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Esophageal cancer (EC) is an aggressive malignancy raising a healthcare concern worldwide. Standard treatment options include surgical resection, chemotherapy, radiation therapy, and targeted molecular therapy. The five-year survival rate for all stages of EC is approximately 20%, ranging from 5% to 47%, with a high recurrence rate and poor prognosis after treatment. Immunotherapy has shown better efficacy and tolerance than conventional therapies for several malignancies. Immunotherapy of EC, including immune checkpoint inhibitors, cancer vaccines, and adoptive cell therapy, has shown clinical advantages. In particular, monoclonal antibodies against PD-1 have a satisfactory role in combination therapy and are recommended for first- or second-line treatments. Here, we present a systematic summary and analysis of immunotherapy-based combination therapies for EC.
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Introduction

Esophageal cancer (EC) is the seventh most common cancer, with 570,000 cases diagnosed yearly, and the sixth highest cause of cancer-related mortalities, with 509,000 deaths per year worldwide (1). The five-year survival rate for all stages of EC is approximately 20% in China and the USA and only 12% in Europe (2, 3). EC consists of two principal histological subtypes: esophageal squamous cell carcinoma (ESCC) and esophageal adenocarcinoma (EAC). ESCC occurs mainly in the upper and middle parts of the esophagus and is the primary type of EC in Asia and Eastern Europe. EAC occurs mainly in the lower segment of the esophagus, near the stomach or the junction of the gastroesophageal wall, and primarily affects people in Europe and North America (4). Key risk factors of ESCC include smoking, alcohol consumption, hot drinking, and malnutrition. In contrast, risk factors for EAC include smoking, obesity, gastroesophageal reflux disease, and Barrett′s esophagus (5, 6). The incidence of ESCC has been declining while that of EAC has been increasing rapidly, especially in Western men (7).

Traditional therapies for patients with EC include surgery, chemotherapy, chemoradiotherapy, and targeted therapy (8). Traditionally, surgery has been the most common treatment for EC. However, surgery is not suitable for cancer patients diagnosed with distal metastases or advanced stages. American Society of Clinical Oncology (ASCO) recommends chemoradiotherapy or chemotherapy before surgery for most patients with locally advanced EC (9, 10). However, most patients relapse quickly after the initial therapy, with serious adverse events including systemic toxicity and multidrug resistance (8). Thus, novel and effective drugs are needed and expected to improve overall survival (OS).

Immunotherapy is a promising modality for cancer treatment, having anti-tumor effects and increasing the OS of patients with various cancers. However, several clinical trials of immunotherapy for EC indicate that their clinical results remain challenging as a single agent (11). Therefore, a great effort has been focused on developing novel strategies to extend clinical benefits to non-responder populations. One of the strategies is the combination of immune therapy with other systemic therapeutics.



Immune checkpoint inhibitors therapy in esophageal cancer

The advent of immunotherapy has transformed cancer treatment. As part of its normal function, it can augment or change how the immune system works to curb or slow tumor growth. Several treatment modalities for immunotherapy include immune checkpoint inhibitors (ICIs), cancer vaccines, and adoptive cell therapies (ACTs). However, the major obstacle to immunotherapy is the presence of an immunosuppressive microenvironment, leading to tumor escape from immune surveillance. There are many causes of immunosuppression, including immune checkpoints highly expressed in cancer cells, heterogeneity, and low immunogenicity of tumor antigens (12–15). Immune checkpoint molecules are key co-stimulatory or co-inhibitory signals of the immune response in protecting the host from tissue damage, playing important roles in maintaining self-tolerance and preventing autoimmunity (16–18). However, when tumor cells hyperactivate inhibitory signals, these ligand-receptor pair interactions between tumor cells and T cells negatively regulate T cell activation (19–21). Immune checkpoint molecules include PD1 and CTLA-4 on T-cells and programmed death-ligand 1 (PD-L1) and B7-1/B7-2 on antigen presenting cells (APCs) and tumor cells. Additionally, PD-L1 expression has been studied in several cancers, which can be used to predict the response to ICIs in different cancer types. Immune checkpoint therapy has shown promising clinical responses in several cancers, such as malignant melanoma, head and neck cancer, lung cancer, gastrointestinal adenocarcinoma, and ESCC (22, 23).

The clinical exploration of immunotherapy for patients with advanced EC followed breakthroughs in several areas, including melanoma and lung cancer. The earliest exploration began with the third-line treatment of EC. The ATTRACTION-1 study was the first to explore the efficacy of a PD-1 monoclonal antibody in advanced esophageal squamous cancer (24). In 2018, the Journal of Clinical Oncology published the results of the KEYNOTE-028 study of an EC cohort, followed by the KEYNOTE-180 and KEYNOTE-181 clinical studies of pembrolizumab for third- and second-line treatment of advanced EC, respectively (25–29). Following ATTRACTION-1, the ATTRACTION-3 study of nivolumab versus chemotherapy was conducted as a second-line treatment for advanced ESCC. PD-1 inhibitors, camrelizumab and sintilimab, have advanced the course of domestic PD-1 inhibitors in the second-line treatment of EC. The ESCORT study evaluated the efficacy and safety of camrelizumab compared to the investigator’s choice of chemotherapy in treating patients with advanced or metastatic ESCC who failed first-line chemotherapy. This study is the first randomized, controlled, multicenter phase III clinical study with the largest enrollment of patients with advanced esophageal squamous cancer in China who failed first-line standard chemotherapy. Currently, advanced EC has entered the era of immunotherapy, breaking the treatment bottleneck and providing patients with better options (Figure 1).




Figure 1 | Development of chemoradiotherapy combined with immunotherapy in esophageal cancer. pembro, pembrolizumab; nivo, nivolizumab; camre, camrelizumab; ipilim, ipilimumab; OS, overall survival; PFS, progression-free survival; ORR, objective response rate; DFS, disease-free survival; health-related quality-of-life, HRQoL; S-1 plus oxaliplatin, SOX; capecitabine plus oxaliplatin, CapeOX; paclitaxel plus cisplatin, PC.



Pembrolizumab is a humanized IgG4 kappa monoclonal antibody that selectively blocks the interaction of the PD-1 receptor with its receptors PD-L1 or PD-L2. The US Food and Drug Administration (FDA) currently approves this drug for treating breast cancer, hepatocellular carcinoma, melanoma, non-small cell lung cancer, and esophageal or gastroesophageal junction (GEJ) cancer. In KEYNOTE-028, KEYNOTE-180, and KEYNOTE-181 clinical trials, researchers evaluated the safety and efficacy of pembrolizumab monotherapy (27, 30–32). Based on two clinical trials, KEYNOTE-180 and KEYNOTE-181, the FDA approved pembrolizumab as a second-line treatment for advanced or metastatic ESCC. Currently, ASCO recommends pembrolizumab as a first-line drug in combination with chemotherapy for refractory locally advanced or metastatic esophageal and gastroesophageal junction adenocarcinomas and squamous cell carcinomas, regardless of PD-L1 expression.

Nivolumab is a monoclonal anti-PD1 antibody approved by the FDA to treat advanced melanoma, advanced non-small cell lung cancer, advanced renal cell carcinoma, urothelial carcinoma, and squamous cell carcinoma of the head and neck (33–37). The ATTRACTION-1 phase II single-arm trial evaluated the efficacy of nivolumab monotherapy in patients with advanced EC who were refractory to or intolerant of fluoropyrimidine-, platinum-, and taxane-based chemotherapy (24, 38). Based on the ATTRACTION-1 phase II trial, the ATTRACTION-3 phase III trial compared nivolumab monotherapy with taxane monotherapy (paclitaxel or docetaxel) in patients with advanced ESCC after prior fluoropyrimidine and platinum chemotherapy. It concluded that nivolumab monotherapy was one of the promising therapeutic modalities in EC (39, 40). Subsequently, nivolumab was approved by the Pharmaceuticals and Medical Devices Agency and the FDA for advanced EC refractory to fluoropyrimidine- and platinum-based drugs.

Camrelizumab is a humanized anti-PD-1 monoclonal antibody independently developed by China. Phase I clinical trials showed that camrelizumab was well tolerated by patients with advanced solid tumors and showed anti-tumor activity (41–43). In China, camrelizumab has been approved for the treatment of several malignancies, such as Hodgkin’s lymphoma, advanced hepatocellular carcinoma, non-small cell lung cancer (NSCLC), and EC. In addition, camrelizumab exhibited encouraging efficacy in some patients with advanced ESCC in a wider phase I dose-escalation and expansion study (NCT02742935) (44). Currently, camrelizumab is approved as second-line therapy for ESCC in China.



Cancer vaccine in esophageal cancer

Traditional prophylactic vaccines protect humans from diseases caused by viruses or bacteria by exposing people to weakened or killed germs with preserved immunogenicity but lost antigenicity. Prophylactic vaccines, such as the chickenpox vaccine, are administered to healthy people to avoid disease in the future (45). Therapeutic vaccines are administered to treat existing malignancies. Cancer cells originate from the healthy cells of the host. The process of carcinogenesis is believed to involve the accumulation of somatic mutations by stepwise progression, resulting in cancer cells closely resembling normal cells to a certain extent (46). Besides immune cell exhaustion, the side effects of cancer therapies or aging contribute to the severe debilitation of the immune response (47–49). Therefore, treatment vaccines for cancer face severe challenges because of tumor-induced immunosuppression, immune evasion, and the aging immune system (50, 51). Over the past 40 years, only two therapeutic cancer vaccines have been approved in the United States and the European Union: sipuleucel-T and talimogene laherparepvec. Currently, to improve the effectiveness of cancer vaccines, choosing optimal antigens and highly potent vaccine vectors and quelling tumor-mediated immunosuppression have been described as the most important considerations in the design of therapeutic vaccines.

The application of a therapeutic vaccine for EC focuses on New York esophageal squamous cell carcinoma 1(NY-ESO-1) and melanoma-associated antigen (MAGE-A), both well-known cancer-testis antigens (CTAs) with re-expression in numerous cancer types. Owing to their restricted expression patterns and ability to elicit immune responses, CTAs are promising candidates for cancer vaccines (52, 53). Bujas et al. and Forghanifard et al. analyzed the expression profiles of MAGE-A4 and NY-ESO-1 using immunohistochemistry and relative mRNA expression, respectively. Both showed overexpression of MAGE-A4 and NY-ESO-1 in patients with EC (54–56). Kageyama et al. confirmed the safety and immunogenicity of the CHP-NY-ESO-1 vaccine by comparing the effectiveness of repeated inoculation with 100 µg or 200 µg CHP-NY-ESO-1 (57). Several studies have explored the combined application of cancer vaccines and immune adjuvants. Ishikawa conducted a clinical trial on a CHP-NY-ESO-1 vaccine combined with poly-ICLC and observed that the combination treatment group exhibited better antibody responses than cancer vaccine alone (58). A phase I study of vaccination with NY-ESO-1f peptide combined with Picibanil OK-432 and Montanide ISA-51 in patients with cancers expressing the NY-ESO-1 antigen enrolled six patients with EC and observed an increase in NY-ESO-1 antibody response and CD4 and CD8 T cell response in nine of ten patients (59), indicating the importance of dendritic cell-based cancer vaccines. Since dendritic cells (DCs) are the dominant antigen-presenting cells and strong activators of T cells, numerous studies have investigated the use of peptide-pulsed DCs as cellular vaccines (53, 60, 61). Narita conducted a phase I/II clinical trial in ESCC, demonstrating that anti-tumor immunotherapy with a SART1 peptide-pulsed DC vaccine may not bring clinical and survival benefits (62). However, the vaccine was well tolerated, with acceptable side effects. Several clinical trials have indicated the safety and feasibility of WT1 peptide-pulsed DC vaccinations, with WT1-specific immunity augmented (63, 64). Some trials have also investigated the combination of multiple highly immunogenic human leukocyte Antigen HLA-restricted epitopes of overexpressed CTAs in patients with ESCC, showing promising anti-tumor activity (65–67).



Adoptive cell therapy in esophageal cancer

ACT, including chimeric antigen receptor (CAR)-and T cell receptor (TCR)-engineered T cell therapies and tumor-infiltrating lymphocytes (TILs), exhibits effective and rapid therapeutic effects on tumors. Typically, modification of T cells is a stepwise process in vitro, involving extracting the patient’s T cells; isolating, modifying, and expanding them ex vivo; and then returning them to the patient. Standard gene transfer methods include transient mRNA transfection, lentiviral transduction, and retroviral vector transduction.

The CAR molecule is major histocompatibility complex (MHC)-independent, and recognition and binding of specific antigens primarily depend on extracellular domains, namely single chain variable fragments (68). Therefore, the tumor immune escape elicited by low human leukocyte antigen (HLA) expression can be avoided. Owing to its potent and long-lasting anti-tumor functions, the clinical response of hematological tumors has shown great success. Genetically engineered autologous CD19 targeted CAR-T cells were the first therapeutic modality approved by the FDA for treating relapsed or refractory hematological malignancies such as lymphocytic leukemia and B-cell lymphoma. In addition, Autologous B-cell maturation antigen-targeted CAR-T cell therapy products for multiple myeloma have shown outstanding anti-tumor activity (69). Nevertheless, despite the remarkable achievements of CAR-T cell therapy in treating liquid tumors, the widespread use of CAR-T cell therapies to treat solid tumors is comparatively modest because of the various roadblocks (69).

Currently, preclinical trials with EC-associated antigens for CAR-T cell therapy targeting HER2, EphA2, MUC1, B7, and H3 are ongoing. Although clinical responses and results are less satisfactory in some solid cancers, Several clinical trials of CAR-T cell therapy against EC are investigating and evaluating (NCT03706326, NCT03740256, NCT03013712, NCT04581473) (70).

An alternative genetically modified T-cell immunotherapy is TCR-T therapy, exhibiting a broader treatment effect. In contrast to CAR-T cells, the TCR-T cell construct is a heterodimer consisting of α and β chains. Antigen recognition by the αβTCR is core to the function of the adaptive immune system (71). Recognition and binding of T cells to antigens depend on the specific matching of TCRs with HLA, resulting in T cells distinguishing rare foreign pMHCs from abundant self pMHC molecules (72–74). Compared with CAR-T cell therapy, TCR-T cell therapy could act on more targeted antigens. In addition to antigens expressed on the surface of cells, intracellular antigens can also be recognized once processed and presented by MHC molecules (75).

Much research on TCR-T cell therapy mainly concentrates on solid tumors (76) rather than liquid tumors, targeting CTAs, including NY-ESO-1, MAGE-A3, and MAGE-A4. Moreover, preclinical and clinical trials of TCR-T-cell therapy for EC are ongoing.



Immunotherapy in combination with chemoradiotherapy


PD1/PD-L1 inhibitors

Previous studies showed chemoradiation combined with immunotherapy to have good anti-tumor effects. This combination treatment includes three action mechanisms: (1) Chemoradiation can kill tumor cells, release tumor antigens, and increase the recognition of T cells (77). (2) Chemoradiation can increase the expression of antigens on the surface of tumor cells (78). In addition, studies have shown that chemotherapy increases the molecular expression of MHC-I, thereby strengthening immune system recognition of tumor cells (79). (3) Radiotherapy and chemotherapy destroy the tumor microenvironment and increase T-cell infiltration (80–82). In addition, some studies have shown that radiotherapy has a range of effects, such as activating dendritic cells, reducing the level of regulatory T cells in tumors, expanding the lineage of T cells, and enhancing T cell metastasis (Figure 2). The combination of immune checkpoint therapy and chemoradiotherapy has shown promising clinical responses in several cancers, such as malignant melanoma, head and neck, lung, gastrointestinal adenocarcinoma, and ESCC.




Figure 2 | Mechanism of chemoradiation–immunotherapy combination in esophageal cancer. Chemoradiation can directly lead to the death of cancer cells by apoptosis, necrosis, and autophagy, promoting the release of tumor-specific antigens by tumor cells and increasing the chances of immune cells finding cancer cells. Chemoradiation can also directly destroy the DNA of cells, causing cancer cells to produce neoantigens and triggering an immune response. In addition, chemoradiation can upregulate the expression of tumor MHC-I that can better present tumor-specific antigens and enhance tumor visibility by cytotoxic T cells. Radiotherapy can modulate the tumor microenvironment, increase the tumor microenvironment, and promote the migration of cytotoxic T cells to the tumor. Radiotherapy also upregulates the PD-L1 expression level on the cancer-cell surface, enhancing the therapeutic effect of PD-L1 antibodies.



Pembrolizumab-based monotherapy can prolong the OS and progression-free survival (PFS) of patients with ESCC, with acceptable treatment-related adverse effects. The FDA has approved pembrolizumab to treat ESCC (PD-L1 CPS ≥ 10). Clinical trials of pembrolizumab and chemotherapy combination for the treatment of EC have achieved significant results, and more clinical trials are underway.

The KEYNOTE-059 study, a multi-cohort, phase II, non-randomized clinical trial, compared the effects of pembrolizumab in combination with chemotherapy to those of chemotherapy alone as first-line treatment in patients with advanced gastric or gastroesophageal junction adenocarcinoma (Table 1). The study enrolled 25 and 31 patients, respectively. This trial demonstrated encouraging anti-tumor activity as a first-line treatment and acceptable safety. However, because the sample size was small, it needs to be validated in a larger population. The phase III randomized clinical trial KEYNOTE-062 evaluated the efficacy and safety of first-line treatment in patients with untreated, advanced gastric/GEJ (G/GEJ) cancer with a PD-L1 CPS of ≥ 1 (Table 1). The study enrolled 763 patients randomly divided into pembrolizumab (n = 256), pembrolizumab plus chemotherapy (n = 257), or chemotherapy (n = 250) treatment groups. This clinical trial demonstrated clinically meaningful OS of pembrolizumab in patients with untreated, advanced G/GEJ cancer with PD-L1 CPS of ≥ 1, especially in those with PD-L1 CPS of ≥ 10 and high microsatellite instability (MSI) tumors. However, the benefits of pembrolizumab and chemotherapy combination were not superior to those of chemotherapy alone, regardless of PD-L1 CPS of more than 1 or 10 (83–85). These data are consistent with those of the KEYNOTE-061 study, confirming the utility of PD-L1 high expression and suggesting pembrolizumab for frontline therapy (86). The results provide a reliable basis for further research on pembrolizumab in combination with chemotherapy.


Table 1 | Clinical Trial of Immunotherapy in Combination with Chemoradiotherapy.



KEYNOTE-590 (NCT03189719) was a randomized, placebo-controlled, double-blind, phase 3 study to evaluate the anti-tumor activity of pembrolizumab plus chemotherapy in comparison with that of chemotherapy alone as the first-line treatment in patients with unresectable, locally advanced, or metastatic EC or Siewert type 1 GEJ cancer (Table 1). A total of 749 patients were enrolled in a randomized 1:1 trial of pembrolizumab plus chemotherapy and chemotherapy alone. The KEYNOTE-590 study combined immunotherapy and chemotherapy to derive the advantages of immunotherapy enhanced by synergistic effects. The study showed a significant improvement in median PFS (mPFS), documenting the short-term efficacy of mPFS, objective response rate (ORR), and the long-term effect of median OS (mOS). Thus, the combination of pembrolizumab and chemotherapy can provide a comprehensive survival benefit to patients. Compared with the KEYNOTE-062 and ATTRACTION-4 trials that did not indicate a distinct difference in OS between combination therapy and mono-chemotherapy, the OS in KEYNOTE-590 was significantly improved. This may be due to the sample size differences and the use of post-study anti-tumor agents. By comparing ICIs in combination with chemotherapy as first-line treatment and ICI monotherapy as second- or third-line treatment, more significant survival benefits and higher levels of PD-L1 expression in tumors were observed in the former. This phenomenon could be because previous therapy generated tolerance, immunosuppressive tumor microenvironments, and the synergistic effect of ICIs plus chemotherapy. The limitations of this trial include no separation of adenocarcinoma and squamous cell carcinoma in the study, no stratifying analysis based on PD-L1 status, and unknown HER-2 status (87). Since combining pembrolizumab with chemotherapy in KEYNOTE-590 trials as first-line treatment provided meaningful improvement, FDA approved pembrolizumab plus chemotherapy as first-line therapy for advanced or metastatic esophageal or GEJ cancer.

Definitive chemoradiotherapy is the standard treatment modality for unresectable EC or distant metastasis. Based on previous study, A double-blind, phase III randomized placebo-controlled study KEYNOTE-975 (NCT04210115) currently in progress is evaluating the efficacy and safety of pembrolizumab plus definitive chemoradiotherapy compared to placebo plus definitive chemoradiotherapy as first-line treatment for patients with esophageal carcinoma. The data from this trial have not been reported hitherto.

The FDA approved nivolumab in 2021 for patients receiving neoadjuvant radiotherapy for completely resected esophageal or GEJ cancer with the residual pathological disease (88). In addition, clinical trials of combination chemotherapy for EC have also made significant progress, and the exploration of treatment options for combination chemotherapy is ongoing.

ATTRACTION-4 (NCT02746796) is a randomized, multicenter, double-blind, placebo-controlled, phase II/III clinical trial in patients with previously untreated, unresectable, advanced, or recurrent G/GEJ cancers (Table 1). Based on the safety and efficacy of nivolumab plus chemotherapy observed in the phase II trial of ATTRACTION-4 (89), the latest phase III clinical research results were published in The Lancet ontology. A total of 724 patients were randomly assigned to receive nivolumab plus chemotherapy and chemotherapy in a 1:1 ratio. Compared to CheckMate649, this trial was conducted in Asia, including Japan, South Korea, and Taiwan. It demonstrated that the PFS (hazard ratio (HR): 0.68; 98.51% confidence interval (CI): 0.51–0.90; p = 0.0007), ORR, and more durable responses favored nivolumab plus chemotherapy over chemotherapy alone. However, the OS difference was insignificant (HR: 0.90, 95% CI: 0.75–1.08; p = 0.26) in this trial, showing superior OS with the combination therapy in CheckMate649. The disparity between the ATTRACTION-4 trial and CheckMate-649 study could be attributed to differences in subsequent anti-tumor treatment modalities. Post-hoc interaction analyses suggested that most of the baseline characteristics were not determinants of treatment outcomes in either ATTRACTION-4 trial or CheckMate-649 study. Furthermore, no new safety issues were observed. Nivolumab combined with chemotherapy showed a manageable safety profile. A limitation of ATTRACTION-4 was the absence of an assessment between the PD-L1 CPS and each endpoint. In the CheckMate-649 and KEYNOTE-062 trials, the survival advantage of nivolumab plus chemotherapy and pembrolizumab plus chemotherapy was more significant in patients with a higher PD-L1 CPS than in those with a lower PD-L1 CPS. In conclusion, nivolumab in combination with chemotherapy has the potential to become a new first-line treatment for Asian patients with HER2-negative, unresectable advanced or recurrent G/GEJ cancers (90, 91).

Compared with the ATTRACTION-4 clinical trial conducted primarily in Asian populations, the CheckMate 649 trial was conducted in different countries with a broader population.

CheckMate649 (NCT02872116) is a randomized, multicenter, open-label, phase III study that was conducted in patients with untreated, unresectable, non-HER2-positive gastric, GEJ, or EAC to evaluate the efficacy and safety of nivolumab-plus-chemotherapy (Table 1). Among the 1,581 advanced patients enrolled regardless of PD-L1 CPS expression, 789 patients were treated with nivolumab-plus chemotherapy, and 792 were treated with chemotherapy alone. In all randomly assigned patients or patients with a PD-L1 CPS of ≥ 5, the combination therapy group displayed better OS and PFS than the group subjected to chemotherapy alone. Statistical hierarchical testing suggested that OS and PFS benefit magnitudes were relative to the PD-L1 CPS cut-offs. The higher the PD-L1 CPS cut-off, the greater the OS and PFS benefits. For patients with PD-L1 CPS ≥ 5, evidence for using chemo-immune combination therapy regimens is relatively strong. However, the suitability of patients with a PD-L1 CPS of < 5 for chemotherapy in combination with immunotherapy requires further active exploration and search for relevant biomarkers. Examples include tumor mutational burden (TMB), copy number variant load, and neutrophil-to-lymphocyte ratio. The safety profile of nivolumab plus chemotherapy was acceptable and consistent with known individual treatments. Based on this trial, the FDA approved nivolumab plus chemotherapy as a new standard first-line treatment for previously untreated patients with advanced G/GEJ cancer and EAC (89, 92).

Doki et al. compared the first-line treatment with nivolumab-based therapy in patients with previously untreated, unresectable advanced, recurrent, or metastatic ESCC. The experimental design of CheckMate 648 relied heavily on the success of CheckMate 649. CheckMate 648 (NCT03143153) clinical trial is a randomized phase 3 study that enrolled 970 patients. Patients were randomly divided into three groups in a 1:1:1 ratio to receive nivolumab plus chemotherapy, nivolumab plus the monoclonal antibody ipilimumab, or chemotherapy alone (Table 1). This trial demonstrated significant OS and PFS clinical benefits associated with nivolumab plus chemotherapy in patients with the proportion of PD-L1-positive tumor cells to total tumor cells is greater than one percentage. Furthermore, the proportion of patients with numerically higher objective response rates and longer durations of response in the nivolumab plus chemotherapy cohort was larger than those in the chemotherapy alone cohort, among patients with the proportion of PD-L1-positive tumor cells to total tumor cells is greater than one percentage. Additionally, a pre-planned exploratory subgroup analysis showed that tumor cell PD-L1 expression and PD-L1 combined positive score had clinical utility (93).

Camrelizumab has been approved as second-line therapy for ESCC, and its combination with chemotherapy has been approved as first-line therapy for patients with advanced or metastatic ESCC in China. The following is a summary of the main clinical trials of camrelizumab combined with chemotherapy.

A phase Ib study (NCT03222440) investigated the safety and feasibility of definitive radiotherapy plus camrelizumab as a first-line treatment for locally advanced ESCC (Table 1). Twenty patients were recruited for the study. The trial demonstrated promising clinical results and an acceptable safety profile. Additionally, predictive biomarkers and specific status and function of T-cell subsets were assessed by analyzing the tumor microenvironment and systemic immune status (94). Based on these preliminary results, a phase III, randomized, double-blind, placebo-controlled study of camrelizumab versus placebo in combination with concurrent chemoradiationin these patients (NCT04426955) was conducted this year.

The ESCORT-1st (NCT03691090) study was a randomized, double-blind, placebo-controlled, phase 3 trial conducted between December 3, 2018, and May 12, 2020 (Table 1). This trial enrolled 596 eligible patients from 60 hospitals in China. All patients were randomly assigned (1:1) to the camrelizumab-chemotherapy and placebo-chemotherapy groups. The ESCORT-1st study has three highlights: First, the enrollment criteria are tailored for the Chinese population. As 90% of patients with EC in China are diagnosed with squamous carcinoma, the ESCORT-1st study was designed to include a population of Chinese patients with squamous EC, in line with the actual pathology in China. Second, the paclitaxel plus cisplatin regimen is China’s most widely used chemotherapy for advanced EC. Therefore, the ESCORT-1st study is more suitable for the Chinese scenario than the fluorouracil+cisplatin regimen used in overseas clinical studies for advanced EC. Third, camrelizumab plus chemotherapy showed superior efficacy and safety results than placebo plus chemotherapy. The analysis of this clinical trial data suggested that camrelizumab plus chemotherapy showed better OS and PFS than placebo plus chemotherapy, with an acceptable adverse event profile similar to monotherapy. No new adverse events were identified. Furthermore, the results also showed statistically significant improvements in health-related quality-of-life metrics with camrelizumab plus chemotherapy compared to that with placebo plus chemotherapy. There are also several limitations to the trial, including the absence of correlation between PD-L1 expression status and efficacy of camrelizumab plus chemotherapy and the discovery of predictive biomarkers (95). Overall, there are still many directions for this study worth exploring.

Camrelizumab showed promising anti-tumor activity in ESCC as a first-line treatment, and researchers have explored the effect of camrelizumab as neoadjuvant therapy. The phase II trial NIC-ESCC2019 (NCT04225364) assessed camrelizumab plus chemotherapy in resectable ESCC as a neoadjuvant option in China (Table 1). The trial showed the combination therapy’s feasibility, safety, and efficacy and indicated that neoadjuvant chemoimmunotherapy might have a better response in lymphatic metastases than in primary lesions (96). However, further research is required due to the small sample size.

Currently, the NICE-2 (NCT05043688) study is designed as a three-arm, multicenter, prospective, randomized, phase II clinical trial to evaluate the efficacy and safety of camrelizumab plus chemotherapy (IO-CT) and camrelizumab plus chemoradiation therapy (IO-CRT) versus CRT as preoperative treatments for locally advanced ESCC. The primary endpoint is the complete pathological response rate, and secondary endpoints include event-free survival, R0 resection rate, and adverse events. Patient enrollment in this trial started in September 2021. It is still in the recruitment stage (97).

Camrelizumab is a PD-L1 monoclonal antibody independently developed by China, and the current clinical trials related to camrelizumab are mainly conducted in China. Although it is approved for second-line treatment of esophageal cancer in China, its application is still very limited worldwide. In the future, it is worth looking forward to carrying out Camrelizumab-related clinical trials for EC in more regions outside China.

Additionally, sintilimab is a domestic anti-PD-1 monoclonal antibody used in China. It was first approved by the National Medical Products Administration (NMPA) for patients with relapsed or refractory classical Hodgkin’s lymphoma after two or more lines of systemic chemotherapy. Subsequently, the NMPA approved sintilimab in combination with chemotherapy as first-line treatment for NSCLC and in combination with IBI305 as first-line treatment for hepatocellular carcinoma. Therefore, investigators have evaluated sintilimab in combination with chemotherapy for the treatment of EC. ORIENT-15 (NCT03748134) is a global, randomized, double-blind phase III study that evaluated the efficacy and safety of sintilimab combined with chemotherapy versus chemotherapy alone as the first-line treatment in patients with unresectable locally advanced, recurrent, or metastatic ESCC (Table 1). At the data cut-off, all 659 patients were enrolled and randomized into sintilimab/placebo plus chemotherapy in a 1:1 ratio. Based on the OS, PFS, and ORR analysis, investigators have suggested that the combination of sintilimab and chemotherapy can be considered a new first-line treatment in patients with advanced or metastatic ESCC (98). However, because this study is ongoing, more evidence of its efficacy and safety profile may be forthcoming, along with a longer follow-up.



Cancer vaccine

CRT has been widely used to treat patients with irresectable ESCC. Nonetheless, not all patients are resistant to chemoradiotherapy, and many relapse. To date, cancer vaccines have shown promising results in therapy and a manageable safety profile for EC (Figure 2). Therefore, combining chemoradiotherapy with cancer vaccines may be an effective way to treat EC.

The purpose of phase I clinical study (NCT00632333) of multiple-epitope peptide vaccines combined with CRT was to evaluate its safety and efficacy. As a result, all 11 patients with unresectable chemo-naïve ESCC showed peptide-specific cytotoxic T lymphocyte responses to at least one of the five peptide antigens during vaccination. After the 8th peptide vaccination in combination with CRT, 54.5% (6 of 11) achieved CR, along with 45.5% (5 of 11) showing PD. All patients tolerated the combination therapy well and did not experience serious adverse effects (99). However, the number of patients in this study was small, and there was no control group. Therefore, it is difficult to explain the practical effects of a cancer vaccine in combination with CRT.

Fujiwara et al. conducted a phase I/II open, non-randomized, single-arm clinical trial (UMIN 000000669) between July 1, 2007, and July 1, 2011, to investigate the safety and efficacy of labeled DC combined with systemic chemotherapy for EC. Five patients were enrolled in this study. This study demonstrated that the accumulation of DC in primary tumors injected with labeled DC did not migrate to the lymph nodes from primary tumors. No DC accumulation was observed elsewhere. Additionally, there were no changes in the antibody titers of the 28 tumor antigens analyzed by the enzyme-linked immunosorbent assay. However, the clinical responses of the five enrolled patients were absent (100).

Wang et al. conducted a clinical trial to observe the efficacy of a combination of radiotherapy and dendritic cells loaded with apoptotic heat-shock EC cell antigens. There was a remarkable increase in the expression of serum IL-2, IL-12, and IFN-γ and the proportion of IFN-γ+CD8+T cells in the treatment group, compared to that in the baseline and control groups (all P < 0.05). The 1- and 2-year survival rates improved with vaccination. Only two patients had a mild fever. This clinical trial recruited 40 patients randomly divided into experimental and control groups in a 2:1 ratio. However, because of the study’s small sample size, patients being in an early-stage EC, and follow-up time being relatively short, more multicenter trials are necessary for combining radiotherapy and DC-based cancer vaccines (101).

To date, most vaccines in combination with chemoradiotherapy against EC are in the developmental stage—the clinical application of combining immunotherapy with tumor vaccines for EC warrants further exploration.



Adoptive cell therapy

Adoptive cell therapy is also synergistic with chemoradiotherapy (Figure 2). Sato et al. conducted two phase-I trials of adoptive γδT cell therapy combined with chemotherapy. One was for treatment-refractory recurrent or metastatic EC (r/mEC) (γδT-monotherapy-P1, UMIN000001419) and the other for r/mEC with no prior systemic therapy (DCF-γδT-P1, UMIN000008097). The results of the 26 γδT-monotherapy patients enrolled suggest no survival benefits and no severe adverse events. Eight patients received docetaxel, cisplatin, and 5-fluorouracil (DCF) chemotherapy plus adoptive γδT cell therapy, and a better clinical response was obtained, similar to that in the DCF mono-chemotherapy previously reported. All treatment-related adverse events were associated with DCF chemotherapy but not with γδT injection. However, this was a phase I study with a small sample size designed to evaluate the safety. Therefore, large, randomized phase 2 controlled studies are warranted (102).




Combination between immunotherapies

Currently, several clinical trials evaluate the function of ICI monotherapy, such as anti-PD-1/PD-L1 and anti-CTLA-4, in patients with EC. These trials showed favorable results for ICIs as second-line or higher-line therapies, with relatively few side effects. In addition, combination treatment with ICIs has shown promising clinical benefits in some malignant tumors, such as advanced renal cell carcinoma, advanced melanoma, and advanced NSCLC (103–106). However, the role and efficacy of combination therapies with anti-PD-1 and anti-CTLA-4 antibodies in EC is ongoing.

The CheckMate-032 (NCT01928394) study aimed to assess the efficacy and safety of nivolumab and nivolumab plus ipilimumab in patients with metastatic esophagogastric cancer in western countries (Table 2). Patients (n = 160) were randomly divided into three groups: nivolumab 3 mg/kg, nivolumab 1 mg/kg plus ipilimumab 3 mg/kg, and nivolumab 3 mg/kg plus ipilimumab 1 mg/kg. The CheckMate-032 study was the first to demonstrate the potential clinical benefits and manageable safety profile of nivolumab and nivolumab plus ipilimumab in patients with chemotherapy-refractory esophagogastric cancer. Based on the efficacy and safety of different doses, the phase III CheckMate-649 study selected NIVO1 + IPI3 for further evaluation. Additionally, investigators explored potential predictive biomarkers, including tumor PD-L1 and MSI status. However, further studies are warranted because of the small sample size (107, 108).


Table 2 | Clinical Trial of Combination between Immunotherapies.



CheckMate-648 is the largest randomized, global phase III study to date in which ICIs are based on the first-line treatment of advanced ESCC, with a total of 970 patients from multiple countries and regions around the world, including China. In addition, it is the only phase III clinical study evaluating the first-line treatment of advanced ESCC in the first-line dual immune (PD-1 inhibitor + CTLA-4 inhibitor) “de-chemotherapy” regimen; it received widespread attention. The CheckMate648 (NCT03143153) study recruited patients with previously untreated, unresectable advanced, recurrent, or metastatic ESCC who received treatment with nivolumab plus chemotherapy, nivolumab plus the monoclonal antibody ipilimumab, or chemotherapy monotherapy in a 1:1:1 ratio (Table 2). The results of nivolumab plus chemotherapy compared with those of chemotherapy alone are presented above. Of note, OS and objective response were significantly better with nivolumab plus ipilimumab than with chemotherapy among patients with tumor cell PD-L1 expression of ≥ 1% and in the overall population. However, the PFS differences between the two groups did not meet the criteria for statistical significance. The incidence of grade 3 or 4 treatment-related adverse events among those who received nivolumab plus ipilimumab was 32% and that for chemotherapy alone was 36%, lower than that of nivolumab plus chemotherapy (47%). The incidence of treatment-related deaths was similar across groups (93).

RAMONA (NCT03416244) is a multicenter, open-label, phase II trial conducted in 34 centers in Germany to investigate the safety of nivolumab and ipilimumab as second-line therapy in elderly patients with advanced ESCC and additional comorbidities (Table 2). It enrolled 66 eligible patients between May 2018 and August 2020. The patients received combined nivolumab and ipilimumab therapy and nivolumab alone in a 2:1 ratio. With the median follow-up of 6.8 months (3.4–15.4), the mOS of 7.2 months was significantly improved compared to that in the previous control cohort receiving standard chemotherapy (p = 0.0063). Treatment-related adverse events were observed in 42 patients. Adverse events of grade 3 or worse occurred in 54 (82%) of the 66 patients, and serious adverse events occurred in 45 (68%) patients. Overall, grade 3–5 treatment-related adverse events occurred in 13 (20%) patients, with no difference between the patients who received nivolumab monotherapy (five [23%] of 22) or combination therapy (eight [18%] of 44) (109).

Many experts and researchers believe that double immunotherapy’s adverse reaction rate is lower than that of chemotherapy. Patient tolerance is good, but the serious adverse reactions caused by immunotherapy, such as bone marrow suppression and gastrointestinal reactions, are more difficult to deal with than adverse reactions caused by chemotherapy. For example, some experts believe that the 32% incidence of adverse events of CheckMate 648 grades 3 or 4 is too high. Although the efficacy of double immunotherapy in advanced EC is remarkable, its side effects cannot be denied.



Immunotherapy in combination with targeted drugs

Targeted drugs have significant efficacy in the treatment of tumors due to their small toxicity and high specific advantages (110–112). Apatinib is a small-molecule anti-angiogenic agent that targets the VEGFR-2 tyrosine kinase. Anti-angiogenic agents can increase the infiltration of immune effector cells into tumors and reprogram the tumor microenvironment through the normalization of the tumor vasculature. The addition of anti-angiogenic agents can enhance cancer immunotherapy. Apatinib is the second agent approved by the China Food and Drug Administration for treating advanced metastatic gastric cancer. Several preclinical and clinical trials have demonstrated its vigorous anti-tumor activity and acceptable safety in advanced gastric cancers and ECs.

A single-arm, open-label, investigator‐initiated phase II study of apatinib monotherapy evaluated its effectiveness and safety profile in patients with unresectable, metastatic EC (113). The phase II clinical trial ESO‐Shanghai 11 evaluated the efficacy and adverse effects of oral apatinib in patients with chemotherapy-refractory ESCC (114). The results of the two clinical trials showed that apatinib monotherapy has the potential to be an efficient and secure second-line or higher treatment for patients with ESCC. Zhao et al. conducted a trial to evaluate the safety and efficacy of apatinib combined with neoadjuvant chemotherapy in patients with locally advanced ESCC compared with chemotherapy alone. They concluded that combination therapy has promising outcomes in the treatment of ESCC (115).

A single-center phase II clinical trial (NCT03603756) investigated the efficacy and safety of camrelizumab plus apatinib in combination with chemotherapy as the first-line treatment (Table 3). This trial enrolled 30 patients between August 7, 2018, and February 23, 2019. The primary endpoint ORR was 80% (19/26), achieving the prespecified primary endpoint. Compared to chemotherapy in a previous clinical trial, combination therapy showed encouraging clinical outcomes. Because the mOS between the PD-L1 CPS ≥ 10 and < 10 subgroups was similar, the results of subgroup analysis showed that the clinical effect was not directly associated with PD-L1 CPS. However, since this was a small sample size, single-arm experiment, a larger clinical trial is needed to assess the relationship between PD-L1 expression and clinical response (114, 116).


Table 3 | Clinical Trial of Immunotherapy in Combination with Targeted Drugs.



The CAP 02 (NCT03736863) trial explored the efficacy of camrelizumab in combination with apatinib as second-line therapy for advanced ESCC (Table 3). This single-arm, open-label, phase II study was conducted at eight centers in China and enrolled 52 patients. The objective response rate in this study was close to that observed in CheckMate 648 (47%) and KEYNOTE-590 (45%), indicating anti-tumor activity of camrelizumab plus apatinib in ESCC. However, considering the inconsistencies in the conditions of the three clinical trials, this result should be interpreted with caution. Post-hoc analyses of the correlation between PD-L1 expression and clinical responses indicated promising clinical responses, regardless of the amount of PD-L1 expressed. However, the mechanism of action of camrelizumab in combination with anti-angiogenic drugs remains unclear. Larger-scale clinical validation is needed (116). Subsequent camrelizumab plus apatinib protocol was designed as a cohort study of follow-up treatment options for patients who failed first-line immunotherapy. It is believed that this study can bring more therapeutic hope to immune-resistant populations and will further confirm the advantages of anti-angiogenesis combined with immune regimens.

Margetuximab, a novel, investigational, Fc-engineered, anti-HER2 monoclonal antibody, offers more effective antibody-dependent cellular cytotoxicity than trastuzumab-mediated innate immune cells. In a phase 1 study of patients with refractory HER2-positive gastroesophageal adenocarcinoma, margetuximab monotherapy resulted in an objective response rate of 10% (two of 20 patients) and enhanced adaptive immunity (117). Anti-HER2 agents have also been reported to increase PD-L1 expression in tumor cells. In preclinical models, synergistic anti-tumor activity has been observed when anti-HER2 therapeutic approaches are combined with anti-PD-1 antibodies.

Therefore, Catenacci et al. conducted a clinical trial to evaluate the safety, tolerability, and anti-tumor activity of margetuximab plus pembrolizumab in previously treated patients with HER2-positive gastroesophageal adenocarcinomas. CP-MGAH22–05 (NCT02689284), a single-arm, open-label, phase Ib–2 dose-escalation, cohort-expansion study, enrolled 95 patients between February 11, 2016, and October 2 (Table 3). The median follow-up was 19.9 months. Margetuximab plus pembrolizumab cohort showed manageable safety and tolerability. In addition, no dose-limiting toxicities were observed during the dose-escalation phase (118).

Immunotherapy has become the standard for the first- and second-line treatment of advanced EC. However, the issue of no standard treatment for immune-resistant populations has begun to receive clinical attention. The mechanism of immune resistance is very complex. More studies, such as double immune combination, immune combination anti-EGFR monoclonal antibody, immune combined cyclin inhibitors, and immune combined epigenetic drugs, need to be carried out in the future to increase the effect of combination therapy and bring more clinical benefits to patients.



Future direction and conclusion

In recent years, clinical trials have emphasized that ICIs combined with chemotherapy or radiotherapy may achieve greater therapeutic effects on various cancers than ICIs alone. For example, immunotherapy has shown encouraging clinical results in the treatment of EC. Immune checkpoint therapy has been rapidly developed for the treatment of EC. For example, based on Keynote-590, the FDA approved pembrolizumab in combination with platinum and fluoropyrimidine-based chemotherapy for patients with metastatic or locally advanced esophageal or GEJ carcinoma who are not candidates for surgical resection or definitive chemoradiation. Based on CheckMate-648, FDA approved nivolumab in combination with fluoropyrimidine- and platinum-based chemotherapy and nivolumab in combination with ipilimumab as the first-line treatment for patients with advanced or metastatic ESCC.

Gastric cancer and EC have high heterogeneity, and there are great differences in the biological characteristics and clinical characteristics of Chinese and Western patients, bringing difficulties to clinical research. For example, in the CheckMate-649 study, the degree of benefit for patients in the Chinese subgroup was significantly higher, showing that patients in different countries and regions can receive different levels of benefits. Therefore, more influencing factors should be considered in the future when conducting a hierarchical analysis. In addition, China has a strong and unmet clinical demand for EC drug treatment, therefore, more research on Chinese patients with EC is needed.

While immune checkpoint-based therapy is promising, only a small proportion of patients benefit from immunotherapy. Therefore, accurate screening of target populations and combination therapy will become the main direction of future research on advanced EC. Further, immune-related side effects cannot be ignored. Another area of research is finding strong predictive and prognostic biomarkers or comprehensive biomarkers to optimize treatment strategies. Many clinical trials have explored PD-L1 positivity, TMB, MSI, and T cell inflammatory gene expression profiles as biomarkers. However, because these trials differ in the chemotherapy backbone, anatomical and histological differences, PD-L1 diagnostic antibodies, and positive definitions of PD-L1, any crossover trial comparison should be made with caution.

Tumor vaccines offer a therapeutic approach that helps to direct the immune system to recognize cancer-associated antigens and achieve anti-tumor effects. Tumor vaccines mainly include whole-cell, molecular, and DC vaccines. Although preclinical and clinical trials on cancer vaccine monotherapy have yielded preliminary results, combining tumor vaccines with other regimens requires further exploration. In addition, the discovery and utilization of new antigens have contributed to the development of cancer vaccines.

Several ACTs have shown promising clinical utility in treating EC with acceptable toxicity. Further research is needed to reduce toxicity and improve the efficiency of this strategy. TILs are important candidates for the ACT and have demonstrated anti-tumor activity in preclinical and clinical studies to treat several solid tumors, including melanoma and ovarian cancer. Researchers have also found that TIL is significantly associated with survival in patients with EC, but current TIL-based studies for treating EC have not been reported.

Immunotherapy-based combination therapies have shown positive effects in EC, and more clinical trials are still underway. Nevertheless, more research is needed to identify new targets and expand immunotherapy to the first line. In addition, identifying better biomarkers to provide prognostic information and guide therapy is critical to the breadth of precision oncology. Further studies on the tumor microenvironment, the molecular mechanisms of response, and resistance to checkpoint inhibitors will also be instructive for immunotherapy.

With the increasing application of combination treatment regimens in the first-line treatment of patients with advanced gastric cancer and EC, further developing a second-line treatment plan after a patient’s treatment fails is still controversial. Clinicians may choose chemoradiotherapy alone or chemoradiotherapy plus anti-angiogenic drugs or continue to use combination regimens. In the future, the provision of more standardized clinical treatments for such patients needs to be studied further. In addition, whether the combination therapy plan of reduction and exemption can move the frontline forward and apply it to the perioperative treatment of patients with early EC also requires corresponding thinking and exploration by oncology clinicians.



Author contributions

HW contributed to investigation, illustration, writing, and editing. YX, FZ contributed to investigation and writing-review. JL, JY contributed to writing-review and editing. All authors contributed to the article and approved the submitted version.



Funding

This work was supported by Natural Science Foundation of Sichuan (NO. 2022NSFSC1347).



Acknowledgments

We would like to thank Smart Servier.com for Figure 2 creating.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



References

1. Ikeda, G, Yamamoto, S, and Kato, K. The safety of current treatment options for advanced esophageal cancer after first-line chemotherapy. Expert Opin Drug Safety (2022) 21(1):55–65. doi: 10.1080/14740338.2021.1955100

2. Li, M, Wan, X, Wang, Y, Sun, Y, Yang, G, and Wang, L. Time trends of esophageal and gastric cancer mortality in China, 1991–2009: an age-period-cohort analysis. Sci Rep (2017) 7(1):6797. doi: 10.1038/s41598-017-07071-5

3. Siegel, RL, Miller, KD, and Jemal, A. Cancer statistics, 2019. CA A Cancer J Clin (2019) 69(1):7–34. doi: 10.3322/caac.21551

4. Rustgi, AK, and El-Serag, HB. Esophageal carcinoma. N Engl J Med (2014) 371(26):2499–509. doi: 10.1056/NEJMra1314530

5. Lagergren, J, Smyth, E, Cunningham, D, and Lagergren, P. Oesophageal cancer. Lancet (2017) 390(10110):2383–96. doi: 10.1016/S0140-6736(17)31462-9

6. Lordick, F, Mariette, C, Haustermans, K, Obermannová, R, and Arnold, D. Oesophageal cancer: ESMO clinical practice guidelines for diagnosis, treatment and follow-up. Ann Oncol (2016) 27(suppl 5):v50–7. doi: 10.1093/annonc/mdw329

7. Smyth, E, Verheij, M, Allum, W, Cunningham, D, Cervantes, A, and Arnold, D. Gastric cancer: ESMO clinical practice guidelines for diagnosis, treatment and follow-up. Ann Oncol (2016) 27:v38–49. doi: 10.1093/annonc/mdw350

8. Yang, H, Wang, K, Wang, T, Li, M, Li, B, Li, S, et al. The combination options and predictive biomarkers of PD-1/PD-L1 inhibitors in esophageal cancer. Front Oncol (2020) 10:300. doi: 10.3389/fonc.2020.00300

9. Kelly, RJ. Emerging multimodality approaches to treat localized esophageal cancer. J Natl Compr Cancer Network (2019) 17(8):1009–14. doi: 10.6004/jnccn.2019.7337

10. Shah, MA, Kennedy, EB, Catenacci, DV, Deighton, DC, Goodman, KA, Malhotra, NK, et al. Treatment of locally advanced esophageal carcinoma: ASCO guideline. JCO. (2020) 38(23):2677–94. doi: 10.1200/JCO.20.00866

11. Mimura, K, Yamada, L, Ujiie, D, Hayase, S, Tada, T, Hanayama, H, et al. Immunotherapy for esophageal squamous cell carcinoma: a review. FJMS. (2018) 64(2):46–53. doi: 10.5387/fms.2018-09

12. Zheng, Y, Chen, Z, Han, Y, Han, L, Zou, X, Zhou, B, et al. Immune suppressive landscape in the human esophageal squamous cell carcinoma microenvironment. Nat Commun (2020) 11(1):6268. doi: 10.1038/s41467-020-20019-0

13. Bai, Y, Wang, Y, Zhang, X, Fu, J, Xing, X, Wang, C, et al. Potential applications of nanoparticles for tumor microenvironment remodeling to ameliorate cancer immunotherapy. Int J Pharmaceutics (2019) 570:118636. doi: 10.1016/j.ijpharm.2019.118636

14. Chen, DS, and Mellman, I. Elements of cancer immunity and the cancer–immune set point. Nature. (2017) 541(7637):321–30. doi: 10.1038/nature21349

15. Jiang, X, Wang, J, Deng, X, Xiong, F, Ge, J, Xiang, B, et al. Role of the tumor microenvironment in PD-L1/PD-1-mediated tumor immune escape. Mol Canc (2019) 18(1):10. doi: 10.1186/s12943-018-0928-4

16. Zhang, Y, and Zheng, J. Functions of immune checkpoint molecules beyond immune evasion. In:  J Xu, editor. Regulation of cancer immune checkpoints: Molecular and cellular mechanisms and therapy. Singapore: Springer Singapore (2020). p. 201–26. doi: 10.1007/978-981-15-3266-5_9

17. Pardoll, DM. The blockade of immune checkpoints in cancer immunotherapy. Nat Rev Canc (2012) 12(4):252–64. doi: 10.1038/nrc3239

18. Das, S, and Johnson, DB. Immune-related adverse events and anti-tumor efficacy of immune checkpoint inhibitors. J immunother canc (2019) 7(1):306. doi: 10.1186/s40425-019-0805-8

19. Hanahan, D, and Weinberg, RA. Hallmarks of cancer: The next generation. Cell. (2011) 144(5):646–74. doi: 10.1016/j.cell.2011.02.013

20. Baxter, MA, Middleton, F, Cagney, HP, and Petty, RD. Resistance to immune checkpoint inhibitors in advanced gastro-oesophageal cancers. Br J Canc (2021) 125(8):1068–79. doi: 10.1038/s41416-021-01425-7

21. Jenkins, RW, Barbie, DA, and Flaherty, KT. Mechanisms of resistance to immune checkpoint inhibitors. Br J Canc (2018) 118(1):9–16. doi: 10.1038/bjc.2017.434

22. Morris, VK, Salem, ME, Nimeiri, H, Iqbal, S, Singh, P, Ciombor, K, et al. Nivolumab for previously treated unresectable metastatic anal cancer (NCI9673): a multicentre, single-arm, phase 2 study. Lancet Oncol (2017) 18(4):446–53. doi: 10.1016/S1470-2045(17)30104-3

23. Moehler, M, Delic, M, Goepfert, K, Aust, D, Grabsch, HI, Halama, N, et al. Immunotherapy in gastrointestinal cancer: Recent results, current studies and future perspectives. Eur J Canc (2016) 59:160–70. doi: 10.1016/j.ejca.2016.02.020

24. Kudo, T, Hamamoto, Y, Kato, K, Ura, T, Kojima, T, Tsushima, T, et al. Nivolumab treatment for oesophageal squamous-cell carcinoma: an open-label, multicentre, phase 2 trial. Lancet Oncol (2017) 18(5):631–9. doi: 10.1016/S1470-2045(17)30181-X

25. Alley, EW, Lopez, J, Santoro, A, Morosky, A, Saraf, S, Piperdi, B, et al. Clinical safety and activity of pembrolizumab in patients with malignant pleural mesothelioma (KEYNOTE-028): preliminary results from a non-randomised, open-label, phase 1b trial. Lancet Oncol (2017) 18(5):623–30. doi: 10.1016/S1470-2045(17)30169-9

26. Shah, MA, Kojima, T, Hochhauser, D, Enzinger, P, Raimbourg, J, Hollebecque, A, et al. Efficacy and safety of pembrolizumab for heavily pretreated patients with advanced, metastatic adenocarcinoma or squamous cell carcinoma of the esophagus: The phase 2 KEYNOTE-180 study. JAMA Oncol (2019) 5(4):546–50. doi: 10.1001/jamaoncol.2018.5441

27. Adenis, A, Kulkarni, AS, Girotto, GC, de la Fouchardiere, C, Senellart, H, van Laarhoven, HWM, et al. Impact of pembrolizumab versus chemotherapy as second-line therapy for advanced esophageal cancer on health-related quality of life in KEYNOTE-181. JCO. (2022) 40(4):382–91. doi: 10.1200/JCO.21.00601

28. Kim, SB, Doi, T, Kato, K, Chen, J, Shah, M, Adenis, A, et al. KEYNOTE-181: Pembrolizumab vs chemotherapy in patients (pts) with advanced/metastatic adenocarcinoma (AC) or squamous cell carcinoma (SCC) of the esophagus as second-line (2L) therapy. Ann Oncol (2019) 30:ix42–3. doi: 10.1093/annonc/mdz422.002

29. Kojima, T, Shah, MA, Muro, K, Francois, E, Adenis, A, Hsu, CH, et al. Randomized phase III KEYNOTE-181 study of pembrolizumab versus chemotherapy in advanced esophageal cancer. JCO. (2020) 38(35):4138–48. doi: 10.1200/JCO.20.01888

30. Fuchs, CS, Doi, T, Jang, RW, Muro, K, Satoh, T, Machado, M, et al. Safety and efficacy of pembrolizumab monotherapy in patients with previously treated advanced gastric and gastroesophageal junction cancer. JAMA Oncol (2018) 4(5):e180013. doi: 10.1001/jamaoncol.2018.0013

31. Doi, T, Piha-Paul, SA, Jalal, SI, Saraf, S, Lunceford, J, Koshiji, M, et al. Safety and antitumor activity of the anti–programmed death-1 antibody pembrolizumab in patients with advanced esophageal carcinoma. JCO. (2018) 36(1):61–7. doi: 10.1200/JCO.2017.74.9846

32. Shah, MA, Kojima, T, Hochhauser, D, Enzinger, P, Raimbourg, J, Hollebecque, A, et al. Efficacy and safety of pembrolizumab for heavily pretreated patients with advanced, metastatic adenocarcinoma or squamous cell carcinoma of the esophagus. JAMA Oncol (2019) 5(4):546. doi: 10.1001/jamaoncol.2018.5441

33. Weber, JS, D’Angelo, SP, Minor, D, Hodi, FS, Gutzmer, R, Neyns, B, et al. Nivolumab versus chemotherapy in patients with advanced melanoma who progressed after anti-CTLA-4 treatment (CheckMate 037): a randomised, controlled, open-label, phase 3 trial. Lancet Oncol (2015) 16(4):375–84. doi: 10.1016/S1470-2045(15)70076-8

34. Gettinger, S, Rizvi, NA, Chow, LQ, Borghaei, H, Brahmer, J, Ready, N, et al. Nivolumab monotherapy for first-line treatment of advanced non–Small-Cell lung cancer. JCO. (2016) 34(25):2980–7. doi: 10.1200/JCO.2016.66.9929

35. Motzer, RJ, Escudier, B, McDermott, DF, George, S, Hammers, HJ, Srinivas, S, et al. Nivolumab versus everolimus in advanced renal-cell carcinoma. N Engl J Med (2015) 373(19):1803–13. doi: 10.1056/NEJMoa1510665

36. Bajorin, DF, Witjes, JA, Gschwend, JE, Schenker, M, Valderrama, BP, Tomita, Y, et al. Adjuvant nivolumab versus placebo in muscle-invasive urothelial carcinoma. N Engl J Med (2021) 384(22):2102–14. doi: 10.1056/NEJMoa2034442

37. Ferris, RL, Blumenschein, G, Fayette, J, Guigay, J, Colevas, AD, Licitra, L, et al. Nivolumab for recurrent squamous-cell carcinoma of the head and neck. N Engl J Med (2016) 375(19):1856–67. doi: 10.1056/NEJMoa1602252

38. Satoh, T, Kato, K, Ura, T, Hamamoto, Y, Kojima, T, Tsushima, T, et al. Five-year follow-up of nivolumab treatment in Japanese patients with esophageal squamous-cell carcinoma (ATTRACTION-1/ONO-4538-07). Esophagus. (2021) 18(4):835–43. doi: 10.1007/s10388-021-00850-0

39. Kato, K, Cho, BC, Takahashi, M, Okada, M, Lin, CY, Chin, K, et al. Nivolumab versus chemotherapy in patients with advanced oesophageal squamous cell carcinoma refractory or intolerant to previous chemotherapy (ATTRACTION-3): a multicentre, randomised, open-label, phase 3 trial. Lancet Oncol (2019) 20(11):1506–17. doi: 10.1016/S1470-2045(19)30626-6

40. Chin, K, Kato, K, Cho, BC, Takahashi, M, Okada, M, Lin, CY, et al. Three-year follow-up of ATTRACTION-3: A phase III study of nivolumab (Nivo) in patients with advanced esophageal squamous cell carcinoma (ESCC) that is refractory or intolerant to previous chemotherapy. JCO (2021) 39(3_suppl):204–4. doi: 10.1200/JCO.2021.39.3_suppl.204

41. Xu, J, Zhang, Y, Jia, R, Yue, C, Chang, L, Liu, R, et al. Anti-PD-1 antibody SHR-1210 combined with apatinib for advanced hepatocellular carcinoma, gastric, or esophagogastric junction cancer: An open-label, dose escalation and expansion study. Clin Cancer Res (2019) 25(2):515–23. doi: 10.1158/1078-0432.CCR-18-2484

42. Fang, W, Yang, Y, Ma, Y, Hong, S, Lin, L, He, X, et al. Camrelizumab (SHR-1210) alone or in combination with gemcitabine plus cisplatin for nasopharyngeal carcinoma: results from two single-arm, phase 1 trials. Lancet Oncol (2018) 19(10):1338–50. doi: 10.1016/S1470-2045(18)30495-9

43. Mo, H, Huang, J, Xu, J, Chen, X, Wu, D, Qu, D, et al. Safety, anti-tumour activity, and pharmacokinetics of fixed-dose SHR-1210, an anti-PD-1 antibody in advanced solid tumours: a dose-escalation, phase 1 study. Br J Canc (2018) 119(5):538–45. doi: 10.1038/s41416-018-0100-3

44. Huang, J, Xu, B, Mo, H, Zhang, W, Chen, X, Wu, D, et al. Safety, activity, and biomarkers of SHR-1210, an anti-PD-1 antibody, for patients with advanced esophageal carcinoma. Clin Cancer Res (2018) 24(6):1296–304. doi: 10.1158/1078-0432.CCR-17-2439

45. Lollini, PL, Cavallo, F, Nanni, P, and Forni, G. Vaccines for tumour prevention. Nat Rev Canc (2006) 6(3):204–16. doi: 10.1038/nrc1815

46. Scott, BA, Yarchoan, M, and Jaffee, EM. Prophylactic vaccines for nonviral cancers. Annu Rev Cancer Biol (2018) 2(1):195–211. doi: 10.1146/annurev-cancerbio-030617-050558

47. Thommen, DS, and Schumacher, TN. T Cell dysfunction in cancer. Cancer Cell (2018) 33(4):547–62. doi: 10.1016/j.ccell.2018.03.012

48. Zitvogel, L, Apetoh, L, Ghiringhelli, F, and Kroemer, G. Immunological aspects of cancer chemotherapy. Nat Rev Immunol (2008) 8(1):59–73. doi: 10.1038/nri2216

49. Kovaiou, RD, Herndler-Brandstetter, D, and Grubeck-Loebenstein, B. Age-related changes in immunity: implications for vaccination in the elderly. Expert Rev Mol Med 2007/02/01 Ed (2007) 9(3):1–17. doi: 10.1017/S1462399407000221

50. Finn, OJ. Cancer vaccines: between the idea and the reality. Nat Rev Immunol (2003) 3(8):630–41. doi: 10.1038/nri1150

51. Jou, J, Harrington, KJ, Zocca, MB, Ehrnrooth, E, and Cohen, EEW. The changing landscape of therapeutic cancer vaccines–novel platforms and neoantigen identification. Clin Cancer Res (2021) 27(3):689–703. doi: 10.1158/1078-0432.CCR-20-0245

52. Gu, YM, Zhuo, Y, Chen, LQ, and Yuan, Y. The clinical application of neoantigens in esophageal cancer. Front Oncol (2021) 11:703517. doi: 10.3389/fonc.2021.703517

53. Thomas, R, Al-Khadairi, G, Roelands, J, Hendrickx, W, Dermime, S, Bedognetti, D, et al. NY-ESO-1 based immunotherapy of cancer: Current perspectives. Front Immunol (2018) 9:1664–3224. doi: 10.3389/fimmu.2018.00947

54. Forghanifard, MM, Gholamin, M, Farshchian, M, Moaven, O, Memar, B, Forghani, MN, et al. Cancer-testis gene expression profiling in esophageal squamous cell carcinoma: Identification of specific tumor marker and potential targets for immunotherapy. Cancer Biol Ther (2011) 12(3):191–7. doi: 10.4161/cbt.12.3.15949

55. Bujas, T, Marusic, Z, Peric Balja, M, Mijic, A, Kruslin, B, and Tomas, D. MAGE-A3/4 and NY-ESO-1 antigens expression in metastatic esophageal squamous cell carcinoma. Eur J Histochem (2011) 55(1):e7. doi: 10.4081/ejh.2011.e7

56. Zhang, Y, Zhang, Y, and Zhang, L. Expression of cancer–testis antigens in esophageal cancer and their progress in immunotherapy. J Cancer Res Clin Oncol (2019) 145(2):281–91. doi: 10.1007/s00432-019-02840-3

57. Kageyama, S, Wada, H, Muro, K, Niwa, Y, Ueda, S, Miyata, H, et al. Dose-dependent effects of NY-ESO-1 protein vaccine complexed with cholesteryl pullulan (CHP-NY-ESO-1) on immune responses and survival benefits of esophageal cancer patients. J Trans Med (2013) 11(1):246. doi: 10.1186/1479-5876-11-246

58. Ishikawa, T, Kageyama, S, Miyahara, Y, Okayama, T, Kokura, S, Wang, L, et al. Safety and antibody immune response of CHP-NY-ESO-1 vaccine combined with poly-ICLC in advanced or recurrent esophageal cancer patients. Cancer Immunol Immunother (2021) 70(11):3081–91. doi: 10.1007/s00262-021-02892-w

59. Kakimi, K, Isobe, M, Uenaka, A, Wada, H, Sato, E, Doki, Y, et al. A phase I study of vaccination with NY-ESO-1f peptide mixed with picibanil OK-432 and montanide ISA-51 in patients with cancers expressing the NY-ESO-1 antigen. Int J Canc (2011) 129(12):2836–46. doi: 10.1002/ijc.25955

60. Engell-Noerregaard, L, Hansen, TH, Andersen, MH, thor Straten, P, and Svane, IM. Review of clinical studies on dendritic cell-based vaccination of patients with malignant melanoma: assessment of correlation between clinical response and vaccine parameters. Cancer Immunol Immunother (2009) 58(1):1–14. doi: 10.1007/s00262-008-0568-4

61. Wculek, SK, Cueto, FJ, Mujal, AM, Melero, I, Krummel, MF, and Sancho, D. Dendritic cells in cancer immunology and immunotherapy. Nat Rev Immunol (2020) 20(1):7–24. doi: 10.1038/s41577-019-0210-z

62. NARITA, M, KANDA, T, ABE, T, UCHIYAMA, T, IWAFUCHI, M, ZHENG, Z, et al. Immune responses in patients with esophageal cancer treated with SART1 peptide-pulsed dendritic cell vaccine. Int J Oncol (2015) 46(4):1699–709. doi: 10.3892/ijo.2015.2846

63. Matsuda, T, Takeuchi, H, Sakurai, T, Mayanagi, S, Booka, E, Fujita, T, et al. Pilot study of WT1 peptide−pulsed dendritic cell vaccination with docetaxel in esophageal cancer. Oncol Lett (2018) 16(1):1348–56. doi: 10.3892/ol.2018.8734

64. Ogasawara, M, Miyashita, M, Yamagishi, Y, and Ota, S. Immunotherapy employing dendritic cell vaccination for patients with advanced or relapsed esophageal cancer. Ther Apher Dial (2020) 24(5):482–91. doi: 10.1111/1744-9987.13542

65. Yasuda, T, Nishiki, K, Hiraki, Y, Kato, H, Iwama, M, Shiraishi, O, et al. Phase II adjuvant cancer-specific vaccine therapy for esophageal cancer patients curatively resected after preoperative therapy with pathologically positive nodes; possible significance of tumor immune microenvironment in its clinical effects. Ann Surg (2022) 275(1):e155–62. doi: 10.1097/SLA.0000000000003880

66. Daiko, H, Marafioti, T, Fujiwara, T, Shirakawa, Y, Nakatsura, T, Kato, K, et al. Exploratory open-label clinical study to determine the s-588410 cancer peptide vaccine-induced tumor-infiltrating lymphocytes and changes in the tumor microenvironment in esophageal cancer patients. Cancer Immunol Immunother (2020) 69(11):2247–57. doi: 10.1007/s00262-020-02619-3

67. Kono, K, Mizukami, Y, Daigo, Y, Takano, A, Masuda, K, Yoshida, K, et al. Vaccination with multiple peptides derived from novel cancer-testis antigens can induce specific T-cell responses and clinical responses in advanced esophageal cancer. Cancer Sci (2009) 100(8):1502–9. doi: 10.1111/j.1349-7006.2009.01200.x

68. Yu, S, Li, A, Liu, Q, Li, T, Yuan, X, Han, X, et al. Chimeric antigen receptor T cells: a novel therapy for solid tumors. J Hematol Oncol (2017) 10(1):78. doi: 10.1186/s13045-017-0444-9

69. Holstein, SA, and Lunning, MA. CAR T-cell therapy in hematologic malignancies: A voyage in progress. Clin Pharmacol Ther (2020) 107(1):112–22. doi: 10.1002/cpt.1674

70. Zhu, YG, Xiao, BF, Zhang, JT, Cui, XR, Lu, ZM, and Wu, N. Genetically modified T cells for esophageal cancer therapy: A promising clinical application. Front Oncol (2021) 11:763806. doi: 10.3389/fonc.2021.763806

71. Rafiq, S, Hackett, CS, and Brentjens, RJ. Engineering strategies to overcome the current roadblocks in CAR T cell therapy. Nat Rev Clin Oncol (2020) 17(3):147–67. doi: 10.1038/s41571-019-0297-y

72. Ping, Y, Liu, C, and Zhang, Y. T-Cell receptor-engineered T cells for cancer treatment: current status and future directions. Protein Cell (2018) 9(3):254–66. doi: 10.1007/s13238-016-0367-1

73. Zhao, Q, Jiang, Y, Xiang, S, Kaboli, PJ, Shen, J, Zhao, Y, et al. Engineered TCR-T cell immunotherapy in anticancer precision medicine: Pros and cons. frontiers in immunology. Front Immunol (2021) 12:1664–3224. doi: 10.3389/fimmu.2021.658753

74. Germain, RN, and Stefanová, I. THE DYNAMICS OF T CELL RECEPTOR SIGNALING: Complex orchestration and the key roles of tempo and cooperation. Annu Rev Immunol (1999) 17(1):467–522. doi: 10.1146/annurev.immunol.17.1.467

75. Zhao, L, and Cao, YJ. Engineered T cell therapy for cancer in the clinic. Front Immunol (2019) 10:2250/full. doi: 10.3389/fimmu.2019.02250/full

76. Biernacki, MA, Brault, M, and Bleakley, M. T-Cell receptor–based immunotherapy for hematologic malignancies. Cancer J (2019) 25(3):179–90. doi: 10.1097/PPO.0000000000000378

77. Ramakrishnan, R, Assudani, D, Nagaraj, S, Hunter, T, Cho, HI, Antonia, S, et al. Chemotherapy enhances tumor cell susceptibility to CTL-mediated killing during cancer immunotherapy in mice. J Clin Invest (2010) 120(4):1111–24. doi: 10.1172/JCI40269

78. Galluzzi, L, Zitvogel, L, and Kroemer, G. Immunological mechanisms underneath the efficacy of cancer therapy. Cancer Immunol Res (2016) 4(11):895–902. doi: 10.1158/2326-6066.CIR-16-0197

79. Wan, S, Pestka, S, Jubin, RG, Lyu, YL, Tsai, YC, and Liu, LF. Chemotherapeutics and radiation stimulate MHC class I expression through elevated interferon-beta signaling in breast cancer cells. PloS One (2012) 7(3):e32542. doi: 10.1371/journal.pone.0032542

80. Rodriguez-Ruiz, ME, Vitale, I, Harrington, KJ, Melero, I, and Galluzzi, L. Immunological impact of cell death signaling driven by radiation on the tumor microenvironment. Nat Immunol (2020) 21(2):120–34. doi: 10.1038/s41590-019-0561-4

81. Bracci, L, Schiavoni, G, Sistigu, A, and Belardelli, F. Immune-based mechanisms of cytotoxic chemotherapy: implications for the design of novel and rationale-based combined treatments against cancer. Cell Death Differentiation (2014) 21(1):15–25. doi: 10.1038/cdd.2013.67

82. Peng, J, Hamanishi, J, Matsumura, N, Abiko, K, Murat, K, Baba, T, et al. Chemotherapy induces programmed cell death-ligand 1 overexpression via the nuclear factor-κB to foster an immunosuppressive tumor microenvironment in ovarian cancer. Cancer Res (2015) 75(23):5034–45. doi: 10.1158/0008-5472.CAN-14-3098

83. Shitara, K, Van Cutsem, E, Bang, YJ, Fuchs, C, Wyrwicz, L, Lee, KW, 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(10):1571. doi: 10.1001/jamaoncol.2020.3370

84. Wainberg, ZA, Jalal, S, Muro, K, Yoon, HH, Garrido, M, Golan, T, et al. KEYNOTE-059 update: Efficacy and safety of pembrolizumab alone or in combination with chemotherapy in patients with advanced gastric or gastroesophageal (G/GEJ) cancer. Ann Oncol (2017) 28:v616–7. doi: 10.1093/annonc/mdx440.020

85. Bang, YJ, Kang, YK, Catenacci, DV, Muro, K, Fuchs, CS, Geva, R, 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 Canc (2019) 22(4):828–37. doi: 10.1007/s10120-018-00909-5

86. Shitara, K, Özgüroğlu, M, Bang, YJ, Di Bartolomeo, M, Mandalà, M, Ryu, MH, 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(10142):123–33. doi: 10.1016/S0140-6736(18)31257-1

87. Sun, JM, Shen, L, Shah, MA, Enzinger, P, Adenis, A, Doi, T, et al. Pembrolizumab plus chemotherapy versus chemotherapy alone for first-line treatment of advanced oesophageal cancer (KEYNOTE-590): a randomised, placebo-controlled, phase 3 study. Lancet (2021) 398(10302):759–71. doi: 10.1016/S0140-6736(21)01234-4

88. Kelly, RJ, Ajani, JA, Kuzdzal, J, Zander, T, Van Cutsem, E, Piessen, G, et al. Adjuvant nivolumab in resected esophageal or gastroesophageal junction cancer. N Engl J Med (2021) 384(13):1191–203. doi: 10.1056/NEJMoa2032125

89. Boku, N, Ryu, MH, Kato, K, Chung, HC, Minashi, K, Lee, KW, 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(2):250–8. doi: 10.1093/annonc/mdy540

90. Boku, N, Ryu, MH, Oh, DY, Oh, SC, Chung, HC, Lee, KW, et al. LBA7_PR nivolumab plus chemotherapy versus chemotherapy alone in patients with previously untreated advanced or recurrent gastric/gastroesophageal junction (G/GEJ) cancer: ATTRACTION-4 (ONO-4538-37) study. Ann Oncol (2020) 31:S1192. doi: 10.1016/j.annonc.2020.08.2297

91. Kang, YK, Chen, LT, Ryu, MH, Oh, DY, Oh, SC, Chung, HC, et al. Nivolumab plus chemotherapy versus placebo plus chemotherapy in patients with HER2-negative, untreated, unresectable advanced or recurrent gastric or gastro-oesophageal junction cancer (ATTRACTION-4): a randomised, multicentre, double-blind, placebo-controlled, phase 3 trial. Lancet Oncol (2022) 23(2):234–47. doi: 10.1016/S1470-2045(21)00692-6

92. Shitara, K, Ajani, JA, Moehler, M, Garrido, M, Gallardo, C, Shen, L, et al. Nivolumab plus chemotherapy or ipilimumab in gastro-oesophageal cancer. Nature. (2022) 603(7903):942–8. doi: 10.1038/s41586-022-04508-4

93. Doki, Y, Ajani, JA, Kato, K, Xu, J, Wyrwicz, L, Motoyama, S, et al. Nivolumab combination therapy in advanced esophageal squamous-cell carcinoma. N Engl J Med (2022) 386(5):449–62. doi: 10.1056/NEJMoa2111380

94. Zhang, W, Yan, C, Gao, X, Li, X, Cao, F, Zhao, G, et al. Safety and feasibility of radiotherapy plus camrelizumab for locally advanced esophageal squamous cell carcinoma. Oncologist. (2021) 26(7):e1110–24. doi: 10.1002/onco.13797

95. Luo, H, Lu, J, Bai, Y, Mao, T, Wang, J, Fan, Q, et al. Effect of camrelizumab vs placebo added to chemotherapy on survival and progression-free survival in patients with advanced or metastatic esophageal squamous cell carcinoma. JAMA. (2021) 326(10):916. doi: 10.1001/jama.2021.12836

96. Liu, J, Li, J, Lin, W, Shao, D, Depypere, L, Zhang, Z, et al. Neoadjuvant camrelizumab plus chemotherapy for resectable, locally advanced esophageal squamous cell carcinoma (NIC-ESCC2019): A multicenter, phase 2 study. Intl J Canc (2022) 151(1):128–37. doi: 10.1002/ijc.33976

97. Yang, Y, Zhu, L, Cheng, Y, Liu, Z, Cai, X, Shao, J, et al. Three-arm phase II trial comparing camrelizumab plus chemotherapy versus camrelizumab plus chemoradiation versus chemoradiation as preoperative treatment for locally advanced esophageal squamous cell carcinoma (NICE-2 study). BMC Canc (2022) 22(1):506. doi: 10.1186/s12885-022-09573-6

98. Shen, L, Lu, ZH, Wang, JY, Shu, YQ, Kong, L, Yang, L, et al. LBA52 sintilimab plus chemotherapy versus chemotherapy as first-line therapy in patients with advanced or metastatic esophageal squamous cell cancer: First results of the phase III ORIENT-15 study. Ann Oncol (2021) 32(suppl_5):S1283–S1346. doi: 10.1016/j.annonc.2021.08.2132

99. Iinuma, H, Fukushima, R, Inaba, T, Tamura, J, Inoue, T, Ogawa, E, et al. Phase I clinical study of multiple epitope peptide vaccine combined with chemoradiation therapy in esophageal cancer patients. J Trans Med (2014) 12(1):84. doi: 10.1186/1479-5876-12-84

100. Fujiwara, S, Wada, H, Miyata, H, Kawada, J, Kawabata, R, Nishikawa, H, et al. Clinical trial of the intratumoral administration of labeled DC combined with systemic chemotherapy for esophageal cancer. J Immunother (2012) 35(6):513–21. doi: 10.1097/CJI.0b013e3182619cb4

101. Wang, C, Pu, J, Yu, H, Liu, Y, Yan, H, He, Z, et al. A dendritic cell vaccine combined with radiotherapy activates the specific immune response in patients with esophageal cancer. J Immunother (2017) 40(2):71–6. doi: 10.1097/CJI.0000000000000155

102. Sato, Y, Mori, K, Hirano, K, Yagi, K, Kobayashi, Y, Nagaoka, K, et al. Adoptive γδT-cell transfer alone or combined with chemotherapy for the treatment of advanced esophageal cancer. Cytotherapy. (2021) 23(5):423–32. doi: 10.1016/j.jcyt.2021.02.002

103. Motzer, RJ, Tannir, NM, McDermott, DF, Arén Frontera, O, Melichar, B, Choueiri, TK, et al. Nivolumab plus ipilimumab versus sunitinib in advanced renal-cell carcinoma. N Engl J Med (2018) 378(14):1277–90. doi: 10.1056/NEJMoa1712126

104. Antonia, SJ, López-Martin, JA, Bendell, J, Ott, PA, Taylor, M, Eder, JP, et al. Nivolumab alone and nivolumab plus ipilimumab in recurrent small-cell lung cancer (CheckMate 032): a multicentre, open-label, phase 1/2 trial. Lancet Oncol (2016) 17(7):883–95. doi: 10.1016/S1470-2045(16)30098-5

105. Hellmann, MD, Paz-Ares, L, Bernabe Caro, R, Zurawski, B, Kim, SW, Carcereny Costa, E, et al. Nivolumab plus ipilimumab in advanced non–Small-Cell lung cancer. N Engl J Med (2019) 381(21):2020–31. doi: 10.1056/NEJMoa1910231

106. Wolchok, JD, Kluger, H, Callahan, MK, Postow, MA, Rizvi, NA, Lesokhin, AM, et al. Nivolumab plus ipilimumab in advanced melanoma. New Engl J Med (2013) 369:122–33. doi: 10.1056/NEJMoa1302369

107. Janjigian, YY, Bendell, J, Calvo, E, Kim, JW, Ascierto, PA, Sharma, P, et al. CheckMate-032 study: Efficacy and safety of nivolumab and nivolumab plus ipilimumab in patients with metastatic esophagogastric cancer. JCO. (2018) 36(28):2836–44. doi: 10.1200/JCO.2017.76.6212

108. Sun, DS, Kim, JJ, and Ko, YH. CheckMate-032 study: promising efficacy with nivolumab-based immunotherapy in pretreated esophagogastric cancer. J Thorac Dis (2019) 11(S3):S394–5. doi: 10.21037/jtd.2018.12.02

109. Ebert, MP, Meindl-Beinker, NM, Gutting, T, Maenz, M, Betge, J, Schulte, N, et al. Second-line therapy with nivolumab plus ipilimumab for older patients with oesophageal squamous cell cancer (RAMONA): a multicentre, open-label phase 2 trial. Lancet Healthy Longevity (2022) 3(6):e417–27. doi: 10.1016/S2666-7568(22)00116-7

110. Yang, YM, Hong, P, Xu, WW, He, QY, and Li, B. Advances in targeted therapy for esophageal cancer. Signal Transduction Targeted Ther (2020) 5(1):229. doi: 10.1038/s41392-020-00323-3

111. Wang, L, Qin, W, Huo, YJ, Li, X, Shi, Q, Rasko, JEJ, et al. Advances in targeted therapy for malignant lymphoma. Signal Transduction Targeted Ther (2020) 5(1):15. doi: 10.1038/s41392-020-0113-2

112. Wang, X, Yu, J, Liu, X, Luo, D, Li, Y, Song, L, et al. PSMG2-controlled proteasome-autophagy balance mediates the tolerance for MEK-targeted therapy in triple-negative breast cancer. Cell Rep Med (2022) 3(9):100741. doi: 10.1016/j.xcrm.2022.100741

113. Yanwei, L, Feng, H, Ren, P, Yue, J, Zhang, W, Tang, P, et al. Safety and efficacy of apatinib monotherapy for unresectable, metastatic esophageal cancer: A single-arm, open-label, phase II study. Oncol (2020) 25(10):e1464–72. doi: 10.1634/theoncologist.2020-0310

114. Zhao, J, He, M, Li, J, Li, D, Zhao, Y, Li, X, et al. Apatinib combined with paclitaxel and cisplatin neoadjuvant chemotherapy for locally advanced esophageal squamous cell carcinoma. Cancer Biother Radiopharmaceuticals (2022) 37(4):324–31. doi: 10.1089/cbr.2021.0086

115. Chu, L, Chen, Y, Liu, Q, Liang, F, Wang, S, Liu, Q, et al. A phase II study of apatinib in patients with chemotherapy-refractory esophageal squamous cell carcinoma (ESO-shanghai 11). Oncol (2021) 26(6):e925–35. doi: 10.1002/onco.13668

116. Meng, X, Wu, T, Hong, Y, Fan, Q, Ren, Z, Guo, Y, et al. Camrelizumab plus apatinib as second-line treatment for advanced oesophageal squamous cell carcinoma (CAP 02): a single-arm, open-label, phase 2 trial. Lancet Gastroenterol Hepatology (2022) 7(3):245–53. doi: 10.1016/S2468-1253(21)00378-2

117. Bang, YJ, Giaccone, G, Im, SA, Oh, DY, Bauer, TM, Nordstrom, JL, et al. First-in-human phase 1 study of margetuximab (MGAH22), an fc-modified chimeric monoclonal antibody, in patients with HER2-positive advanced solid tumors. Ann Oncol (2017) 28(4):855–61. doi: 10.1093/annonc/mdx002

118. Catenacci, DVT, Kang, YK, Park, H, Uronis, HE, Lee, KW, Ng, MCH, et al. Margetuximab plus pembrolizumab in patients with previously treated, HER2-positive gastro-oesophageal adenocarcinoma (CP-MGAH22–05): a single-arm, phase 1b–2 trial. Lancet Oncol (2020) 21(8):1066–76. doi: 10.1016/S1470-2045(20)30326-0


Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2022 Wang, Xu, Zuo, Liu and Yang. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Immune-based combination therapy for esophageal cancer

      

        		

          Introduction

        



        		

          Immune checkpoint inhibitors therapy in esophageal cancer

        



        		

          Cancer vaccine in esophageal cancer

        



        		

          Adoptive cell therapy in esophageal cancer

        



        		

          Immunotherapy in combination with chemoradiotherapy

        

          		

            PD1/PD-L1 inhibitors

          



          		

            Cancer vaccine

          



          		

            Adoptive cell therapy

          



        



        



        		

          Combination between immunotherapies

        



        		

          Immunotherapy in combination with targeted drugs

        



        		

          Future direction and conclusion

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Acknowledgments

        



        		

          Conflict of interest

        



        		

          References

        



      



      



    



  



OEBPS/Images/fimmu-13-1020290-g001.jpg





OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/table2.jpg
NCT i " mDFS$

Number  Phase  Role Conditions regime mOS(m) mPES(m)  ORR (%) "('V

Gt

W M el i WO ol wen

o Tman i Weser

Gt

NCrozman M hemolpy oy 5C o,y i s s

chons

ChakMaesis s voups BTEMEPM e O

(NCTO3143153) - CHEMO. . 5 cpsz1) !
707 wn

RAMONA Il scond-line  advanced ESCC (ge265)  NIVOWIPI 27 o NA N

o

CTosti6s)

MO8, medisn verll sl fon e surival. ORR. medisn objetive response e, mDFS,mdan discse e sumvival:
iplimumab | mg/kg; 1P13, iplimumab 3 mg/kg: NIVOL, nivolumab | mg/kg; NIVO3, nivolumab 3 mg/ke; NA, no assessment.






OEBPS/Images/fimmu.2022.1020290_cover.jpg
’ frontiers l Frontiers in Immunology

Immune-based combination
therapy for esophageal cancer





OEBPS/Images/table3.jpg
NCT mOS  mPFS  ORR  mDFS

Number  Phase  Role Conditions. regime o e
o U S .
NCrose 0 e e Gty 0
are asoni S .
e o1 S s 5w we
(NCT02689284) " et

mOS, median overall survival: mPFS, median progressionfree survival, ORR, median abjcie esponse e, mDFS, media disase e suvivali CAMRE, camelzumaty CHEN,
chimdharapes . Spoumnial poci gl modaplatis PRMINO. pomiboouimnalc A, s sisiuenin






OEBPS/Images/logo.jpg
, frontiers | Frontiers in Immunology





OEBPS/Images/fimmu-13-1020290-g002.jpg





OEBPS/Images/table1.jpg
NCT
Number

KEYNOTE 059
xcroasi
cohont 2

KEYNOTE062
(NCTo2i1583)

KEYNOTE590
(Crossom9)
ATTRACTON-
1
NCTo746796)
CheckMates9
NCrozs2116)

CheckMate 645
(NCronIsy)

NCTosz22040

ESCORT-1st.
(NCTos91050)

NICESCC201
NCroms368)

ORIENT-15
NCTos7isish

Phase

w

Role

frstline

st line

fstline

st ine

frstline

frstline

st line
fstline

ncoadjuvant

fstline

Conditions.

advanced GIGE] adenocarcinoma.

unreaed,localy adanced!
unresectble or metastatic G/GE]
#D-L1 crsan)

advanced EC and Siewert type | GE)

HER2-negative, unresctable advanced
or ecurrent G/GE) cancer in Asian

advanced or metastatc GIGE}, and
EAC

advanced ESCC

locally adanced ESCC.

advanced or metastatc ESCC

resectable ESCC

unesecable,localy adanced recurrent
or metastatic ESCC

regime mOS(m)  mPES(m)  ORR (%)

oo s e ©

[

e swns  ewer ey

Hacio.ciio

P

Gwracmo.  wss wwss wws

i

o crsio

CoUCROR TS wswan s

PGl

o cumvow a0

pios uas Uy s
5451

Moo pircr L e

e LS e
132vs. 107 = .

aemoo W w

cae G0

Ghracmo  sswi owss  miwer

(G

comamo .

can “ W e

e — .

o« s [N s

cmoamo |0 a0

mDFS
(m)

NA

Na

NA

Na

mOS, median overll survival: mPFS, median progrssion e sl ORR, median objctie esponse st mDFS, media discasefre sl EC, sophagea cncer GE, it

ophageal juncton: PEMBRO, pembrolizumaty CHEMO, chemotherapy

O, nivslumab

capecitbine phus capecilabine; G, cisplatin plus pacitaxel; CAMRE, camrelizumab: RADIO, radiotherapys SINTIL, sinilimabs NA, no assessment.

- Ruorouracl and cisplatn; CAP,capeiabine; SOX, -1 plus onlplatn: CAPOX.





