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Abstract
One of the most prevalent malignancies in the world is esophageal cancer (EC). The 5-year survival rate of EC remains pitiful despite treatment advancements. Neoadjuvant chemoradiotherapy in conjunction with esophagectomy is the standard of care for patients with resectable disease. The pathological complete response rate, however, is not acceptable. A distant metastasis or a locoregional recurrence will occur in about half of the patients. To increase the clinical effectiveness of therapy, it is consequently vital to investigate cutting-edge and potent therapeutic modalities. The approach to the management of resectable EC using immunotherapy has been considerably altered by immune checkpoint inhibitors. Systemic immunotherapy has recently been shown to have the potential to increase the survival of patients with resectable EC, according to growing clinical data. A combination of chemotherapy, radiation, and immunotherapy may have a synergistic antitumor impact because, according to mounting evidence, these treatments can stimulate the immune system via a number of different pathways. In light of this, it makes sense to consider the value of neoadjuvant immunotherapy for patients with surgically treatable EC. In this review, we clarify the rationale for neoadjuvant immunotherapy in resectable EC patients, recap the clinical outcomes of these approaches, go through the upcoming and ongoing investigations, and emphasize the difficulties and unmet research requirements.
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Core Tip: Despite improvements in neoadjuvant and adjuvant treatment approaches in recent years, the average life expectancy of patients with resectable esophageal cancer (EC) still falls below 5 years. Immunotherapy has been effectively used as a first-line therapy for many oncological diseases at advanced stages for over ten years. Immunotherapy drugs are also making great progress in resectable situations, while it is still debatable whether this treatment should be limited to a certain patient subgroup based on biomarker selection. In order to treat resectable EC, immunotherapy, in particular immune checkpoint inhibitors, has made significant strides. This review also provides a brief overview of potential ongoing clinical studies.


INTRODUCTION
With over 544000 expected deaths from esophageal cancer (EC) in 2020, EC is the sixth most common cancer-related cause of death globally. In East Asia, esophageal squamous cell carcinoma (ESCC) covers up around 90% of cases of EC, in contrast to Western nations[1-3]. Surgery continues to be the therapy of choice for early-stage EC. Unfortunately, the majority of EC patients are stage 4 or advanced stage at the time of diagnosis, and only surgery has a modest impact, hence a 5-year survival rate is only 25%. Systemic treatment, as opposed to surgery alone, may increase survival for resectable locally advanced EC. As a result, preoperative systemic treatment combined with surgery has become the norm for treating EC patients. Despite this, approximately half of these patients experience local recurrence or distant metastases following surgery[4-6]. To enhance survival, it is therefore vital to investigate innovative and effective therapies. Immune checkpoint inhibitors (ICIs) have recently made substantial advancements in a range of malignancies, including EC, with several trials demonstrating longer overall survival (OS), a higher objective response rate (ORR), and a decreased frequency of grade 3-5 adverse events (AEs) as second-line therapy. According to the most recent findings, treating resectable EC patients as first-line therapy with programmed death 1 (PD-1) inhibitors combined with chemotherapy resulted in considerably longer progression-free survival (PFS) and OS than treatment with only chemotherapy. These findings imply that ICIs have a bright future in EC management. ICI systemic treatment is now being extensively researched for EC patients and has been tested in a number of malignancies[7-10]. The rationale for ICI neoadjuvant treatment in EC, the published findings, the upcoming and ongoing studies, the unanswered questions, and the suggestions for more research will all be included in this review.

ROLE OF DIET AND MICROBIOTA IN EC
Some of the traditional risk factors for EC seem to be linked to changes in the esophagus' natural microbiome. In ESCC patients, drinking alcohol has been connected to changes in the microbiota's diversity. In animal studies, high-fat diets have been related to esophageal dysplasia and changes in the microbiome. Gram-negative organisms, which are present in lesions that are precursors to EC, were shown to be more prevalent in those who consumed less fiber. Changes in the esophagus bacterial population have been linked to smoking and medications like proton pump inhibitors and antibiotics. Firmicutes, Proteobacteria, Bacteriodetes, Actinobacteria, and Fusobacteria make up the majority of the microbiota in a healthy esophagus. In comparison, reduced microbial diversity, which appears to start in the precursor stages of EC, is a characteristic of malignancy of the esophagus. The EC microbiome is distinguished at the taxonomic level by a switch from Gram-positive to Gram-negative bacteria. The genera Fusobacterium, Streptococcus, Veilonella, and Prevotella are those that are most often enriched in EC. Although particular changes in the EC microbiome can be detected, a consistent microbiota profile linked with EC has not yet been discovered. The varied technical processes, such as the sampling strategy, the types of samples examined, and the analytic approach used to profile the microbiome, as well as the relatively small number of people participated in each experiment, may be to blame for this discrepancy. Future research should take method standardization into account. To study and integrate the impacts of various exposures, including those of nutrition, with the microbiome and the changes that occur during the carcinogenesis process, multidisciplinary research efforts will be necessary. This is especially true in studies of esophageal carcinogenesis associated with the microbiome. Large, well-characterized prospective cohort studies would be beneficial for dissecting these complicated connections, and they would undoubtedly aid in the development of creative preventive and treatment plans that would lessen the incidence of EC[11].

SYSTEMIC TREATMENT OPTIONS FOR RESECTABLE EC
Squamous cell carcinoma and adenocarcinoma, the two principal histological forms of EC, have very different epidemiologies. To some extent, the therapy choices for these two categories differ. The two main therapeutic options for EC are local and systemic therapies. The tumor's histological type, location, extension, and size can all contribute to guiding therapy selections. Endoscopic and surgical resection are the primary treatments for locally advanced EC. Lymphatic node metastases arise early in EC due to the extensive lymphatic drainage in the esophagus submucosa, and the cancer is frequently detected at an advanced stage[12]. For resectable EC, the main systemic treatment options include neoadjuvant chemotherapy (NCT), neoadjuvant chemoradiotherapy (NCRT), and perioperative chemotherapy (PCT). According to the most recent National Comprehensive Cancer Network guidelines for esophageal and esophagogastric junction cancers, the optimal treatment options for both localized squamous cell carcinoma (SCC) and actinic cheilitis (AC) staged as Tis-T2 (low-risk lesions: < 3 cm, well-differentiated) without lymph node metastases include esophagectomy and endoscopic treatments. Patients with unresectable EC should get definitive chemoradiation. Current clinical research focuses mostly on locally progressed EC between the preferable single surgery and the recommended final chemoradiation. The systemic therapeutic approaches listed encompass NCT, NCRT, and PCT indicating a range between the two histological groups. As an adjuvant therapy, immunotherapy is employed[13].
The most prevalent subtype of EC in the world is ESCC, which manifests in the naturally occurring esophageal epithelium. An estimated 456000 people were diagnosed with EC in 2012, of whom 398000 had ESCC. Around 80% of ESCC cases worldwide were found in Central and Southeast Asia. More than half of all cases globally originated in China alone[14]. For 366 patients with locally advanced resectable esophageal or esophagogastric junctional cancer, NCRT that included carboplatin, paclitaxel, and concurrent 41.4 Gy radiotherapy was compared to surgery alone (178 for NCRT and surgery vs. 188 for surgery alone). A minimum projected follow-up term of 10 years was guaranteed by the follow-up period, which ended on December 31, 2018. In the first year, patients visited the outpatient clinic once every three months. In the second year, they visited once every six months, and so on until the fifth year, when they visited once a year. After 5 years of follow-up, patients with symptoms could visit the outpatient clinic. Participants in the chemoradiotherapy-surgery group survived more than those in the surgery arm, with 10-year OS rates of 38% and 25%, respectively. The respective 10-year OS rates in the chemoradiotherapy-surgery and surgery groups for patients with SCC were 46% and 23%, respectively, and 36% and 26% for patients with AC. Participants in the chemoradiotherapy-surgical group died from EC at a lower rate than those in the surgery arm, with 10-year absolute risks of 47% and 64%, respectively. Other causes of death were comparable in the chemoradiotherapy-surgery and surgery arms, with 10-year absolute risks of 15% and 11%, respectively. They concluded that the OS advantage of preoperative NCRT for patients with locally advanced resectable esophageal or junctional carcinoma, according to the ChemoRadiotherapy for Oesophageal cancer followed by Surgery Study (CROSS) study, lasts at least ten years[15].
NEOCRTEC 5010, a phase 3 randomized, open-label, multicenter, clinical trial, supported the findings of ESCC patients from the CROSS study. The NCRT group outperformed the surgery-only group in terms of R0 resection rate (98.4% vs. 91.2%), median OS (100.1 mo vs. 66.5 mo), and disease-free survival (DFS, 100.1 mos vs. 41.7 mos). According to the long-term efficacy of the NEOCRTEC 5010 research, the OS advantage in patients with locally advanced resectable ESCC who received the NCRT regimen was maintained for at least 10 years[16]. The CROSS trial also discovered that NCRT decreased solitary distant relapse (27% vs. 28%) but did not lessen isolated distant relapse (8% vs. 18%) or synchronous locoregional and distant relapse (13% vs. 22%). Relapse following NCRT is thus a critical obstacle to overcome[15].
Esophageal adenocarcinoma (EAC), also known as gastroesophageal adenocarcinoma or esophagogastric junction cancer, usually develops in the lower third of the esophagus. Obesity is its main risk factor since it mostly affects people with a history of gastroesophageal reflux disease[14]. About two-thirds of the histological categories of EC in high-income nations are AC. It is currently the most common histological type in seven high-income countries, including Canada, Denmark, Norway, Australia, New Zealand, Ireland, and the United Kingdom[17]. The CROSS-study’s findings similarly positioned NCRT as the therapy of choice for resectable EAC, although superior NCRT effectiveness was shown in ESCC. As a result, depending on specific circumstances, PCT and NCT are different tactics. In order to successfully treat resectable EAC, PCT is crucial. The landmark-like phase 3 Medical Research Council Adjuvant Gastric Infusion Chemotherapy Study (MAGIC) initially showed the survival advantage of PCT in AC. This study revealed that patients with non-metastatic AC who had PCT with epirubicin, cisplatin, and fluorouracil (FU) had better PFS and OS. The MAGIC trial had more treatment-related AEs (TRAEs) than the CROSS study did[15,18]. The FU plus Leucovorin, Oxaliplatin, and Docetaxel triplet FU plus Leucovorin, Oxaliplatin, and Docetaxel (FLOT) regimen was used in a later, important phase 2/3 trial, the FLOT4 trial, which demonstrated superiority in R0 resection rate (85% vs. 78%) and median OS (50 mo vs. 35 mo). In recent score-matched research, the therapeutic effects of NCRT and PCT were contrasted. The findings demonstrated no discernible differences in tumor response or survival rates between these two common regimens. After PCT, there were more TRAEs (42/97 vs. 30/97)[19]. Another effective therapy for resectable EAC is NCT. Preoperative FU and cisplatin (FC) showed a survival benefit over surgery alone in the Medical Research Council OEO2 study[20,21]. The survival benefit remained at a median follow-up of 6 years [hazard ratio (HR), 0.84; 95% confidence interval (CI), 0.72-0.98; P = 0.03], while the cisplatin group had a better OS at 2 years (HR, 0.79; 95% CI, 0.67- 0.93; P = 0.004). Another sizable experiment, nevertheless, was unable to show the same result[22]. Triplet chemotherapy (epirubicin, cisplatin, and capecitabine) did not improve OS in the OE05 study. Additionally, it was connected to greater toxicity than FC[23]. NCT is therefore hardly employed.
A few noteworthy clinical studies on neoadjuvant therapy for resectable EC have recently been conducted. As a preoperative treatment for locally advanced ESCC, the NExT study seeks to demonstrate that docetaxel, cisplatin plus 5-FU (DCF), and radiotherapy with cisplatin plus 5-FU are superior than FC in terms of OS. The superior OS and manageable toxicity of DCF indicate a new standard therapeutic strategy for ESCC[24]. In 2021, Wang et al[25] conducted a prospective, multicenter, open-label, randomized clinical study on 264 patients with locally advanced ESCC to assess the efficacy and safety of NCRT vs. NCT followed by minimally invasive esophagectomy (MIE). The postoperative morbidity rates of 264 patients, 47.4% in the NCRT group and 42.6% in the NCT group, did not significantly vary between the two groups. Based on the Clavien-Dindo classification, the degree of complications was distributed similarly across the two groups. For the NCRT group and the NCT group, the 90-day perioperative mortality rate was 3.5% and 2.8%, respectively. Patients in the NCRT group, however, showed higher rates of negative lymph nodes (66.1% vs. 46.2%) and pathologic complete responses (35.7% vs. 3.8%). They came to the conclusion that NCRT followed by MIE was safer and produced better histopathologic results than NCT followed by MIE for the treatment of locally advanced ESCC. According to a recent publication by Tang et al[26], among patients with cT3-4aN0-1M0 ESCC, NCRT followed by MIE was not significantly related to a better OS than NCT. The findings highlight the ongoing question of the ideal neoadjuvant therapeutic plan for locally progressing bulky ESCC. In the Neo-AEGIS study, 377 European patients were assigned at random to receive PCT, or CROSS. In the 3-year OS, the first OS analysis did not reveal any statistically significant differences (HR, 1.02; 95% CI, 0.74-1.42). However, the results must be taken seriously because the majority of the evaluable perioperative patients did not get the current standard of care FLOT (epirubicin, cisplatin and FU/epirubicin, cisplatin and capecitabine/epirubicin, oxaliplatin and FU/epirubicin, oxaliplatin and capecitabine prior to 2018, FLOT option 2019-2020, only 15% of chemotherapy arm patients received FLOT)[27].

MOLECULAR MECHANISMS OF ICIS FOR EC TREATMENT
Utilizing one's own immune system to find and eliminate tumor cells is the goal of immunotherapy. Understanding the anti-tumor response and the strategies a malignancy may use to modify or inhibit the immune response has seen significant breakthroughs. This has made it possible for a new field of medicine to flourish, one that has shown considerable promise in treating conditions like EC that previously had a low survival rate. Our knowledge of the tumor microenvironment (TME) is one of the essential components for the creation of novel therapies. The TME is a complicated environment where a variety of immune and stromal cell subtypes interact to either promote or prevent tumor growth[28,29]. A crucial component of the immune response against tumors is the effector T cell. To maintain the immune system's equilibrium, negative regulators are produced on the surface of T cells during the activation process. Immune checkpoints are what they are known as. T cell activation, function, proliferation, and survival may be diminished when these immune checkpoints and their ligands are triggered during T cell receptor (TCR) signaling, which promotes tumor immune evasion. When compared to other solid tumor forms, EC is distinguished by having a significant amount of tumor-infiltrating T cells and monocytes/macrophages. The bulk of the tumor-infiltrating T cells are worn-out cluster of differentiation (CD) 8+ T cells and regulatory T cells (Tregs). Tregs, tumor-associated macrophages (TAMs), myeloid-derived suppressor cells, and cancer-associated fibroblasts all contribute to the immunosuppressive TME of EC through immune checkpoint-related mechanisms. The CD8+ T cells in the EC TME display high quantities of immunological checkpoint molecules such the lymphocyte activation gene-3 (LAG-3), cytotoxic T lymphocyte antigen-4 (CTLA-4), programmed cell death PD-1, and programmed cell death-ligand (PD-L) 1[30,31].

PD-1 and PD-L1
Activated cytotoxic T cells and their primary ligands are the best examples of how PD-1 functions. Cancer cells and antigen-presenting cells (APCs) both have PD-L1 and PD-L2 molecules on their surfaces. T cell immunological fatigue is promoted by intracellular phosphorylation events that occur as a result of PD-1 engagement with its ligands, either through processes that depend on or are independent of TCR-CD28. The phosphoinositide 3-kinase route and the mitogen-activated protein kinase pathway are the two principals downstream signaling pathways involved in the TCR-CD28-dependent process. T cell depression that is not caused by TCR-CD28 is also caused by increased expression of the B-cell activating transcriptional factor[32-34]. CD8+ T cells in EC TME consistently exhibit significant levels of PD-1 expression. The findings of several clinical studies revealed that the objective response to immunotherapy was highly correlated with the high level of PD-L1 expression in EC tumor cells[35-37]. As a result, one of the suggested biomarkers for identifying EC patients who may benefit from ICIs is the degree of PD-L1 expression. Other than tumoral or healthy epithelial cells, TAMs play a significant role in the expression of PD-1 ligands in the EC TME. M2 polarization increases PD-L2 expression in TAMs and leads to immune evasion via the PD-1 signaling cascade regulated by the C-C motif chemokine ligand 2-C-C motif chemokine receptor 2 axis[38]. Additionally, TAMs showed PD-1 expression, which may increase PD-L1 expression in tumor cells. Increased CD8+ T cell abundance was seen in the responders in the clinical trials of PD-1 blockade therapy for EC, suggesting that the PD-1 inhibitors were successful in saving the worn-out T cells. To increase anti-tumor activity, these T cells settle on the tumor and fill the EC TME. Additionally, the decrease in the fraction of M2-type TAMs coincided with the rise in CD8+ T cell density, demonstrating that other innate immune cells in the EC TME were highly significant to the effectiveness of PD-1 blockade therapy for EC patients. In addition to the PD-1/PD-L1 pathway, interactions between PD-L1, CD80, and PD-L2-repulsive guidance molecule family member B are necessary for ICIs that target PD-L1 to be efficacious[39,40] (Figure 1).

LAG-3
The precise signaling pathways downstream of LAG-3 are unclear, although it is known that LAG-3 has a distinct signaling route that is not shared by other immunological checkpoints. It is not unexpected that LAG-3 binds to major histocompatibility complex (MHC)-II given that their structures are comparable. However, the affinity of the interaction between LAG-3 and MHC-II is substantially stronger. LAG-3 affects CD8+ T cell activity as well, pointing to the possibility of new LAG-3 ligands. LAG-3 is one of the hallmarks of worn-out CD8+ T cells and is considerably overexpressed in ESCC. Positive LAG-3 expression strongly predicted lower recurrence-free survival and OS in ESCC patients and was significantly correlated with CTLA-4 expression. Strong correlations were found between high levels of CD8+ tumor-infiltrating lymphocytes (TILs) in the EAC TME and high levels of LAG-3 expression. Research on individuals with unresectable EAC found connections between the LAG-3 gene and their response to the combination treatment of nivolumab and ipilimumab. Numerous LAG-3+ CD8+ T cells in the EAC TME are thought to be remnants of a robust anti-tumor immune response that was suppressed by PD-L1 and LAG-3-related mechanisms. The EAC patients who exhibit this TME trait are a good fit for ICIs. As a result, LAG-3 is a novel target for ICI’s treatment of EC and is generating a lot of attention[41-44].

CTLA-4
The engagement of the TCR by peptides from the MHC and crucial positive co-stimulatory signals produced by the interaction of CD80 (B7.1) or CD86 (B7.2) on the surface of APCs and CD28 on the surface of T cells are both necessary for T cell activation. This process is damaged by CTLA-4. Intracellularly stored CTLA-4 is transferred onto the surface of T cells during the initial stages of T cell activation, competing with CD80 with a higher affinity and diminishing the signal. Via phosphorylation reactions, CTLA-4 attenuates signals downstream of the TCR intrinsically after interacting with CD80. The primary professional APCs whose immunological capabilities are compromised in individuals with EC, along with a reduction in CD80 and CD86 expression, are dendritic cells. The high level of CTLA-4 expression on the surface of Tregs in the EC TME significantly contributes to immunosuppression. Further weakening the anti-tumor immune response, elevated expression of CTLA-4 is found in ESCC tumor cells on both an mRNA and protein level, in addition to effector T cells and Tregs in EC patients. Previous research has shown that ESCC patients with high tumor cell CTLA-4 expression had a poor prognosis, patients with ESCC who exhibited little tumor cell CTLA-4 expression, however, had a longer OS. Additionally, it's been proven that CD80 guards against metaplasia in inflammatory esophageal carcinogenesis, which is linked to EAC. In light of these findings, scientists developed ICIs that specifically target CTLA-4 to enhance EC's anti-tumor immunity. We still don't know how CTLA-4 blocking treatment impacts EC TME and effector T cells[45-47].

ICIS FOR RESECTABLE EC TREATMENT
Neoadjuvant immunotherapy is the main subgroup of the clinical studies on ICI treatment for resectable EC. Camrelizumab, Pembrolizumab, Tremelimumab, Tislelizumab, Sintilimab, Atezolizumab, Nivolumab, Durvalumab, Relatlimab, Toripalimab, and IMC-001 were among the ICIs employed in these research. According to the CROSS-study’s protocol, neoadjuvant immunotherapies are frequently used in conjunction with NCRT or NCT.

Camrelizumab
The National Medical Products Administration has authorized the PD-1 inhibitor Camrelizumab as a first-line therapy for unresectable ESCC. The neoadjuvant use of Camrelizumab for resectable locally advanced ESCC has been the focus of a significant number of clinical trials, making it one of the most popular ICIs being studied for its therapeutic efficacy. The majority of these trials have proven the beneficial effects of combining Camrelizumab with NCT and NCRT. In research done by Wu et al[48], 38 patients with resectable ESCC were examined to determine the effectiveness and safety of NCT coupled with immunotherapy. Pembrolizumab (55.26%) and Camrelizumab (31.58%) were the two drugs most often taken by patients. The results of their analysis of 19 individuals revealed that 13 patients (68.42%) had a radiological partial response (PR) on computed tomography scans. 35 patients (92.11%) underwent R0 resection, and postoperative problems occurred in 10 individuals (26.32%). A substantial positive correlation between the pathological remission rate and the regression rate of the sum of lesion diameters was also found. Major pathologic response (MPR) rates were 42.11% in ESCC patients.
[bookmark: _Hlk140237978]In a trial by Liu et al[49,50], the primary endpoint was used to assess the safety as well as the efficacy of Camrelizumab with NCT in 60 patients with locally advanced ESCC. Fifty-five (91.7%) of these patients successfully completed the whole two-cycle therapy. Fifty-one patients had surgery, and 50 (98.0%) of them had R0 resection. Twenty patients (39.2%) had pathological complete response (pCR) (ypT0N0), while five patients (9%; ypT0N+) had a full response to the main tumor but persistent illness in the lymph nodes alone. Leukocytopenia (86.7%) was the most prevalent of the 58 TRAEs that affected individuals (96.7%). One patient (1.7% of patients) experienced a grade 5 adverse event, while 34 patients (56.7%) experienced AEs of grade 3 or worse. They stated that chemotherapy and Camrelizumab had strong anticancer effects that had been validated and shown without any unanticipated safety effects. These results demonstrated the efficacy of Camrelizumab with chemotherapy as a neoadjuvant therapy for locally advanced ESCC. It is necessary to conduct a phase 3 randomized controlled study to further illustrate potential survival gains (Table 1).

Pembrolizumab
The United States Food and Drug Administration (FDA) has authorized the PD-1 inhibitor pembrolizumab as a first-line therapy for unresectable ESCC and EAC when combined with chemotherapy. Neoadjuvant immunotherapy has undergone clinical testing to treat both resectable ESCC and EAC. Preoperative Pembrolizumab with concurrent chemoradiotherapy for resectable locally advanced ESCC is being tested in the phase 1b, single-arm PALACE I trial, with safety as the main end measure. Of the 20 participants, 18 (90%) underwent surgery, and 19 (95%) received complete preoperative care. The patient had grade 3 lymphopenia and leukopenia, and she passed away while undergoing surgery, which is why the neoadjuvant therapy was not completed. The disease progression led to the discontinuation of surgery for one participant after full neoadjuvant therapy. All 20 patients experienced the development of TRAEs of any grade during the neoadjuvant therapy phase. The most frequent TRAEs were leukopenia (100%), lymphopenia (100%), anemia (80%), esophagitis (55%), alopecia (55%), and fatigue (55%), the majority of which were grade 1 or 2. With a pCR rate of 56% and a substantial pathological response of 89%, the R0 resection rate was 94%. All of the patients who received radical resection were free of disease recurrence at the median postoperative follow-up of 6.6 mo[51]. The PALACE II multicenter trial is still underway and has a larger sample size (143 participants), with pCR set as the major end measure[52]. Thirty-one eligible patients were included in a phase 1b/2 study to examine the effects of trimodal therapy with Pembrolizumab in the treatment of gastroesophageal junction (GEJ) adenocarcinoma. Twenty-eight individuals got R0 resection, and 29 of the 31 patients received all recommended doses of neoadjuvant Pembrolizumab. All safety criteria were satisfied. The primary efficacy goal was not attained [7/31 (22.6%)]. Individuals with high baseline expression of PD-L1 in the TME [combined positive score (CPS) > 10] had a substantially higher pCR rate than patients with low expression. Additionally, PFS and OS were longer for patients with high PD-L1 expression compared to propensity-score-matched patients. Extracellular vesicles (EV) were investigated to determine whether they may detect additional responders among trial participants with PD-L1 CPS < 10. A greater plasma level of PD-L1-expressing EVs was substantially linked with a higher pCR. They indicated that when Pembrolizumab was added to trimodal treatment, it did not achieve the intended pCR endpoint because of its satisfactory tolerability. Exploratory findings revealed that individuals who are most likely to achieve tumor response may be identified by having high levels of PD-L1 expression in the TME or on EVs[53].
Pembrolizumab in conjunction with chemotherapy and simple chemotherapy were compared for their effectiveness and safety in a trial by Huang et al[54], which involved 54 ESCC patients with stages II–IVa (23 in the combination group and 31 in the simple chemotherapy group). After two cycles of neoadjuvant therapy, major surgical intervention was given to all patients. They discovered that the combination group's pCR, ORR, and tumor regression 2 score were all considerably greater than those of the basic chemotherapy group (30.4% vs. 9.7% and 80.7% vs. 50.0%, respectively). Additionally, there was no statistically significant difference between the two groups' complete esophagectomy and R0/R1 resection rates. They concluded that pembrolizumab with chemotherapy demonstrated encouraging activity with a tolerable safety profile. Additionally, it might present a brand-new neoadjuvant treatment strategy for ESCC patients. In a single-arm study, Duan et al[55] evaluated the efficacy and safety of neoadjuvant pembrolizumab with chemotherapy in 18 patients with resectable ESCC. They found that postoperative pathology showed pCR in 6 cases (6/13, 46.2%) and MPR in 9 cases (9/13, 69.2%). Grade 3 or higher: Significant TRAEs occurred in 5 individuals (5/18, 27.8%). The amount of residual viable tumor (RVT) in pretreatment specimens was not substantially correlated with PD-L1 expression. While there was a weak association between postoperative forkhead box P3-positive+ T cells/CD4+ T cell ratios and RVT, there was a substantial correlation between changes in CD68+ macrophage counts between pre- and post-treatment specimens.

Tislelizumab
Another inhibitor of PD-1 is Tislelizumab. Following systemic therapy, ESCCs that cannot be removed, have relapsed, or have spread have been approved for consideration by the FDA. Tislelizumab was combined with NCT in the TD-NICE study, a phase 2, single-arm clinical study. The MPR served as the study's main outcome indicator. Of the 45 patients, 36 had surgery and received comprehensive neoadjuvant care. Eighty percent of R0 resections were successful, with 72% of pCR and 50% of MPR. Leukopenia (73%), anemia (51%), and thrombocytopenia (49%) were the most prevalent TRAEs. Nineteen (42.2%) of the 45 patients had TRAEs in grades 3 to 4. Seventy-eight percent of the 36 individuals had postoperative problems. There were no surgical delays or deaths brought on by the therapy. They discovered that Tislelizumab in combination with chemotherapy as neoadjuvant therapy shows encouraging anticancer effectiveness for resectable ESCC with high rates of MPR, pCR, and R0 resection, as well as moderate tolerability[56].

Sintilimab
Sintilimab, another PD-1 inhibitor, has been approved by the FDA for the treatment of certain subtypes of non-small cell lung cancer (NSCLC) and Hodgkin's lymphoma. The primary use of Sintilimab is as a neoadjuvant therapy for ESCC. In 30 patients with possibly resectable ESCC, Chen et al[57] performed  a single-arm, phase 2, open-label study to evaluate the safety and surgical viability of intravenous Sintilimab preoperatively with triplet chemotherapy (cisplatin, liposomal paclitaxel, and S-1) for a total of two cycles every 3 wk. The MPR and pCR rates were discovered to be 50.0% and 20.0%, respectively. Patients were more likely to react if they had a greater TMB and more clonal mutations. Changes in the circulating tumor DNA high-releaser status and the v-erb-b2 avian erythroblastic leukemia viral oncogene homolog 2 are adversely linked with the response to neoadjuvant ICI. They discovered that neoadjuvant Sintilimab in conjunction with platinum-based triplet chemotherapy was safe and effective, did not delay surgery, and led to a 20.0% pCR rate in patients with ESCC who would be eligible for resection. A total of 36.7% (11/30) of patients experienced TRAEs of grades 3–4. Reduced neutrophil count (73.3%), anemia (76.7%), and reduced white cell count (76.7%) were the most common TRAEs. Hematological toxicities constituted all TRAEs. This confirmed that it was safe to use. To confirm the viability of the suggested approach, more investigation is needed.

Atezolizumab
A PD-L1 inhibitor called Atezolizumab has been given FDA approval for the treatment of melanoma, NSCLC, small cell lung cancer, and some types of urothelial cancer. In the phase 2 feasibility trial PD-L1 Targeting in Resectable EC (PERFECT), NCRT is coupled with Atezolizumab to treat resectable EAC. The major end measure of this trial was feasibility, which was determined as the percentage of Atezolizumab treatments that were completed. Thirty-four (85%) of the 40 patients finished the full course of atezolizumab treatment. Any missed cycles were brought on by autoimmune-related toxicity (n = 3), progression (n = 2), and death (n = 1). The R0 resection rate was 100% with 30% pCR. The PERFECT study had a median OS of 29.7 mo and a median PFS of 19.4 mo[58]. Fatigue (95%), mucositis (60%), nausea (53%), and anorexia (43%) were the most prevalent TRAEs. A grade 3–4 TRAE was encountered by 16 patients (40%). The three most prevalent symptoms were syncope (8%), nausea (8%), and anorexia (10%). The aforementioned TRAEs mostly took place during NCRT in conjunction with ICI. One patient who passed away from a pulmonary embolus had a grade 5 TRAE. Thirteen individuals (33%) had serious TRAEs that resulted in hospitalization or death.

Toripalimab
The FDA authorized Toripalimab, an anti-PD-1 monoclonal antibody, for the treatment of ESCC, nasopharyngeal carcinoma, mucosal melanoma, and sarcoma. In order to assess the efficacy of neoadjuvant chemoimmunotherapy (Toripalimab) in 30 patients with locally advanced ESCC, Xing et al[59] conducted an open-label, randomized phase 2 investigation. The patients were divided into two groups: The experimental group, which got chemotherapy on day 1 and Toripalimab on day 3, and the control group, which received chemotherapy and Toripalimab on day 1. The patients were then randomly allocated to either group. Paclitaxel and cisplatin were the components of the chemotherapy regimen. Four to six weeks following the second course of chemoimmunotherapy, surgery was undertaken. They reported that 13 participants in the control group and 11 participants in the experimental group had surgery. In each of these 24 cases, a R0 resection was done. Four patients (36%) in the experimental group and one patient (7%) in the control group both achieved pCR. Statistically non-significantly increased pCR rates were observed in the experimental group. One patient in the control group had a PD-L1 CPS of 10, and pCR was achieved. The other 13 patients all had PD-L1 CPSs of 1, and 11 of the 13 underwent surgery, with two of the 13 patients (in the experimental group) attaining pCR. After one round of chemoimmunotherapy, two patients experienced grade 3 adverse effects, and one patient withdrew out of the research due to immune-related enteritis that was grade 3. After surgery, a second patient passed away from a severe lung infection and elevated troponin. They concluded that postponing Toripalimab until day 3 of chemotherapy could result in a greater pCR rate than that on the same day.
In a study conducted by He et al[60], 20 patients with locally advanced resectable ESCC were examined to determine the effectiveness of Toripalimab with paclitaxel and carboplatin as neoadjuvant treatment and the possible prognostic biomarkers. For the 16 patients who underwent surgery without a related delay in treatment, the R0 resection rate was 87.5% (14/16). The pCR rate was 18.8% (3/16), and the MPR rate was 43.8% (7/16) among the 16 patients. Following neoadjuvant treatment, the fraction of M2-type TAMs reduced, and the number of CD8+ T cells rose in surgical tissues. Responders had greater baseline C-X-C motif chemokine 5 gene expression levels and lower baseline chemokine (C-C motif) ligand 19 and uromodulin-like 1 gene expression levels. They concluded that the treatment of locally progressed resectable ESCC with the combination of Toripalimab, paclitaxel, and carboplatin is dependable, doable, and effective, indicating its promise as a neoadjuvant therapy for ESCC. An open-label, non-randomized, single-arm, single-center phase 2 study also looked at Toripalimab for usage as neoadjuvant treatment in conjunction with Docetaxel and Cisplatin in 20 patients with locally advanced ESCC. The ORR was reported to be 70% (14/20). McKeown’s MIE was performed on twelve individuals. Sixteen percent (2/12) of initial tumors achieved pCR, while 41.7% (5/12) of primary tumors achieved MPR. The median time before surgery was 33.2 d, and no patients had surgery delayed as a result of AEs from the medication. The most typical 30-day postoperative consequence (3/12, 25%) was pneumonia. Only 1 patient experienced anastomotic leakage while they were in the hospital. No patients passed away as a result of medical care or surgery. They concluded that Toripalimab was a safe and effective new neoadjuvant treatment for locally progressed ESCC when coupled with Docetaxel and Cisplatin[61]. Toripalimab combined with nab-Paclitaxel and S-1 was evaluated in a phase 2 single-center, open-label, single-arm study in 60 ESCC patients. They discovered that 55 patients (98.21%) had successful R0 resections. In 27 patients (49.09%) with MPR, pCR was attained in 16 individuals (29.09%). There were 37 (61.67%), 21 (35.00%), and 2 (3.33%) patients with PR, stable illness, and progressing disease, respectively. Following therapy, the overall staging, Stooler dysphagia scores, and daily living ability were considerably reduced. Eleven patients (18.3%) had grade 3 AEs. Patients with PD-L1-high levels exhibited a considerably greater PR ratio than those with PD-L1-low levels. In patients who had a PR, the TMB and tumor neoantigen burden considerably decreased with treatment[62].

Nivolumab
The first immunotherapy to be recommended for resectable EC is adjuvant immunotherapy, which is appropriate for both ESCC and EAC with R0 resection following NCRT but staged as ypT-positive and/or N-positive. A PD-1 inhibitor known as Nivolumab is the ICI employed in this treatment plan. With a median follow-up of 24.4 mo, Kelly et al[63] conducted the worldwide, randomized, double-blind, placebo-controlled phase 3 study CheckMate 577 to assess Nivolumab as adjuvant treatment in 794 patients with esophageal or GEJ cancer. In contrast to the 262 patients who received a placebo, the authors found that the median DFS for the 532 individuals who received Nivolumab was 22.4 mo, as opposed to 11.0 mo for those who received the placebo (HR for disease recurrence or death, 0.69; 96.4% CI, 0.56 to 0.86; P = 0.001). In the Nivolumab group, 71 of 532 patients (13%), and 15 of 260 (6%) patients in the placebo group, encountered grade 3 or higher AEs. The trial regimen was discontinued in 9% of participants receiving Nivolumab and 3% of patients receiving a placebo owing to adverse drug or placebo-related events. They concluded that DFS was significantly longer in patients with resectable esophageal or GEJ cancer who had received NCRT who got Nivolumab adjuvant treatment than in those who received a placebo.

SUMMARY
Neoadjuvant ICIs are often used to treat ESCC patients, whereas perioperative ICIs are frequently used to treat EAC patients from the perspective of therapeutic models. This could be a result of NCRT having a better pathological outcome for ESCC than for EAC in earlier investigations[64]. A few clinical studies have moved into phase 3, and the majority are still in phase 2. It's important to be aware of phase 2 trial limitations, such as the limited sample size and lack of a control group. Trials investigating the use of ICIs in combination with NCRT, NCT, and PCT for resectable EC are still in their early phases in general. Credibility and generality are insufficient and need to be enhanced going forward. To get over these restrictions, multicenter or international phase 3 studies should be conducted. Very few studies have revealed the specifics of the response evaluation criteria and methodologies used in the various preoperative systemic therapy trials. The full metabolic response was the criterion used in the PALACE I investigation, which made use of the positron emission tomography-computed tomography scan. To help choose the best course of therapy, it is necessary to confirm how to more accurately gauge the reaction and specify the circumstances warranting surgery. TRAEs continue to endanger the safety of ICI therapy regimens, even if an acceptable rate of them has been recorded. All the research mentioned the above-mentioned TRAEs, and in certain situations, TRAE-related surgical delay or mortality happened. The safety of the ICIs is anticipated to drastically increase.
Immunotherapy for resectable EC patients primarily focuses on blocking the PD-1 and PD-L1 pathways, which have demonstrated impressive anti-tumor effects. But for some patients, ICIs treatment was ineffective, and in certain instances, medication resistance developed. PD-L1 expression in ESCC and microsatellite instability-high (MSI-H) or microsatellite instability-deficiency in mismatch repair are two indicators for successful ICIs treatment[65]. Unfortunately, PD-L1-positive ESCC did not significantly improve objective response to ICI treatment in a clinical investigation[66]. Furthermore, only 7% of EAC patients have MSI-H. Their predictive values are constrained. A critical issue that has to be solved is how to more effectively identify the EC patients who will benefit from PD-1 blocking treatment. A number of processes are involved in the PD-1/PD-L1 pathway's signaling process, such as chromosomal changes, mechanisms controlling molecule expression during and after transcription, and post-translational modification of molecules[67,68]. Scientists have identified various immune-related genes and chromosomal alterations unique to EC through the ongoing improvement of gene analysis techniques[69-71]. These are all possible biomarkers for EC patients who react to PD-1/PD-L1 blocking drugs. Furthermore, an immune-related long non-coding RNA signature of this pathway in ESCC was discovered, and it has the potential to be exploited as a stand-alone predictor of ESCC immunotherapy prognosis. PD-L1 expression inside the EC TME is now linked to immune infiltration frequency, which is what makes PD-1/PD-L1 blocking therapy beneficial. The frequencies of TILs, TAMs, CD8+ T cells, and Tregs are among the factors that are connected to clinical outcomes[72].
There aren't many active clinical studies of anti-CTLA-4 immunotherapy for resectable EC, in contrast to PD-1/PD-L1 blocking treatment. Severe TRAEs, the bulk of which were immune-related AEs (irAEs), limited the efficacy of CTLA-4 inhibiting therapy for a number of solid tumors. A deadly autoimmune illness is prevented by the intrinsic immune checkpoint CTLA-4 on Tregs. Inhibiting CTLA-4 increases anti-cancer immunity but also upregulates auto-immune responses, leading to irAEs. For a safer and more effective immune checkpoint treatment, several scientists concluded that the CTLA-4 checkpoint should be preserved rather than blocked. Some people overcome this obstacle by creating anti-CTLA-4 antibodies that are specific to TMEs. There is an ongoing debate about whether CTLA-4-targeted immunotherapy should be permitted[73,74].
The immunosuppressive mechanism of LAG-3 is a recent area of study that has drawn a lot of interest. According to a recent study, MHC-II-independent fibrinogen-like protein 1 (FGL1) was a significant LAG-3 functional ligand. A poor prognosis and resistance to anti-PD-1 therapy are associated with high levels of FGL1 expression in the plasma of cancer patients, and it has been abundantly produced by human cancer cells[75,76]. The results of the clinical trial employing the Nivolumab and Relatlimab combination treatment for resectable EC may provide some insight into the riddle. Certainly, the positive results of immunotherapy for resectable EC in recent times give reason for optimism, but there are still many shortcomings to be overcome. The ICIs therapy for resectable EC will be ideal with a dependable effect and high safety in the next few days if these problems are promptly addressed.

CONCLUSION
Although systemic immunotherapy has produced encouraging preliminary findings in resectable EC in some clinical studies, and although preoperative immunotherapy may potentially be more beneficial than adjuvant therapy, more confirmation of the feasibility, safety, and effectiveness of neoadjuvant immunotherapy in sizable randomized clinical trials is still needed. Additionally, before neoadjuvant ICI techniques can be extensively used as the standard of treatment, a number of unsolved concerns must be overcome. To choose the right populations, it will be essential to identify predictive biomarkers, and the function of adjuvant treatment must be clearly understood. In order to assess any delayed toxicity and ascertain the long-term consequences, long-term follow-up is also required. Systemic immunotherapy will undoubtedly enter a new phase soon.
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Figure Legends
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Figure 1 The mechanisms of action of immune checkpoint inhibitors in resectable esophageal cancer immunotherapy. CD28: Cluster of differentiation 28; CTLA-4: Cytotoxic T lymphocyte antigen 4; MHC: Major histocompatibility complex; PD-1: Programmed cell death protein 1; PD-L1: Programmed death-ligand 1; TCR: T cell receptor.


Table 1 The immunotherapies for resectable esophageal cancer patients
	Name
	Ref.
	Number of patients
	Treatment regimens 
	Outcome
	Conclusion

	Camrelizumab
	Wu et al[48], 2021
	12
	Cisplatin + paclitaxel + camrelizumab = 8; carboplatin + paclitaxel + camrelizumab = 4
	MPR, 5/7 (71.43%)
	Patients with ESCC had an MPR rate of 42.11%; The SLD regression rate has a certain guiding relevance for the impact of immunotherapy, and the adoption of the NACI regimen may not raise the likelihood of problems in neoadjuvant treatment and surgery

	Camrelizumab
	Liu et al[49], 2022
	60
	Carboplatin + paclitaxel + camrelizumab
	Proceeded to surgery, 51/60 (85.00%); R0 resection, 50/51 (98.00%); pCR, 5/20 (39.20%)
	Camrelizumab plus weekly chemotherapy as a promising neoadjuvant treatment for locally advanced ESCC, and further phase 3 randomized controlled trial is warranted

	Camrelizumab
	Liu et al[50], 2022
	56
	Cisplatin + paclitaxel + camrelizumab
	Proceeded to surgery, 51/56 (77.40%); pCR, 18/56 (39.20%); MPR, 12/56 (21.43%)
	Camrelizumab plus neoadjuvant chemotherapy in resectable ESCC demonstrates promising efficacy with acceptable toxicity, providing a feasible and effective option

	Pembrolizumab
	Li et al[51], 2021
	20
	Carboplatin + paclitaxel + pembrolizumab + radiotherapy 
	Proceeded to surgery, 18/20 (90.00%); pCR, 10/18 (55.60%)
	PPCT was safe and did not delay surgery in resectable EC

	Pembrolizumab
	Zhu et al[53], 2022
	31
	Carboplatin + paclitaxel + pembrolizumab + radiotherapy
	Proceeded to surgery, 28/29 (96.55%); pCR, 7/31 (22.58%)
	Incorporating anti–PD-1 therapy into neoadjuvant chemoradiation and adjuvant treatment of GEJ adenocarcinoma may improve pCR and survival

	Pembrolizumab
	Huang et al[54], 2021
	54
	Nedaplatin + docetaxel + pembrolizumab = 23 vs. nedaplatin + docetaxel = 31
	pCR 30.4%/9.7%; ORR 86.9%/95.7%
	Pembrolizumab combined with chemotherapy showed promising activity with a manageable safety profile and it could offer a potential new neoadjuvant treatment approach for patients with ESCC

	Pembrolizumab
	Duan et al[55], 2022
	18
	Nedaplatin + paclitaxel + pembrolizumab = 13 or nedaplatin + docetaxel +
	Proceeded to surgery, 13/18 (72.22%); MPR, 9/13 (69.20%); pCR, 6/13 (46.15%)
	The combination of neoadjuvant immunotherapy and chemotherapy for ESCC is associated with a high pathological response and immunologic effects in the tumor microenvironment

	
	
	
	pembrolizumab = 5
	
	

	Tislelizumab
	Yan et al[56], 2022
	45
	Carboplatin + paclitaxel + tislelizumab
	Proceeded to surgery, 36/45 (80.00%); MPR (69.20%); pCR (50.00%)
	Tislelizumab plus chemotherapy as neoadjuvant therapy demonstrates promising antitumor activity for resectable ESCC with high rates of MPR, pCR, and R0 resection, as well as acceptable tolerability

	Sintilimab
	Chen et al[57], 2023
	30
	Cisplatin + S1 + paclitaxel + sintilimab
	Proceeded to surgery, 30/30 (100.00%); MPR (50.00%); pCR (20.00%)
	Neoadjuvant sintilimab plus platinum-based triplet chemotherapy appeared safe and feasible, did not delay surgery and induced a pCR rate of 20.0% in patients with potentially resectable ESCC

	Atezolizumab
	van den Ende et al[58], 2021
	40
	Carboplatin + Paclitaxel + Atezolizumab + Radiotherapy
	Proceeded to surgery, 33/40 (82.50%); MPR (50.00%); pCR, 10/40 (25.00%)
	The addition of atezolizumab to conventional nCRT for resectable EC was feasible without compromising surgical outcomes

	Toripalimab
	Xing et al[59], 2021
	30
	Cisplatin + paclitaxel + toripalimab D3 vs. cisplatin + paclitaxel + toripalimab D1
	Proceeded to surgery, 11/15 vs. 13/15; pCR 4/15 vs. 1/15
	The study showed that delaying toripalimab to day 3 in chemoimmunotherapy might achieve a higher pCR rate than that on the same day

	Toripalimab
	He et al[60], 2022
	20
	Carboplatin + paclitaxel + toripalimab
	Proceeded to surgery, 16/20; R0 resection, 14/16; MPR, 7/16; pCR, 4/16
	The combination of toripalimab plus paclitaxel and carboplatin is safe, feasible, and effective in locally advanced resectable ESCC

	Toripalimab
	Gao et al[61], 2022
	20
	Cisplatin +   docetaxel + toripalimab
	ORR, 14/20; MPR, 5/12; pCR, 2/12 
	Toripalimab combined with docetaxel and cisplatin as a novel neoadjuvant therapy was safe and effective in locally advanced ESCC

	Toripalimab
	Zhang et al[62], 2023
	60
	S1 + paclitaxel + toripalimab
	R0 resection, 55/60; MPR, 27/60; pCR, 16/60
	Neoadjuvant therapy with toripalimab, nab-paclitaxel and S1 was less toxic and showed promising antitumor activity in patients with resectable ESCC

	Nivolumab
	Kelly et al[63], 2021
	794
	Chemoradiotherapy+ nivolumab = 532 vs. chemoradiotherapy+ placebo = 262
	DFS, 22.4/11.0 mo; distant recurrence, 29/39%; locoregional recurrence, 12/17%
	Nivolumab adjuvant treatment significantly increased DFS compared to placebo in patients with resected esophagus or gastroesophageal junction cancer who had received neoadjuvant chemoradiotherapy


DFS: Disease-free survival; EC: Esophageal cancer; ESCC: Esophageal squamous cell carcinoma; GEJ: Gastroesophageal junction; MPR: Major pathological response; NACI: Neoadjuvant chemotherapy combined with immunotherapy; nCRT: Neoadjuvant chemoradiotherapy; ORR: Objective response rate; pCR: Pathological complete response; PD-1: Programmed cell death protein 1; SLD: Sum of lesion diameter; PPCT: Preoperative pembrolizumab with concurrent chemoradiotherapy.
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