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Objectives

Clinical studies on immune checkpoint inhibitors (ICIs) combined with neoadjuvant chemotherapy (nCT) have been carried out for the resectable esophageal squamous cell carcinoma (ESCC). So far, few studies have compared the survival outcomes of nCT plus ICIs and nCT alone. This study aimed to compare the efficacy and safety of neoadjuvant ICIs combined with nCT versus nCT followed by esophagectomy for patients with resectable locally advanced ESCC.



Methods

A retrospective analysis of ESCC patients underwent nCT or nCT combined with ICIs followed by esophagectomy (from March 2013 to April 2021) was performed. A 1:1 propensity score matching (PSM) with a caliper 0.01 was conducted to balance potential bias.



Results

A total of 47 comparable pairs of ESCC patients receiving nCT and nCT combined with ICIs were selected for the final analysis. The tumor regression grade (TRG) 0 and pathologic complete response (pCR) rates in the nCT+ICIs group were significantly higher than those of the nCT group (21.7% vs. 4.5%, P=0.016; and 17.0% vs. 2.1%, P=0.035, respectively). The rate of nerve invasion was 4.3% in the nCT+ICIs group, significantly lower than 23.4% of the nCT group (P=0.007). The incidences of adverse events in the nCT+ICIs group were similar compared with the nCT group and there was no grade 5 toxicity in either group. The 1-, 2-year disease-free survival rates (DFS) were 95.7%, 80.7% and 76.1%, 63.8% in the two groups (P=0.001, and P=0.046, respectively). The 1-year OS was improved in the nCT+ICIs group, which was close to a statistical difference (95.7% vs. 84.8%, P=0.074). Local recurrence rate in the nCT+ICIs group was 6.4%, significantly lower than 21.3% of the nCT group (P=0.036), while there was no significant difference in the distant metastasis.



Conclusions

Compared with nCT alone, neoadjuvant immunotherapy plus nCT for patients with locally advanced ESCC has an advantage in pathological response, and could improve DFS with a good safety and feasibility, while long term survival validation is still needed further.
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Background

Esophageal carcinoma (EC) ranks seventh in terms of incidence (604, 000 new cases) and sixth in mortality overall (544, 000 deaths) in the world (1). In China, EC is the sixth leading type of cancer and the fourth most common cause of death from cancer, with approximately 320, 000 new cases and 300, 000 deaths in 2020 (2). For resectable locally advanced EC, the CROSS trial and NEOCRTEC 5010 have established neoadjuvant chemoradiotherapy (nCRT) followed by surgery as a cornerstone of the treatment strategy (3, 4). However, a meta analysis involving three randomized controlled trials showed that compared with neoadjuvant chemotherapy (nCT), the overall survival (OS) was not improved in nCRT group (HR: 0.749; 95% CI: 0.397-1.413; P=0.372), although R0 resection and pathologic complete response (pCR) rates are significantly increased (5). A network meta-analysis reveals that nCRT was associated with more postoperative complications and higher postoperative mortality (6). A three-arm randomized phase III study, JCOG 1109, was launched in 2013 to confirm the superiority of preoperative chemotherapy with docetaxel, cisplatin plus 5-fluorouracil (DCF), or chemoradiotherapy with CF (CF-RT) in overall survival over CF for locally advanced esophageal cancer. In 2022, JCOG 1109 demonstrates that nCRT could not significantly improved OS when compared to neoadjuvant CF, whereas DCF did (7). But real-world evidence has been reported that neoadjuvant DCF is not suitable for patients with poor lung function and elderly patients (8). It is urgent to explore novel pattern of neoadjuvant therapy for EC.

O, Reilly et al. (9) reviewed the role of immunotherapy (IO) agents in both early-stage and advanced-stage disease of EC with randomized phase III trials, they proposed that for advanced esophageal squamous cell carcinoma (ESCC) patients, immune checkpoint inhibitors (ICIs) in combination with chemotherapy should be offered in the first-line setting to IO-naive patients regardless of tumor programmed death receptor ligand-1 expression. Recently, a meta analysis revealed that neoadjuvant IO combined with nCT could be used as the recommended therapeutic option (10). However, there is no high quality evidence published for ESCC with neoadjuvant IO, and numerous clinical studies are ongoing for this promising therapy strategy (11, 12). A pilot study including 16 patients diagnosed with locally advanced ESCC had investigated the clinical value and tolerance of neoadjuvant camrelizumab plus paclitaxel and carboplatin, indicated that neoadjuvant IO plus chemotherapy exhibits good efficacy and acceptable tolerance (13). Till now, the most published reports are single-arm clinical trials, few studies compare the survival outcomes of nCT plus ICIs and nCT alone. Huang et al. (14) analyzed efficacy and safety between pembrolizumab combined with chemotherapy and simple chemotherapy in neoadjuvant therapy for ESCC. The pCR and objective response rate (ORR) in the combined group were significantly higher than those of the chemotherapy only group. Nevertheless, we still press for more clinical data including survival outcomes to stand in need of the role of neoadjuvant immunochemotherpay for ESCC. In this study, we aimed to compare the efficacy and safety of neoadjuvant ICIs combined with nCT versus nCT followed by esophagectomy for patients with resectable locally advanced ESCC.



Patients and methods


Patients selection

Data of ESCC patients who underwent esophagectomy followed nCT or nCT combined with ICIs in our hospital from March 2013 to April 2021 were retrospectively collected. Inclusion criteria were included: patients with locally advanced resectable stage ESCC; the disease was histopathologically confirmed in tissue samples; receiving simple nCT or plus ICIs following esophagectomy; at least one of the following primary outcomes were reported: R0 resection rate; pCR; incidence of complications and survival. Exclusion criteria included patients with non-resectable tumors or metastases during exploratory surgery; patients receiving other neoadjuvant targeted therapy; patients receiving salvage or palliative surgery. The 8th edition of the International Union Against Cancer/American Joint Committee on Cancer (UICC/AJCC) TNM staging system was used. All procedures were performed in accordance with the 2013 edition of the Declaration of Helsinki. The study protocol was approved by the Ethic Committee of our Hospital. Due to the retrospective nature of the study, informed consent was waived.



Neoadjuvant treatment regimens

Patients in the nCT+ICIs group received 1-3 cycles of intravenous PD-1 inhibitor (pembrolizumab at a dose of 200mg, camrelizumab at a dose of 200mg, toripalimab at a dose of 240mg, or sintilimab at a dose of 200mg) every 3 weeks and simultaneous chemotherapy consisted of platinum-based drugs and 5-fluorouracil (FP) or docetaxel/paclitaxel (TP). The median usage cycle of neoadjuvant therapy was 2 in this group. Patients in the nCT group received 1-3 chemotherapy (FP or TP regimen) every 3 weeks, and the median usage cycle in this group was 2 either.



Surgical treatment

For patients suitable for radical esophagectomy after clinical evaluation, the surgery was performed after 4-8 weeks from the end of the last neoadjuvant therapy. Patients received thoracomy esophagectomy, or minimally invasive esophagectomy (MIE), including 2-field or 3-field lymphadenectomy and gastric reconstruction. Two-field lymphadenectomy was regularly conducted, and standard 3-field lymphadenectomy was performed in patients with suspected swollen lymph nodes in the neck.



Follow-up

The surveillance tests, including physical examination, chest computed tomography (CT), and barium scans were regularly performed during the follow-up, and ultrasonography, endoscopy or positron emission tomography (PET)/CT and magnetic resonance imaging (MRI) were employed if necessary. Toxicity was assessed according to the Common Terminology Criteria for Adverse Events (CTCAE; version 3.0). Surgical complications were recorded within 1 month after resection. All patients were followed up every 3 to 4 months in the first year, followed by an interval of 6 months in the next years.



Study endpoints

The primary endpoints were the tumor regression grade (TRG), R0 resection rate and pCR rate. The secondary endpoints included toxicities, disease-free survival (DFS), OS, and failure modes. The TRG was evaluated by the proportion of scar and residual tumor, and it was grading into 5 degrees according to Ryan, s TRG system (15): Grade 0 was no residual tumor, grade 1 was residual single tumor cells or small groups of tumor cells, grade 2 was residual partial of tumor, and grade 3 was no regression. pCR was defined as no evidence of residual tumor cells in the primary site and resected lymph nodes of operative specimens. DFS referred to the time from the date of neoadjuvant therapy to the first documentation of recurrence or metastasis. OS was defined as the time from the date of neoadjuvant therapy to death from any cause or lost follow-up.



Statistical analysis

A one-to-one matching analysis was performed using a caliper width of 0.01 between the nCT+ICIs and nCT groups. The propensity scores were calculated using a logistic regression model, which included age, gender, body mass index (BMI), tumor location, tumor length, clinical stage, surgical procedures and interval from neoadjuvant therapy to surgery. The rates of R0 resection, pCR, complications and failure modes were compared by the Kruskal-Wallis method or the independent-samples t-test. In order to indicate normality of the continuous and categorical variables, the Chi-square test and the Fisher’s exact test were utilized, respectively. The DFS and OS were determined by the Kaplan-Meier method and were compared by the log-rank test. A P-value<0.05 was considered statistically significant. The statistical analysis was performed using SPSS 22.0 software (IBM, Armonk, NY, USA).

The propensity score matching (PSM) approach was used for the assembly of a well-balanced cohort using all available explanatory factors (16). Thus, PSM (nCT+ICIs group: nCT group in a 1:1 match) was conducted to adjust the available explanatory factors, including age, gender, BMI, tumor location, tumor length, stage T, stage N, TNM, surgical procedures and interval from neoadjuvant therapy to surgery, which might affect the results.




Results


Patients’ baseline characteristics

According to the inclusion and exclusion criteria, 453 patients diagnosed with locally advanced ESCC from March 2013 to April 2021 were enrolled, of whom 48 patients were in the nCT+ICIs group, and 405 patients were in the nCT group. Then, to balance the potential bias, a 1:1 PSM was conducted, and eventually, 47 comparable pairs were matched for the final analysis. The baseline characteristics were listed in Table 1. After PSM, the clinical characteristics were well balanced, including age, gender, BMI, tumor location, tumor length, clinical stage T, clinical stage N, clinical stage TNM, chemotherapy regimen, neoadjuvant cycle, surgical approach and interval from neoadjuvant therapy to surgery.


Table 1 | Baseline characteristics before and after PSM.





Neoadjuvant treatment and surgical treatment outcome

Compared with the nCT group, the nCT+ICIs group had an advantage in pathological response. There were 10 cases (21.7%) of TRG 0 in the nCT+ICIs group, 2 (4.5%) in the nCT group, and statistically significant was found (P=0.016), seen in Table 2. The pCR rate was 17.0% in the nCT+ICIs group and 2.1% in the nCT group (P=0.035). The rate of nerve invasion was 4.3% in nCT+ICIs group, which was significantly lower than 23.4% of nCT group (P=0.007). The number lymph node removed in the nCT+ICIs group was 23.5 ± 10.9, while 19.2 ± 8.7 in the nCT group (P=0.032). Percentage of patients received adjuvant therapy followed surgery was 55.3% (26/47) in the nCT+ICIs group, lower than 76.6% (36/47) of nCT group (P=0.03), seen in Table 3.


Table 2 | Comparison of TRG between the two groups.




Table 3 | Surgical treatment outcomes.





Safety and complications

The complications after neoadjuvant therapy were summarized in Table 4. The incidence of bone marrow suppression, rash, myocardial enzyme elevation and transaminase elevation were comparable in both groups (all P value>0.05). The majority of patients experienced complications of grade 2 or less, and no grade 5 occurred. The incidence rates of postoperative complications, including anastomotic leakage, pneumonia and gastrointestinal bleeding were also similar in the two groups (all P value>0.05), seen in Table 5.


Table 4 | Complications after neoadjuvant therapy.




Table 5 | Complications after Surgery.





Follow-up

In the two groups, both 1 patient was lost in the follow-Up. The last follow-up time was April 30, 2022. It was shown that the 1-, 2-year DFS rates of the patients in nCT+ICIs group and in nCT groups were 95.7%, 80.7% and 76.1%, 63.8%, respectively (HR, 0.164, P=0.001; HR, 0.448, P=0.046). In terms of OS, the 1-, 2-year OS rates in the nCT+ICIs group was 95.7%, 83.2% and 84.8%, 72.3% in the nCT group (HR, 0.474, P=0.074; HR, 0.564, P=0.189). These results were shown in Figure 1A and Figure 1B.




Figure 1 | Survival of the nCT+ICIs group and nCT group after follow-up. (A) DFS rates between the two groups; (B) OS rate between the two groups.



We analyzed the failure modes of the two groups after surgery, and the results were shown that ESCC patients with recurrence in the nCT+ICIs group was 3 (6.4%), significantly lower than 10 (21.3%) of the nCT group (c2, 4.374; P=0.036), and the mainly recurrence was regional lymph nodes, while there was no significant difference in the metastasis (c2, 0.336; P=0.562) between the two groups, seen in Table 6.


Table 6 | Failure modes after radical esophagectomy.






Discussion

JCOG 9907 (17) confirmed the survival benefit of preoperative chemotherapy with CF over post-operative chemotherapy with the same regimen, which had become the current Japanese standard treatment for locally advanced esophageal cancer. Owing to the result, neoadjuvant chemotherapy could be applied as an approach for the treatment of resectable ESCC in China, but the survival benefit of this treatment was still limited. The preclinical studies demonstrated that chemotherapeutic agents could exert immunostimulatory effects, either by activating effector cells and/or inhibiting immunosuppressive cells in the tumor microenvironment or increasing immunogenicity and T-cell infiltration (18–20), a remarkable progress has been recently made in immunotherapy for the treatment of EC. The CheckMate 577 trial (21), of patients with R0 resected esophageal or gastroesophageal junction cancer with residual pathological disease had been conducted to evaluate nivolumab as adjuvant therapy. The median DFS among the patients who received nivolumab was 22.4 months, as compared with 11.0 months among the patients received placebo (HR, 0.69; P<0.001).

In the neoadjuvant setting, ICIs is deemed to eliminate micrometastasis and thus lead to superior survival by inducing system immune activation (22). Expansion of tumor resident T cell clones in the peripheral blood had been found in the neoadjuvant immunotherapy (23). In recent years, several studies have reported that nCT combined with ICIs followed by esophagectomy could be recognized as an effective treatment for locally advanced ESCC, and the pCR could be increased to 25%-39.2% (24–27). A multicenter, single-arm, phase II trial aimed to evaluate the safety and efficacy of camrelizumab and chemotherapy as neoadjuvant treatment for locally advanced ESCC had been reported (27). The R0 resection was achieved in 50 (98.0%) patients and pCR was identified in 20 (39.2%). Thirty-four patients (56.7%) had adverse events of grade 3 or worse, with the most common being leukocytopenia, demonstrated nCT combined with IO was a promising neoadjuvant treatment without unexpected safety signals. Up to now, there is no comparative data on the long-term survival between nCT group and nCT combined with ICIs group. In China, a phase III study (HCHTOG1909) comparing neoadjuvant toripalimab plus chemotherapy versus chemotherapy for patients with locally advanced ESCC is in progress (11).

In the current study, 47 pairs of comparable patients with ESCC receiving nCT combined with ICIs and simple nCT were selected for the final analysis after PSM. Compared with the nCT group, the nCT+ICIs group had advantage in TRG and pCR. There were 10 cases (21.7%) of TRG 0 in the nCT+ICIs group, 2 (4.5%) in the nCT group (P=0.016). The pCR rates were 17.0%, 2.1% in the two groups (P=0.035). In addition, postoperative nerve invasion in the nCT+ICIs group was significantly lower than that of the nCT group (P=0.007). The R0 resection rate and the rate of vascular tumor thrombus were similar between the two groups. We observed the adverse effects of the patients. The complications after neoadjuvant therapy and postoperative (including bone marrow suppression, rash, myocardial enzyme elevation, transaminase elevation and anastomotic leakage, pneumonia, gastrointestinal bleeding) were comparable and the incidence of grade 5 was 0 in the two group, indicated that additional neoadjuvant ICIs to nCT was safe and feasible, and it was similar with other studies (4, 28).

To our knowledge, this is the first study to provide 2-year survival on ESCC patients receiving nCT plus ICIs versus nCT alone. The 1-, 2-year DFS rates were both significantly increased in the nCT+ICIs group (P=0.001, P=0.046, respectively), which might be related to the higher TRG 0 and pCR, lower nerve invasion rate and more lymph node dissections. In terms of OS, there was no significant difference in the 1-, 2-year OS rates between the two groups. However, the 1-year OS improved in the nCT+ICIs group, which was close to a statistical difference (P=0.074). Perhaps it was related to the relatively lower pCR rate (17.0%) and small sample size in our retrospective studies. After all, pCR rate was supposed to be strong associated with better survival in ESCC (29, 30). In addition, a more aggressive adjuvant therapy was conducted in the nCT group (P=0.03), which probably provided some survival benefits for patients with ESCC.

Regarding the failure modes, our results showed that nCT combined with ICIs could significantly reduce local recurrence (P=0.036), but there was no significant difference in terms of metastasis (P=0.562), indicated that systemic therapy might be insufficient in the nCT+ICIs group and seemed need to be further strengthened. After all, 83.0% of the patients did not reach pCR in the nCIT group. This also reminds us higher pCR rate is still the focus of the neoadjuvant therapy strategy.

Some imitations were as followed: (1) It was a single-centered retrospective study, due to retrospective nature of the study, the treatment selection bias inevitably existed despite PSM; (2) In view of the almost 10 years span of the included cases, the lymph node dissection in the nCT+ICIs group was significantly more than that of the nCT group [(23.5 ± 10.9) vs. (19.2 ± 8.7), P=0.032], which might influence the results potentially; (3) The general information of the enrolled patients lacked data such as PD-L1 expression, so we could not make a detailed assessment of the expression of PD-L1 and the response to neoadjuvant therapy; (4) Lack of large cohort, and the follow-up period was short in the nCT+ICIs group; (5) Regarding times, changes had taken place in surgical techniques and chemotherapy regiments, all of these might affect the final results.

In conclusion, compared with nCT alone, neoadjuvant immunotherapy plus nCT for patients with locally advanced ESCC has an advantage in pathological response, and could improve DFS with a good safety and feasibility, while long term survival validation is still needed further.
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