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Background

There is increasing evidence that immunotherapy (programmed cell death-1 (PD-1) inhibitor) combined with chemotherapy is superior to chemotherapy alone in neoadjuvant therapy for patients with previously untreated, unresectable advanced, or metastatic esophageal adenocarcinoma (EAC)/gastric/gastroesophageal junction adenocarcinoma (GEA). However, the results of recent studies have been contradictory. Therefore, the aim of this article is to evaluate the efficacy and safety of PD-1 inhibitors combined with chemotherapy in neoadjuvant therapy through meta-analysis.





Method

We comprehensively reviewed the literature and clinical randomized controlled trials (RCTs) by February 2022 by searching Medical Subject Headings (MeSH) and keywords such as “esophageal adenocarcinoma” or “immunotherapy” in several databases, including the Embase, Cochrane, PubMed, and ClinicalTrials.gov websites. Two authors independently selected studies, extracted data, and assessed the risk of bias and quality of evidence by using standardized Cochrane Methods procedures. The primary outcomes were 1-year overall survival (OS) and 1-year progression-free survival (PFS), estimated by calculating the 95% confidence interval (CI) for the combined odds ratio (OR) and hazard ratio (HR). Secondary outcomes estimated using OR were disease objective response rate (DORR) and incidence of adverse events.





Results

Four RCTs with a total of 3,013 patients researching the efficacy of immunotherapy plus chemotherapy versus chemotherapy alone on gastrointestinal cancer were included in this meta-analysis. The results showed that immune checkpoint inhibitor plus chemotherapy treatment was associated with an increased risk of PFS (HR = 0.76 [95% CI: 0.70–0.83]; p < 0.001), OS (HR = 0.81 [95% CI: 0.74–0.89]; p < 0.001), and DORR (relative ratio (RR) = 1.31 [95% CI: 1.19–1.44]; p < 0.0001) when compared with chemotherapy alone in advanced, unresectable, and metastatic EAC/GEA. However, immunotherapy combined with chemotherapy increased the incidence of adverse reactions such as alanine aminotransferase elevation (OR = 1.55 [95% CI: 1.17–2.07]; p = 0.003) and palmar-plantar erythrodysesthesia (PPE) syndrome (OR = 1.30 [95% CI: 1.05–1.63]; p = 0.02). Nausea (OR = 1.24 [95% CI: 1.07–1.44]; p = 0.005) and white blood cell count decreased (OR = 1.40 [95% CI: 1.13–1.73]; p = 0.002), and so on. Fortunately, toxicities were within acceptable limits. Meanwhile, for patients with a combined positive score (CPS) ≥1, compared with chemotherapy alone, immunotherapy combined with chemotherapy had a better overall survival rate (HR = 0.81 [95% CI: 0.73–0.90]; p = 0.0001).





Conclusion

Our study shows that immunotherapy plus chemotherapy has an obvious benefit for patients with previously untreated, unresectable advanced, or metastatic EAC/GEA when compared with chemotherapy alone. However, a high risk of adverse reactions may occur during immunotherapy plus chemotherapy, and more studies focusing on the treatment strategies of untreated, unresectable advanced, or metastatic EAC/GEA are warranted.
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1 Introduction

Esophageal cancer has become the sixth leading cause of cancer death, with over 500,000 deaths (5.5%) annually (1). Surgery has been considered the mainstream treatment for esophageal cancer for nearly half a century. The emergence of new technologies and deepening research on new cancer targets have led to markedly reduced operative mortality for patients (2). It is worth noting that the incidence of gastroesophageal junction adenocarcinoma (GEA) has gradually increased with the decline in the incidence of esophageal squamous cell carcinoma in recent years, especially in some European countries and the United States (3). Studies have shown that esophageal adenocarcinoma (EAC) and GEA have similar molecular profiles and clinical outcomes to systemic chemotherapy in advanced settings, so we have reason to believe that the treatment modalities of EAC/GEA are similar. Since there is still no standard classification system for GEA, the widely used Siewert classification is based on the location of the tumor center under the inner diameter to classify GEA into three types (4). However, some gastroesophageal junction tumors usually cross the full length of these parts in the esophagus, which makes it difficult to distinguish the center of the tumor under endoscopy, resulting in limitations in diagnosis and treatment. Although the current treatment strategy for GEA is still based on surgical resection, the 5-year survival rate of patients is approximately 30% due to the high rate of distant metastasis and local recurrence (5). Therefore, to improve the surgical resection rate and the long-term survival rate of patients, multimodal strategies including radiotherapy, chemotherapy, and other neoadjuvant and adjuvant therapies are gradually developing. A randomized controlled study showed that perioperative epirubicin, cisplatin, and infused fluorouracil (ECF) combined with surgery was associated with improved overall survival when compared with surgery alone (overall survival; 5-year overall survival (OS) rate of 36% vs. 23%; hazard ratio (HR) = 0.75 [95% confidence interval (CI): 0.60–0.93]; p = 0.02) (6). The FLOT4-AIO trial also demonstrated significant superiority when using the perioperative chemotherapy regimen FLOT, including platinum, docetaxel, and other drugs, which can improve the overall survival rate and median disease-free survival rate of patients, tumor shrinkage, and R0 resection rate (7). The CROSS study, based on the comparison of the efficacy of neoadjuvant chemoradiotherapy and surgery alone, showed that preoperative chemoradiotherapy could reduce the risk of regional disease progression (22% vs. 38%) and distant disease progression (39% vs. 48%) and improve the median overall survival (49 months vs. 24 months), 2- and 5-year OS (67% vs. 50%; [47% vs. 34%], HR = 0.665), and R0 resection rate (92% vs. 69%, p < 0.001) (8). Meanwhile, a meta-analysis showed that either neoadjuvant chemoradiotherapy or neoadjuvant chemotherapy significantly improved 2-year survival when compared with surgery alone (HR = 0.81 [95% CI: 0.70–0.93]; p = 0.002; and HR = 0.90 [95% CI: 0.81–1.00]; p = 0.05, respectively) (9). These findings provide an evidence-based framework for the formulation of therapeutic strategies for gastroesophageal junction adenocarcinoma. However, for unresectable advanced or metastatic gastroesophageal adenocarcinoma, the median OS is less than 12 months with fluoropyrimidine- or platinum-based chemotherapy regimens (2, 10–13).

In recent years, immunotherapy has gradually provided new ideas for the treatment of esophageal cancer. Programmed cell death-1 (PD-1) is widely expressed in various immune cells, such as CD4 T cells and CD8 T cells. Its main role is to restrict the activity of autoimmunity and autoimmune T cells during infection. PD-1 on tumor micro-infiltrating cells upregulates the proliferation and activation of T-regulatory cells by binding to programmed death ligand-1 (PD-L1) antibody expressed on tumor cells, thereby evading immune surveillance and evading tumor cell killing (14, 15). Therefore, immunosuppressive agents targeting the PD-1 pathway provide a new direction for cancer treatment. In addition, anti-PD-1 antibodies have considerable efficacy in the treatment of cancers such as small cell lung cancer and melanoma (16). The ATTRACTION-2 trial showed that the PD-1 inhibitor nivolumab significantly improved median OS compared to placebo for patients with advanced or recurrent gastric or GEA cancer  (5.26 vs 4.14 months; p<0.0001), and the 12-month OS rate and progression-free survival (PFS) rate were 26.2% vs. 10.9% and 7.6% vs. 1.5%, respectively (17). At the same time, pembrolizumab has also been demonstrated to have antitumor efficacy and safety in the KEYNOTE-059 study (18). Some studies have reported that chemotherapeutic agents not only act through their cytotoxicity but also modulate the immune system and inhibit immunosuppressive cells, activating immune effector cells to promote the antitumor immune response (19, 20). Although immunotherapy has promising advantages in the treatment of locally advanced esophageal cancer, immune-related side effects, such as leukopenia, anemia, rash, fatigue, and diarrhea, cannot be ignored. Therefore, the safety of immunotherapy combined with chemotherapy compared with chemotherapy alone is worthy of evaluation and comparison. Hence, it is advisable to explore whether chemotherapy combined with PD-1 inhibitors would significantly improve the prognosis of patients with unresectable advanced or metastatic gastroesophageal adenocarcinoma, as safety evaluation is valuable.

Although there are several trials that have analyzed the efficacy and superiority of PD-1 inhibitors combined with chemotherapy in treating patients who had previously advanced, unresectable, and metastatic EAC/GEA, when compared to chemotherapy alone, the results are contradictory (21, 22). It is necessary to conduct a pooled analysis to assess whether PD-1 inhibitors combined with chemotherapy have a significant advantage over chemotherapy alone. Thus, we integrated and summarized the data of published studies, compared the efficacy and safety of immunotherapy combined with chemotherapy and chemotherapy alone, and comprehensively analyzed and drew conclusions to provide an evidence base for the treatment of previously untreated, unresectable advanced, or metastatic gastroesophageal adenocarcinoma.




2 Method



2.1 Literature

This study was performed according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement. We searched for identified randomized controlled trials (RCTs) published before 31 December 2021 through electronic databases including PubMed, Embase, Cochrane, and ClinicalTrials.gov (https://clinicaltrials.gov). We identified articles by using the Medical Subject Headings and Test-word search strategy. Keywords included “neoadjuvant chemotherapy” or “esophageal adenocarcinoma”, “gastro-esophageal adenocarcinoma”, “PD-1”, and “randomized trial”, combined with AND/OR. The specific search strategy was attached in additional files. The eligibility criteria of patients were as follows: the studies included patients with unresectable, untreated (if prior therapy was more than 180 days), and metastatic EAC/GEA. Comparisons between chemotherapy combined with PD-1 or PD-L1 inhibitors and chemotherapy alone (either FLOT or other standard regimens) were performed. Studies were included only if the main outcomes on PFS, OS, or both and adverse events were reported, and the search was restricted to the English language only. Both randomized phase 2 and phase 3 trials were included. Hazard ratio (HR) and odds ratio (OR) for antitumor activity, survival outcomes, and safety indicators were available. The exclusion criteria were as follows: studies that were not RCTs and studies in which too many patients were lost to follow-up or follow-up data were incomplete or no valid information was available.




2.2 Data extraction

Data were extracted and reviewed by two independent researchers (Shang and Liu). Discrepancies were resolved by a third researcher (Yang). HR and 95% CIs of treatment with PD-1/PD-L1 inhibitors combined with chemotherapy compared to standard treatment with chemotherapy alone on PFS and OS were obtained. Relative ratio (RR) was used to evaluate the disease objective response rate (DORR). OS was selected as the primary endpoint, while PFS and DORR were secondary endpoints. Adverse event (AE) was the main measure of the safety profile. Predisposed subgroups are mainly focused on the combined positive score (CPS) (<1 vs. >1). All data were extracted from primary publications and their appendix.




2.3 Quality assessment

The Cochrane Risk of Bias Tool (23) was used to assess the risk of bias in RCT studies, including the following factors: random sequence generation, allocation concealment, blinding of participants and personnel, blinding of outcome assessment, incomplete outcome data, and selective reporting.




2.4 Statistical analysis

Each HR and CI collected from independent research was pooled into a meta-analysis by using the Mantel-Haenszel and random-effects models. The same method was used in the subgroup analysis. Heterogeneity was evaluated using Q and I2 statistics. Statistically significant heterogeneity was defined as a Cochran p < 0.1 or I2 greater than 50% (24). Sensitivity analyses were not conducted because of the limited number of included studies. All statistical analyses were performed using RevMan version 5.4 software and EndNote X9 version and the R programming language (version 3.6.3, Vienna, Austria).





3 Results

We retrieved 207 records in total. Four RCTs were finally included after screening according to the inclusion and exclusion criteria (21, 22, 25, 26). Figure 1 shows the selection process. There were 3,013 patients included in our study. The basic characteristics of each study and quality assessment are shown in Table 1 and Figure 2. In KEYNOTE-059, advanced, unresectable, and metastatic EAC/GEA patients were only analyzed in the subgroup, but information on OS and PFS can be accessed in its accessories. Pembrolizumab and nivolumab were regarded as the main immune checkpoint inhibitors (ICIs) in the trials.




Figure 1 | Flowchart of study selection.




Table 1 | Basic characteristics of the included studies.






Figure 2 | Quality assessment result of included studies according to the Cochrane risk of bias tool.





3.1 Overall survival

Four studies reported OS (21, 22, 25, 26); 356 patients and 1,151 patients received pembrolizumab- and nivolumab-based chemotherapy, respectively. There was no significant heterogeneity among the studies. The results show that ICIs plus chemotherapy improved the median OS compared to standard chemotherapy in the first or subsequent treatment of advanced EAC/GEA. This is similar to the significance suggested by our pooled (HR = 0.81 [95% CI: 0.74–0.89]; p < 0.001) without obvious heterogeneity (p = 0.49, I2 = 0%) (Figure 3).




Figure 3 | Forest plot of the hazard ratio comparing the overall survival (OS) in patients treated with immune checkpoint inhibitors (ICIs) + chemotherapy and chemotherapy alone.






3.2 Progression-free survival

Four studies provided the median PFS (21, 22, 25, 26). In the common-effects model, there was no obvious heterogeneity (p = 0.38, I2 = 0%) within the included studies. ICIs plus chemotherapy in advanced, unresectable, and metastatic EAC/GEA significantly improved the patients’ median PFS when compared to chemotherapy alone (HR = 0.76 [95% CI: 0.70–0.83]; p < 0.001) (Figure 4).




Figure 4 | Forest plot of the hazard ratio comparing the progression-free survival (PFS) in patients treated with immune checkpoint inhibitors (ICIs) + chemotherapy and chemotherapy alone.






3.3 Disease objective response rate

Regarding the disease response rate, our results demonstrated that patients benefited from ICIs plus chemotherapy when compared to chemotherapy alone (RR = 1.37 [95% CI: 1.11–1.70]; p = 0.004; Figure 5), and there was no conspicuous heterogeneity (p = 0.06, I2 = 64%) within these studies.




Figure 5 | Forest plot of the hazard ratio comparing the disease objective response rate (DORR) in patients treated with immune checkpoint inhibitors (ICIs) + chemotherapy and chemotherapy alone.






3.4 Adverse event rate

After a comprehensive analysis of the data from the included studies, we found that ICIs combined with chemotherapy resulted in more treatment-related adverse events (TRAEs) than chemotherapy alone. The statistically significant characteristics were increased alanine aminotransferase (OR = 1.55 [95% CI: 1.17–2.07]; p = 0.003), increased aspartate aminotransferase (OR = 1.63 [95% CI: 1.27–2.10]; p = 0.0001), diarrhea (OR = 1.22 [95% CI: 1.03–1.43]; p = 0.02), nausea (OR = 1.24 [95% CI: 1.07–1.44]; p = 0.005), etc. (Table 2).


Table 2 | Pooled results of adverse effects in patients during treatment.






3.5 Subgroup analysis

Three studies reported the median OS in CPS ≥ 1 (21, 22, 26). A total of 956 patients received ICIs plus chemotherapy, and 961 received chemotherapy alone. In our present random-effects model, the results from our meta-analysis suggest that for patients with CPS ≥ 1, ICIs + chemotherapy met the criteria for superiority compared with chemotherapy alone for overall survival (HR = 0.81 [95% CI: 0.73–0.90]; p = 0.0001) and without significant heterogeneity between studies (p = 0.35, I2 = 4%) (Figure 6).




Figure 6 | Forest plot of chemotherapy combined with PD-1/PD-L1 inhibitor versus chemotherapy alone in unresectable, untreated, or metastatic EAC/GEA patients with CPS ≥ 1. PD-1, programmed cell death-1; PD-L1, programmed death ligand-1; EAC, esophageal adenocarcinoma; GEA, gastroesophageal junction adenocarcinoma; CPS, combined positive score.







4 Discussion

At present, there is controversy regarding the treatment of advanced, unresectable, and metastatic EAC/GEA (27). Although current platinum-based chemotherapy regimens have made some progress in improving the OS of patients with advanced, unresectable, and metastatic EAC/GEA, the 5-year survival rate of patients is still unsatisfactory. At the same time, with the gradual development of immunotherapy and its achievements in the treatment of esophageal cancer, some multicenter RCTs have been conducted to validate the value of ICIs + chemotherapy compared to chemotherapy alone. However, the results from different studies are contradictory. This study conducted a pooled analysis to investigate whether ICIs combined with chemotherapy have advantages over standard chemotherapy in the treatment of advanced, unresectable, and metastatic EAC/GEA. In some other malignant tumors, the effects of immunotherapy combined with chemotherapy versus chemotherapy alone are usually significant. In KEYNOTE-189, pembrolizumab plus pemetrexed–platinum significantly improved OS (HR = 0.56 [95% CI: 0.45–0.70]) and PFS (HR = 0.48 [95% CI: 0.40–0.58]) when compared with placebo plus pemetrexed–platinum in patients with metastatic non-small cell lung cancer (NSCLC) (28). The reason might be that when pemetrexed is co-administered with a PD-1 inhibitor, it can enhance immunosuppressive effects by recruiting or activating CD4/CD8 T cells and upregulating PD-L1 expression in advanced NSCLC through the activation of the NF-κB pathway (29).

In CheckMate-649, nivolumab plus chemotherapy treatment was associated with significant improvement in median overall survival (HR = 0.71 [98.4% CI: 0.59–0.86] p < 0.0001) when compared with chemotherapy in the PD-L1’s CPS of 5 and above population (21). However, patients did not achieve statistically superior OS with nivolumab plus chemotherapy when compared with chemotherapy alone in ATTRACTION-4 (HR = 0.90 [95% CI: 0.75–1.08]; p = 0.26) plus chemotherapy (22). The same results were also seen in KEYNOTE-062, which illustrated that pembrolizumab combined with chemotherapy had no clinical advantage in OS compared to chemotherapy alone (HR = 0.85 [95% CI: 0.70–1.03]; p = 0.05) (26).

The different populations, sample sizes, and types of immunosuppressants in different clinical trials also lead to uneven PFS in different trials. In the KEYNOTE-062 trial, nivolumab did not confer a sufficient benefit in terms of median progression-free survival (HR = 0.84 [95% CI: 0.70–1.02]; p = 0.04). However, CheckMate-649 showed that nivolumab conferred a PFS benefit in both CPS ≥ 1 and all randomized populations. Subgroup analysis also demonstrated the most significant improvement in PFS with CPS ≥ 5 (HR = 0.68 [98% CI: 0.56–0.81]; p < 0.0001. Pembrolizumab combined with chemotherapy in the treatment of advanced, unresectable, and metastatic EAC/GEA resulted in longer PFS (HR = 0.63 [98% CI 0.46–0.87]; p = 0.004) than chemotherapy alone in KEYNOTE-590. In a study from Asia, ATTRACTION-4, nivolumab plus chemotherapy was superior to chemotherapy alone in treating previously untreated, HER2-negative, unresectable, advanced, or recurrent gastric or gastroesophageal junction cancer by significantly improving the PFS (HR = 0.68 [98.5% CI: 0.51–0.90]; p = 0.0007) of patients, but it cannot translate into better overall survival. The ESCORT-1st trial also demonstrated that camrelizumab plus chemotherapy was associated with significantly improved OS (HR = 0.70 [95% CI: 0.56–0.88]; p = 0.01) and PFS (HR = 0.56 [95% CI: 0.46–0.68]; p < 0.001) (30). This is in contrast to CheckMate-648, in which although nivolumab plus chemotherapy compared with chemotherapy achieved a longer median PFS (6.8 vs. 4.3 months), the difference was not statistically significant (HR = 0.76 [95% CI: 0.56–1.03]) (31).

Therefore, to compare the true efficacy of ICIs plus chemotherapy with that of chemotherapy alone, we conducted this meta-analysis, and the results showed that when compared with chemotherapy alone, ICIs combined with chemotherapy can effectively improve the OS rate and PFS rate of all randomized patients or patients with CPS ≥ 1. According to the meta-analysis of the included studies, ICIs combined with chemotherapy did not significantly improve the DORR compared with placebo plus chemotherapy. Our research also shows a higher incidence of adverse events in ICIs plus chemotherapy than in chemotherapy alone. The reason could be that immunosuppressive agents increase the ratio of CD8+ and CD4+ T cells and tumor effector T cells (Teff), promote the production of inflammatory cytokines, and inhibit the activation of regulatory T cells and myeloid-derived suppressor cells, resulting in impaired self-tolerance (32).

The potential contributing factors for the differences within the included RCTs might be as follows: 1) due to the different sample sizes, the impact on the overall prognosis is different. Among them, it has been proven that in KEYNOTE-059, ICIs plus chemotherapy has a positive effect on the prognosis of patients. However, the sample size was too small to have a larger impact. 2) The proportions of patients who received subsequent therapy, including checkpoint inhibitors, were different. In ATTRACTION-4, CheckMate-649, and KEYNOTE-062 (66% vs. 39% vs. 50%), this discrepancy may be due to different medical practice modes, considering that patients in Asia are more likely to receive subsequent antitumor therapy than patients in Europe and the United States, which may lead to the difference in patient OS (10, 33). 3) The included studies have different chemotherapy regimens. Both ATTRACTION-4 and CheckMate-649 adopted oxaliplatin-based chemotherapy, whereas KEYNOTE-062 and KEYNOTE-590 used cisplatin-based chemotherapy, which resulted in different prognoses. In oxaliplatin-based chemotherapy studies (ATTRACTION-4 and CheckMate-649), the PFS of all randomized patients was (HR = 0.68 [98.51% CI: 0.51–0.90]); p = 0.0007) and (HR = 0.77 [95% CI: 0: 0.68–0.87]; p < 0.0001), respectively, when compared with chemotherapy alone. In the cisplatin-based KEYNOTE-062 trial, which included patients based on the eligibility criteria of CPS ≥ 1, the PFS of patients did not meet the criteria of superiority when compared with chemotherapy alone (6.9 vs. 6.4 months (HR = 0.84 [95% CI: 0.70–1.02]; p = 0.04). In addition, the proportions of 5-fluorouracil (5-FU) and its analogs in the ATTRACTION-4 and CheckMate-649 trials and KEYNOTE-590 and KEYNOTE-062 trials were 100%. In vivo research has proven that repeated cycles of 5-fluorouracil (the maximum dosage for the first cycle is three injections of 5-FU (40 mg/kg) and four injections per cycle for the following cycles) chemotherapy impaired antitumor immune functions, which may be another potential contributor to differences in treatment effects (34).

Apparently, our study has some limitations that should be addressed. The most important limitation was the fact that some of the studies we included were not classified according to the CPS score, which cannot provide adequate data. One study was a partially blinded RCT, which caused bias (26). An additional uncontrolled factor is that heterogeneity was a potential factor that may have affected the interpretation of the results. The source of heterogeneity in this study could be race, neoadjuvant chemoradiotherapy (nCRT) regimen, cutoff value, and ypTNM stage.

In fact, through our pooled analysis of the treatment of advanced, unresectable, and metastatic GEA, immunotherapy combined with chemotherapy will significantly improve the survival rate of patients while bringing more adverse effects, which will inevitably bring more restrictions to the treatment. Fortunately, the associated side effects were manageable and of low severity and therefore not of serious consequence. However, some studies have proven that chemotherapy patients can benefit more from immunotherapy. Therefore, the method to treat such patients remains to be explored. At present, although currently available treatments for advanced, unresectable, and metastatic adenocarcinoma of the esophagogastric junction are still limited, the different combinations of treatments might bring unpredictable outcomes. Meanwhile, with the application of particle therapy, there will be more options and possibilities for the treatment of esophageal cancer in the future.




5 Conclusion

In conclusion, ICIs plus chemotherapy improved median OS, PFS, and ORR when compared with chemotherapy in patients with advanced, unresectable, and metastatic EAC/GEA, with manageable higher TRAEs. Therefore, the optimal timing, dose, and combination regimen of neoadjuvant ICI combined with chemotherapy in the treatment of esophageal cancer are worthy of further study.
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