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Patients suffering from locally advanced gastric or gastroesophageal junction adenocarcinoma often face a high postoperative recurrence rate. Despite aggressive treatment, less than 50% survive beyond five years. Ongoing clinical studies are exploring ways to prolong patient survival, revealing that perioperative chemotherapy can extend both the period of recurrence-free survival and overall survival for this group of patients. Currently, combining chemotherapy and immune checkpoint inhibitors has become a critical treatment approach for advanced gastric or gastroesophageal junction adenocarcinoma. However, the effectiveness of this approach in locally advanced patients remains unverified. This article delves into the latest research concerning the use of perioperative chemotherapy coupled with immune checkpoint inhibitors in locally advanced gastric or gastroesophageal junction adenocarcinoma treatment, and highlights prospective challenges and discusses how to best identify patients who may benefit from combined chemotherapy and immune checkpoint inhibitor therapy.
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1 Introduction

Gastric cancer is a global health concern, resulting in over a million new cases and approximately 769,000 deaths in 2020. It’s the fifth most common and fourth deadliest cancer worldwide (1). Locally advanced gastric or gastroesophageal junction adenocarcinoma (LAG/GEJA) are marked by tumors extending beyond the muscle layer or involving lymph node metastases, but without distant spread (2–4). Treatment typically involves perioperative chemotherapy, radiochemotherapy, and surgical intervention (4). These treatments aim to manage the disease from various perspectives, including reducing the cancer stage to increase surgical removal possibility, eliminating microscopic cancer cell clusters, enhancing complete tumor resection chances, and lowering recurrence risk (5, 6). Even so, the prognosis of patients with LAG/GEJA is still poor, with most patients relapsing within three years and a disappointing five-year survival rate of less than 50% (7–9). Recurrences are often due to residual tumors or microscopic metastases undetected during surgery (10). Therefore, there is an urgent need to improve clinical outcomes for patients with locally advanced gastric cancer (7–9).

Chemotherapy not only exerts cytotoxic effects on tumor cells but also reshapes the tumor microenvironment, exhibiting a synergistic effect when combined with immune checkpoint inhibitors (ICIs) (11). ICIs have significantly revolutionized the treatment paradigm for numerous advanced cancers, emerging as a pivotal component in disease management. This transformation is particularly pronounced in the context of advanced gastric or gastroesophageal junction (G/GEJ) adenocarcinoma. The incorporation of anti-PD-1 antibodies with chemotherapy, such as sintilimab and nivolumab, has demonstrated substantial advantages (12, 13). Meanwhile, ICIs have also improved pathological complete response (pCR) rates and disease-free survival (DFS) in melanoma, non-small cell lung cancer (NSCLC), and triple-negative breast cancer (14–17). Although there has been progress in the integration of neoadjuvant chemotherapy and ICIs for gastric cancer, as of now, no randomized controlled phase III clinical trials have reported positive outcomes. This review delineates the recent developments in chemoimmunotherapy for the perioperative management of LAG/GEJA. Additionally, it addresses the existing challenges in this field.




2 Clinical study of neoadjuvant chemoimmunotherapy in LAG/GEJA



2.1 Neoadjuvant chemotherapy in LAG/GEJA

The MAGIC study represents a significant milestone in the therapeutic approach to LAG/GEJA. This study examined patients with LAG/GEJA, as well as lower esophageal adenocarcinoma. Participants were stratified into two cohorts: one undergoing solely surgical intervention and another receiving perioperative treatment. The perioperative cohort received three cycles of ECF chemotherapy both preoperatively and postoperatively, and exhibited a marked improvement in 5-year overall survival rates compared to those in the surgery-only group (36% vs. 23%) (8). This finding was supported by the FFCD9703 study (9). Moreover, the FLOT-AIO study revealed that FLOT outperformed ECF as a preoperative treatment, resulting in superior pCR rates and OS (7, 18). Concurrently, the RESOLVE and PRODIGY studies, undertaken in Asia, demonstrated that perioperative chemotherapy markedly prolongs DFS in patients with LAG/GEJA (19, 20). Collectively, these investigations underscore the critical importance of perioperative chemotherapy in the management of LAG/GEJA. However, whether perioperative chemotherapy is the most effective treatment strategy remains under scrutiny. As our comprehension of the molecular intricacies of gastric cancer deepens, the spectrum of treatment is expanding to encompass targeted therapies and immunotherapies. These emerging treatment modalities are currently being explored and validated, especially for early-stage gastric cancer due to the poor 5-year survival rate (7).




2.2 Neoadjuvant targeted therapy in LAG/GEJA

Roughly 22% of patients with G/GEJ adenocarcinoma exhibit over-expression of Her2 (21), a condition that accelerates tumor progression via pathways such as PI3K/Akt/mTOR and MAPK (22). This overexpression, particularly prevalent in gastric cancer, correlates with more aggressive disease progression and inferior prognosis (23, 24). The landmark ToGA study represented a pivotal advancement in this realm, being the first to demonstrate that combining trastuzumab with chemotherapy significantly extends survival in advanced G/GEJ adenocarcinoma patients with Her2 gene amplification. This discovery heralded a new frontier in targeted therapy for advanced gastric cancer (21).

Building on this, the PETRARCA study delved into the perioperative clinical efficacy of integrating anti-Her2 dual-target treatment with FLOT chemotherapy, compared to FLOT alone, in patients with cT2-4 and/or N+ G/GEJ adenocarcinoma and HER2 overexpression. The results were promising, indicating a substantial improvement in the pCR rate when trastuzumab and pertuzumab were combined with FLOT chemotherapy (35% vs 12%, p = 0.02). Additionally, the incidence of pathological lymph node negativity was higher (68% vs 39%) (25). However, the trastuzumab/pertuzumab cohort encountered an increase in adverse events, notably severe cases of diarrhea and leukopenia (25). Despite these advancements, the negative outcomes of the JACOB trial in Her2 overexpressing advanced G/GEJ adenocarcinoma led to the premature discontinuation of the PETRARCA study (26). Currently, the Phase II INNOVATION study is in progress, aiming to assess the effectiveness of trastuzumab in conjunction with perioperative FLOT chemotherapy in treating resectable G/GEJ adenocarcinoma patients (27). The study, anticipated to be finalized by 2028, primarily aims to delve deeper into the effectiveness of trastuzumab in combination with chemotherapy for this specific patient group.

The role of trastuzumab in augmenting Her2 internalization and cross-presentation by dendritic cells has been established, leading to the activation of T cell responses targeting Her-2 (28). Additionally, trastuzumab exerts extra antitumor activity by impacting immune system, notably by promoting lymphocyte infiltration into tumors (29). Consequently, the hypothesized synergy between anti-Her2 targeted therapy and immunotherapy appears highly plausible (30). A perfect demonstration of this synergy was shown in the Keynote811 study, where patients with advanced Her2 over-expression G/GEJ adenocarcinoma were involved. Participants in this study were divided into two groups; one received pembrolizumab treatment while the other got a placebo, both groups were treated alongside trastuzumab and chemotherapy. The group that received pembrolizumab had a significantly higher objective response rate (ORR) of 74.4% vs 51.9%, and a complete response (CR) rate of 11.3% vs 3.1% (31). These outcomes suggest that the triple combination of chemotherapy, anti-Her2 therapy, and ICIs therapy may provoke a more potent tumor response. This integrative therapeutic strategy is becoming increasingly significant, particularly in the spheres of neoadjuvant and transformational treatments.

Preliminary data from a Phase II clinical trial shows promising results when using a combination of camrelizumab, trastuzumab, and chemotherapy as neoadjuvant therapy for Her-2 over-expressing G/GEJ adenocarcinoma. In this trial, a notable pCR rate of 31.3% was achieved in 16 patients who underwent D2 radical surgery (32). However, these findings should be approached with caution due to the limited number of participants and the short duration of follow-up. These constraints highlight the need for additional studies, encompassing a larger group of participants and longer observation periods, to validate these preliminary results robustly.




2.3 Neoadjuvant chemoimmunotherapy in LAG/GEJA

Chemoimmunotherapy has shown impressive efficiency as the first-line treatment for advanced G/GEJ cancer, particularly in patients with a PD-L1 combined positive score (CPS) of 5 or higher (12, 13). This synergistic approach, leveraging both anti-PD-1 antibodies and chemotherapy, has significantly improved ORR and OS (12, 13). These findings suggest that G/GEJ cancer, notably responsive to anti-PD-1 antibody treatment, may be particularly amenable to immunotherapy. Consequently, it is hypothesized that immunotherapy could potentially improve survival outcomes in patients with LAG/GEJA. This hypothesis is supported by the GERCOR NEONIPIGA study, which is conducted in LAG/GEJA patients with mismatch repair deficiency (dMMR) or high microsatellite instability (MSI-H). In this study, participants received four cycles of neoadjuvant nivolumab and ipilimumab, followed by surgical intervention. Post-surgical treatment involved nine cycles of adjuvant nivolumab. The primary objective was pCR. The study encompassed 32 patients, out of whom 29 successfully underwent surgery, all achieving R0 resection. Impressively, 17 patients reached pCR status (T0N0). Furthermore, after a median follow-up period of 14.9 months, no recurrences were observed (33). In parallel, the INFINITY study reported similar results, 9/15 patients with dMMR/MSI-H LAG/GEJA achieved pCR (34).

Contrasting with previous research, recent evidence indicates that patients with MSI-H LAG/GEJA experience inferior survival outcomes when undergoing perioperative chemotherapy compared to surgery alone. This is evidenced by a Hazard Ratio (HR) of 2.22, falling within a 95% confidence interval (CI) of 1.02 to 4.85, and a P value of 0.04 (35). Following this revelation, the CLASSIC study’s subgroup analysis, focusing on Asian participants, revealed that adjuvant capecitabine and oxaliplatin after D2 gastrectomy did not confer survival benefits for MSI-H patients. The 5-year DFS rates showed no difference with a P value of 0.931 (36). Further elucidation came from a comprehensive meta-analysis that included four neoadjuvant/adjuvant chemotherapy trials: MAGIC, CLASSIC, ARTIST, and ITACA-S. This analysis demonstrated that only non-MSI-H patients benefited from combining chemotherapy with surgery, compared to surgery alone. This was highlighted by a 5-year overall survival (OS) rate of 62% versus 53%, corresponding to an HR of 0.75, within a 95% CI of 0.60 to 0.94 (37). These findings compellingly suggest that neoadjuvant/adjuvant chemotherapy might not be the most effective treatment approach for patients with MSI-H LAG/GEJA. However, the GERCOR NEONIPIGA and INFINITY studies have reported significant benefits of perioperative immunotherapy, potentially establishing new treatment paradigms for patients with MSI-H LAG/GEJA (33, 34). Despite these promising outcomes, it is imperative to conduct more thorough clinical research to ascertain whether perioperative immunotherapy, either as a standalone treatment or in conjunction with neoadjuvant chemotherapy, can yield enhanced benefits for this specific patient group. This need for additional research is underscored by a retrospective study that documented a series of cases involving LAG/GEJA patients with MSI-H (38). In these cases, patients received a combination of chemotherapy and ICIs, resulting in favorable pathological responses. This observation suggests potential benefits but also highlights the necessity for more comprehensive and controlled studies to validate these findings and guide treatment strategies.

NCT0291816 is a phase 2, single-arm clinical trial aimed at evaluating the efficacy of a novel treatment regimen for patients with LAG/GEJA. Participants received three cycles of capecitabine and oxaliplatin, combined with pembrolizumab, followed by an additional cycle of pembrolizumab only prior to surgery. Postoperatively, patients continued pembrolizumab for up to one year. Of the 34 patients enrolled, seven achieved pCR (39). Meanwhile, the DANTE study, a multicenter phase II trial, investigated the clinical efficacy of perioperative chemoimmunotherapy compared to perioperative chemotherapy in patients with resectable LAG/GEJA, enrolling 295 patients. Early results showed comparable R0 resection rates. However, the chemoimmunotherapy group demonstrated a pCR rate of 24% and an MPR rate of 48%, compared to 15% and 39%, respectively, in the chemotherapy cohort. Further subgroup analysis revealed enhanced pCR and MPR rates among patients with PD-L1 CPS≥10 and MSI-H status (40). In another study identified as NCT04250948 explored the efficacy of combining toripalimab with SOX/XELOX in patients with LAG/GEJA, engaging 108 participants. Results indicated a significant increase in tumor regression grades 0/1 (TRG0/1) from 20.4% to 44.4%, and an elevation in the pCR rate from 9.3% to 24.1% (41). These preliminary results are promising and suggest potential advancements in treatment strategies. Further support comes from additional small-scale phase II clinical trials utilizing camrelizumab with FOLFOX and sintilimab with XELOX, which have reported primary outcomes in terms of pCR and MPR (42, 43). This body of research collectively underscores the potential of integrated treatment approaches, combining chemotherapy with immunotherapeutic agents, to improve outcomes for patients with LAG/GEJA. Regarding safety, a meta-analysis revealed that neoadjuvant chemoimmunotherapy, when compared to neoadjuvant chemotherapy alone, did not elevate the incidence of G3-4 treatment-related adverse events (TRAEs) or surgical complications in LAG/GEJA (44). In another real-world study, findings suggested that the addition of tislelizumab to neoadjuvant chemotherapy, as opposed to neoadjuvant chemotherapy alone, exhibited no significant differences in terms of surgical duration, number of resected lymph nodes, postoperative hospital stay, and 30-day mortality (45).

The Keynote-585 trial was designed to assess the efficacy and safety of combining pembrolizumab with perioperative chemotherapy in patients with LAG/GEJA. The primary endpoints were event-free survival (EFS) and pCR. The latest findings from this study were presented at the 2023 ESMO Conference. The data revealed a striking increase in the pCR rate when pembrolizumab was added to chemotherapy, compared to chemotherapy alone (12.9% vs 2.0%, p<0.00001). Additionally, the pembrolizumab group demonstrated an extended EFS compared to the control group (44.4 vs 25.3 months, p=0.0198). however, this difference did not reach the predetermined threshold for statistical significance, indicating that the observed variation in EFS was not statistically significant (46). In parallel, the MATTERHORN study, a global, multicenter, randomized, controlled Phase III clinical trial, investigates the efficacy and safety of the neoadjuvant therapy incorporating either durvalumab or a placebo, combined with the FLOT regimen in patients with resectable G/GEJ adenocarcinoma, followed by adjuvant therapy with durvalumab or placebo. The primary endpoint of this study is EFS. Preliminary results, also shared at the 2023 ESMO conference, showed a notable increase in the pCR rate for patients with early and locally advanced G/GEJ adenocarcinoma. This improvement was achieved through the combination of durvalumab with the FLOT regimen, yielding a pCR rate of 19% compared to just 7% in the absence of durvalumab (p<0.00001) (47). The EFS results from the MATTERHORN study are still pending. Once released, these findings will be crucial in assessing the potential benefits of integrating ICIs with standard perioperative chemotherapy in reducing recurrence rates and improving survival outcomes for patients with LAG/GEJA. Table 1 presents clinical studies with preliminary results on neoadjuvant chemoimmunotherapy and in LAG/GEJA, and Table 2 details the ongoing randomized studies of neoajuvant chemoimmunotherapy in LAG/GEJA.


Table 1 | Selected neoadjuvant clinical studies administering chemoimmunotherapy for patients with LAG/GEJC.




Table 2 | Selected ongoing randomized studies of neoajuvant chemoimmunotherapy in LAG/GEJA.







3 Limitations of pCR as primary endpoint

Clinical trials exploring the effectiveness of neoadjuvant chemoimmunotherapy in LAG/GEJA are currently underway, usually with pCR as the primary endpoint. pCR is an important benchmark in neoadjuvant therapy, as studies have shown its association with improved long-term survival outcomes such as DFS and OS (56–61). However, it’s important to acknowledge that trials using pCR as the primary endpoint have certain limitations.



3.1 pCR may be unsuitable for all types of tumors in neoadjuvant therapy

pCR may not be universally applicable across all types of neoadjuvant therapies for certain tumors. While a strong correlation between pCR and improved long-term survival is evident in early-stage breast cancer and LAG/GEJA cases, a specific study on operable breast cancer suggested that pCR may not reliably predict long-term outcomes (62). Additionally, a recent meta-analysis found only a weak relationship between pCR and both EFS and OS in Her2 over-expression breast cancer cases (61). Further research is needed to understand the relationship between pCR and EFS/OS in LAG/GEJA cases with Her2 over-expression during perioperative therapy. Furthermore, the Keynote 585 study achieved one of its primary endpoints (pCR), but did not result in a significant improvement in EFS (46). This highlights the need for a more nuanced understanding of pCR’s role in different LAG/GEJA subtypes and treatment scenarios.




3.2 Tumor heterogeneity

The concept of tumor heterogeneity is a fundamental principle in oncology. Tumors often display significant variation, particularly in terms of their molecular and genetic characteristics. This heterogeneity is not only observed among different patients, but also within different regions of the same in a single patient. During treatment, it is common to observe varying responses from different parts of the tumor, with some areas showing growth while others regress. This variability may explain why a specific treatment can led to the completely elimination of certain tumor cells, resulting in a pCR, while other areas remain metabolically active. A partial response to treatment like this may contribute to a small percentage of patients experiencing relapse after achieving pCR through neoadjuvant therapy (63). This highlights the complexity of tumor treatment and underscores the need for personalized treatment plans that consider the intratumor differences within each tumor.




3.3 The incomplete measure of pCR in efficacy assessment

In certain scenarios, the advantages of neoadjuvant therapy go beyond achieving a pCR. Even when pCR isn’t fully achieved, patients may still derive notable benefits. These include the reduction of tumor size, consequently facilitating more manageable and shorter surgical procedures. Additionally, these benefits encompass a decrease in surgical complications and an extended duration of freedom from relapse. This holds particular relevance in cases of esophageal adenocarcinoma, especially in patients with pathologically lymph node-negative status (64). It underscores that lymph node regression following neoadjuvant chemotherapy serves as a robust in prognostic indicator. Moreover, retrospective analyses from the MAGIC study have identified lymph node negativity as an independent predictor of prolonged survival (65). This emphasizes that pCR isn’t the sole metric of assessing therapeutic success.




3.4 The diagnostic challenges of pCR

Despite the collaborative efforts of pathologists to standardize and precisely assess a pCR, the diagnosis process remains challenging. This challenge primarily stems from the subjective nature of the pathological diagnosis, introducing variability in result consistency. Critical factors, such as a thorough histological examination of the tumor bed and drainage lymph nodes, play a vital role in achieving an accurate pCR diagnosis. Nevertheless, ongoing debates persist regarding the optimal number of tumor bed sections and lymph nodes required for a conclusive assessment.




3.5 The risk of undertreatment in early pCR

The early achievement of pCR during treatment introduces unique challenges. Patients and physicians may make decisions that lead to under-treatment, influenced by the apparent success observed early in the course of therapy. Prematurely halting of treatment may, in turn, lead to relapse in specific patients. These challenges underscore the importance of vigilant monitoring and potential extension of treatment protocols, even when early signs of pCR are evident.





4 Optimizing neoadjuvant chemoimmunotherapy in LAG/GEJA

The concurrent administration of chemotherapy and ICIs has demonstrated significant effectiveness in treating various advanced and certain early-stage tumors (12–15, 31, 66–69). Currently, the standard approach involves administering these treatments simultaneously. However, to optimize the efficacy of this combination therapy, especially when integrating chemotherapy with ICIs, several crucial considerations need careful attention.



4.1 Selecting an appropriate chemotherapy regimen

The choice of chemotherapy regimen should be meticulously made, taking into account the specific type of tumor, its molecular characteristics, and the overall health status of the patient. In Europe, the FLOT regime, comprising three drugs, is commonly recommended for neoadjuvant chemotherapy in G/GEJ adenocarcinoma. This recommendation is largely influenced by the favorable outcomes of the FLOT-AIO study (7). In East Asia, a perioperative approach involving a two-drug regimen—either SOX or DOS—tends to be the standard protocol (19, 20). Younger and healthier patients capable of tolerating intensive treatment may consider a triple-drug regimen. Conversely, a less intensive two-drug combination such as SOX or DOS might be more apt for older patients or those in weaker health conditions.




4.2 Establish the optimal sequence and timing

Integrating chemotherapy with ICIs necessitates careful consideration of the sequence and timing of administration. Chemotherapy-induced tumor cell death releases tumor antigens, priming lymphocytes to identify and eliminate tumor cells presenting these antigens. Concurrently, ICIs amplify the proliferation and activation of these lymphocytes (70), rendering them more receptive to the effects of chemotherapy. Thus, the order of administration becomes strategically significant. The groundbreaking TONIC trial investigated the sequence of chemotherapy and ICI by assigning patients with triple-negative breast cancer to different pre-treatments, including low-dose radiotherapy, cisplatin, cyclophosphamide, doxorubicin, or a control observation period, before receiving nivolumab. The cohort treated with doxorubicin demonstrated the highest ORR (71). Additionally, a retrospective analysis of advanced lung cancer patients who received chemotherapy combined with ICIs showed improvement in progression-free survival (PFS) and OS. This improvement was observed when ICIs were administered 3-5 days after chemotherapy (72). These findings suggest that specific chemotherapeutic agents, coupled with the administration sequencing of chemotherapy and ICIs, can create a more inflammatory tumor microenvironment, potentially enhancing the response to immunotherapy.

Nivolumab, when administered as a monotherapy, activates anti-tumor T cells in the peripheral blood, with this specific T cell subgroup reaching its peak within one to two weeks after the initial dose. This surge is subsequently followed by a gradual decline (73). To alleviate the potential toxicity of second-cycle chemotherapy drugs on these activated T lymphocytes, extending the intervals between chemotherapy cycles would prove beneficial. Providing a longer period for the T cells to function may decrease the likelihood of adverse events, potentially leading to enhanced clinical outcomes.




4.3 The number of cycles in neoadjuvant therapy

It is pivotal to determine the appropriate number of neoadjuvant chemoimmunotherapy cycles for patients with LAG/GEJA. These individuals often suffer from reduced food intake, digestion, and absorption due to the distinctive response of their digestive tract to chemotherapy. These challenges can have adverse effects on their nutrition, leading to an overall decline in health. Such health deterioration may potentially compromise their ability to endure subsequent surgery and impede wound healing. Therefore, it is advisable to conduct routine assessments every 2-3 cycles during neoadjuvant therapy. These assessments serve as a basis for deciding whether to continue with the initially planned number of therapy cycles or make modifications. The decision is guided by the outcomes of these imaging assessments, aiming to maintain the patient’s overall well-being throughout the course of therapy.




4.4 Chemotherapy dosage

Chemotherapy drugs elicit an immune response by promoting the immunogenic death of tumor cells and creating an environment conducive to activated cytotoxic T lymphocytes through the elimination of Treg cells (74, 75). Given these advantages, it’s not recommended to decrease the dose of chemotherapy drugs in each cycle. Instead, a patient’s height and weight should significantly influence the drug dosage. In a clinical study on chimeric antigen receptor T (CART) cell therapy for relapsed/refractory non-Hodgkin lymphoma, patients who received pre-treatment with both fludarabine and cyclophosphamide before the CART cell transfusion exhibited superior results compared to those pre-treated with only cyclophosphamide. They had higher overall response and complete response rates. Additionally, the maximum tolerated dose of fludarabine and cyclophosphamide during pre-treatment led to tumor reduction in most patients with minimal severe toxicity (76). Laboratory data also revealed that patients pre-treated with both drugs had significantly higher numbers of CART cells in their peripheral blood than those pre-treated with just cyclophosphamide. This implies that lymphocyte-depleting chemotherapy before active cell infusion may enhance the elimination of immunosuppressive cells, thereby creating a conducive environment for the infused cells to exert their effects (76). However, it remains unclear if similar outcomes occur when chemotherapy is combined with ICIs. Nonetheless, in theory, comparable results might be anticipated in patients sensitive to ICIs therapy.





5 Challenges in neoadjuvant chemoimmunotherapy for LAG/GEJA

In the realm of LAG/GEJA, neoadjuvant chemoimmunotherapy presents a promising approach. It offers potential benefits like reducing tumor size, facilitating tumor downstaging, improving surgical results, and eliminating residual microscopic tumors. Despite demonstrating efficacy in a considerable number of cases, several challenges still warrant attention.



5.1 Selection patients for neoadjuvant chemoimmunotherapy

Determining the optimal candidates for neoadjuvant chemoimmunotherapy in patients with LAG/GEJA presents a significant clinical challenge. This difficulty largely stems from the absence of definitive predictive biomarkers to gauge the efficacy of such therapy in these patients. Without these biomarkers, it becomes challenging to identify those who would benefit most substantially. However, it’s noteworthy that studies focusing on first-line treatments for advanced gastric cancer have revealed considerable advantages of chemoimmunotherapy, especially in patients exhibiting a PD-L1 CPS of 5 or higher (12, 13). Consequently, there’s a growing recommendation to consider chemoimmunotherapy for patients with a PD-L1 CPS of 5 or more. In a phase II clinical trial at our center, which involved a limited number of participants, an impressive pCR rate of 48% (12 out of 25) was observed in LAG/GEJA patients with a PD-L1 CPS ≥ 1 (77). This suggests that neoadjuvant chemoimmunotherapy could potentially offer significant pCR benefits for this patient group, although this needs validation in a larger cohort. Additionally, findings from Keynote 811 indicate that combining chemoimmunotherapy with anti-Her2 therapy might yield pCR benefits for patients with Her2 overexpression (31). Our own unpublished retrospective data supports this, showing a notable pCR rate of 37.9% (11 out of 29) in LAG/GEJA patients treated with neoadjuvant chemoimmunotherapy in conjunction with anti-Her2 therapy. Moreover, dual immune neoadjuvant therapy has demonstrated substantial pCR benefits for LAG/GEJA patients with MSI-H (33, 34). Yet, comprehensive data on the efficacy of neoadjuvant chemoimmunotherapy in MSI-H patients remains scarce. Besides PD-L1 CPS, Her2 overexpression, and tumor mutation burden, multi-omics analysis also revealed several biomarkers predictive of pathological response, including RREB1 and SSPO mutations, immune-related signatures, and a peripheral T cell expansion score (52). In clinical practice, it is crucial to identify biomarkers such as PD-L1, Her2, MSI status, and tumor mutation burden in any accessible specimens. These markers are instrumental in guiding the choice of neoadjuvant therapy. Although these indicators provide valuable insights, ongoing research is essential to uncover additional biomarkers and enhance our understanding of the most effective therapeutic approaches for LAG/GEJA patients.




5.2 Adverse events

Adverse events associated with neoadjuvant chemoimmunotherapy can significantly impact a patient’s overall health and their ability to tolerate surgery. This form of treatment involves chemotherapeutic agents that can reduce patients’ resistance and increase the risk of secondary infections due to myelosuppression. Additionally, these agents may lead to gastrointestinal complications, potentially resulting in malnutrition. Furthermore, complications arising from the use of ICIs can also affect a patient’s surgical readiness. These complications might include effects on cardiopulmonary function, diminished adrenal cortex activity, and hypothyroidism. When these issues are combined, they can substantially reduce a patient’s capacity to withstand surgical procedures. Moreover, the adverse effects of neoadjuvant therapy may induce functional irregularities in other organs, which could emerge during the patient’s post-treatment period. This could potentially offset the survival advantages gained from the improved pCR and MPR rates that neoadjuvant therapy aims to achieve. Therefore, it is imperative to closely monitor patient tolerance and adverse events throughout the course of the therapy. Equally important is the need to promptly administer appropriate treatments as and when they become necessary. This careful management is essential to optimize patient outcomes and ensure the best possible balance between treatment efficacy and quality of life.




5.3 Efficacy assessment

The current assessment of clinical efficacy in neoadjuvant therapy is based on RECIST criteria, which were originally formulated for evaluating the efficacy in advanced solid tumors. In the context of neoadjuvant chemoimmunotherapy, accurately determining whether an increase in tumor size observed on imaging is a true progression or a pseudo-progression presents a significant challenge. This uncertainty can lead to the premature discontinuation of neoadjuvant therapy, prompting either an immediate surgical intervention or a shift to combined radiotherapy within the neoadjuvant treatment framework.

In terms of MPR, the residual tumor undergoes pathological changes, including fibrosis, lymphocyte infiltration, and the formation of tertiary lymphoid structures that resemble lymph node follicles (70). This transformation may cause an apparent enlargement of the tumor lesion on imaging scans. However, radiotherapy, though effective in destroying infiltrating lymphocytes, may inadvertently impair the activated anti-tumor immune response. Currently, clinical studies predominantly focus on pCR as the primary endpoint for neoadjuvant chemoimmunotherapy in patients with LAG/GEJA. However, the effectiveness of pCR as a metric has its limitations, and it remains uncertain whether a higher pCR rate directly correlates with improved EFS. Studies like Keynote585 and MATTERHORN have indicated that combining neoadjuvant chemotherapy with ICIs may increase pCR rates (46, 47). However, Keynote585 did not meet its predetermined EFS goals, failing to achieve one of its primary endpoints. Furthermore, the data on OS is still preliminary, necessitating additional research to confirm whether neoadjuvant chemoimmunotherapy indeed offers survival advantages for patients with LAG/GEJA.




5.4 Adjuvant therapy for patients achieving pCR

The efficacy of administering additional therapy for patients who achieve a pCR following preoperative chemoimmunotherapy remains an area yet to be definitively determined. In the era of preoperative chemotherapy, only a very small percentage of patients with LAG/GEJA achieved pCR. Historically, this particular group of patients often did not receive significant attention. According to established treatment protocols, all patients were subjected to additional therapy postoperatively (7, 19, 20). However, two patients with deficient mismatch repair (dMMR) experienced a recurrence of the disease during postoperative follow-ups, despite achieving a pCR after receiving SOX plus camrelizumab as neoadjuvant therapy (63). It is important to highlight that patients with dMMR typically have a relatively poor prognosis. Therefore, even in cases where a pCR is attained, the need for continued postoperative adjuvant therapy remains a critical consideration. In the current landscape of neoadjuvant chemoimmunotherapy, which is marked by a significant increase in pCR rates (for instance, a 19% pCR rate in the MATTERHORN study) (47), it is essential to conduct further research to determine whether postoperative adjuvant therapy can offer additional survival benefits to this distinct subset of patients.




5.5 Subsequent therapeutic strategies for patients in clinical CR by neoadjuvant chemoimmunotherapy

Patients undergoing radical gastrectomy for LAG/GEJA often face the necessity of removing their entire stomach or a substantial part of it. This surgery leads to not only nutritional challenges but also frequent occurrences of upper abdominal pain, bloating, nausea, vomiting, diarrhea, and dumping syndrome. Such complications significantly deteriorate their quality of life. In particular, after surgery, patients may experience severe esophageal reflux due to the loss of lower esophageal sphincter function, further impacting their well-being. Insights from research on MSI-H colorectal cancer suggest that patients achieving a clinical CR following neoadjuvant anti-PD-1 antibody therapy may be candidates for observation, postponing or even avoiding the need for immediate surgery and the attendant complications like colostomy (78, 79). This approach has shown promise in improving the overall quality of life for these patients. However, there is a lack of similar research concerning LAG/GEJA patients who achieve a cCR. The potential for these patients to be similarly managed through observation, thereby possibly delaying or avoiding gastrectomy and its associated life-altering effects, remains an uncharted area. Consequently, further research is imperative to explore these possibilities and improve treatment strategies for this specific patient subgroup.





6 Prospection

The amalgamation of chemoimmunotherapy is fundamentally reshaping the landscape of G/GEJ cancer treatment. Currently, the treatment approach, albeit somewhat conservative, predominantly involves adding ICIs into standard chemotherapy, and then comparing this combination to a placebo-plus-chemotherapy regimen, However, this method, while operationally straightforward, does not fully exploit the potential synergistic therapeutic benefits. There is a pressing need to optimize the dosage, frequency, and sequence of drugs in this combined therapy to maximize treatment efficacy. A deeper understanding of how chemotherapy agents affect the immune system is also crucial. In the treatment process, it’s imperative to explore biomarkers that could predict the response to treatment. These include PD-L1 CPS, Her2, MSI/dMMR, claudin18.2, VEGFR, NTRK, FGFR, c-MET, and EBV. Further investigation is warranted to determine whether ongoing adjuvant therapy contributes to improved survival in patients achieving pCR. Additionally, the role of surgery in the context of neoadjuvant chemoimmunotherapy requires reevaluation. The necessity and timing of surgery for patients who achieve a clinical complete remission is a critical question that remains unanswered, underlining the need for more in-depth research in this area.





Author contributions

XL: Writing – original draft, Writing – review & editing. BM: Writing – original draft. LZ: Supervision, Writing – review & editing.





Funding

The author(s) declare that no financial support was received for the research, authorship, and/or publication of this article.





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. Sung, H, Ferlay, J, Siegel, RL, Laversanne, M, Soerjomataram, I, Jemal, A, et al. Global cancer statistics 2020: GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in 185 countries. CA Cancer J Clin. (2021) 71:209–49. doi: 10.3322/caac.21660

2. Alsina, M, Arrazubi, V, Diez, M, and Tabernero, J. Current developments in gastric cancer: from molecular profiling to treatment strategy. Nat Rev Gastroenterol Hepatol. (2023) 20:155–70. doi: 10.1038/s41575-022-00703-w

3. Li, GZ, Doherty, GM, and Wang, J. Surgical management of gastric cancer: A review. JAMA Surg. (2022) 157:446–54. doi: 10.1001/jamasurg.2022.0182

4. Koerner, AS, Moy, RH, Ryeom, W, and Yoon, SS. The present and future of neoadjuvant and adjuvant therapy for locally advanced gastric cancer. Cancers (Basel). (2023) 15(16):4114. doi: 10.3390/cancers15164114

5. Sujendran, V, Wheeler, J, Baron, R, Warren, BF, and Maynard, N. Effect of neoadjuvant chemotherapy on circumferential margin positivity and its impact on prognosis in patients with resectable oesophageal cancer. Br J Surg. (2008) 95:191–4. doi: 10.1002/bjs.5983

6. Matsuyama, J, Doki, Y, Yasuda, T, Miyata, H, Fujiwara, Y, Takiguchi, S, et al. The effect of neoadjuvant chemotherapy on lymph node micrometastases in squamous cell carcinomas of the thoracic esophagus. Surgery. (2007) 141:570–80. doi: 10.1016/j.surg.2006.11.007

7. Al-Batran, SE, Hormann, N, Pauligk, C, Goetze, TO, Meiler, J, Kasper, S, et al. Perioperative chemotherapy with fluorouracil plus leucovorin, oxaliplatin, and docetaxel versus fluorouracil or capecitabine plus cisplatin and epirubicin for locally advanced, resectable gastric or gastro-oesophageal junction adenocarcinoma (FLOT4): a randomised, phase 2/3 trial. Lancet. (2019) 393:1948–57. doi: 10.1016/S0140-6736(18)32557-1

8. Cunningham, D, Allum, WH, Stenning, SP, Thompson, JN, van de Velde, CJ, Nicolson, M, et al. Perioperative chemotherapy versus surgery alone for resectable gastroesophageal cancer. N Engl J Med. (2006) 355:11–20. doi: 10.1056/NEJMoa055531

9. Ychou, M, Boige, V, Pigon, JP, Conroy, T, Bouche, O, Lebreton, G, et al. Perioperative chemotherapy compared with surgery alone for resectable gastroesophageal adenocarcinoma: an FNCLCC and FFCD multicenter phase III trial. J Clin Oncol. (2011) 29:1715–21. doi: 10.1200/JCO.2010.33.0597

10. Stahl, M, Walz, MK, Riera-Knorrenschild, J, Stuschke, M, Sandermann, A, Bitzer, M, et al. Preoperative chemotherapy versus chemoradiotherapy in locally advanced adenocarcinomas of the oesophagogastric junction (POET): Long-term results of a controlled randomised trial. Eur J Cancer. (2017) 81:183–90. doi: 10.1016/j.ejca.2017.04.027

11. Salas-Benito, D, Perez-Gracia, JL, Ponz-Sarvise, M, Rodriguez-Ruiz, ME, Martinez-Forero, I, Castanon, E, et al. Paradigms on immunotherapy combinations with chemotherapy. Cancer Discovery. (2021) 11:1353–67. doi: 10.1158/2159-8290.CD-20-1312

12. Janjigian, YY, Shitara, K, Moehler, M, Garrido, M, Salman, P, Shen, L, et al. First-line nivolumab plus chemotherapy versus chemotherapy alone for advanced gastric, gastro-oesophageal junction, and oesophageal adenocarcinoma (CheckMate 649): a randomised, open-label, phase 3 trial. Lancet. (2021) 398:27–40. doi: 10.1016/S0140-6736(21)00797-2

13. Xu, J, Jian, H, Pan, Y, Gu, K, Cang, S, Han, L, et al. Sintilimab plus chemotherapy for unresectable gastric or gastroesophageal junction cancer the orient-16 randomized clinical trial. JAMA. (2023) 330(21):2064–74. doi: 10.1001/jama.2023.19918

14. Forde, PM, Spicer, J, Lu, S, Provencio, M, Mitsudomi, T, Awad, MM, et al. Neoadjuvant nivolumab plus chemotherapy in resectable lung cancer. N Engl J Med. (2022) 386:1973–85. doi: 10.1056/NEJMoa2202170

15. Ganguly, S, and Gogia, A. Pembrolizumab in early triple-negative breast cancer. N Engl J Med. (2022) 386:1771. doi: 10.1056/NEJMc2203316

16. Patel, SP, Othus, M, Chen, Y, Wright, GP Jr, Yost, KJ, Hyngstrom, JR, et al. Neoadjuvant-adjuvant or adjuvant-only pembrolizumab in advanced melanoma. N Engl J Med. (2023) 388:813–23. doi: 10.1056/NEJMoa2211437

17. Wakelee, H, Liberman, M, Kato, T, Tsuboi, M, Lee, SH, Gao, S, et al. Perioperative pembrolizumab for early-stage non-small-cell lung cancer. N Engl J Med. (2023) 389:491–503. doi: 10.1056/NEJMoa2302983

18. Al-Batran, SE, Hofheinz, RD, Pauligk, C, Kopp, HG, Haag, GM, Luley, KB, et al. Histopathological regression after neoadjuvant docetaxel, oxaliplatin, fluorouracil, and leucovorin versus epirubicin, cisplatin, and fluorouracil or capecitabine in patients with resectable gastric or gastro-oesophageal junction adenocarcinoma (FLOT4-AIO): results from the phase 2 part of a multicentre, open-label, randomised phase 2/3 trial. Lancet Oncol. (2016) 17:1697–708. doi: 10.1016/S1470-2045(16)30531-9

19. Zhang, X, Liang, H, Li, Z, Xue, Y, Wang, Y, Zhou, Z, et al. Perioperative or postoperative adjuvant oxaliplatin with S-1 versus adjuvant oxaliplatin with capecitabine in patients with locally advanced gastric or gastro-oesophageal junction adenocarcinoma undergoing D2 gastrectomy (RESOLVE): an open-label, superiority and non-inferiority, phase 3 randomised controlled trial. Lancet Oncol. (2021) 22:1081–92. doi: 10.1016/S1470-2045(21)00297-7

20. Kang, YK, Yook, JH, Park, YK, Lee, JS, Kim, YW, Kim, JY, et al. PRODIGY: A phase III study of neoadjuvant docetaxel, oxaliplatin, and S-1 plus surgery and adjuvant S-1 versus surgery and adjuvant S-1 for resectable advanced gastric cancer. J Clin Oncol. (2021) 39:2903–13. doi: 10.1200/JCO.20.02914

21. Bang, YJ, Van Cutsem, E, Feyereislova, A, Chung, HC, Shen, L, Sawaki, A, et al. Trastuzumab in combination with chemotherapy versus chemotherapy alone for treatment of HER2-positive advanced gastric or gastro-oesophageal junction cancer (ToGA): a phase 3, open-label, randomised controlled trial. Lancet. (2010) 376:687–97. doi: 10.1016/S0140-6736(10)61121-X

22. Stern, HM. Improving treatment of HER2-positive cancers: opportunities and challenges. Sci Transl Med. (2012) 4:127rv2. doi: 10.1126/scitranslmed.3001539

23. Allgayer, H, Babic, R, Gruetzner, KU, Tarabichi, A, Schildberg, FW, and Heiss, MM. c-erbB-2 is of independent prognostic relevance in gastric cancer and is associated with the expression of tumor-associated protease systems. J Clin Oncol. (2000) 18:2201–9. doi: 10.1200/JCO.2000.18.11.2201

24. Baykara, M, Benekli, M, Ekinci, O, Irkkan, SC, Karaca, H, Demirci, U, et al. Clinical significance of HER2 overexpression in gastric and gastroesophageal junction cancers. J Gastrointest Surg. (2015) 19:1565–71. doi: 10.1007/s11605-015-2888-y

25. Hofheinz, RD, Merx, K, Haag, GM, Springfeld, C, Ettrich, T, Borchert, K, et al. FLOT versus FLOT/trastuzumab/pertuzumab perioperative therapy of human epidermal growth factor receptor 2-positive resectable esophagogastric adenocarcinoma: A randomized phase II trial of the AIO EGA study group. J Clin Oncol. (2022) 40:3750–61. doi: 10.1200/JCO.22.00380

26. Tabernero, J, Hoff, PM, Shen, L, Ohtsu, A, Shah, MA, Cheng, K, et al. Pertuzumab plus trastuzumab and chemotherapy for HER2-positive metastatic gastric or gastro-oesophageal junction cancer (JACOB): final analysis of a double-blind, randomised, placebo-controlled phase 3 study. Lancet Oncol. (2018) 19:1372–84. doi: 10.1016/S1470-2045(18)30481-9

27. Wagner, AD, Grabsch, HI, Mauer, M, Marreaud, S, Caballero, C, Thuss-Patience, P, et al. EORTC-1203-GITCG - the "INNOVATION"-trial: Effect of chemotherapy alone versus chemotherapy plus trastuzumab, versus chemotherapy plus trastuzumab plus pertuzumab, in the perioperative treatment of HER2 positive, gastric and gastroesophageal junction adenocarcinoma on pathologic response rate: a randomized phase II-intergroup trial of the EORTC-Gastrointestinal Tract Cancer Group, Korean Cancer Study Group and Dutch Upper GI-Cancer group. BMC Cancer. (2019) 19:494. doi: 10.1186/s12885-019-5675-4

28. Swain, SM, Shastry, M, and Hamilton, E. Targeting HER2-positive breast cancer: advances and future directions. Nat Rev Drug Discovery. (2023) 22:101–26. doi: 10.1038/s41573-022-00579-0

29. Savas, P, Salgado, R, Denkert, C, Sotiriou, C, Darcy, PK, Smyth, MJ, et al. Clinical relevance of host immunity in breast cancer: from TILs to the clinic. Nat Rev Clin Oncol. (2016) 13:228–41. doi: 10.1038/nrclinonc.2015.215

30. Stagg, J, Loi, S, Divisekera, U, Ngiow, SF, Duret, H, Yagita, H, et al. Anti-ErbB-2 mAb therapy requires type I and II interferons and synergizes with anti-PD-1 or anti-CD137 mAb therapy. Proc Natl Acad Sci U S A. (2011) 108:7142–7. doi: 10.1073/pnas.1016569108

31. Janjigian, YY, Kawazoe, A, Yañ ez, P, Li, N, Lonardi, S, Kolesnik, O, et al. The KEYNOTE-811 trial of dual PD-1 and HER2 blockade in HER2-positive gastric cancer. Nature. (2021) 600:727–30. doi: 10.1038/s41586-021-04161-3

32. Li, N, Li, Z, Fu, Q, Zhang, B, Zhang, J, Wan, X, et al. Phase II study of SHR1210 and trastuzumab in combination with CAPOX for neoadjuvant treatment of HER2-positive gastric or gastroesophageal junction (GEJ) adenocarcinoma. J Clin Oncol. (2022) 40:296. doi: 10.1200/JCO.2022.40.4_suppl.296

33. Andre, T, Tougeron, D, Piessen, G, de la Fouchardière, C, Louvet, C, Adenis, A, et al. Neoadjuvant nivolumab plus ipilimumab and adjuvant nivolumab in localized deficient mismatch repair/microsatellite instability-high gastric or esophagogastric junction adenocarcinoma: the GERCOR NEONIPIGA phase II study. J Clin Oncol. (2023) 41:255–65. doi: 10.1200/JCO.22.00686

34. Filippo, P, Raimondi, A, Lonardi, S, Murgioni, S, Cardellino, GG, Tamberi, S, et al. INFINITY: A multicentre, single-arm, multi-cohort, phase II trial of tremelimumab and durvalumab as neoadjuvant treatment of patients with microsatellite instability-high (MSI) resectable gastric or gastroesophageal junction adenocarcinoma (GAC/GEJAC). J Clin Oncol. (2023) 41:358. doi: 10.1200/JCO.2023.41.4_suppl.358

35. Smyth, EC, Wotherspoon, A, Peckitt, C, Gonzalez, D, Hulkki-Wilson, S, Eltahir, Z, et al. Mismatch repair deficiency, microsatellite instability, and survival: an exploratory analysis of the medical research council adjuvant gastric infusional chemotherapy (MAGIC) trial. JAMA Oncol. (2017) 3:1197–203. doi: 10.1001/jamaoncol.2016.6762

36. Choi, YY, Kim, H, Shin, J, Kim, HY, Lee, Y, Yang, HK, et al. Microsatellite instability and programmed cell death-ligand 1 expression in stage II/III gastric cancer: Post Hoc analysis of the CLASSIC randomized controlled study. Ann Surg. (2019) 270:309–16. doi: 10.1097/SLA.0000000000002803

37. Pietrantonio, F, Miceli, R, Raimondi, A, Kim, YW, Kang, WK, Langley, RE, et al. Individual patient data meta-analysis of the value of microsatellite instability as a biomarker in gastric cancer. J Clin Oncol. (2019) 37:3392–400. doi: 10.1200/JCO.19.01124

38. Zhang, Z, Cheng, S, Gong, J, Lu, M, Zhou, J, Zhang, X, et al. Efficacy and safety of neoadjuvant immunotherapy in patients with microsatellite instability-high gastrointestinal Malignancies: A case series. Eur J Surg Oncol. (2020) 46:e33–9. doi: 10.1016/j.ejso.2020.06.034

39. Raufi, AG, Lee, S, May, M, Portillo, AD, Sender, N, Ana, SS, et al. Abstract CT009: Phase II trial of perioperative pembrolizumab plus capecitabine and oxaliplatin followed by adjuvant pembrolizumab for resectable gastric and gastroesophageal junction (GC/GEJ) adenocarcinoma. Cancer Res. (2022) 82:CT009. doi: 10.1158/1538-7445.AM2022-CT009

40. Al-Batran, S-E, Lorenzen, S, Thuss-Patience, PC, Homann, N, Schenk, M, Lindig, U, et al. Surgical and pathological outcome, and pathological regression, in patients receiving perioperative atezolizumab in combination with FLOT chemotherapy versus FLOT alone for resectable esophagogastric adenocarcinoma: Interim results from DANTE, a randomized, multicenter, phase IIb trial of the FLOT-AIO German Gastric Cancer Group and Swiss SAKK. J Clin Oncol. (2022) 40:4003. doi: 10.1200/JCO.2022.40.16_suppl.4003

41. Yuan, S, Nie, R, Jin, Y, Liang, C, Jian, R, Li, Y, et al. Perioperative PD-1 antibody toripalimab plus SOX or XELOX chemotherapy versus SOX or XELOX alone for locally advanced gastric or gastro-oesophageal junction cancer: Results from a prospective, randomized, open-label, phase II trial. J Clin Oncol. (2023) 41:4001. doi: 10.1200/JCO.2023.41.16_suppl.4001

42. Liu, Y, Han, G, Li, H, Zhao, Y, Li, Z, Zhuang, J, et al. Camrelizumab combined with FLOFOX as neoadjuvant therapy for resectable locally advanced gastric and gastroesophageal junction adenocarcinoma: Updated results of efficacy and safety. J Clin Oncol. (2021) 39. doi: 10.1200/JCO.2021.39.15_suppl.4036

43. Guo, H, Ding, P, Sun, C, Yang, P, Tian, Y, Liu, Y, et al. Efficacy and safety of sintilimab plus XELOX as neoadjuvant therapy in patients with locally advanced gastric cancer: A single-arm open-label phase II trial. Front Oncol. (2022) 12:927781. doi: 10.3389/fonc.2022.927781

44. Xu, H, Li, T, Shao, G, Wang, W, He, Z, Xu, J, et al. Evaluation of neoadjuvant immunotherapy plus chemotherapy in Chinese surgically resectable gastric cancer: a pilot study by meta-analysis. Front Immunol. (2023) 14:1193614. doi: 10.3389/fimmu.2023.1193614

45. Jiang, Q, Liu, W, Zeng, X, Zhang, C, Du, Y, Zeng, L, et al. Safety and efficacy of tislelizumab plus chemotherapy versus chemotherapy alone as neoadjuvant treatment for patients with locally advanced gastric cancer: real-world experience with a consecutive patient cohort. Front Immunol. (2023) 14:1122121. doi: 10.3389/fimmu.2023.1122121

46. Shitara, K, Rha, SY, Wyrwicz, LS, Oshima, T, Karaseva, N, Osipov, M, et al. LBA74 - Pembrolizumab plus chemotherapy vs chemotherapy as neoadjuvant and adjuvant therapy in locally-advanced gastric and gastroesophageal junction cancer: The phase III KEYNOTE-585 study. Ann Oncol. (2023) 34:s1254–1335. doi: 10.1016/j.annonc.2023.10.075

47. Janjigian, YY, Al-Batran, SE, Wainberg, ZA, Van Cutsem, E, Molena, D, Muro, K, et al. LBA73 - Pathological complete response (pCR) to durvalumab plus 5-fluorouracil, leucovorin, oxaliplatin and docetaxel (FLOT) in resectable gastric and gastroesophageal junction cancer (GC/GEJC): Interim results of the global, phase III MATTERHORN study. Ann Oncol. (2023) 34. doi: 10.1016/j.annonc.2023.10.074

48. Guo, H, Ding, P, Sun, C, Yang, P, Tian, Y, Liu, Y, et al. Efficacy and safety of sintilimab plus XELOX as a neoadjuvant regimen in patients with locally advanced gastric cancer: A single-arm, open-label, phase II trial. Front Oncol. (2022) 12:927781. doi: 10.3389/fonc.2022.927781

49. Jiang, H, Yu, X, Li, N, Kong, M, Ma, Z, Zhou, D, et al. Efficacy and safety of neoadjuvant sintilimab, oxaliplatin and capecitabine in patients with locally advanced, resectable gastric or gastroesophageal junction adenocarcinoma: early results of a phase 2 study. J Immunother Cancer. (2022) 10(3):e003635. doi: 10.1136/jitc-2021-003635

50. Yin, Y, Lin, Y, Yang, M, Lv, J, Liu, J, Wu, K, et al. Neoadjuvant tislelizumab and tegafur/gimeracil/octeracil (S-1) plus oxaliplatin in patients with locally advanced gastric or gastroesophageal junction cancer: Early results of a phase 2, single-arm trial. Front Oncol. (2022) 12:959295. doi: 10.3389/fonc.2022.959295

51. Tang, Z, Wang, Y, Liu, D, Wang, X, Xu, C, Yu, Y, et al. The Neo-PLANET phase II trial of neoadjuvant camrelizumab plus concurrent chemoradiotherapy in locally advanced adenocarcinoma of stomach or gastroesophageal junction. Nat Commun. (2022) 13:6807. doi: 10.1038/s41467-022-34403-5

52. Li, S, Yu, W, Xie, F, Luo, H, Liu, Z, Lv, W, et al. Neoadjuvant therapy with immune checkpoint blockade, antiangiogenesis, and chemotherapy for locally advanced gastric cancer. Nat Commun. (2023) 14:8. doi: 10.1038/s41467-022-35431-x

53. Wei, J, Lu, X, Liu, Q, Fu, Y, Liu, S, Zhao, Y, et al. Neoadjuvant sintilimab in combination with concurrent chemoradiotherapy for locally advanced gastric or gastroesophageal junction adenocarcinoma: a single-arm phase 2 trial. Nat Commun. (2023) 14:4904. doi: 10.1038/s41467-023-40480-x

54. Verschoor, YL, van de Haar, J, van den Berg, JG, van Sandick, JW, Kodach, LL, van Dieren, JM, et al. Neoadjuvant atezolizumab plus chemotherapy in gastric and gastroesophageal junction adenocarcinoma: the phase 2 PANDA trial. Nat Med. (2024) 30(2):519–30. doi: 10.1038/s41591-023-02758-x

55. Yuan, SQ, Nie, RC, Jin, Y, Liang, CC, Li, YF, Jian, R, et al. Perioperative toripalimab and chemotherapy in locally advanced gastric or gastro-esophageal junction cancer: a randomized phase 2 trial. Nat Med. (2024) 30(2):552–9. doi: 10.1038/s41591-023-02721-w

56. Huang, S, Wu, J, Li, S, Li, X, Zeng, R, Tang, Y, et al. Evaluation of combined pathological responses in primary tumor and lymph nodes following neoadjuvant chemoimmunotherapy in non-small cell lung cancer. Lung Cancer. (2023) 186:107401. doi: 10.1016/j.lungcan.2023.107401

57. Gambacorta, MA, Chiloiro, G, Masciocchi, C, Mariani, S, Romano, A, Gonnelli, A, et al. pCR and 2-year disease-free survival: A combination of the two endpoints as a new classification for locally advanced rectal cancer patients-an updated pooled analysis of eleven international randomized trials. Cancers (Basel). (2023) 15(12):3209. doi: 10.2139/ssrn.4348775

58. Deutsch, JS, Cimino-Mathews, A, Thompson, E, Provencio, M, Forde, PM, Spicer, J, et al. Association between pathologic response and survival after neoadjuvant therapy in lung cancer. Nat Med. (2023) 30(1):218–28. doi: 10.1038/s41591-023-02660-6

59. Wang, D, Harris, J, Kraybill, WG, Eisenber, B, Kirsch, DG, Ettinger, DS, et al. Pathologic complete response and clinical outcomes in patients with localized soft tissue sarcoma treated with neoadjuvant chemoradiotherapy or radiotherapy: the NRG/RTOG 9514 and 0630 nonrandomized clinical trials. JAMA Oncol. (2023) 9:646–55. doi: 10.1001/jamaoncol.2023.0042

60. Guo, F, Xiang, X, Huang, Y, Chen, A, Ma, L, Zhu, X, et al. Long-term survival outcome of locally advanced gastric cancer patients who achieved a pathological complete response to neoadjuvant chemotherapy. Int J Clin Oncol. (2023) 28:1158–65. doi: 10.1007/s10147-023-02369-z

61. Antonini, M, Mattar, A, Bauk Richter, FG, Pannain, GD, Teixeira, MD, Amorim, AG, et al. Real-world evidence of neoadjuvant chemotherapy for breast cancer treatment in a Brazilian multicenter cohort: Correlation of pathological complete response with overall survival. Breast. (2023) 72:103577. doi: 10.1016/j.breast.2023.103577

62. Cortazar, P, Zhang, L, Untch, M, Mehta, K, Costantino, JP, Wolmark, N, et al. Pathological complete response and long-term clinical benefit in breast cancer: the CTNeoBC pooled analysis. Lancet. (9938) 2014:164–72:384. doi: 10.1016/S0140-6736(13)62422-8

63. Xing, Y, Zhang, ZL, Ding, ZY, Song, WL, and Li, T. Tumor recurrence after pathological complete response in locally advanced gastric cancer after neoadjuvant therapy: Two case reports. World J Clin cases. (2023) 11:6483–90. doi: 10.12998/wjcc.v11.i27.6483

64. Moore, JL, Green, M, Santaolalla, A, Deere, H, Evans, RPT, Elshafie, M, et al. Pathologic lymph node regression after neoadjuvant chemotherapy predicts recurrence and survival in esophageal adenocarcinoma: A multicenter study in the United Kingdom. J Clin Oncol. (2023) 41:4522–34. doi: 10.1200/JCO.23.00139

65. Smyth, EC, Fassan, M, Cunningham, D, Allum, WH, Okines, AF, Lampis, A, et al. Effect of pathologic tumor response and nodal status on survival in the medical research council adjuvant gastric infusional chemotherapy trial. J Clin Oncol. (2016) 34:2721–7. doi: 10.1200/JCO.2015.65.7692

66. 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) 398:759–71. doi: 10.1016/S0140-6736(21)01234-4

67. Harrington, KJ, Burtness, B, Greil, R, Soulières, D, Tahara, M, de Castro, G Jr, et al. Pembrolizumab with or without chemotherapy in recurrent or metastatic head and neck squamous cell carcinoma: updated results of the phase III KEYNOTE-048 study. J Clin Oncol. (2023) 41:790–802. doi: 10.1200/JCO.21.02508

68. Moehler, MH, Kato, K, Arkenau, HT, Oh, DY, Tabernero, J, Cruz- Correa, M, et al. Rationale 305: Phase 3 study of tislelizumab plus chemotherapy vs placebo plus chemotherapy as first-line treatment (1L) of advanced gastric or gastroesophageal junction adenocarcinoma (GC/GEJC). J Clin Oncol. (2023) 41:286. doi: 10.1200/JCO.2023.41.4_suppl.286

69. Luo, H, Lu, J, Bai, Y, Mao, T, Wang, J, Fan, Q, et al. 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: The ESCORT-1st Randomized Clinical Trial. JAMA. (2021) 326:916–25. doi: 10.1001/jama.2021.12836

70. Topalian, SL, Taube, JM, and Pardoll, DM. Neoadjuvant checkpoint blockade for cancer immunotherapy. Science. (2020) 367(6477):eaax0182. doi: 10.1126/science.aax0182

71. Loibl, S, Untch, M, Burchardi, N, Huober, J, Sinn, BV, Blohmer, JU, et al. A randomised phase II study investigating durvalumab in addition to an anthracycline taxane-based neoadjuvant therapy in early triple-negative breast cancer: clinical results and biomarker analysis of GeparNuevo study. Ann Oncol. (2019) 30:1279–88. doi: 10.1093/annonc/mdz158

72. Yao, W, Zhao, X, Gong, Y, Zhang, M, Zhang, L, Wu, Q, et al. Impact of the combined timing of PD-1/PD-L1 inhibitors and chemotherapy on the outcomes in patients with refractory lung cancer. ESMO Open. (2021) 6:100094. doi: 10.1016/j.esmoop.2021.100094

73. Forde, PM, Chaft, JE, Smith, KN, Anagnostou, V, Cottrell, TR, Hellmann, MD, et al. Neoadjuvant PD-1 blockade in resectable lung cancer. N Engl J Med. (2018) 378:1976–86. doi: 10.1056/NEJMoa1716078

74. Pfirschke, C, Engblom, C, Rickelt, S, Cortez-Retamozo, V, Garris, C, Pucci, F, et al. Immunogenic chemotherapy sensitizes tumors to checkpoint blockade therapy. Immunity. (2016) 44:343–54. doi: 10.1016/j.immuni.2015.11.024

75. Galluzzi, L, Humeau, J, Buqué, A, Zitvogel, L, and Kroemer, G. Immunostimulation with chemotherapy in the era of immune checkpoint inhibitors. Nat Rev Clin Oncol. (2020) 17:725–41. doi: 10.1038/s41571-020-0413-z

76. Turtle, CJ, Hanafi, LA, Berger, C, Hudecek, M, Pender, B, Robinson, E, et al. Immunotherapy of non-Hodgkin's lymphoma with a defined ratio of CD8+ and CD4+ CD19-specific chimeric antigen receptor-modified T cells. Sci Transl Med. (2016) 8:355ra116. doi: 10.1126/scitranslmed.aaf8621

77. Zhao, L, Jiang, Z, Huang, J, Li, Z, Fu, Q, Ren, Y, et al. Effect of reducing the number of neoadjuvant chemoimmunotherapy cycles on clinical efficacy in locally advanced PD-L1 positive gastric cancer: A single center phase 2 study. J Clin Oncol. (2023) 41:e16074. doi: 10.1200/JCO.2023.41.16_suppl.e16074

78. Cercek, A, Lumish, M, Sinopoli, J, Weiss, J, Shia, J, Lamendola-Essel, M, et al. PD-1 blockade in mismatch repair-deficient, locally advanced rectal cancer. N Engl J Med. (2022) 386:2363–76. doi: 10.1056/NEJMoa2201445

79. Chen, G, Jin, Y, Guan, WL, Zhang, RX, Xiao, WW, Cai, P Q, et al. Neoadjuvant PD-1 blockade with sintilimab in mismatch-repair deficient, locally advanced rectal cancer: an open-label, single-centre phase 2 study. Lancet Gastroenterol Hepatol. (2023) 8:422–31. doi: 10.1016/S2468-1253(22)00439-3




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 © 2024 Liu, Ma and Zhao. 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/Images/logo.jpg
& frontiers | Frontiers in Oncology





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Neoadjuvant chemoimmunotherapy in locally advanced gastric or gastroesophageal junction adenocarcinoma

      

        		

          1 Introduction

        



        		

          2 Clinical study of neoadjuvant chemoimmunotherapy in LAG/GEJA

        

          		

            2.1 Neoadjuvant chemotherapy in LAG/GEJA

          



          		

            2.2 Neoadjuvant targeted therapy in LAG/GEJA

          



          		

            2.3 Neoadjuvant chemoimmunotherapy in LAG/GEJA

          



        



        



        		

          3 Limitations of pCR as primary endpoint

        

          		

            3.1 pCR may be unsuitable for all types of tumors in neoadjuvant therapy

          



          		

            3.2 Tumor heterogeneity

          



          		

            3.3 The incomplete measure of pCR in efficacy assessment

          



          		

            3.4 The diagnostic challenges of pCR

          



          		

            3.5 The risk of undertreatment in early pCR

          



        



        



        		

          4 Optimizing neoadjuvant chemoimmunotherapy in LAG/GEJA

        

          		

            4.1 Selecting an appropriate chemotherapy regimen

          



          		

            4.2 Establish the optimal sequence and timing

          



          		

            4.3 The number of cycles in neoadjuvant therapy

          



          		

            4.4 Chemotherapy dosage

          



        



        



        		

          5 Challenges in neoadjuvant chemoimmunotherapy for LAG/GEJA

        

          		

            5.1 Selection patients for neoadjuvant chemoimmunotherapy

          



          		

            5.2 Adverse events

          



          		

            5.3 Efficacy assessment

          



          		

            5.4 Adjuvant therapy for patients achieving pCR

          



          		

            5.5 Subsequent therapeutic strategies for patients in clinical CR by neoadjuvant chemoimmunotherapy

          



        



        



        		

          6 Prospection

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Conflict of interest

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/table1.jpg
Study name/ Primary

No. Register Clinical stage = Treatment endpoint
Guo, et al. (48) 2022 phase 2 ChiCTR2000030414 | 30 €T3-4NanyM0 Sintilimab + XELOX pCR 33.30%
Jiang, et al. (49) | 2022 phase 2 NCT04065282 36 ¢T3-4NanyM0O Sintilimab +XELOX pCR 19.40%
Yin, et al. (50) 2022 phase 2 NCT04890392 32 cT3-T4aN+M0O Tislelizumab+SOX MPR 25%
Tang, Camrelizumab+
etal, (51) 2022 phase 2 Neo-PLANET 36 ¢T3-4aNany MO concurrent CRT pCR 44.40%

lizumab
Li, etal. (52) 2023 phase2 NCT03878472 25 T4a/bN+MO Comrelipumabt pCR 15.80%
apatinib + SOX

Andre, GERCOR Nivolumab

202. hase 2 2 T2-4NxM 8.
etal. (33) 023 |iphase NEONIPIGA 3 eT2:4NxMO + Ipilimumab PCR S860%
Janjigian, >T2N0-3M0/T0-

202. H 4 T + » EF! .
etal. (47) 023 phase 3 MATTERHORN 948 ANL-3MO FLOT + Durvalumab pCR, EFS 19.00%
Shitara, FP/XP

' 2023 hase 3 Ke te 585 804 T3-4NanyM0 CR, EFS 12.90%
et al. (46) PR EYHote 8 any: + Pembrolizumab P

Wei,etal (53) | 2023 phase 2 ChiCTR1900024428 | 34 T3-4bN+MO Sinfilimab-+ PCR 38.20%
concurrent CRT

Verschoor,

1 2024 phase2 PANDA 21 T3-4aNanyMO Atezolizamab +DCF Safety 45%
et al.
Yuan, Toripalimab +
2024 | phase2 NEOSUMMIT-01 | 54 T3-4aN+MO R 2220%
etal. (55) L O8Y i SOX/XELOX =

PCR, pathological complete response; MPR, major pathological response; CRT, chemoradiotherapy; XELOX, capecitabine plus oxaliplatins SOX, tegafur plus oxaliplating FLOT, fluorouracil,
docetaxel, and oxaliplatin; FP, fluorouracil plus cisplatin; XP, capecitabine pluls cisplatin DCF, docetaxel, oxaliplatin, and capecitabine; EFS, event-free survival.





OEBPS/Images/table2.jpg
Register
number

Study name

Clinical stage

Treatment

Primary

NCT04139135

ISRCTN15837212

NCT04744649

NCT05101616

NCT05699655

NCT04592913

NCT06155383

NCT04195828

NCT04661150

NCT05161572

NCT05149807

phase 3
phase 2/3

phase 2

phase 2

phase 2

phase 3

phase 2

phase 2

phase 2

phase 2

phase 2/3

HLX10-006-GCneo
DANTE
NICE

Camrelizumab-
GC-neoadjuvant

TAOS-3B-Trial-2

D910GC00001

RC48-C022

Arise-FJ-G005

ML42058

NeoRacing

SHR-1701-111-308

642

556

110

100

130

958

90

53

41

152

896

cT3N+MO
2cT2 and/or N+M0

cT3-4aNxM0/cT2N+MO

T3-4aN1-3M0

Borrmann IV/Large Borrmann IIT
Type/Bulky N +

>Stage 11 (resectable)

cT3-4aN+M0O

cT2-4aNanyM0O

cT3-4bNanyM0

cT3-4aN+M0/cT4bNanyMO

cT2-T3/N+M0

XELOX + HLX10
FLOT = atezolizumab
XELOX/SOX # toripalimab

Nanopaclitaxel +SOX
+ Camrelizamab

SOX + apatinib and tislelizumab

FLOT = durvalumab

XELOX/SOX# toripalimab
+ RC48

nab-paclitaxel +S1+
Camrelizumab and Apatinib

Trastuzumab+XELOX
+ atezolizumab

SOX+sintilimab + RT

SOX + SHR1701

endpoint
EFS

DFS

MPR

MPR

MPR

pCR

pCR

pCR, EES

XELOX, capecitabine plus oxaliplatin; SOX, tegafur plus oxaliplatin; FLOT, fluorouracil, docetaxel, and oxaliplatin; EFS, event-free survival; DES, discase-free survival; MPR, major pathological
response; pCR, pathological complete response.





OEBPS/Images/fonc.2024.1342162_cover.jpg
& frontiers | Frontiers in Oncology

Neoadjuvant chemoimmunotherapy
in locally advanced gastric or
gastroesophageal junction adenocarcinoma





