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Background: The aim of this study was to evaluate the impact of adjuvant chemotherapy in patients with radically resected esophageal squamous cell carcinoma (ESCC).



Methods: Patients with esophageal cancer who underwent esophagectomy at our hospital from 2010 to 2019 were retrospectively analyzed. Only patients with radically resected ESCC who did not receive neoadjuvant therapy or adjuvant radiotherapy were enrolled in this study. Propensity score matching (1:1) was used to balance the baseline.



Results: A total of 1,249 patients met the inclusion criteria and were enrolled in the study, and 263 patients received adjuvant chemotherapy. After matching, 260 pairs were analyzed. The 1-, 3-, and 5-year overall survival (OS) rates were 93.4%, 66.1% and 59.6%, respectively, for patients with adjuvant chemotherapy compared with 83.8%, 58.4% and 48.8%, respectively, for patients with surgery alone (P = 0.003). The 1-, 3-, and 5-year disease-free survival (DFS) rates were 82.3%, 58.8% and 51.3%, respectively, for patients with adjuvant chemotherapy compared with 68.0%, 48.3% and 40.8%, respectively, for patients with surgery alone (P = 0.002). In multivariate analyses, adjuvant chemotherapy was found to be an independent prognostic factor. In subgroup analyses, only the patients in certain subgroups were found to benefit from adjuvant chemotherapy, such as patients who underwent right thoracotomy, pT3 diseases, pN1-pN3 diseases, or pTNM stage III and IVA diseases.



Conclusions: Postoperative adjuvant chemotherapy can improve the OS and DFS of ESCC patients after radical resection but may only work for patients in certain subgroups.
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Introduction

Esophageal cancer is the seventh commonly diagnosed cancer and sixth leading cause of cancer death in the world (1). An estimated 21,560 people were diagnosed with esophageal cancer, and 16,120 people were eventually died of their disease in the USA in 2023 (2). Esophageal cancer is one of the most common malignancies in China (3), and esophageal squamous cell carcinoma (ESCC) is the predominant histological type (4). Surgical resection is still a standard therapeutic approach for patients with resectable ESCC, but the prognosis is still disappointing (4). Although neoadjuvant chemoradiotherapy plus surgery is currently recommended for patients with locally advanced ESCC, it is still an infrequently used procedure in China. In a previous study that analyzed the national database of China, neoadjuvant therapy was only given to 18.5% of the patients with esophageal cancer in 2015 (6.2% of patients received neoadjuvant chemoradiotherapy, 9.0% of patients received neoadjuvant chemotherapy, and 3.3% of patients received neoadjuvant radiotherapy), while 21.2% of the patients received adjuvant chemotherapy (5).

The survival benefit of postoperative adjuvant chemotherapy has been demonstrated in many malignancies, including non-small cell lung carcinoma, gastric cancer, breast cancer, and colon cancer (6–9). However, the efficacy of adjuvant chemotherapy on ESCC is still controversial. Few randomized, controlled trials have been conducted to explore the efficacy of adjuvant chemotherapy in ESCC patients after radical surgery due to disappointing results (10, 11). Currently, no optimal postoperative adjuvant therapy is recommended in the National Comprehensive Cancer Network (NCCN) guidelines. However, an increasing number of retrospective studies have found that adjuvant chemotherapy could significantly improve survival in ESCC patients after radical resection (12–15).

Therefore, we think that the role of adjuvant chemotherapy in patients with ESCC should be further elucidated. In this study, we retrospectively assessed the efficacy of adjuvant chemotherapy in ESCC patients after radical resection compared with those who underwent surgery alone. Propensity score matching (PSM) was also used in this study to minimize baseline differences between groups.



Patients and methods


Patients

A total of 2,324 patients with esophageal carcinoma underwent esophagectomy at Shantou University Medical College Cancer Hospital between May 2010 and July 2019. The inclusion criteria for this study were as follows: (1) thoracic esophageal squamous cell carcinoma; (2) no neoadjuvant therapy before surgery; (3) underwent complete resection (R0 resection); and (4) no adjuvant radiotherapy. Patients who met the following criteria were excluded: (1) cervical ESCC; (2) underwent incomplete resection (R1 or R2 resection); and (3) concurrent or previous history of other malignancies. Patients who survived less than 3 months or had tumor relapse within 3 months after esophagectomy were also excluded to remove possible bias in favor of the adjuvant chemotherapy group, as some of the patients who underwent surgery alone might have died or had tumor relapse before receiving adjuvant chemotherapy. Approval was obtained from the institutional review board, and informed consent was acquired from all participants.

Chest radiograph, barium meal, Doppler ultrasound examination of the supraclavicular lymph nodes, and contrast enhanced computed tomography scan of the chest and abdomen were routinely conducted to stage all patients before surgery. Endoscopic ultrsonography (EUS) was also performed for most of the patients after the year 2010. Positron emission tomography (PET) was not routinely performed before surgery.



Surgery

Esophagectomy was performed through a right thoracotomy or left thoracotomy, and esophagogastric anastomosis was performed in a neck incision for most of the patients. The thoracotomy was usually performed on the left for tumors located below the aortic arch and on the right for tumors located above the aortic arch before 2010, however, a right thoracotomy was routinely performed for most of the patients after 2011. Minimally invasive esophagectomy (MIE) was also performed after 2011. In all patients, a standard abdominal lymphadenectomy (left and right paracardial regions, along the lesser curve and the left gastric artery) and mediastinal lymphadenectomy (subcarinal, left and right bronchial, lower posterior mediastinum, pulmonary ligament, paraesophageal and thoracic duct) were performed. For patient who underwent a right thoracotomy or MIE, the common hepatic nodes, left and right recurrent laryngeal nerve lymph nodes were also dissected. Pathological stage was defined based on the eighth edition TNM classification.



Chemotherapy

Chemotherapy was first administered to patients at 4–8 weeks after the surgery. The most commonly used chemotherapy included the 5-fluorouracil plus cisplatin regimen, docetaxel plus cisplatin regimen, docetaxel plus nedaplatin regimen, and S-1 single-agent (tegafur, gimeracil, and oteracil potassium capsules). Combination chemotherapy was administered every 3–4 weeks for 1–6 cycles (median 4 cycles). S-1 (80–120 mg/day, d1–14, q3w) single-agent chemotherapy was administered every 3 weeks for 1 year or until tumor recurrence.



Statistical analyses

Pearson's χ2 test or Fisher's exact test was used to compare categorical variables. The Kaplan–Meier method was used to compare overall survival (OS) and disease-free survival (DFS) between groups, and the log-rank test was used to test the survival differences. Variables with P < 0.2 in univariate analysis were included in multivariate Cox regression analysis to investigate independent prognostic factors. PSM was performed with the 1:1 nearest neighbor matching method and included the following covariates: sex, age, tumor location, tumor length, histologic grade, body mass index (BMI), thoracotomy, pT category, pN category, and pTNM stage. P < 0.05 was considered statistically significant. All statistical analyses were conducted using SPSS 26.0 software (IBM, Armonk, New York, USA).




Results


Patient characteristics

A total of 1,249 patients were enrolled in this study (Figure 1). The clinicopathological features of the study group are shown in Table 1. The median age for the whole group was 61 years (range, 37–84 years). Two hundred and seventy-five patients were underweight (BMI < 18.5 kg/m2), and 974 patients were normal weight or obese (BMI ≥ 18.5 kg/m2). The mean number of LNs removed was 26.2 ± 11.2, and the median number was 25 (range, 3–85). LN metastases were found in 529 patients (42.4%).
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FIGURE 1
Patients with esophageal cancer underwent surgical resection at shantou university medical college cancer hospital between May 2010 and July 2019.



TABLE 1 Clinicopathological characteristics of the patients before and after propensity score matching.
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Two hundred and sixty-three patients received adjuvant chemotherapy (S + C group), including 52 patients with 5-fluorouracil plus cisplatin chemotherapy, 95 patients with docetaxel plus cisplatin chemotherapy, 67 patients with docetaxel plus nedaplatin chemotherapy, and 49 patients with S-1 single-agent chemotherapy. Compared with patients who underwent surgery alone (S group), there were more males (P = 0.002) with longer tumor lengths (P < 0.001) in the S + C group. Moreover, patients in the S + C group underwent more right thoracotomy (P = 0.006) and had higher histological grade (P = 0.009) and advanced-stage tumors (P < 0.001). After 1:1 PSM, 260 well-balanced pairs were enrolled for further analysis (Table 1).



Survival and prognostic factors

The follow-up data were updated to June 2022, and the mean follow-up time was 62.1 months (range, 4–145 months). In the whole study group of 1,249 patients, 540 patients had recurrent diseases, 468 patients had died, and 33 patients were lost to follow-up (2.6%). The 1-, 3- and 5-year OS rates for the entire study group were 92.1%, 72.6% and 64.7%, respectively, and the 1-, 3- and 5-year DFS rates were 82.1%, 64.9% and 58.2%, respectively.

Before PSM, the 1-, 3- and 5-year OS rates for patients in the S group were 91.8%, 74.3% and 66.1%, respectively, which were better than the rates of 93.5%, 65.7% and 59.2%, respectively, among patients in the S + C group (Figure 2A), although the P-value of 0.052 indicated that the difference was nonsignificant. The 1-, 3- and 5-year DFS rates for patients in the S group were 82.2%, 66.6% and 60.0%, respectively, which were higher than those of 81.7%, 58.5% and 51.0%, respectively, for patients in the S + C group (P = 0.025, Figure 2B). The 5-year OS rate for patients received taxane-based regimens chemotherapy (docetaxel plus cisplatin or docetaxel plus nedaplatin) was 62.2%, compared with that of 53.7% for patients received fluorouraci-based regimens chemotherapy (5-fluorouracil plus cisplatin or S-1 single-agent) (P = 0.471, Figure 3A). The 5-year DFS rate for patients received taxane-based regimens chemotherapy was 53.4%, compared with that of 46.8% for patients received fluorouraci-based regimens chemotherapy (P = 0.529, Figure 3B).


[image: Figure 2]
FIGURE 2
(A) Kaplan–Meier curves for overall survival of the patients in the whole study group. The survival was better for patients in S group than patients in S + C group. However, the difference was not significant (P = 0.052). (B) Kaplan–Meier curves for disease-free survival of the patients in the whole study group. The survival was significantly better for patients in S group than patients in S + C group (P = 0.025).
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FIGURE 3
(A) Kaplan–Meier curves for overall survival of the patients received adjuvant chemotherapy. The survival difference between patients received taxane-based regimens chemotherapy and patients received fluorouraci-based regimens chemotherapy was not significant (P = 0.471). (B) Kaplan–Meier curves for disease-free survival of the patients received adjuvant chemotherapy. The survival difference between patients received taxane-based regimens chemotherapy and patients received fluorouraci-based regimens chemotherapy was not significant (P = 0.529).


In the PSM cohort, the 1-, 3- and 5-year OS rates for patients in the S group were 83.8%, 58.4% and 48.8%, respectively, compared with the rates of 93.4%, 66.1% and 59.6%, respectively, for patients in the S + C group (Figure 4A), and the difference was significant (P = 0.003). The 1-, 3- and 5-year DFS rates for patients in the S group of 68.0%, 48.3% and 40.8%, respectively, were also significantly worse than those of 82.3%, 58.8% and 51.3%, respectively, for patients in the S + C group (P = 0.002, Figure 4B). Other factors that were significantly correlated with survival included tumor length, pN category, and pTNM stage (Table 2).
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FIGURE 4
(A) Kaplan–Meier curves for overall survival of the patients in the propensity score matching group. The survival was significantly better for patients in S + C group than patients in S group (P = 0.003). (B) Kaplan–Meier curves for disease-free survival of the patients in the propensity score matching group. The survival was significantly better for patients in S + C group than patients in S group (P = 0.002).



TABLE 2 Univariate analysis in regard to overall survival and disease-free survival according to clinicopathological factors for the matched cohort.
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In multivariate analysis, pN category and adjuvant chemotherapy were independently correlated with OS and DFS, while thoracotomy was only independently correlated with DFS. None of the other factors were independent risk factors in this matched cohort (Table 3).


TABLE 3 Multivariate analysis in regard to overall survival and disease-free survival of the patients in the matched cohort.
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Subgroup analyses for the impact of adjuvant chemotherapy

The impact of adjuvant chemotherapy on survival in subgroup analyses is shown in Table 4. Adjuvant chemotherapy was found to improve survival in patients who underwent right thoracotomy (P = 0.006) but not in patients who underwent left thoracotomy (P = 0.178). Patients with pT3 diseases, pN1-pN3 diseases, or pTNM stage III and IVA diseases were more likely to benefit from adjuvant chemotherapy than patients with pT1–2 diseases, pT4 diseases, pN0 diseases, or pTNM stage I–II diseases. Moreover, adjuvant chemotherapy was also found to improve survival in the subgroups of male patients, age >60 years, tumor >4 cm, tumor located in middle or lower third of the thorax, and moderately or poorly differentiated tumors.


TABLE 4 Impact of adjuvant chemotherapy on overall survival and disease-free survival in subgroup analyses.
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Discussion

The CROSS study published in 2012 established neoadjuvant chemoradiotherapy plus surgery as the standard treatment for locally advanced esophageal cancer (16). However, the long-term survival is still very disappointing, with a 10-year OS of only 38% for patients treated with the CROSS strategy (17). Recently, the CheckMate 577 trial showed that adjuvant nivolumab therapy could improve DFS for patients with residual disease after neoadjuvant chemoradiotherapy plus surgery (18). However, because of the different tumor prevalence and surgery preferences, the optimal treatment strategies for locally advanced ESCC remain unclear (19).

The efficacy of adjuvant chemotherapy on ESCC is still controversial. Few randomized trials have evaluated the effect of adjuvant chemotherapy on patients with ESCC after radical surgery. The JCOG8806 study revealed that no survival benefit was obtained from adjuvant chemotherapy using a combination of cisplatin and vindesine (10). In the JCOG9204 study, the 5-year DFS was significantly better when patients with positive LNs received adjuvant chemotherapy with cisplatin plus fluorouracil (52.0% vs. 38.0%; P = 0.041); however, the difference for OS was not significant (11). Both of these clinical trials were conducted in an early period. Recently, newer agents such as the taxane-based regimens (docetaxel or paclitaxel), which are recognized may be more effective than typically used agent such as fluorouracil, have been used in adjuvant chemotherapy in patients with ESCC (12). Some recent retrospective studies and meta-analyses found that adjuvant chemotherapy could improve survival in certain subgroups for patients with ESCC after radical resection, especially for patients with positive LNs (12, 13, 15, 20, 21), indicating that the efficacy of adjuvant chemotherapy should be further determined.

Our current retrospective study enrolled one of the largest patient cohorts to date. We also used PSM to minimize baseline differences between the S group and the S + C group. Our results confirmed that adjuvant chemotherapy not only improved DFS for patients with ESCC who underwent radical resection but also improved OS, and adjuvant chemotherapy was an independent prognostic factor. These results were similar to some of the other retrospective studies (12, 13, 20). In a recent meta-analysis by Zhao et al. (21) that enrolled 9 studies and a total of 1,684 cases, the authors also found that adjuvant chemotherapy could improve OS (HR: 0.78, P = 0.002) and DFS (HR: 0.72, P < 0.001) for patients with ESCC. There may be two reasons for the positive results in our study. First, all of the surgeries were performed or closely supervised by two senior surgeons (J. S. Yang and Y. P. Chen). The homogeneity of the surgical treatment will reduce the methodological biases. Second, 88.2% of the patients in our study received more than 3 cycles of chemotherapy, and the median number was 4, while both of the randomized trials of adjuvant chemotherapy on ESCC used only 2 cycles (10, 11). Previous study also demonstrated that the effects of adjuvant chemotherapy were associated with the chemotherapy cycles (22).

Subgroup analyses in our study showed that not all patients benefited from adjuvant chemotherapy. Our findings that patients with pN1-pN3 diseases and pTNM stage III–IVA diseases, but not pN0 diseases and pTNM stage I–II diseases, were more likely to benefit from adjuvant chemotherapy were consistent with previous studies (15, 23). Patients with positive LNs and advanced TNM stage are known to have a high risk of tumor recurrence and should be more likely to have systemic disease, so systemic chemotherapy might improve the survival of these patients (14). Accordingly, patients with moderately and poorly differentiated tumors and tumor lengths >4 cm were also found to benefit from adjuvant chemotherapy, as previous studies showed that these patients might have a higher rate of tumor recurrence and worse survival (24, 25). However, Pasquer et al. (26) found that adjuvant chemotherapy did not improve the OS and DFS for esophageal cancer patients with positive LNs. Ando et al. (10) also found that adjuvant chemotherapy did not improve 5-year survival for LN-positive ESCC patients (43.7% vs. 35.5%, P = 0.13). The differences in surgical approach, lymphadenectomy, chemotherapy agents, and chemotherapy cycles might contribute to these different results.

Our subgroup analyses also showed that patients who underwent right thoracotomy were more likely to benefit from adjuvant chemotherapy than patients who underwent left thoracotomy. Bilateral recurrent laryngeal nerve LNs, with nearly 40% involvement, were the most frequent metastatic nodes in thoracic ESCC (27, 28). However, these LNs could not be removed through a left thoracotomy. This means that nearly 40% of ESCC patients who undergo left thoracotomy may not receive radical surgery, resulting in a high rate of locoregional recurrence. For these patients, postoperative chemoradiotherapy but not chemotherapy may be a better adjuvant therapy to reduce locoregional recurrence and improve survival (29, 30).

Surprisingly, we found that younger patients (≤60 years) obtained fewer survival benefits from adjuvant chemotherapy than older patients (>60 years) in our subgroup analyses, which was different from the result by Zhu et al. (23) Most previous studies have shown that age is a factor that influences treatment choices but not necessarily outcomes, and both younger patients and older patients could benefit comparably from chemotherapy (31, 32). We quite agree with this opinion. In fact, the 5-year OS and DFS for younger patients in S + C group were higher than those for younger patients in S group in our study, although the differences were not significant (P > 0.05). The reasons for fewer survival benefits obtained from adjuvant chemotherapy in younger patients may be that there are more patients with pN0 diseases in younger group than in older group (20% vs. 15.7%). According to our results, we think that adjuvant chemotherapy should not be withheld based on age alone in ESCC patients after surgery. Although we also found that adjuvant chemotherapy might not benefit female patients or patients with tumors located in the upper third of the thorax, the sample sizes in these subgroups were too small to draw a conclusion. We think that more data should be collected to evaluate these results.

There are some limitations to this study. First, it was a retrospective study, and we could not analyze the toxicity of adjuvant chemotherapy in this study, as most of these data were missing. Second, different chemotherapy agents, such as 5-fluorouracil, cisplatin, and docetaxel, were used, and we could not define the optimal chemotherapy regimens in this study. Third, although PSM was used to balance the baseline differences, some of the other factors that may impact the prognosis, such as performance status, were not included in this study. With the development of new drugs, such as taxanes, increasing data have shown that adjuvant chemotherapy may improve survival in patients with ESCC. We think that a multicenter, randomized clinical trial should be conducted to explore the role of adjuvant chemotherapy in patients with ESCC after radical surgery.

In conclusion, postoperative adjuvant chemotherapy improves the OS and DFS of ESCC patients after radical resection but may only work for patients in certain subgroups. Further multicenter, randomized clinical trials should be conducted to evaluate our findings.
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