPE II). BMC Cancer 2019, 19, 420. [Google Scholar] [CrossRef]

	



Karunasena, E.; Sham, J.; McMahon, K.W.; Ahuja, N. Genomics of Peritoneal Malignancies. Surg. Oncol. Clin. N. Am. 2018, 27, 463–475. [Google Scholar] [CrossRef]

	



Oue, N.; Sentani, K.; Sakamoto, N.; Uraoka, N.; Yasui, W. Molecularcarcinogenesis of gastric cancer: Lauren classification, 21. mucin phenotype expression, and cancer stem cells. Int. J. Clin. Oncol. 2019, 24, 771–778. [Google Scholar] [CrossRef]

	



Kodera, Y.; Nakanishi, H.; Ito, S.; Nakao, A. Clinical significance of isolated tumor cells and micrometastases in patients with gastric carcinoma. Gan Kagaku Ryoho Cancer Chemother. 2007, 34, 817–823. [Google Scholar]

	



Slavin, T.; Neuhausen, S.L.; Rybak, C.; Solomon, I.; Nehoray, B.; Blazer, K.; Niell-Swiller, M.; Adamson, A.W.; Yuan, Y.C.; Yang, K.; et al. Genetic Gastric Cancer Susceptibility in the International Clinical Cancer Genomics Community Research Network. Cancer Genet. 2017, 216–217, 111–119. [Google Scholar] [CrossRef]

	



Kanda, M.; Kodera, Y. Molecular mechanisms of peritoneal dissemination in gastric cancer. World J. Gastroenterol. 2016, 22, 6829. [Google Scholar] [CrossRef]

	



Bella, Á.; Di Trani, C.A.; Fernández-Sendin, M.; Arrizabalaga, L.; Cirella, A.; Teijeira, Á.; Medina-Echeverz, J.; Melero, I.; Berraondo, P.; Aranda, F. Mouse Models of Peritoneal Carcinomatosis to Develop Clinical Applications. Cancers 2021, 13, 963. [Google Scholar] [CrossRef] [PubMed]

	



Yao, X.; Ajani, J.A.; Song, S. Molecular biology and immunology of gastric cancer peritoneal metastasis. Transl. Gastroenterol. Hepatol. 2020, 5, 57. [Google Scholar] [CrossRef]

	



Bagheri, V.; Abbaszadegan, M.R.; Memar, B.; Motie, M.R.; Asadi, M.; Mahmoudian, R.A.; Gholamin, M. Induction of T cell-mediated immune response by dendritic cells pulsed with mRNA of sphere-forming cells isolated from patients with gastric cancer. Life Sci. 2019, 219, 136–143. [Google Scholar] [CrossRef] [PubMed]

	



Ràihaà, M.R.; Puolakkainen, P.A. Tumor-associated macrophages (TAMs) as biomarkers for gastric cancer: A review. Chronic Dis. Transl. Med. 2018, 4, 156–163. [Google Scholar] [CrossRef]

	



Tanaka, H.; Yashiro, M.; Sunami, T.; Sakate, Y.; Kosaka, K.; Hirakawa, K. ICAM-2 genetherapy for peritoneal dissemination of scirrhous gastric carcinoma. Clin. Cancer Res. 2004, 10, 4885–4892. [Google Scholar] [CrossRef]

	



Harada, K.; Dong, X.; Estrella, J.S.; Correa, A.M.; Xu, Y.; Hofstetter, W.L.; Sudo, K.; Onodera, H.; Suzuki, K.; Suzuki, A.; et al. Tumor-associated macrophage infiltration is highly associated with PD-L1 expression in gastric adenocarcinoma. Gastric Cancer 2017, 21, 31–40. [Google Scholar] [CrossRef] [PubMed]

	



Hu, Z.; Hu, S.; Wu, Y.; Li, S.; He, C.; Xing, X.; Wang, Y.; Du, X. Accumulation and suppressive function of regulatory T cells in malignant ascites: Reducing their suppressive function using arsenic trioxide in vitro. Oncol. Lett. 2018, 15, 5384–5390. [Google Scholar] [CrossRef]

	



Bagley, S.J.; O’Rourke, D.M. Clinical investigation of CAR T cells for solid tumors: Lessons learned and future directions. Pharmacol. Ther. 2020, 205, 107419. [Google Scholar] [CrossRef]

	



Han, Y.; Liu, C.; Li, G.; Li, J.; Lv, X.; Shi, H.; Liu, J.; Liu, S.; Yan, P.; Wang, S.; et al. Antitumor effects and persistence of a novel HER2 CAR T cells directed to gastric cancer in preclinical models. Am. J. Cancer Res. 2018, 8, 106–119. [Google Scholar] [PubMed]

	



Saito, H.; Kono, Y.; Murakami, Y.; Shishido, Y.; Kuroda, H.; Matsunaga, T.; Fukumoto, Y.; Osaki, T.; Ashida, K.; Fujiwara, Y. Highly Activated PD-1/PD-L1 Pathway in Gastric Cancer with PD-L1 Expression. Anticanc. Res. 2018, 38, 107–112. [Google Scholar] [CrossRef] [PubMed]

	



Kim, J.; Kim, B.; Kang, S.Y.; Heo, Y.J.; Park, S.H.; Kim, S.T.; Kang, W.K.; Lee, J.; Kim, K.-M. Tumor Mutational Burden Determined by Panel Sequencing Predicts Survival After Immunotherapy in Patients With Advanced Gastric Cancer. Front. Oncol. 2020, 10, 314. [Google Scholar] [CrossRef] [PubMed]

	



Kawazoe, A.; Shitara, K.; Kuboki, Y.; Bando, H.; Kojima, T.; Yoshino, T.; Ohtsu, A.; Ochiai, A.; Togashi, Y.; Nishikawa, H.; et al. Clinicopathological features of 22C3 PD-L1 expression with mismatch repair, Epstein–Barr virus status, and cancer genome alterations in metastatic gastric cancer. Gastric Cancer 2019, 22, 69–76. [Google Scholar] [CrossRef] [PubMed]

	



Wang, R.; Song, S.; Harada, K.; Amlashi, F.G.; Badgwell, B.; Pizzi, M.P.; Xu, Y.; Zhao, W.; Dong, X.; Jin, J.; et al. Multiplex profilingof peritoneal metastases from gastric adenocarcinoma identified novel targets and molecular subtypes that predict treatment response. Gut 2020, 69, 18–31. [Google Scholar] [CrossRef] [PubMed]

	



Yu, Y.; Ma, X.; Zhang, Y.; Zhang, Y.; Ying, J.; Zhang, W.; Zhong, Q.; Zhou, A.; Zeng, Y. Changes in Expression of Multiple Checkpoint Molecules and Infiltration of Tumor Immune Cells after Neoadjuvant Chemotherapy in Gastric Cancer. J. Cancer 2019, 10, 2754–2763. [Google Scholar] [CrossRef]

	



Bass, A.J.; Thorsson, V.; Shmulevich, I.; Reynolds, S.M.; Miller, M.; Bernard, B.; Hinoue, T.; Laird, P.W.; Curtis, C.; Shen, H.; et al. Comprehensive molecular characterization of gastric adenocarcinoma. Nature 2014, 513, 202–209. [Google Scholar] [CrossRef]

	



Cristescu, R.; Lee, J.; Nebozhyn, M.; Kim, K.-M.; Ting, J.C.; Wong, S.S.; Liu, J.; Yue, Y.G.; Wang, J.; Yu, K.; et al. Molecular analysis of gastric cancer identifies subtypes associated with distinct clinical outcomes. Nat. Med. 2015, 21, 449–456. [Google Scholar] [CrossRef]

	



Nakamura, Y.; Kawazoe, A.; Lordick, F.; Janjigian, Y.Y.; Shitara, K. Biomarker-targeted therapies for advanced-stage gastric and gastro-oesophageal junction cancers: An emerging paradigm. Nat. Rev. Clin. Oncol. 2021, 18, 473–487. [Google Scholar] [CrossRef]

	



Kang, Y.-K.; Boku, N.; Satoh, T.; Ryu, M.-H.; Chao, Y.; Kato, K.; Chung, H.; Chen, J.-S.; Muro, K.; Kang, W.K.; et al. Nivolumab in patients with advanced gastric or gastro-oesophageal junction cancer refractory to, or intolerant of, at least two previous chemotherapy regimens (ONO-4538-12, ATTRACTION-2): A randomised, double-blind, placebo-controlled, phase 3 trial. Lancet 2017, 390, 2461–2471. [Google Scholar] [CrossRef]

	



Shitara, K.; Özgüroglu, M.; Bang, Y.-J.; Di Bartolomeo, M.; Mandalà, M.; Ryu, M.-H.; Fornaro, L.; Olesinski, T.; Caglevic, C.; Chung, H.; et al. Pembrolizumab versus paclitaxel for previously treated, advanced gastric or gastro-oesophageal junction cancer (KEYNOTE-061): A randomised, open-label, controlled, phase 3 trial. Lancet 2018, 392, 123–133. [Google Scholar] [CrossRef]

	



Bang, Y.-J.; Ruiz, E.; Van Cutsem, E.; Lee, K.-W.; Wyrwicz, L.; Schenker, M.; Alsina, M.; Ryu, M.-H.; Chung, H.-C.; Evesque, L.; et al. Phase III, randomised trial of avelumab versus physician’s choice of chemotherapy as third-line treatment of patients with advanced gastric or gastro-oesophageal junction cancer: Primary analysis of JAVELIN Gastric 300. Ann. Oncol. 2018, 29, 2052–2060. [Google Scholar] [CrossRef] [PubMed]

	



Moehler, M.; Dvorkin, M.; Boku, N.; Özgüroğlu, M.; Ryu, M.-H.; Muntean, A.S.; Lonardi, S.; Nechaeva, M.; Bragagnoli, A.C.; Coşkun, H.S.; et al. Phase III Trial of Avelumab Maintenance After First-Line Induction Chemotherapy Versus Continuation of Chemotherapy in Patients With Gastric Cancers: Results From JAVELIN Gastric 100. J. Clin. Oncol. 2021, 39, 966–977. [Google Scholar] [CrossRef]

	



Shitara, K.; Van Cutsem, E.; Bang, Y.-J.; Fuchs, C.; Wyrwicz, L.; Lee, K.-W.; Kudaba, I.; Garrido, M.; Chung, H.C.; Lee, J.; et al. Efficacy and Safety of Pembrolizumab or Pembrolizumab Plus Chemotherapy vs Chemotherapy Alone for Patients With First-line, Advanced Gastric Cancer. JAMA Oncol. 2020, 6, 1571–1580. [Google Scholar] [CrossRef]

	



Janjigian, Y.Y.; Shitara, K.; Moehler, M.; Garrido, M.; Salman, P.; Shen, L.; Wyrwicz, L.; Yamaguchi, K.; Skoczylas, T.; Bragagnoli, A.C.; et al. First-line nivolumab plus chemotherapy versus chemotherapy alone for advanced gastric, gastro-oesophageal junction, and oesophageal adenocarcinoma (CheckMate 649): A randomised, open-label, phase 3 trial. Lancet 2021, 3, 27–40. [Google Scholar] [CrossRef]

	



Boku, N.; Ryu, M.-H.; Kato, K.; Chung, H.; Minashi, K.; Lee, K.-W.; Cho, H.; Kang, W.; Komatsu, Y.; Tsuda, M.; et al. Safety and efficacy of nivolumab in combination with S-1/capecitabine plus oxaliplatin in patients with previously untreated, unresectable, advanced, or recurrent gastric/gastroesophageal junction cancer: Interim results of a randomized, phase II trial (ATTRACTION-4). Ann. Oncol. 2019, 30, 250–258. [Google Scholar] [CrossRef]

	



Bang, Y.-J.; Kang, Y.-K.; Catenacci, D.V.; Muro, K.; Fuchs, C.S.; Geva, R.; Hara, H.; Golan, T.; Garrido, M.; Jalal, S.I.; et al. Pembrolizumab alone or in combination with chemotherapy as first-line therapy for patients with advanced gastric or gastroesophageal junction adenocarcinoma: Results from the phase II nonrandomized KEYNOTE-059 study. Gastric Cancer 2019, 22, 828–837. [Google Scholar] [CrossRef]

	



Takahashi, Y.; Sunakawa, Y.; Inoue, E.; Kawabata, R.; Ishiguro, A.; Kito, Y.; Akamaru, Y.; Takahashi, M.; Yabusaki, H.; Matsuyama, J.; et al. Real-world effectiveness of nivolumab in advanced gastric cancer: The DELIVER trial (JACCRO GC-08). Gastric Cancer 2021. [Google Scholar] [CrossRef]

	



Bonnot, P.-E.; Piessen, G.; Kepenekian, V.; Decullier, E.; Pocard, M.; Meunier, B.; Bereder, J.-M.; Abboud, K.; Marchal, F.; Quenet, F.; et al. Cytoreductive Surgery With or Without Hyperthermic Intraperitoneal Chemotherapy for Gastric Cancer With Peritoneal Metastases (CYTO-CHIP study): A Propensity Score Analysis. J. Clin. Oncol. 2019, 37, 2028–2040. [Google Scholar] [CrossRef]

	



Glehen, O.; Gilly, F.N.; Arvieux, C.; Cotte, E.; Boutitie, F.; Mansvelt, B.; Bereder, J.M.; Lorimier, G.; Quenet, F.; Elias, D. Peritoneal Carcinomatosis from Gastric Cancer: A Multi-Institutional Study of 159 Patients Treated by Cytoreductive Surgery Combined with Perioperative Intraperitoneal Chemotherapy. Ann. Surg. Oncol. 2010, 17, 2370–2377. [Google Scholar] [CrossRef] [PubMed]

	



Izquierdo, F.J.; Schuitevoerder, D.; Plana, A.; Eng, O.S.; Sherman, S.K.; Badgwell, B.; Johnston, F.M.; Abdel-Misih, S.; Blazer III, D.G.; Dineen, S.P. The Chicago Consensus on Peritoneal Surface Malignancies: Management of Gastric Metastases. Cancer 2020, 126, 2541–2546. [Google Scholar] [CrossRef]

	



Kuhara, Y.; Ninomiya, M.; Hirahara, S.; Doi, H.; Kenji, S.; Toyota, K.; Yano, R.; Kobayashi, H.; Hashimoto, Y.; Yokoyama, Y.; et al. A long-term survival case of unresectable gastric cancer with multidisciplinary therapy including immunotherapy and abscopal effect. Int. Cancer Conf. J. 2020, 9, 1–6. [Google Scholar] [CrossRef]

	



Yamagishi, H.; Ueda, Y.; Oka, T. A case report of immunotherapy on a patient with advanced gastric cancer by adoptive transfer of OK-432-reactive HLA-matched allogeneic lymphocytes. Cancer Immunol. Immunother. 1998, 46, 113–119. [Google Scholar] [CrossRef]

	



Chao, J.; Fuchs, C.S.; Shitara, K.; Tabernero, J.; Muro, K.; Van Cutsem, E.; Bang, Y.-J.; De Vita, F.; Landers, G.; Yen, C.-J.; et al. Assessment of Pembrolizumab Therapy for the Treatment of Microsatellite Instability–High Gastric or Gastroesophageal Junction Cancer Among Patients in the KEYNOTE-059, KEYNOTE-061, and KEYNOTE-062 Clinical Trials. JAMA Oncol. 2021, 7, 895. [Google Scholar] [CrossRef] [PubMed]

	



Goere, D.; Glehen, O.; Mariette, C.; Auperin, A.; Elias, D. Results of a phase II randomized study evaluating the potential benefit of a postoperative intraperitoneal immunotherapy after resection of peritoneal metastases from gastric carcinoma metastases (IIPOP- NCT01784900). J. Clin. Oncol. 2017, 35, 4064. [Google Scholar] [CrossRef]

	



Li, S.; Yu, W.; Xie, F.; Liu, Z.; Lv, W.; Shi, D.; Yu, D.; Wei, M.; Wang, J.; Zhao, Y.; et al. A prospective, phase II, single-arm study of neoadjuvant/conversion therapy with camrelizumab, apatinib, S-1 ± oxaliplatin for locally advanced cT4a/bN+ gastric cancer. J. Clin. Oncol. 2021, 39, 4061. [Google Scholar] [CrossRef]

	



Goetze, T.O.; Mueller, D.W.; Rafiyan, M.-R.; Kiselicki, D.; Habibzade, T.; Schaaf, M.; Eickhoff, R.; Jäger, E.; Al-Batran, S.-E. Phase I INSIGHT platform trial: Advanced safety and efficacy data from stratum D evaluating feasibility and safety of eftilagimod alpha (soluble LAG-3 protein) combined with avelumab in advanced solid tumors. J. Clin. Oncol. 2021, 39, 2518. [Google Scholar] [CrossRef]

	



Rau, B.; Lang, H.; Königsrainer, A.; Gockel, I.; Rau, H.G.; Seeliger, H.; Lerchenmüller, C.; Reim, D.; Wahba, R.; Angele, M.; et al. The effect of hyperthermic intraperitoneal chemotherapy (HIPEC) upon cytoreductive surgery (CRS) in gastric cancer 8GC) with synchronous peritoneal metastasis (PM): A randomized multicentre phase III trial (GASTRIPECT-I-trial). Ann. Oncol. 2021, 32, 1040. [Google Scholar] [CrossRef]








[image: Table] 





Table 1. Summary of clinical trials with immunotherapy in advanced gastric or gastro-oesophageal junction cancer.
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	CLINICAL TRIAL
	Conditions
	Molecular Condition
	Peritoneum Metastases
	Interventions
	Results





	ATTRACTION-2, phase 3 trial

Yoon-Koo Kang (2017) [31]
	3rd and successive lines
	regardless of PD-L1
	19–26%
	3 mg/kg nivolumab or placebo IV every 2 weeks
	Approved 2°–3° line some countries



	KEYNOTE-061, phase 3 trial

Kohei Shitara (2018) [32]
	2nd line
	PD-L1 CPS ≥ 1
	28%
	pembrolizumab 200 mg every 3 weeks for up to 2 years or standard-dose paclitaxel.
	Negative trial



	JAVELIN-300, phase 3 trial

Y-J Bang

(2018) [33]
	3rd line
	regardless of PD-L1
	not specified
	avelumab 10 mg/kg IV every 2 weeks or physician’s choice of chemotherapy (paclitaxel 80 mg/m2 on days 1, 8, and 15 or irinotecan 150 mg/m2 on days 1 and 15, each of a 4-week treatment cycle)
	Negative trial



	JAVELIN Gastric 100, phase 3 trial

Markus Moehler

(2021) [34]
	1st line avelumab maintenance
	PD-L1 CPS ≥ 1
	not specified
	Patients without progressive disease after 12 weeks of first-line FOLFOX were assigned to avelumab 10 mg/kg every 2 weeks or continued chemotherapy
	Negative trial



	KEYNOTE-062,

phase 3 trial

Shitara (2020) [35]
	First line
	PD-L1 CPS ≥ 1
	not specified
	pembrolizumab 200 mg, pembrolizumab + chemotherapy (cisplatin 80 mg/m2/d on day 1 plus fluorouracil 800 mg/m2/d on days 1 to 5 or capecitabine 1000 mg/m2 twice daily), or chemotherapy + placebo, every 3 weeks.
	Pembrolizumab was noninferior to chemotherapy, but was not superior to chemotherapy for the OS and PFS



	CheckMate 649,

phase 3 trial

Janjigian (2021) [36]
	First line
	regardless of PD-L1
	not specified
	nivolumab (360 mg every 3 weeks or 240 mg every 2 weeks) plus chemotherapy (capecitabine and oxaliplatin every 3 weeks or FOLFOX every 2 weeks), nivolumab plus ipilimumab, or chemotherapy alone
	Nivolumab is the first PD-1 inhibitor to show superior OS and PFS benefit and an acceptable safety profile, in combination with chemotherapy.

Represents a new standard first-line treatment.



	ATTRACTION-4,

phase 2 trial

Boku (2019) [37]
	First line
	regardless of PD-L1
	Not specified
	nivolumab (360 mg intravenously every 3 weeks) plus SOX every 3 weeks or CapeOX every 3 weeks
	PFS benefit was apparent, no OS benefit was demonstrated.

ATTRACTION-4 has proceeded to part 2

(phase III)



	KEYNOTE-059,

phase 2 trial

Bang (2019) [38]
	Firstline
	PD-L1

CPS ≥ 1
	Not specified
	Cohort 3(pembrolizumab monotherapy) PDL1 CPS ≥ 1.

Cohort 2 (combination therapy) pembrolizumab +. Chemotherapy
	OS benefit with the addition of pembrolizumab to chemotherapy, although the benefit for adenocarcinoma is not yet clear.







IV: Intravenously; FOLFOX: oxaliplatin plus a fluoropyrimidine; SOX (S-1orally; oxaliplatin IV); CapeOX (capecitabineorally; oxaliplatin IV); PD-L1: programmed cell death ligand 1; CPS: combined positive score.
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Table 2. Ongoing clinical trials with immunotherapy in GC.
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	Rank
	NCT Number
	Title
	Conditions
	Interventions
	Phases
	Completion Date





	1
	NCT04889768
	HIPEC Combined with Camrelizumab, Paclitaxel and S-1 for Conversion Therapy in Patients With Advanced Gastric Cancer With Peritoneal Metastasis
	Gastric Cancer, HIPEC, Anti-PD-1 Antibody Camrelizumab (SHR-1210), Chemotherapy and Surgery
	Drug: HIPEC, anti-PD-1 antibody Camrelizumab (SHR-1210), Chemotherapy and Surgery
	Not Applicable
	July 31, 2025



	2
	NCT04694183
	The Conversion Therapy of Chemotherapy Plus Camrelizumab in Metastatic Gastric Cancer
	Gastric Cancer
	Drug: Paclitaxel + S-1 + anti-PD-1 antibody (Peritoneal metastasis) |Drug: SOX regimen + anti-PD-1 antibody (Liver metastasis, para-aortic lymph node metastasis)
	Phase 2
	November 17, 2022



	3
	NCT03682744
	CAR-T Intraperitoneal Infusions for CEA-Expressing Adenocarcinoma Peritoneal Metastases or Malignant Ascites (IPC)
	Peritoneal Carcinomatosis|Peritoneal Metastases|Colorectal Cancer|Gastric Cancer|Breast Cancer|Pancreas Cancer|Carcinoembryonic Antigen
	Biological: anti-CEA CAR-T cells
	Phase 1
	March 2021



	4
	NCT03252938
	Feasibility and Safety of IMP321 for Advanced Stage Solid Tumors
	Solid Tumors|Peritoneal Carcinomatosis
	Drug: IMP321|Drug: Avelumab
	Phase 1
	June 30, 2024



	5
	NCT01784900
	Treatment of Gastric Peritoneal Carcinomatosis by Association of Complete Surgical Resection of the Lesions and Intraperitoneal Immunotherapy Using Catumaxomab
	Patients With Gastric Peritoneal Carcinomatosis
	Drug: Catumaxomab 100 µg|Drug: Catumaxomab 140 µg
	Phase 2
	January 2016
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