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Background

There is no standard neoadjuvant therapy for locally advanced esophageal cancer in China. The role of neoadjuvant chemotherapy plus immunotherapy for locally advanced esophageal cancer is still being explored.



Methods

This open-label, randomized phase II study was conducted at a single center between July 2019 and September 2020; 30 patients with locally advanced esophageal squamous cell carcinoma (ESCC) (T3, T4, or lymph-node positive) were enrolled. Patients were randomized according to the enrollment order at a 1:1 ratio to receive chemotherapy on day 1 and toripalimab on day 3 (experimental group) or chemotherapy and toripalimab on day 1 (control group). The chemotherapeutic regimen was paclitaxel and cisplatin. Surgery was performed 4 to 6 weeks after the second cycle of chemoimmunotherapy. The primary endpoint was pathological complete response (pCR) rate, and the secondary endpoint was safety and disease-free survival.



Results

Thirty patients completed at least one cycle of chemoimmunotherapy; 11 in the experimental group and 13 in the control group received surgery. R0 resection was performed in all these 24 patients. Four patients (36%) in the experimental group and one (7%) in the control group achieved pCR. The experimental group showed a statistically non-significant higher pCR rate (p = 0.079). PD-L1 combined positive score (CPS) examination was performed in 14 patients; one in the control group had a PD-L1 CPS of 10, and pCR was achieved; the remaining 13 all had ≤1, and 11 of the 13 patients received surgery in which two (in the experimental group) achieved pCR. Two patients endured ≥grade 3 adverse events, and one suffered from grade 3 immune-related enteritis after one cycle of chemoimmunotherapy and dropped off the study. Another patient died from severe pulmonary infection and troponin elevation after surgery.



Conclusions

Although the primary endpoint was not met, the initial results of this study showed that delaying toripalimab to day 3 in chemoimmunotherapy might achieve a higher pCR rate than that on the same day, and further large-sample clinical trials are needed to verify this.



Clinical Trial Registration

ClinicalTrials.gov, identifier NCT 03985670.





Keywords: toripalimab, chemoimmunotherapy, sequence, esophageal squamous cell carcinoma, pathological complete response



Background

Esophageal squamous cell carcinoma (ESCC) is one of the common malignancies that threaten the health and life of human beings, especially for the Chinese (1). The standard treatment for patients at the early stage is radical surgery. Patients with locally advanced ESCC have a high rate of recurrence. At present, the standard treatment for locally advanced ESCC is simultaneous chemoradiotherapy (2, 3). With the race differences between the East and West, neoadjuvant chemotherapy is usually applied in Japan and China (4, 5). Immune checkpoint inhibitor represented by anti-PD-1 antibody has become one of the important regimens in advanced malignancies. Anti-PD-1 antibody plus chemotherapy could prolong the survival time of patients with advanced ESCC and has become the standard treatment for advanced ESCC (6).

Previous studies have shown a synergistic efficacy of chemotherapy and anti-PD-1 antibodies. Chemotherapy could induce immunogenic tumor cell death, deplete myeloid immunosuppressive cells selectively and lymphopenia, which reduces regulatory T (Treg) cells, and make room for proliferation of effect T cells (7). Thus, the combined application of these two agents has synergistic effects. Presently, chemoimmunotherapy combinations have comprised merely standard-of-care chemotherapy regimens being added to immunotherapy and then being compared with chemotherapy plus placebo, but the elements in this combination have not been optimized. For example, a randomized phase III study concluded that the addition of chemotherapy to pembrolizumab worsened survival over pembrolizumab or chemotherapy as a single treatment in patients with PD-L1 combined positive score (CPS) > 10 (8). Simultaneous administration of anti-PD-1 antibody and anti-OX40 antibody could reduce the antitumor effect of the anti-OX40 antibody; in contrast, administration of anti-PD-1 antibody after anti-OX40 antibody could produce synergistic antitumor effects in animal models, indicating the importance of the administered sequence of anti-PD-1 antibody in combined cancer immunotherapy (9). Theoretically, the sequence of anti-PD-1 antibodies and chemotherapeutic agents administered may also affect the efficacy. PD-1 blockade may result in the expansion of tumor-specific T cells (10); proliferating cells are more likely to be killed by chemotherapeutic drugs, so it may reduce the possibility of chemotherapy drugs to kill T cells by administered anti-PD-1 antibodies after chemotherapy drugs. Therefore, it is imperative to explore the administered sequence of anti-PD-1 antibodies and chemotherapeutic agents. Thus, we designed this study to explore the sequence of chemotherapy and toripalimab on the pathological complete response (pCR) rate and safety in patients with locally advanced ESCC.



Patients and Methods

This study was approved by the Ethics Committee of Henan Cancer Hospital and was conducted in accordance with the Declaration of Helsinki and Good Clinical Practice Guidelines. All enrolled patients provided written informed consent.


Patients

This was a randomized, open-label, single-center, phase II study. The eligibility criteria for patients eligibility were thoracic ESCC confirmed by pathology, without distant metastasis, resectable or potentially resectable as assessed by thoracic surgical experts, ECOG 0-1, clinical stage II/III/IVa, age 18–70 years, adequate organ function, and no history of other malignant tumors. The exclusion criteria were severe infection within 4 weeks before enrollment, bronchial asthma requiring intermittent use of bronchodilators or medical intervention, use of immunosuppressants for coexisting diseases, obvious cardio-cerebrovascular diseases, severe allergic constitution, severe mental disorders, abnormal coagulation function, pulmonary fibrosis, interstitial pneumonia, pneumoconiosis, pregnant or lactating women, and not meeting the criteria for enrollment evaluated by investigators.



Pretreatment Stage

All patients underwent thoracoabdominal and pelvic enhanced CT, esophageal enhanced MRI, and endoscopic ultrasound for accurate clinical staging. Endoscopic ultrasound was used for the T stage. Enhanced MRI was used for the N stage and for measuring the length of the diseased esophagus in a diffusion-weighted imaging (DWI) sequence (11).



Neoadjuvant Therapy

Patients were enrolled by investigators and randomly assigned (1:1) according to the enrollment order. Toripalimab (a type of anti-PD-1 antibody produced by Suzhou Zhonghe Biomedical Technology Co., Ltd., Suzhou, China) was administered at a fixed dose of 240 mg every cycle. Paclitaxel was administered at a dose of 150–175 mg/m2 every cycle, and cisplatin was administered at a dose of 70–75 mg/m2. Neither the investigators nor the patients were masked to treatment allocation. The patients in the experimental group received paclitaxel and cisplatin on day 1 and toripalimab on day 3. The patients in the control group received paclitaxel and cisplatin and toripalimab on day 1. The treatment cycle was 21 days in the control group and 21–28 days in the experimental group. Radical surgery was performed 4–6 weeks after the second chemotherapy plus toripalimab.



Surgery

McKeown esophagogastrectomy or thoracoscopic McKeown esophagogastrectomy was performed for upper and middle thoracic esophageal cancer, and Ivor Lewis esophagogastrectomy or thoracoscopic Ivor Lewis esophagogastric resection was used for middle and lower esophageal cancer.



Pathological Evaluation

The depth of tumor invasion, lymph node metastasis, and surgical margin were evaluated according to the American Joint Committee on Cancer Criteria for esophageal carcinoma (12). The extent of the residual tumors was divided into four categories: grade 0, no evidence of viable tumor cells (pCR); grade 1, single cells or rare small groups of cancer cells (near-complete response); grade 2, residual cancer cells with evident tumor regression, but more than single cells or rare small groups of cancer cells (partial response); and grade 3, extensive residual cancer without evident tumor regression (poor or no response) (13). The postoperative pathological evaluation was carried out by two experienced pathologists. The expression of PD-L1 was examined using the Dako 22C3 antibody and counted based on a CPS.



Objectives and Endpoints

The primary objective of this study was to explore the influence of sequence of toripalimab and chemotherapy on pCR rate in locally advanced ESCC. The secondary objectives were to explore the safety of chemotherapy and toripalimab as neoadjuvant therapy and the treatment-related adverse events (AEs), which were evaluated according to the National Cancer Institute Common Terminology Criteria for Adverse Events Version 5.0 (NCI-CTC AE 5.0) and the influence of PD-L1 expression on pCR.



Statistics

The sample size was calculated by PASS ver. 15.0. The pCR of toripalimab and chemotherapy administered on the same day was about 7%; it was speculated that toripalimab delayed on day 3 could increase the pCR to 35%. With a one-side α ≤ 0.05 as the test level, the sample size of 30 cases was needed when β = 0.2. All the statistical analyses were conducted using SPSS Statistics ver. 22.0 (IBM Corp., Armonk, NY, USA). The patients were divided into two groups according to their enrollment order. Continuous variables were calculated as means with SD or medians with ranges. Categorical variables were calculated as frequencies. A t-test was performed to compare continuous variables, and a chi-square test was performed for categorical variables. A two-sided p-value of <0.05 was considered statistically significant. All statistical analyses were performed using SPSS 22.0 (IBM Corp., Armonk, NY, USA).




Results


Patients

Thirty patients were enrolled between July 2019 and October 2020. The Consolidated Standards of Reporting Trials (CONSORT) reporting procedures are presented in Supplementary Table 1. The baseline characteristics of the patients are listed in Table 1. After neoadjuvant therapy, 24 patients underwent surgery. The flowchart of the study is presented in Figure 1.


Table 1 | Baseline characteristics of different groups.






Figure 1 | Consolidated Standards of Reporting Trials (CONSORT) diagram.





Efficacy

Among the 30 patients, two did not undergo radiological evaluation and surgery after two neoadjuvant therapy cycles because of the COVID-19 pandemic, and one patient withdrew from the study because of immune-associated enteritis. The radiological efficacy of neoadjuvant therapy was evaluated in the remaining 27 patients. The Response Evaluation Criteria in Solid Tumors (RECIST) objective response rate (ORR) was 66.7% (18/27 patients).  Supplementary Figure 1 shows the tumor burden changes from baseline.

Eleven patients in the experimental group and 13 patients in the control group underwent radical resection. R0 resection was performed in all these 24 patients. Five patients (20.8%) achieved pCR: four patients in the experimental group and one patient in the control group achieved pCR. The difference in pCR between the two groups was not statistically significant (χ2 = 3.092, p = 0.079). Neoadjuvant chemotherapy plus toripalimab did not increase the difficulty in surgery, and the median number of lymph nodes excised was 23 (range 15–49). The numbers of resected lymph nodes were 21 and 26 in the experimental group and control group, respectively (F = 0.669, p = 0.422). Figure 2 shows the esophageal lesions on MR of patients with or without pCR before and after neoadjuvant therapy in the two groups.




Figure 2 | The changes of esophageal lesions in magnetic resonance imaging. (A, B) show the esophageal lesion in patient 4 before and after neoadjuvant chemoimmunotherapy, the lesion reduced significantly. (C, D) show esophageal lesion in patient 7 before and after neoadjuvant chemoimmunotherapy. (E, F) show esophageal lesion in patient 1 before and after neoadjuvant chemoimmunotherapy. (G, H) show esophageal lesion in patient 8 before and after neoadjuvant chem.



PD-L1 CPS examinations were performed with the tissue samples of 14 patients (seven in each group) whose tissue was enough before surgery. Only one patient in the control group had a PD-L1 CPS of 10, while the others had PD-L1 CPS ≤1. The patient with PD-L1 CPS of 10 achieved pCR. Two of the six patients with PD-L1 CPS ≤1 in the experimental group achieved pCR, while none of the six patients with PD-L1 CPS ≤1 in the control group achieved pCR. Figure 3 shows the expression of PD-L1 CPS with pCR in both groups and according to pathological appearance before therapy and after surgery. Figure 4 shows the expression of PD-L1 CPS with non-pCR in both groups and according to pathological appearance before therapy and after surgery.




Figure 3 | The pathological changes before and after neoadjuvant chemoimmunotherapy and the PD-L1 expression. (A, B) The pathological changes in patient 1; after neoadjuvant chemoimmunotherapy, the tumor cells disappeared, and many lymphocytes infiltrated. (C) The expression of PD-L1 combined positive score (CPS) in the sample before therapy in patient 1; and the expression of PD-L1 CPS was lower than 1. (D, E) The pathological changes in patient 4; after neoadjuvant chemoimmunotherapy, the tumor cells disappeared, and some lymphocytes infiltrated. (F) The expression of PD-L1 CPS in the sample before therapy in patient 4, and the expression of PD-L1 CPS was 10.






Figure 4 | The pathological changes before and after neoadjuvant chemoimmunotherapy and the PD-L1 expression. (A, B) The pathological changes in patient 7; after neoadjuvant chemoimmunotherapy, there are a large number of tumor cells left in the section, and a few lymphocytes infiltrated. (C) The expression of PD-L1 combined positive score (CPS) in the sample before therapy in patient 7, and the expression of PD-L1 CPS was lower than 1. (D, E) The pathological changes in patient 8; after neoadjuvant chemoimmunotherapy, there are a large number of tumor cells left in the section and few lymphocytes infiltrated. (F) The expression of PD-L1 CPS in the sample before therapy in patient 8, and the expression of PD-L1 CPS was lower than 1.





Safety

During the period of neoadjuvant therapy, almost all the patients developed treatment-related AEs. The most common AEs were nausea, vomiting, and peripheral neurotoxicity, which can be attributed to cisplatin and paclitaxel. Notably, one patient in the experimental group developed grade 3 immune-associated enteritis after one cycle of therapy, and this patient recovered after glucocorticoid and plasma exchange therapy. Postoperative pulmonary infection occurred in 13 patients, during which three developed sepsis and needed application of broad-spectrum antibiotics: two of the patients recovered from sepsis, and one died 20 days after surgery. The patient who died from sepsis developed troponin elevation, which was suspected to be due to immune-related myocarditis during the course of sepsis. Anastomotic fistula occurred in two patients, one in the experimental group and one in the control group, both patients recovered from anastomotic fistula, and neither of them underwent secondary surgery because of anastomotic fistula. The detailed treatment-related AEs and postoperative complications are shown in Table 2. There was no difference in treatment-related AEs and postoperative complications between the two groups.


Table 2 | Treatment-related adverse events and postoperative complications.






Discussion

To the best of our knowledge, in this study, we present for the first time that the sequence of chemotherapy and toripalimab might influence the pCR in patients with locally advanced ESCC, with relatively manageable treatment-related AEs. The pCR was 36% in the experimental group and 7% in the control group, suggesting that the different sequences of administration of chemotherapy and toripalimab might affect the clinical efficacy. The regimen was well-tolerated, and the AEs of neoadjuvant chemoimmunotherapy were similar to those reported in the studies on advanced-stage esophageal cancer (6, 14). No new AEs occurred during the treatment. The most common AEs in the stage of neoadjuvant therapy were mainly caused by chemotherapeutic agents. One patient developed troponin elevation during pulmonary infection after surgery, and this patient died from severe pulmonary infection. One patient withdrew from the study because of immune enteritis in the stage of neoadjuvant therapy. These findings suggested that we should pay much attention to the emergence of immune-related AEs, especially those uncommon AEs during treatment.

Studies conducted in patients with ESCC receiving neoadjuvant concurrent chemoradiotherapy showed that 18 of the 37 patients achieved pCR, and the rate of pCR was 49%, while the occurrence of AEs ≥grade 3 was as high as 25% (3). Patients whose tumors achieved pCR to neoadjuvant therapy had significantly longer relapse-free survival and overall survival (15). Since the factors influencing therapeutic regimens for esophageal cancer between Eastern and Western countries are different, therapeutic strategies adopted in Asian countries, especially in Japan and China, often differ from those in Western countries (16). The JCOG9907 study compared the clinical efficacy of neoadjuvant chemotherapy and adjuvant chemotherapy in patients with stage II/III ESCC, and the results showed that the 5-year survival rate of patients who received neoadjuvant chemotherapy was significantly higher than in those who received adjuvant chemotherapy. There was no increase in postoperative complications and hospital mortality (4, 5). Therefore, at present in Japan, patients with stage II/III ESCC are recommended for neoadjuvant chemotherapy followed by surgery or simultaneous chemoradiotherapy. In China, there is no standard regimen for patients with stage II/III ESCC; the recommended regimen for this kind of patients is to enroll in clinical studies.

In China, a randomized clinical trial in patients with locally advanced ESCC comparing the neoadjuvant chemoradiotherapy with neoadjuvant chemotherapy showed that the pCR rates were 35.7% and 3.8% individually, and there was no significant difference in postoperative morbidity between the two groups (47.4% vs. 42.6%) (17). The pCR rate of neoadjuvant chemotherapy in the Chinese population with locally advanced ESCC is relatively low and needs improvement. If the performance status of patients is good, simultaneous chemoradiotherapy might be a good choice. With the development of immunotherapy, clinical trials based on immunotherapy are also conducted in a neoadjuvant setting in such patients. In PALACE-1 study, pembrolizumab was added in chemoradiotherapy for ESCC, the rate of pCR was 55.6% (10/18), grade III and higher AEs occurred in 13 patients (13/20, 65%), and one patient died (18). Simultaneously, the addition of atezolizumab in neoadjuvant chemoradiotherapy in patients with resectable esophageal adenocarcinoma showed that the rate of pCR was 25%, grade 3/4 AEs was observed in 40% (16/40) patients, and one patient died (19). The incidence of grade III and higher AEs in patients with locally advanced ESCC treated with neoadjuvant concurrent chemoradiotherapy combined with anti-PD-1/PD-L1 antibodies was high. The neoadjuvant therapeutic regimen containing immunotherapy in patients with locally advanced ESCC needs to be optimized. In Chinese patients, neoadjuvant chemoimmunotherapy might be one of the choices (4, 5, 17, 18).

When the anti-PD-1 antibody is combined with other kinds of therapies such as chemotherapy, radiotherapy, anti-angiogenesis, or immunomodulator, the sequence of anti-PD-1 antibody and other regimens might influence the clinical efficacy (7, 20–22). The TONIC trial was a non-comparative phase II study to explore whether induction treatment could induce a more inflamed tumor microenvironment. Sixty-seven patients with metastatic triple-negative breast cancer were randomized to nivolumab without induction or with 2-week low-dose induction with irradiation or chemotherapy; the results showed that the ORRs in the doxorubicin cohort, cisplatin cohort, cyclophosphamide cohort, radiotherapy cohort, and no induction cohort were 35%, 23%, 8%, 8%, and 17%, respectively. Immune-related genes involved in PD-1/PD-L1 and T-cell cytotoxicity pathways were upregulated in the doxorubicin and cisplatin cohorts (23). These results indicated that preconditioning with some chemotherapeutic agents could induce a more inflamed tumor microenvironment, which would favor immunotherapy. GeparNuevo study was a phase II study that investigates whether the addition of durvalumab into neoadjuvant chemotherapy increases the pCR rate in patients with early triple-negative breast cancer: the patients were divided into three cohorts, and the pCR rate with durvalumab was 53.4% versus placebo 44.2% (p = 0.287). In the window-phase cohort, the pCR rate was 61% versus 41.4% (p = 0.048) (21). This study showed again that preconditioning with durvalumab 2 weeks before chemoimmunotherapy could improve the pCR rate, which showed the importance of the administration sequence of immunotherapy and chemotherapy. Therefore, when designing a chemoimmunotherapy regimen, the doses, sequence, and administration intervals should be considered. Considering the mechanisms of synergy between chemotherapy and immunotherapy, sequential approaches might be helpful (7), and there was a retrospective study that showed that administering PD-1/PD-L1 inhibitors 1–10 days (especially 3–5 days) after chemotherapy is superior to administering PD-1/PD-L1 inhibitors before or concurrent with chemotherapy in patients with refractory lung cancer (22).

The mechanisms of postponing the application of anti-PD-1 antibody for 2 days when combined with chemotherapy with anti-PD-1 antibody may be as follows: studies in preclinical animal models found that cyclophosphamide could upregulate PD-1 and PD-L1 expression on tumor-specific CD8+ T cells in tumor-bearing C3 mice. Then the application of anti-PD-1 treatment could increase the antitumor effect, thus increasing the systemic antitumor effect (24). Short-term chemotherapy in patients with triple-negative breast cancer may induce a more favorable tumor microenvironment and increase the likelihood of response to PD-1 blockade therapy (21). In lung squamous cell cancer and colon cancer, there is a synergistic effect induced by low-dose chemotherapy followed by anti-PD-1 antibodies (25, 26). Therefore, theoretically, the effect of using PD-1 antibodies after chemotherapy may be better than that when using them simultaneously, but this does not imply that the later use of an anti-PD-1 antibody might yield better efficacy. Studies in patients with brain metastasis of melanoma have found that the immunotherapeutic efficacy within 4 weeks after stereotactic radiosurgery treatment is better than that after 4 weeks (20). The subgroup analysis of the PERCIFIC study also showed that the efficacy of anti-PD-L1 was better in the group in which anti-PD-L1 was applied within 2 weeks after the end of simultaneous chemoradiotherapy (27). A clinical study showed that earlier application of anti-PD-1 antibody is better (10). Therefore, we postponed the application of anti-PD-1 antibody for 2 days after chemotherapy. When the anti-PD-1 antibody was applied alone, the T cells with antitumor activity in peripheral blood reached the peak at 1 or 2 weeks after the first dose of anti-PD-1 antibody and then decreased gradually (28). To reduce the influence of the second cycle of chemotherapy on activated T cells, the immune-chemotherapy cycle in the experimental group was 3–4 weeks. In this study, a trend of higher pCR rate was observed in the experimental cohort than that in the control cohort (χ2 = 3.092, p = 0.079), indicating the importance of the sequence of chemotherapy and immunotherapy.

Thus far, there were no biomarkers for predicting the efficacy of anti-PD-1 therapy in esophageal cancer, although PD-L1 expression has been used to guide anti-PD-1 therapy in non-small cell lung cancer without driver gene mutations (29). In KEYNOTE 590 study, patients with PD-L1 CPS > 10 could benefit more from chemotherapy combined with pembrolizumab, while the risk of death in patients with CPS < 10 could also be reduced (6). Patients could benefit from anti-PD-1 therapy regardless of the expression of PD-L1 in ATTRACTION-3 and ESCORT studies (14, 30). In this study, we examined the expression of PD-L1 CPS in 14 patients (seven in each group) with the samples before treatment; the results showed that almost all the patients had PD-L1 CPS ≤1 (except one with PD-L1 CPS 10), which indicated that our patients might represent the group of patients insensitive to anti-PD-1 therapy. Two of the six patients with PD-L1 CPS ≤1 in the experimental cohort achieved pCR, and the rate of pCR in the experimental group was 36.4%; it might be even higher if we could avoid the influence of COVID-19. A higher rate of pCR might be obtained by delaying anti-PD-1 antibody application by 2 days when chemotherapy plus anti-PD-1 therapy was used.

There are several limitations of this study. The first was the influence of COVID-19 from February to May in 2020. The chemoimmunotherapy cycles were forcibly prolonged, and the operations were postponed in several patients, which may be one of the reasons that the rate of pCR in this study was lower than that reported previously (18, 31–33). Second, as this study was a small-sample exploratory study, we initially planned to enroll 30 patients. Because the representation of the small sample was not strong, bias was inevitable in the process of selecting patients. The PD-L1 expression results showed that only one patient with PD-L1 CPS was 10, and the others were PD-L1 ≤ 1, which suggested that the patients in this study may only present the group of patients insensitive to anti-PD-1 therapy. Third, due to the limitation of the preoperative specimens, not all the patients have enough tissue specimens for PD-L1 CPS examination. Last, there was no exploratory study on other biomarkers that might affect the efficacy. However, our results showed that the pCR rate in patients with delayed application of anti-PD-1 antibody was 36.4%. There was a statistical boundary difference, suggesting that when chemotherapy combined with anti-PD-1 antibody was used in a neoadjuvant setting, delaying anti-PD-1 antibody therapy by 2 days might have greater clinical benefits.

In summary, our results showed that neoadjuvant chemotherapy plus toripalimab is safe and effective in patients with locally advanced ESCC, with a pCR rate of 20.8%. In the process of neoadjuvant chemotherapy combined with anti-PD-1 antibody, the application of anti-PD-1 antibody 2 days after chemotherapy may be more conducive to the synergistic effects. Further clinical studies are needed in a larger sample of patients to verify the influence of different administration sequences on pCR and explore its underlying biomarkers. We are conducting a phase III study to compare the clinical efficacy of neoadjuvant chemoimmunotherapy with that of neoadjuvant chemotherapy for resectable esophageal cancer (NCT 04280822).
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