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Objective: The aim of this study was to investigate the effect of preoperative radiotherapy (RT) on overall survival (OS) in patients with stage cTxN0M0 esophageal squamous cell carcinoma (ESCC).



Methods: A total of 467 patients with ESCC diagnosed as cTxN0M0 and undergoing esophagectomy between 2004 and 2016 were downloaded from the Surveillance, Epidemiology, and End Results (SEER) database. According to the presence or absence of preoperative RT, the patients were divided into preoperative RT group and non-preoperative RT group. Propensity score matching (PSM) was performed to equalize baseline levels between groups. Univariate and multivariate Cox regression analyses were used to compare the survival differences between the two groups.



Results: Using PSM, 162 pairs of patients were selected. Preoperative RT was not a prognostic factor for OS in all patients with cTx stage. After PSM, for patients with cT1–2 stage, univariate Cox regression analysis showed that preoperative RT was an influencing factor of OS, and multivariate Cox regression analysis confirmed that preoperative RT was an independent predictor of OS. Compared with non-preoperative RT, preoperative RT significantly decreased OS (HR = 1.556, 95%CI 1.008–2.464, p = 0.046). For patients with cT3–4, univariate Cox regression analysis showed that preoperative RT was an influencing factor for OS, and multivariate Cox regression analysis determined that preoperative RT was independent predictors of survival. Compared with non-preoperative RT, preoperative RT significantly improved the OS (HR = 0.479, 95%CI 0.272–0.841, p = 0.010).



Conclusion: For ESCC, preoperative RT can improve the OS of patients with cT3-4N0M0. However, preoperative RT is not suitable for patients with cT1-2N0M0.
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Introduction

The incidence of esophageal cancer is increasing year by year (1). At present, the radical treatment of esophageal cancer mainly adopts surgical resection, radiotherapy and chemotherapy. Clinical studies have shown that single treatment can not achieve the ideal treatment effect (2, 3). How to take the comprehensive treatment plan for esophageal cancer is the focus of clinical researchers.

Preoperative neoadjuvant therapy is associated with tumor downstaging and can improve the resection rate and long-term survival rate of esophageal cancer, so it is usually used in patients with locally advanced stage. Several clinical trials have demonstrated the efficacy of preoperative neoadjuvant therapy (4–7). However, given the frequent presence of locally advanced disease and frequent lymph node metastases in these clinical trials, it is difficult to conclude that patients with early stage or non-metastatic lymph nodes would benefit from preoperative neoadjuvant therapy. For these patients, the efficacy of preoperative neoadjuvant therapy remains to be verified.

This study aimed to explore the effect of preoperative radiotherapy (RT) on the prognosis of patients with cTxN0M0 esophageal squamous cell carcinoma (ESCC) through a propensity score matching (PSM) study based on the Surveillance, Epidemiology, and End Results (SEER) database.



Materials and methods


Study population

The SEER database is a publicly available database that includes data from 18 cancer registries in the United States, representing approximately 29% of the U.S. population (8). Patients diagnosed with ESCC between 2004 and 2016 were downloaded from the SEER database. Inclusion criteria: (1) Patients undergoing preoperative radiotherapy combined with surgery. (2) Patients with definite preoperative cTNM staging. (3) Stage cN0 was diagnosed without distant metastasis. (4) Report follow-up data and survival status. Exclusion criteria: (1) Patients without surgery. (2) Patients without preoperative radiotherapy. (3) Patients receiving postoperative radiotherapy.



Study variables

The characteristics analyzed in the current study included age at diagnosis (≤65, >65), sex (male, female), race (white, black and other/unkown), tumor site (upper, middle and lower third), tumor cT stage, histologic grade (high, moderate and poor), follow-up time, and survival status. OS was the end point of the study. OS was defined as the time from diagnosis to death from any reason.



Statistical analysis

The patients were divided into preoperative RT group and non-preoperative RT group according to the presence or absence of preoperative RT. Statistical analysis was performed using SPSS software. The chi-square test or Fisher exact test was used to compare categorical variables. PSM was used to balance baseline levels between groups (age, sex, race, tumor site, histologic grade) with a caliper value of 0.02. Univariate Cox regression analysis was used to screen the influencing factors of OS. Factors with p < 0.1 were included in multivariate Cox regression analysis to determine the independent predictors of OS. The hazard ratio (HR) and its 95% confidence intervals (95%CI) were calculated to assess the strength of association between different characteristics and OS. Subgroup analysis was performed by cT stage (cT1–2, cT3–4) to further determine the factors affecting OS. Kaplan-meier method was used to draw survival curves. A two-sided p-value of <0.05 was considered statistically significant.




Results


Patient characteristics

A total of 2,161 patients diagnosed with ESCC who underwent surgery were downloaded from SEER database. 467 patients were enrolled in this study, including 206 patients who received preoperative RT and 261 patients who did not receive preoperative. The specific process of patient selection is shown in Figure 1. Baseline unadjusted comparisons of patient demographics and oncological outcomes by treatment group (preoperative RT vs. non-preoperative RT) are shown in Table 1. Among the patients with cT3–4, the patients with preoperative RT were more than those without preoperative RT. After PSM, 162 patients were enrolled in each group. The patient demographics and tumor outcomes comparisons between the two groups are shown in Table 2. Similarly, in patients with cT3–4, patients with preoperative RT are more than those without preoperative RT.


[image: Figure 1]
FIGURE 1
Flow chart of patient inclusion and exclusion.



TABLE 1 Comparison of patient demographics and tumor characteristics for the clinical node-negative patients before propensity score matching.
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TABLE 2 Comparison of patient demographics and tumor characteristics for the clinical node-negative patients after propensity score matching.
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COX regression analysis


All patients

Preoperative RT was not a significant factor in OS for all patients, regardless of whether PSM was performed for covariates. Table 3 shows the effects of pre-PSM and post-PSM covariates on postoperative OS.


TABLE 3 Univariable cox analysis of the influence of each characteristic on overall survival.
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cT1–2

After PSM, 205 patients were in cT1–2 stage, and 77 of them received preoperative RT. Baseline comparisons of patient demographics and oncological outcomes by treatment group are shown in Supplementary Table S1. Baseline characteristics were not significantly unbalanced between the two groups. Univariate Cox regression analysis showed that preoperative RT and histologic grade were the influencing factors of OS, and preoperative RT was associated with increased risk of death (HR = 1.585, 95%CI 1.027–2.446, p = 0.037). Multivariate Cox regression analysis also showed that preoperative radiotherapy was an independent risk factor for OS in patients with stage cT1–2 ESCC (HR = 1.556, 95%CI 1.008–2.464, p = 0.046). The specific results of Cox analysis are shown in Table 4.


TABLE 4 Univariable and multivariable cox analysis of the influence of each characteristic on overall survival for cT1-2 patients after propensity score matching.
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The survival curve drawn according to the Kaplan-Meier method is shown in Figure 2A. Preoperative RT increased the overall risk of death in patients with cT1–2. There was no significant difference in 1-year (76.62 vs. 86.72, chi-square = 3.461, p = 0.063) and 3-year (62.34 vs. 71.88, chi-square = 2.020, p = 0.155) survival between the two groups, but preoperative radiotherapy was associated with a significant reduction in 5-year survival (50.65 vs. 67.19%, chi-square = 5.526, p = 0.019).


[image: Figure 2]
FIGURE 2
Overall survival between preoperative RT and non-preoperative RT groups after matching. (A) cT1–2, (B) cT3–4.




cT3–4

After PSM, 112 patients were in cT3–4 stage, and 80 of them received preoperative RT. Baseline comparisons of patient demographics and oncological outcomes by treatment group are shown in Supplementary Table S2. Baseline characteristics were not significantly unbalanced between the two groups. Univariate Cox regression analysis showed that preoperative RT and race were the influencing factors of OS, and preoperative RT was associated with a reduced risk of death (HR = 0.477, 95%CI 0.274–0.832, p = 0.009). Multivariate Cox regression analysis also showed that preoperative RT was an independent predictor of OS in patients with cT3–4 ESCC, and preoperative RT significantly reduced the overall risk of death (HR = 0.479, 95%CI 0.272–0.841, p = 0.010). The specific results of Cox analysis are shown in Table 5.


TABLE 5 Univariable and multivariable cox analysis of the influence of each characteristic on postoperative survival for cT3-4 patients after propensity score matching.
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The survival curve drawn according to the Kaplan-Meier method is shown in Figure 2B. Preoperative RT reduced the overall risk of death in patients with cT3–4. There was no significant difference in 1-year (82.50 vs. 75.00, chi-square = 0.815, p = 0.367) survival between the two groups, but preoperative radiotherapy was significantly associated with improved 3-year (65.00 vs. 37.50, chi-square = 7.058, p = 0.008) and 5-year (61.25 vs. 34.38, chi-square = 6.637, p = 0.008) survival.




Discussion

In this propensity score matching study, we found that preoperative RT was associated with OS in patients undergoing surgery for ESCC with preoperative diagnosis of stage cTxN0M0. Especially in patients with cT3–4 stage, preoperative RT produced a significant effect. But for low stage patients (cT1–2), preoperative RT had a negative impact.

Preoperative neoadjuvant therapy has been widely used as a supplement to surgery for esophageal cancer (9, 10). The CROSS trial and the 5010 trial confirmed that preoperative chemoradiotherapy could significantly improve the long-term survival of patients with locally advanced esophageal cancer, and the 5010 trial alone targeted esophageal squamous cell carcinoma (4, 5). A study by the JCOG group in Japan has shown that preoperative chemotherapy also has a good survival effect (6).

For preoperative RT, there were also clinical studies reporting results. For example, the study by Dong et al. showed that preoperative RT improved long-term survival in locally advanced ESCC (11). However, the study of Gao et al. showed that preoperative radiotherapy is only suitable in certain populations (12). This difference means that preoperative radiotherapy is not suitable for all patients. In addition, most of the patients included in the previous clinical trials were locally advanced with lymph node metastasis. Therefore, for patients without lymph node metastasis, the effect of preoperative neoadjuvant therapy is still unclear (13–15). We designed a propensity matching study specifically for patients with ESCC who were preoperatively diagnosed as stage cTxN0M0. Considering that the number of patients diagnosed with stage cN0M0 and receiving preoperative neoadjuvant therapy in a single medical center is small, it is difficult to formulate a valid analysis. Therefore, we downloaded the data of such patients from the SEER database. Due to its population-based nature, there are significant advantages to using the SEER database: the database collects data from 18 registries in 14 U.S. states, representing nearly 30% of the U.S. population, equivalent to a large multicenter database. In addition, treatment decisions for esophageal cancer must be made according to stage, so we also stratified patients according to cT stage to further study the efficacy of preoperative radiotherapy. Theoretically, preoperative treatment can help to shrink the tumor and shrink the lymph node, thereby increasing the radical resection rate and improving the long-term survival rate. However, in practice, comprehensive treatment is very complicated. Preoperative radiotherapy is associated with additional treatment-related adverse effects compared with surgery alone, adversely affecting quality of life in some patients, and potentially increasing postoperative mortality. Our study showed that preoperative RT was not appropriate for all patients with cTxN0M0. Preoperative RT was suitable for patients with stage cT3–4 ESCC, while patients with stage cT1–2 could not benefit from preoperative RT, and preoperative RT had a negative effect on patients with low cT stage. It's not hard to understand. For patients with cT1–2, the probability of occult lymph node metastasis and the depth of tumor invasion is low, and R0 resection is easy to be achieved by surgery. As a result, preoperative radiotherapy cannot bring significant survival effect, and the patients bear potential radiotherapy related adverse reactions. A meta-analysis showed that preoperative neoadjuvant therapy could reduce the tumor stage of cT2N0 stage esophageal cancer, but did not improve patient survival (16). Two multi-center retrospective studies in Taiwan and Europe showed that neoadjuvant therapy provided significant survival benefits for cT3N0 esophageal cancer (17, 18). Similarly, a large retrospective study by Gao et al. showed that although neoadjuvant therapy helped to improve postoperative survival in esophageal cancer patients with cN0 on the whole, neoadjuvant therapy was associated with decreased survival for early-staged true node-negative patients (12).

Of course, there are some limitations in this study. First, our results were based on a retrospective study. We grouped patients according to treatment mode and were therefore not random, which could lead to selection bias. Second, although propensity matching was used to avoid the imbalance between groups as much as possible, due to the limitations of the database itself, other data that might affect survival (such as comorbidities, physical status, etc.) were not available. Moreover, we do not have the exact treatment data of the patients, such as the specific dose and regimen of radiotherapy. Radiotherapy regimens and methods have been rapidly developed in the past decades, such as 3-dimensional conformal radiation therapy (3D-CRT) and intensity modulated radiation therapy (IMRT), and their efficacy has been proven (19–21). In addition, due to limited access to the database, it was not possible to know whether patients receiving preoperative radiation therapy included some patients receiving salvage surgery after radiotherapy. Patient survival depends on the treatment techniques and regimens used, and further research is needed in this aspect. And, due to the limitation of the number of people diagnosed with cN0 stage in the SEER database from 2004 to 2016, the number of patients included in this article was not large. As the database data is constantly updated, we will dig deeper.



Conclusion

For ESCC, preoperative RT can improve the OS of patients with cT3-4N0M0, which is worthy of clinical application. However, preoperative RT is not suitable for patients with cT1-2N0M0. The role of preoperative RT should be further investigated in prospective studies.
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PORT: 162 vs non-PORT: 162

¢Tx: PORT: 5 vs non-PORT: 2
¢T1-2: PORT: 77 vs non-PORT: 128
¢T3-4: PORT: 80 vs non-PORT: 32
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