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Background

Esophageal squamous cell carcinoma (ESCC) is the most common type of esophageal cancer in China. The use of neoadjuvant immunotherapy for the treatment of ESCC is gradually increasing. Camrelizumab is one such immune checkpoint inhibitor (ICI) used for treatment. In this retrospective study, we explored the efficacy, safety, and short-term perioperative prognosis of camrelizumab in combination with neoadjuvant chemotherapy for ESCC.



Materials and Methods

A total of 254 Chinese patients with ESCC were enrolled in the study; 48 received camrelizumab in combination with neoadjuvant chemotherapy (C-NC group), and 206 received neoadjuvant chemotherapy (NC group). All patients underwent surgery after the completion of 2 cycles of neoadjuvant therapy.



Results

Twenty patients (20/48, 41.7%) in the C-NC group and 22 patients (22/206, 10.7%) in the NC group achieved a pathologic complete response (pCR) (p<0.001). Twenty-nine patients (29/48, 60.4%) in the C-NC group and 56 patients (56/206, 27.2%) in the NC group achieved major pathologic remission (MPR) (p<0.001). There was a lower incidence of myelosuppression during neoadjuvant therapy in patients in the C-NC group (33/48, 68.8%) than in the NC group (174/206, 84.5%, p=0.012). The total incidence of adverse reactions during neoadjuvant therapy was also lower in the C-NC group (37/48, 77.1%) than in the NC group (189/206, 91.7%, p=0.003). Patients in the C-NC group had more lymph nodes cleared during surgery than those in the NC group (34 vs.30, p<0.001). The logistic model showed that the treatment regimen, age, and presence of lymph node metastasis were influential factors for achieving a pCR in these patients (p<0.001). Regarding other adverse events and surgery-related data, there were no significant differences observed between the two groups.



Conclusion

Camrelizumab in combination with neoadjuvant chemotherapy is an efficacious neoadjuvant regimen with an acceptable safety profile and does not increase the difficulty of surgery or the incidence of complications. A pCR is more likely to be achieved in patients treated with camrelizumab in combination with neoadjuvant chemotherapy, in younger patients, or in those without lymph node metastases.
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1 Introduction

More than 540,000 people die from esophageal cancer each year, accounting for 5.5% of all cancer-related deaths (1). Esophageal cancer has a significant geographic distribution worldwide. Asia accounts for the majority of esophageal cancer cases worldwide, with 49% of the cases occurring in China (1, 2). Esophageal squamous cell carcinoma (ESCC) is the most common pathological type in cases of Asian origin, as well as worldwide (3, 4).

The treatment of esophageal cancer normally includes single or combined treatments, including surgery, chemotherapy, radiotherapy, targeted therapy and immunotherapy (4–6). Esophageal cancer is difficult to detect until progression or distant metastasis occurs, and more than 40% of patients already have distant metastasis at the time of diagnosis (2, 4). Due to the complex anatomical structure around the esophagus, surgical treatment alone increases the risk of incomplete tumor removal, potentially increasing the risk of local recurrence, and its therapeutic effect is not satisfactory (4, 6). Neoadjuvant therapy can shrink the tumor size, reduce the pathological stage, and eliminate the potential presence of subclinical micrometastases (7–9). Several studies have shown that neoadjuvant chemotherapy improves the prognosis of patients compared to surgery alone (10–13).

In recent years, with the advent and use of immunotherapy (5), it has been shown that immunotherapy does not significantly increase adverse effects compared to chemotherapy (14–17). Therefore, doctors have begun to explore whether immune checkpoint inhibitors (ICIs) combined with neoadjuvant chemotherapy can achieve better efficacy and safety than neoadjuvant chemotherapy. At the same time, because esophagectomy and lymph node dissection are very complex and involve multiple operative areas, various complications can arise during the perioperative period and are major concerns for clinicians. It has been demonstrated that preoperative neoadjuvant therapy does not affect postoperative quality of life compared to surgery alone (18–20); therefore, we also wanted to explore whether surgery following the use of camrelizumab increases the difficulty of surgery or the incidence of complications.

Camrelizumab is an ICI developed by a Chinese pharmaceutical company that targets PD-1. This study explored the clinical efficacy and safety of camrelizumab combined with neoadjuvant chemotherapy for the treatment of ESCC and recorded data related to surgery and the occurrence of various complications during the perioperative period, which are reported below.



2 Materials and methods


2.1 Patients

In this retrospective single-center study, we collected data from esophageal cancer patients who underwent surgery at the First Affiliated Hospital of Zhengzhou University from January 2019 to December 2021. The inclusion criteria were as follows: I. diagnosis of esophageal cancer based on preoperative pathological examination, with a pathological type of squamous cell carcinoma; II. diagnosis based on standardized physical examination and imaging examination, with a clinical stage of cT1-4aN0-3M0 determined by computed tomography (CT) and endoscopic ultrasonography (EUS); III. administration of 2 cycles of neoadjuvant chemotherapy combined with camrelizumab or neoadjuvant chemotherapy alone; IV. treatment with a minimally invasive McKeown procedure (trans-right thoracic + trans-abdominal + cervical anastomosis), achieving R0 resection; V. age ≤75 years, with a good general condition and normal cardiopulmonary and other organ function; and VI. well-documented medical records. The exclusion criteria were as follows: I. concomitant malignant tumors of another type; and II. contraindications to surgery or inability to tolerate surgery. A total of 254 patients were enrolled in the study and were divided into two groups according to the neoadjuvant regimen used: the C-NC group (patients received 200 mg of camrelizumab combined with neoadjuvant chemotherapy, n=48) and the NC group (patients received neoadjuvant chemotherapy, n=206) (Figure 1). This research was approved by the Ethics Committee of the First Affiliated Hospital of Zhengzhou University.




Figure 1 | The participant selection algorithm.





2.2 Treatment

All patients received a professional and adequate medical examination and evaluation before receiving treatment, and EUS and pathological biopsy of the primary tumor were completed before treatment. Hydration, antiemetics, and hepatoprotection were routinely administered during neoadjuvant therapy.


2.2.1 Camrelizumab

Patients were administered 200 mg of camrelizumab on the first day of neoadjuvant treatment every 3 weeks. Patients were excluded if they had an active autoimmune or infectious disease, if they were undergoing systemic corticosteroid or other immunosuppressive therapy, if they were allergic to camrelizumab, or if immunotherapy could not be administered due to a serious adverse event.



2.2.2 Neoadjuvant chemotherapy

All patients received full doses of the neoadjuvant chemotherapy regimen (platinum-containing double-drug chemotherapy regimen including paclitaxel, albumin-bound paclitaxel or docetaxel) recommended by the Chinese Society of Clinical Oncology (CSCO) guidelines or according to the specific research protocols. Patients were removed from the study if the dose was reduced or discontinued because the neoadjuvant chemotherapy could not be tolerated.



2.2.3 Operation

The surgical approach used for all patients was a minimally invasive McKeown’s procedure (trans-right thoracic + trans-abdominal + cervical anastomosis), in which lymph nodes around the esophagus and stomach were routinely cleared. The decisions to clear the cervical lymph nodes were made based on the results of pathological frozen sections of the laryngeal nerve lymph nodes (21). All procedures were performed by the same team of surgeons. Negative cut margins were observed. R0 resection was defined as the absence of cancer cells on the cut margins as observed by the naked eye and pathological section examination.




2.3 Pathology and adverse events

Pathological examination of the surgically removed tissue specimens was performed, and the tumor and lymph nodes were independently evaluated by two pathologists from our hospital after neoadjuvant treatment. The histological type of esophageal cancer was determined according to the 2019 edition of the World Health Organization (WHO) Classification of Tumors of the Digestive System. The tumor regression grade (TRG) was based on the criteria of the College of American Pathologists (CAP), which is in line with the approach recommended by the CSCO/National Comprehensive Cancer Network (NCCN) guidelines (19) for the management of esophageal cancer. The TNM stage was determined according to the International Union Against Cancer (UICC)/American Joint Committee on Cancer (AJCC) TNM Staging System (8th edition, 2017) (22). Adverse events occurring during neoadjuvant therapy and during the perioperative period were recorded and graded according to the Common Terminology Criteria for Adverse Events (CTCAE) version 5.0 published by the National Cancer Institute (23). Myelosuppression was defined as a decrease in the activity of blood cell precursors in the bone marrow, and the diagnostic criteria were white blood cell, granulocyte, hemoglobin, and platelet counts less than the lower limit of normal.



2.4 Outcomes

After undergoing neoadjuvant therapy and surgery, the primary clinical endpoint was the pathological response of the primary tumor, and secondary clinical endpoints included surgery-related data, the postoperative hospital stay, and adverse events during neoadjuvant therapy and during the perioperative period. Patients with primary tumor regression rated as TRG=0 and without lymph node metastasis (ypT0N0) were considered to have achieved a pathologic complete response (pCR), those with TRG=0 or 1 were considered to have achieved major pathologic remission (MPR), and those with TRG=2 or 3 were considered to have achieved nonsignificant or nonresponsive remission. The relationship between the treatment effect and TRG is shown in Table 1. The lymph node response was evaluated based on postoperative pathology, including whether metastasis or regression had occurred.


Table 1 | Relationship between the treatment effect and tumor regression grade (TRG).





2.5 Statistical analysis

Statistical analysis was performed using the statistical software SPSS 24.0 (SPSS, Inc., Chicago, IL, USA). Parametric data are expressed as the means ± standard deviations (SDs). Nonparametric data are expressed as the median [interquartile range (IQR)]. The extent of tumor regressionis expressed as a frequency or percentage and 95% confidence interval (CI). A t test was used for the analysis of normally distributed data in different groups. The Kruskal–Wallis test or the Mann–WhitneyU test was used for the analysis of semiquantitative data. The chi-squared test or Fisher’s exact test was used for the analysis of qualitative data. All probabilities were two-tailed, and the level of significance was set at 0.05.




3 Results


3.1 Basic information

The mean age of the participants in the two groups (C-NC vs. NC) was 64.15 ± 7.293 vs. 62.22 ± 7.136 years. There were 38 vs. 147 males and 10 vs. 59 females in these two groups(C-NC vs. NC). The median body mass index (BMI) was 23.70 (IQR 22.05, 25.35) vs. 23.21(IQR 21.20, 25.22), respectively (C-NC vs. NC). There were 45 patients with upper thoracic esophageal cancer (8 vs. 37, C-NC vs. NC), 127 patients with mid-thoracic esophageal cancer (26 vs. 101, C-NC vs. NC), and 82 patients with lower thoracic esophageal cancer (14 vs. 68, C-NC vs. NC). Any history of smoking, alcohol consumption, and any past history of smoking/drinking were also recorded. All baseline characteristics in the two groups were comparable, with no significant differences observed (Table 2).


Table 2 | Clinical characteristics of the patients with ESCC treated with different neoadjuvant therapies.





3.2 Postoperative pathology

A pCR of the primary tumor was achieved in 20 of 48(41.7%) patients in the C-NC group vs. 22 of 206(10.7%) patients in the NC group (p<0.001). To better demonstrate the effect of neoadjuvant therapy, we also compared the MPR rates in the C-NC and NC groups, and the C-NC group showed encouraging results: 29 of 48(60.4%) vs. 56 of 206(27.2%) patients achieved MPR (C-NC vs. NC, p<0.001). Pathologists also considered the lymph node response, such as granuloma formation, necrosis, and fibrosis, to neoadjuvant therapy, and no significant differences were found between the two groups (p=0.102) (Table 3). Additional pathological information is presented in Table 3.


Table 3 | Postoperative pathology of patients with ESCC.





3.3 Adverse events and perioperative data

In total, 33 of 48(68.8%) patients in the C-NC group suffered from varying degrees of myelosuppression during neoadjuvant therapy compared to 174 of 206(84.5%) in the NC group. Significant differences were found in terms of the incidence of myelosuppression between the two groups (p=0.012). Regarding liver and kidney function injury, gastrointestinal reactions, cardiovascular events and skin damage during neoadjuvant therapy, the incidences did not differ statistically between the two groups (Table 4). Most adverse reactions during neoadjuvant therapy were mild and manageable and did not interfere with neoadjuvant therapy or subsequent surgery after observation or drug treatment. Grade 3 or higher myelosuppression occurred in 3 patients in the C-NC group and in 16 patients in the NC group. Only 1 patient in the C-NC group developed grade 3 liver function injury. One patient in the NC group developed acute kidney injury (grade 4), and after hydration and 2 hemodialysis sessions, this patient’s kidney function returned to normal. Although there was a high incidence of reactive cutaneous capillary endothelial proliferation (RCCEP), which is usually associated with camrelizumab, all recorded cases were grade 1 or 2 (26 of 48, 54.2%).


Table 4 | Adverse events during neoadjuvant therapy and the perioperative period and perioperative data.



The operation time was 324.5(IQR 264.0, 385.0) minutes vs. 310.0(IQR 265.0, 355.0) minutes(C-NC vs. NC, p=0.595). The number of dissected lymph nodes was 34(IQR 28.5, 39.5) in the C-NC group and 30(IQR 26.0, 34.0) in the NC group, with a significant difference (p<0.001). No significant differences were found between the two groups in terms of blood transfusions, surgical injuries, postoperative pulmonary complications (PPCs), esophagogastric anastomotic fistula formation, unexpected transfer to the ICU, cardiac arrhythmias, or delayed incision healing (p>0.05); the relevant data are shown in Table 4. Of the seven patients in the NC group who were unexpectedly transferred to the ICU, three eventually died on days 1, 1, and 7 after transfer to the ICU, all due to cardiac arrest, and one of these patients had a combined esophagogastric anastomotic fistula. The other patients were successfully transferred back to the general ward.



3.4 Benefit population

We analyzed the clinical data of patients who did and did not achieve a pCR to determine which factors were more likely to benefit patients. In this study, binary logistic regression was used to assess whether treatment, sex, age, tumor location, BMI, smoking history, alcohol consumption, past history, and lymph node metastasis affected the pCR rate. Four observations with studentized residuals greater than 2.5 times the SD were retained in the analysis. Ultimately, the obtained logistic model was significant (χ2 = 36.359, p<0.001). The model was able to correctly classify 78.3% of the study subjects. Of the nine variables included in the model, the use of camrelizumab in combination with neoadjuvant chemotherapy, a younger age, and no lymph node metastases increased the likelihood of patients achieving a pCR (Table 5).


Table 5 | Logistic model of factors increasing the likelihood of patients achieving a pCR.






4 Discussion

In this retrospective study, we explored the safety and efficacy of camrelizumab in combination with neoadjuvant chemotherapy and explored what populations might benefit from treatment. Some information on these patients in the perioperative period was also recorded to analyze the possible impact of neoadjuvant therapy on surgery.

Camrelizumab is a human IgG4 monoclonal antibody that targets PD-1 with a strong affinity and inhibits the binding of PD-L1/PD-L2 to PD-1. It has been used to treat unresectable advanced ESCC with acceptable efficacy and safety profiles (5, 6, 15, 16, 24, 25). However, its safety and efficacy are still in the exploratory stage in terms of its application in a neoadjuvant therapy setting (26–31).

A phase II clinical study by Liu J et al. (27) explored the efficacy and adverse events of camrelizumab in combination with neoadjuvant chemotherapy. The final results showed that 39.2% (20 of 51) of the patients ultimately achieved a pCR, which is similar to the results we observed. This is an exciting result that demonstrates the potential of camrelizumab in a neoadjuvant therapy setting. Meanwhile, the choice of neoadjuvant chemotherapy regimen in this study differed and was not identical to that in the studies by Liu J and Yang Y et al. (27, 30). However, we obtained similar pCR rates, indicating that the choice of chemotherapy regimen may not affect the final resolution for patients on camrelizumab. More work is needed to confirm this speculation.

We also reviewed several studies on the use of ICIs in neoadjuvant therapy. Liu J et al. (26) used a neoadjuvant regimen consisting of camrelizumab, nab-paclitaxel and cisplatin, and the final pCR rate was 35.3%. Yang G et al. (28) used a neoadjuvant regimen consisting of camrelizumab plus nab-paclitaxel and S1 capsules, and the final pCR rate was 33.3% (4/12). Yang W et al. (29) used a neoadjuvant regimen consisting of camrelizumab, nab-paclitaxel, and carboplatin for esophageal cancer, and the final pCR rate was 25% (5/23). Yang P et al. (31) used a neoadjuvant regimen consisting of camrelizumab, paclitaxel and carboplatin, and the final pCR rate was 31.3%. Other studies of ICIs (PD-1) in combination with neoadjuvant chemotherapy are shown in Table 6. Overall, regimens with camrelizumab demonstrated better pCR rates.


Table 6 | Studies of ICIs (PD-1) in combination with neoadjuvant chemotherapy.



Since the degree of lymph node regression is not the same as that of primary tumor regression (41), it has been suggested that some of the lymph node changes may not be related to neoadjuvant therapy (42). Therefore, the regression of lymph nodes was not described or explored in depth in this study.

We found that younger patients or those without lymph node metastases were more likely to achieve a pCR in this study. The determination of lymph node metastasis was based on postoperative pathology, as the status of lymph node metastasis is difficult to evaluate before surgery. Additionally, younger patients are more likely to have a better prognosis (43–45). The absence of lymph node metastases also means that the disease is still in an early stage, which could suggest a better prognosis. In a study involving 1,792 patients with esophageal cancer, Zhang GQ et al. (46) found that among patients without lymph node metastases, clearing more lymph nodes in younger patients could result in a better prognosis than in older patients, which is consistent with the conclusion we reached.

In terms of safety during neoadjuvant therapy, camrelizumab also demonstrated surprising results. Both in terms of the phenomena observed during actual clinical treatment and the results of the final statistical analysis, all grades of adverse events of camrelizumab in combination with neoadjuvant chemotherapy appeared to be less than those of neoadjuvant chemotherapy alone (77.1% vs. 91.7%). This proportion was also smaller than that in other studies (26, 27). In patients in the C-NC group, the majority of adverse events during neoadjuvant therapy were not severe (grade 1 or 2), and no grade 4 or higher adverse events were observed. The most common adverse events were leukopenia, lymphopenia, decreased hemoglobin, and occasionally thrombocytopenia. In general, the incidence of myelosuppression in the C-NC group remained lower than that in the NC group. We did not find any studies in the literature to explain this phenomenon, which may be related to differences in chemotherapy regimens and appropriate reductions in the dose of chemotherapy drugs when administering camrelizumab or to the preference to administer this treatment to more physically robust patients. This may also be related to bias from a small sample size or case screening. This phenomenon still needs to be explored in further large-sample analyses.

However, although the incidence of gastrointestinal reactions and skin damage after immunotherapy in this study was not significantly different from that after neoadjuvant chemotherapy, we observed that the incidence was higher (12.5% vs. 9.2%, and 4.2% vs. 0.5%). We believe that this finding deserves more attention and needs to be explored in a larger-sample study.

In our experience, compared to surgery alone, performing surgery after neoadjuvant treatment is typically more difficult, and the incidence of postoperative complications isincreased. Hong ZN et al. (47) also confirmed this in their study. Naidoo J et al. (48) reported that the response of the tumor and surrounding tissue to neoadjuvant therapy can lead to dense fibrosis, which poses a technical challenge for dissecting the tissue. In this study, we observed that in patients treated with camrelizumab, we were able to dissect more lymph nodes (34 vs. 30, p<0.001) within a similar surgical duration, which is beneficial for more accurate lymph node staging and for improving patient prognosis (19, 46, 49, 50).

Surgery-related injuries in these patients are commonly associated with damage to the thoracic duct and the recurrent laryngeal nerve and are often detected only after the manifestation of symptoms, such as chylothorax, hoarseness and choking while drinking water. Pneumonia, atelectasis or pleural effusion on the nonoperative side (left) account for most PPCs. The occurrence of PPCs may be related to the length of chest surgery, and dense fibrosis may prolong the surgery (47, 48). The incidences of esophagogastric anastomotic fistula formation and transfer to the ICU in the present study were not significant; however, they were the most dangerous and serious postoperative complications. All four of these factors, as well as delayed incision healing, were associated with significantly longer postoperative hospital stays.

Although postoperative complications were observed, the overall incidence was low, and they were manageable, with no deaths occurring in the C-NC group. Based on the experience of and studies by Hong ZN et al. (47, 51, 52), esophagectomy after neoadjuvant therapy is safe and feasible. Therefore, we consider the challenges and risks of surgical treatment after neoadjuvant immunotherapy to be acceptable.

Limitations: This study has some limitations. Due to theretrospective study design, the risks of selection bias and information bias are inevitable, and although we collected patient data as comprehensively as possible, these potential biases could not be eliminated. Only single-center data were collected, but the sample size was limited. A large multicenter study is needed to validate the findings.



5 Conclusion

Camrelizumab in combination with neoadjuvant chemotherapy has been shown to be more effective than neoadjuvant chemotherapy, and its safety profile and impact on surgery are satisfactory. A pCR is more likely to be achieved in patients treated with camrelizumab in combination with neoadjuvant chemotherapy, in younger patients, or in those without lymph node metastases.
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