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Purpose

To compare the recurrence patterns and survival outcomes between patients with esophageal squamous cell carcinoma (ESCC) treated with neoadjuvant chemoradiotherapy (NCRT) and adjuvant chemoradiotherapy (ACRT).





Methods

We retrospectively analyzed 267 patients with locally advanced ESCC who received treatment at Sichuan Cancer Hospital and Institute (Chengdu, China) between January 2018 and December 2020. Based on different treatment protocols, the patients were divided into two groups: NCRT (n=181) and ACRT (n=86). After propensity score matching, each group included 74 patients. This study compared the recurrence types, sites, frequencies, and timing, as well as overall survival (OS), disease-free survival (DFS), and prognostic risk factors between the two groups.





Results

The recurrence rates in the NCRT and ACRT groups were 59.5% (44/74) and 33.8% (25/74), respectively; the difference was statistically significant (P=0.002). Recurrences primarily occurred within 2 years following esophagectomy. The ACRT group had a higher 3-year OS rate than the NCRT group (67.8% versus [vs.] 50.6%, respectively; P=0.019). In the subgroup of patients with local recurrence, the 3-year OS rate was higher in the NCRT group compared to the ACRT group (53.8% vs. 0%, respectively; P=0.029). In terms of DFS, the ACRT group exhibited better results than the NCRT group (P<0.001). Multivariate analysis revealed that pathological N staging was an independent risk factor affecting the OS prognosis of patients in the NCRT group. Margin status and pathological T staging were identified as independent risk factors influencing OS in the ACRT group, while sex and treatment regimen were independent risk factors affecting DFS in patients with postoperative pathological lymph node positivity.





Conclusion

There was significant difference in the OS and DFS prognosis of patients with ESCC treated with NCRT and ACRT. Recurrence primarily occurs within 2 years following esophagectomy. The recurrence rate was higher in the NCRT group compared to the ACRT group. Patients with early recurrence had a poorer survival prognosis compared to those with late recurrence. Pathological N staging was identified as an independent risk factor affecting OS in the NCRT group. Furthermore, margin status and pathological T staging were independent risk factors influencing OS in the ACRT group.
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1 Introduction

Esophageal cancer is one of the most common types of digestive tract tumors. According to GLOBOCAN 2022, esophageal cancer ranks 11th and 7th worldwide in terms of incidence and mortality (1). In 2015, Chinese Cancer Epidemiology Statistics reported approximately 246,000 new cases of esophageal cancer and 188,000 related deaths, accounting for nearly half of the global incidence and mortality rates. Squamous cell carcinoma accounted for >90% of these cases, predominantly affecting elderly males (2, 3).

Despite recent advances in treatment modalities, surgery remains the primary approach for the treatment of locally advanced esophageal squamous cell carcinoma (ESCC). Nevertheless, surgical intervention is associated with a low 5-year survival rate (20–33%) for patients with locally advanced ESCC (4–6). Due to the low cure rate and high recurrence rates after surgery, numerous randomized controlled trials have evaluated the effects of chemotherapy, radiotherapy, and surgery. Results from several large multicenter randomized controlled trials indicate that neoadjuvant chemoradiotherapy (NCRT) provides better outcomes compared to surgery alone, improving survival. The CROSS study (7) compared the efficacy of chemoradiotherapy combined with surgery versus (vs.) surgery alone for the treatment of esophageal cancer. The chemoradiotherapy regimen included weekly low-dose carboplatin and paclitaxel, alongside synchronous radiotherapy at 41.4 Gy, followed by surgical resection. The NCRT group demonstrated a higher R0 resection rate compared to the surgery-only group, along with improved median survival and 5-year survival rates (8).

In the NEOCRTEC5010 study (9), 451 patients with ESCC were randomly divided into NCRT and surgery-only groups. The NCRT group received two cycles of vinorelbine combined with cisplatin, alongside synchronous radiotherapy at 40.0 Gy. The postoperative pathological complete response rate in the NCRT group reached 43.2%. Moreover, the NCRT group had significantly higher R0 resection rate compared to the surgery-only group (98% vs. 91%, respectively; P=0.002). In terms of survival prognosis, the overall survival (OS) rate was significantly better in the NCRT group compared to the surgery-only group. Thus, NCRT is currently recommended as the first-line treatment for locally advanced ESCC.

Furthermore, studies have indicated that adjuvant chemoradiotherapy (ACRT) post-surgery can also enhance survival outcomes compared to surgery alone. A meta-analysis involving 13 studies and 2,165 patients showed (10) that ACRT significantly improved OS in patients with esophageal cancer and markedly reduced local recurrence rates. In another prospective study (11), 158 patients with esophageal cancer were randomly assigned to an ACRT group (n=78) and a surgery-only group (n=80). The ACRT group received two cycles of paclitaxel combined with cisplatin, with a total radiotherapy dose of 40 Gy. The results indicated that the median survival time, 10-year OS, and progression-free survival were significantly better in the ACRT group than the surgery-only group.

ESCC is characterized by high rates of local and distant disease recurrence. Regarding neoadjuvant therapy, preoperative chemoradiotherapy can downstage tumors, increase pathological complete response and R0 resection rates, and improve local and systemic control. However, the risk of recurrence remains high following esophagectomy, with rates exceeding 40% (12–15). Studies have investigated the patterns of recurrence following neoadjuvant treatment. The phase III clinical trial NEOCRTEC5010 (16) investigated the types, sites, frequency, timing, and prognostic factors of postoperative recurrence in esophageal cancer. After a median follow-up of 51.9 months, the recurrence rate was lower in the NCRT group than the surgery-only group (33.7% vs. 45.8%, respectively; P=0.013), with significant reductions noted in the rates of local recurrence and distant metastasis. Recurrence appeared later in the neoadjuvant group compared to the surgery-only group, particularly recurrence after 3 years (16.1% vs. 5.8%, respectively; P=0.029). The most common sites of distant metastasis in the NCRT group were the lungs, liver, pleura, and brain. In the surgery-only group, the most common sites were the lungs, bones, and liver. Prognostic analysis of disease-free survival (DFS) revealed that, in the NCRT group, the number of resected lymph nodes and pathological N stage were independent prognostic factors for recurrence. In the surgery-only group, R1 resection and pathological N1 stage significantly increased the risk of recurrence. Further analysis of the NEOCRTEC5010 trial (17) revealed significant discrepancies in the 5-year OS rates among patients with different types of recurrence. Specifically, the recurrence group had poorer prognosis than the non-recurrence group (17.8% vs. 89.2%, respectively; P<0.001), early recurrence was associated with worse outcomes compared to late recurrence (4.6% vs. 51.2%, respectively; P<0.001), and patients experiencing early recurrence had significantly shorter survival times following recurrence than those with late recurrence (P=0.028). However, there was no significant difference in post-recurrence survival between patients with distant metastasis and those with local recurrence (17.0% vs. 20.0%, respectively; P=0.666). Multivariate analysis indicated that pathological N1 stage, lymphadenectomy of <20 nodes, and lack of response to NCRT were independent risk factors for early postoperative recurrence.

Another study analyzing factors associated with local recurrence following NCRT (18) showed no difference in median survival times between local recurrence and distant metastasis. In multivariable analysis, clinical T staging and lack of response to neoadjuvant therapy emerged as independent risk factors for the prognosis of local recurrence, consistent with the findings of the 5010 study (17).

Unlike the recurrence patterns associated with neoadjuvant therapy, research on postoperative adjuvant therapy is currently limited. Studies indicated (13) that postoperative ACRT can prolong the median time to first recurrence. Moreover, another retrospective study that included only 31 cases treated with postoperative ACRT (19) demonstrated that the combination of postoperative ACRT with esophageal cancer resection could increase survival duration and DFS time. Although these studies provided evidence that postoperative ACRT improves recurrence outcomes compared to surgery alone, they did not specifically address squamous cell carcinoma and had small sample sizes. A retrospective study (20) included 1,390 patients with R0 resection of ESCC, consisting of 1,000 patients who underwent surgery alone and 390 patients who received postoperative ACRT. The ACRT group had better results than the surgery-along group in terms of 3-year DFS rate (46% vs. 36%, respectively) and median DFS time (30.6 months vs. 17.6 months, respectively) (P=0.006). Moreover, the 2-year local recurrence-free rates were 87% and 77%, respectively (P=0.003). These results suggest that postoperative ACRT is more effective in improving postoperative recurrence compared to surgery alone for patients with locally advanced ESCC.

Both NCRT and postoperative ACRT have been shown to improve patient survival outcomes and reduce postoperative recurrence compared to surgery alone. However, there is currently limited research comparing the recurrence patterns associated with these two treatment strategies. The aim of this study was to compare the recurrence patterns and survival outcomes of patients with ESCC receiving NCRT and postoperative ACRT, as well as analyze the clinical factors that influence the prognosis of patients experiencing recurrence. The findings are intended to provide insights for the development of effective tertiary prevention strategies and subsequent treatments.




2 Methods



2.1 Patients

This study retrospectively collected clinical data from patients who underwent esophagectomy at Sichuan Cancer Hospital and Institute (Chengdu, China) between January 2018 and December 2020, based on the following selection criteria. The inclusion criteria were: 1) pathological confirmation of squamous cell carcinoma located in the thoracic segment by preoperative endoscopic biopsy; 2) no history of other malignancies; 3) preoperative clinical staging according to the 8th edition of the American Joint Committee on Cancer as cT2N1-2M0 or cT3-4aN0-2M0; 4) presence of tumors assessed by imaging as resectable and eligible for curative esophagectomy; 5) treatment with NCRT combined with surgery, or surgery combined with postoperative ACRT; 6) complete clinical medical records; and 7) a completed postoperative follow-up. The exclusion criteria were: 1) absence of squamous carcinoma as indicated by preoperative endoscopic biopsy; 2) history of recurrent cancer or other malignancies; 3) preoperative imaging examination suggesting unresectability or distant metastases; 4) perioperative mortality; 5) incomplete medical records; and 6) loss to follow-up.




2.2 Statistical analyses

Statistical analyses were performed using SPSS version 26.0 (IBM, Armonk, NY, USA). Categorical variables were compared using chi-squared and Fisher’s exact tests. The Kaplan–Meier method was employed to evaluate OS and DFS. The log-rank test was used to compare the survival rates between the two groups. Univariate and multivariate survival analyses were conducted using the Cox proportional hazards regression model to calculate hazard ratios and 95% confidence intervals. Initially, univariate regression analysis was performed to examine the relationships between all independent variables and the dependent variable. Prognostic factors with P-values <0.50 were subsequently included in the multivariate analysis.

All patients included in the final analysis underwent propensity score matching (PSM); using the postoperative ACRT group as the reference, a 1:1 nearest neighbor matching method was employed to match with the NCRT group. The matching process considered a total of 10 covariates (i.e., sex, age, number of surgical lymphadenectomy fields, surgical approach, tumor location, margin status, number of lymph nodes dissected, clinical T staging, clinical N staging, and clinical TNM staging), with a caliper value set at 0.05.




2.3 Treatment approaches

Surgical approaches were minimally invasive surgery and open surgery. The minimally invasive procedure involved thoracoscopic and laparoscopic radical resection of esophageal cancer through three paths (i.e., cervical, thoracic and abdominal) (McKeown), whereas the open surgical technique employed an upper abdomen-right thoracic radical esophagectomy (Ivor–Lewis). For patients who were diagnosed with positive cervical lymph nodes through preoperative neck ultrasound and biopsy, doctors usually choose to perform three-field lymph node dissection. Neoadjuvant chemotherapy consisted of platinum-based two-drug combination regimens and monotherapy with tegafur: paclitaxel plus platinum (n=70); docetaxel plus platinum (n=1); tegafur (n=1); and oxaliplatin plus fluorouracil (n=2). The median number of chemotherapy cycles was two (range: 1–4). Postoperative adjuvant chemotherapy included both platinum-based two-drug combination regimens and monotherapy with tegafur: paclitaxel plus platinum (n=55); tegafur (n=16); and docetaxel plus platinum (n=3), with a median of two cycles (range: 1–4). The median dose of preoperative radiotherapy was 40 (range: 20–56) Gy, delivered in fractions of 1.8–2.0 Gy each. The median dose of postoperative radiotherapy was 50 (range: 14.4–60) Gy, also delivered in fractions of 1.8–2.0 Gy each. Radical esophagectomy was performed in patients without evident disease progression or contraindications to surgery during a follow-up of 4–8 weeks after completing NCRT. ACRT was commenced 4–6 weeks postoperatively.




2.4 Observation indicators and follow-up

OS was defined as the interval from the date of first treatment to patient death or the last follow-up date. DFS was defined as the duration from the date of surgery to the earliest occurrence of relapse or death. Recurrences were categorized as local recurrences or distant metastases based on histological, cytological, or clear imaging evidence. Local recurrence was defined as recurrence within the esophagus, at the anastomosis site, or in regional lymph nodes, with the extent of regional lymph nodes classified according to the 8th edition of the American Joint Committee on Cancer. Distant metastasis was defined as recurrence in non-regional lymph nodes, hematogenous spread to solid organs, or recurrence in the pleural or peritoneal cavities; non-regional lymph nodes included cervical lymph nodes. Early and late recurrences were defined as recurrences occurring within and after 1 year post surgery, respectively. Follow-up was commenced 3 months postoperatively and was conducted every 6 months through various means, such as telephone calls, text messages, or in-person evaluations. The follow-up assessment included symptom evaluation, hematological tests, imaging studies, and endoscopic examinations to detect the presence of recurrence and/or metastasis postoperatively.





3 Results



3.1 Patient characteristics

A total of 267 patients with ESCC were included in this study (NCRT group: n=181; postoperative ACRT group: n=86). Prior to PSM, comparisons between the NCRT group and the postoperative ACRT group revealed that the former had a higher proportion of negative surgical margins (96.7% vs. 89.5%, respectively; P=0.018), fewer patients with >20 lymph nodes dissected (33.7% vs. 62.8%, respectively; P=0.001), a greater percentage of clinical N stage-positive cases (97.8% vs. 91.9%, respectively; P=0.023), and more patients classified as clinical TNM stage IV (22.7% vs. 10.5%, respectively; P=0.007). Statistically significant differences were observed between the two groups regarding the surgical margin status, number of lymph nodes dissected, clinical N staging, and clinical TNM staging. After PSM, each group comprised 74 patients. There were no statistically significant differences found in the rates of negative surgical margins (91.9% vs. 94.6%, respectively; P=0.512), number of patients with >20 lymph nodes dissected (54.1% vs. 58.1%, respectively; P=0.619), frequency of clinical N stage-positive cases (95.9% vs. 95.9%, respectively; P=1.000), or number of patients classified as clinical TNM stage IV (14.9% vs. 10.8%, respectively; P=0.561) (Table 1).


Table 1 | Baseline characteristics of patients.






3.2 Location of recurrence

After a median follow-up period of 43.0 months, 44 (59.5%) and 25 (33.8%) patients experienced recurrence in the NCRT group and the postoperative ACRT group, respectively. The difference in the recurrence rates between the two groups was statistically significant (P=0.002).

Of the 44 patients in the NCRT group who experienced recurrence, 26 had local recurrence (59.1%; 26/44). Among the local recurrence cases, only three occurred at the anastomosis site (4.1%; 3/74), while the remaining 24 cases were regional lymph node recurrences (32.4%; 24/74). Regarding the distribution of regional lymph node recurrences, 19 patients had mediastinal lymph node recurrences (43.2%; 19/44), while nine patients had abdominal lymph node recurrences (20.5%; 9/44). In contrast, the postoperative ACRT group had a significantly lower rate of local recurrence compared to the NCRT group (16.2% vs. 35.1%, respectively; P=0.008). In the ACRT group, the rates of anastomosis and regional lymph node recurrence were 1.4% (1/74) and 16.2% (12/74), respectively. The rate of regional lymph node recurrence was lower in the ACRT group than the NCRT group (16.2% vs. 32.4%, respectively; P=0.022). Regarding the distribution of regional lymph node recurrences, five patients experienced mediastinal lymph node recurrences, accounting for 20.0% (5/25) of all patients who experienced recurrence with a recurrence rate of 6.8% (5/74). There was a statistically significant difference in the rate of mediastinal lymph node recurrence between two groups (6.8% vs. 25.7%, respectively; P=0.002). The rate of abdominal lymph node recurrence was slightly higher in the NCRT group (12.2%; 9/74) than the ACRT group (9.5%; 7/74), without statistical significance (P=0.597).

In the NCRT group, there were 31 cases of distant metastasis (70.5%; 31/44). Among the distant metastasis cases, only three were non-regional lymph node recurrences (6.8%, 3/44), while the remaining 28 were hematogenous metastases (63.6%; 28/44). The most common organ for hematogenous metastases was the lung, accounting for 27.3% (12/44) of all recurrences in this group, followed by the liver (25%; 11/44). In the postoperative ACRT group, there were 20 (80%; 20/25) cases of distant metastasis; there was no statistically significant difference in the distant metastasis rate between the two groups (27.0% vs. 41.9%, respectively; P=0.057). Regarding the types of distant metastasis, four cases (16.0%; 4/25) had non-regional lymph node metastases and 16 cases (64.0%; 16/25) had hematogenous metastases. In the ACRT group, the hematogenous metastases rates was lower compared to the NCRT group (21.6% vs. 47.8%, respectively; P=0.031). In the ACRT group, the organ with the highest rate of hematogenous metastasis was the lung (28.0%; 7/25), followed by the bones (20.0%; 5/25) and liver (20.0%; 5/25) (Table 2).


Table 2 | Type and location of recurrence in NCRT group and ACRT group.






3.3 Time and frequency of recurrence

The majority (82.6%; 57/69) of recurrences occurred within the first 2 years following surgery. In the NCRT group, the majority of local recurrences occurred in year 1 and year 2 (38.5%; 10/26). In the postoperative ACRT group, the highest local recurrence rate was observed in year 1, with six patients experiencing recurrence (50.0%). The difference in the rates of early (year 1) local recurrence between the two groups was not statistically significant (P=0.725). Regarding distant metastasis, the highest rates were recorded in the first year following surgery in both the NCRT and postoperative ACRT groups (16 cases; 51.6% vs. nine cases; 45.0%). The difference in the rate of early metastasis between the two groups was not statistically significant (P=0.771). Overall, for all types of recurrence, there was no statistically significant difference in the rate recorded in year 1 between the two groups (45.5% vs. 48.0%, respectively; P=0.839) (Table 3).


Table 3 | Time and frequency of recurrence in NCRT group and ACRT group.






3.4 Survival status

Following a median follow-up period of 43 months, the 3-year survival rates for the NCRT group and the postoperative ACRT group were 50.6% and 67.8%, respectively. The difference between the two groups was statistically significant (P=0.019) (Figure 1). Among the overall recurrence population, the median survival time for patients with local recurrence was 32.0 months, with a 3-year survival rate of 35.5%. The median survival time for patients with distant metastasis was 22.0 months, and the 3-year survival rate was 23.4%. The difference between the two groups was not statistically significant (P=0.216) (Figure 2). Patients with early and late recurrences had median survival times of 15.0 months and 35.0 months, respectively, and 3-year survival rates of 5.2% and 44.1%, respectively; the differences between the two groups were statistically significant (P<0.001) (Figure 3). In the overall recurrence population, the median survival time for the recurrence group was 27 months, while that for the non-recurrence group was not reached. The 3-year survival rate for the non-recurrence group was 89.2% compared to 26.6% for the recurrence group, demonstrating a statistically significant difference (P<0.001) (Figure 4). Further subgroup analysis demonstrated that, in patients with local recurrence, the NCRT group had better survival outcomes compared to the ACRT group (53.8% vs. 0%, respectively; P=0.029) (Figure 5). However, this difference was not observed in the overall recurrence population (18.3% vs. 31.6%, respectively; P=0.216) (Figure 6), patients with distant metastasis (21.3% vs. 25.3%, respectively; P=0.787) (Figure 7), patients with early recurrence (10.0% vs. 0%, respectively; P=0.136) (Figure 8), or patients with late recurrence (48.6% vs. 35.9%, respectively; P=0.528) (Figure 9). The ACRT group had a better 3-year DFS rate compared to the NCRT group (65.8% vs. 51.4%, respectively; P<0.001) (Figure 10).
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Figure 1 | The 3-year survival rates for the NCRT and postoperative ACRT groups were 50.6% and 67.8%, respectively (P=0.019). ACRT, adjuvant chemoradiotherapy; NCRT, neoadjuvant chemoradiotherapy; OS, overall survival.
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Figure 2 | The 3-year survival rates for patients with local recurrence and distant metastasis were 35.5% and 23.4%, respectively (P=0.216). OS, overall survival.
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Figure 3 | The 3-year survival rates for patients with early and late recurrences were 5.2% and 44.1%, respectively (P<0.001). OS, overall survival.
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Figure 4 | The 3-year survival rates in the recurrence and non-recurrence groups were 26.6% and 89.2%, respectively (P<0.001). OS, overall survival.
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Figure 5 | In patients with local recurrence, the 3-year survival rates in the NCRT and ACRT groups were 53.8% and 0%, respectively (P=0.029). ACRT, adjuvant chemoradiotherapy; NCRT, neoadjuvant chemoradiotherapy; OS, overall survival.
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Figure 6 | In the overall recurrence population, the 3-year survival rates in the NCRT and ACRT groups were 18.3% and 31.6%, respectively (P=0.216). ACRT, adjuvant chemoradiotherapy; NCRT, neoadjuvant chemoradiotherapy; OS, overall survival.
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Figure 7 | In patients with distant metastasis, the 3-year survival rates in the NCRT and ACRT groups were 21.3% and 25.3%, respectively (P=0.787). ACRT, adjuvant chemoradiotherapy; NCRT, neoadjuvant chemoradiotherapy; OS, overall survival.
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Figure 8 | In patients with early recurrence, the 3-year survival rates in the NCRT and ACRT groups were 10.0% and 0%, respectively (P=0.136). ACRT, adjuvant chemoradiotherapy; NCRT, neoadjuvant chemoradiotherapy; OS, overall survival.
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Figure 9 | In patients with late recurrence, the 3-year survival rates in the NCRT and ACRT groups were 48.6% and 35.9%, respectively (P=0.528). ACRT, adjuvant chemoradiotherapy; NCRT, neoadjuvant chemoradiotherapy; OS, overall survival.
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Figure 10 | Disease-free survival (DFS). The 3-year DFS rates in the NCRT and postoperative ACRT groups were 51.4% and 65.8%, respectively (P<0.001). ACRT, adjuvant chemoradiotherapy; NCRT, neoadjuvant chemoradiotherapy; OS, overall survival.






3.5 Univariate and multivariate analyses of prognosis

After PSM, in the NCRT group, several factors (i.e., sex, age, surgical method, margin status, number of lymph nodes dissected, pathological T stage, and pathological N stage) were included in the univariate analysis. The results indicated that only pathological N stage was a prognostic risk factor affecting survival. Variables from the univariate analysis with P<0.50 (i.e., sex, pathological T stage, and pathological N stage) were entered into a multivariate Cox regression model. The results showed that pathological N stage was a risk factor influencing OS prognosis in the NCRT group (Table 4).


Table 4 | Univariate and multivariate Cox analysis of the overall survival prognosis of patients in NCRT group.



In the univariate analysis of OS prognosis for the postoperative ACRT group, pathological T staging and pathological N staging were identified as significant prognostic risk factors affecting survival. Univariate variables with P<0.50 (i.e., sex, age, surgical method, margin status, pathological T staging, and pathological N staging) were included in the multivariate analysis. The results indicated that margin status and pathological T staging were significant prognostic risk factors impacting survival (Table 5).


Table 5 | Univariate and multivariate Cox analysis of the overall survival prognosis of patients in ACRT group.







4 Discussion

For locally advanced ESCC, which is associated with poor prognosis and high recurrence rates, a combined treatment approach involving radiotherapy, chemotherapy, and surgery is currently adopted in clinical practice. At present, NCRT is recommended as a standard treatment for locally advanced ESCC. In China, significant variations in treatment methods for esophageal cancer exist due to differences in economic levels and access to medical resources across regions. Data show that only 22.0% of patients received NCRT, while postoperative adjuvant treatment was administered to 43.5% of patients (21). Therefore, studies comparing NCRT and ACRT are warranted. This study represents the first known comparative analysis of these two treatment modalities. Our findings indicate that both NCRT and ACRT significantly improved the 3-year survival rate of patients (50.6% vs. 67.8%, respectively). Notably, among patients with local recurrence, NCRT demonstrated a significant improvement in the 3-year survival rate compared to ACRT (53.8% vs. 0%, respectively; P=0.029). The evidence from this study holds important implications for clinical practice and the design of future prospective clinical trials. In this study, the average radiation dose received by patients in the ACRT group was higher than that in the NCRT group (50 Gy vs 40 Gy). This may be because after receiving neoadjuvant treatment, the primary tumors and positive lymph nodes of the patients in the NCRT group were improved, resulting in a lower radiation dose received by this group compared to the postoperative treatment group.

The advantages of the NCRT treatment model include the elimination of systemic micro-metastases and reduction of tumor staging. These effects improve the R0 resection rate after surgery, facilitate radical resection, and ultimately enhance patient survival (22–24). Conversely, the advantage of postoperative adjuvant therapy lies in its more precise pathological staging compared to clinical staging before surgery. This allows for the selection of appropriate adjuvant treatment regimens based on staging to improve prognosis and minimize overtreatment of patients with early-stage disease (25–32).

The optimal sequence of combining surgery with chemoradiotherapy remains unclear, primarily due to a lack of high-quality controlled studies evaluating the efficacy and recurrence patterns of both treatment modalities. A retrospective study (33) included data from 1,647 patients with clinical stage II/III ESCC and used PSM to select 286 well-balanced pairs for comparison. The results demonstrated that the 3-year DFS rates in the NCRT group and the postoperative ACRT group were 38.7% and 30.2%, respectively (P=0.067). Among patients who achieved R0 resection, the 1-year recurrence-free rates were 74.8% and 67.6%, respectively (P=0.269). Furthermore, another retrospective study (34) directly compared NCRT with postoperative ACRT. The findings did not reveal statistically significant differences between the two groups regarding sex, age, disease stage, tumor grade and location, histopathology, and recurrence status. In this study, the rates of local recurrence rate and distant metastasis were higher in the NCRT group than the postoperative ACRT group; however, only the difference in local recurrence rate reached statistical significance. This may be attributed to a selection bias at this thoracic surgery center, where patients receiving postoperative ACRT were preferentially those with pathologically positive lymph nodes after esophagectomy. This preference may have improved the local recurrence rate. The results of this study indicate that recurrences predominantly occurred within the first 2 years (82.6%), suggesting a need to increase the frequency of follow-up examinations during the first 2 years post surgery. Among the types of local recurrence, mediastinal lymph node recurrence accounted for 43.2% of recurrences in the NCRT group; the recurrence rate was higher in the NCRT group than the postoperative ACRT group (25.7% vs. 6.8%, respectively; P=0.002). This finding highlights the need for increased attention to mediastinal lymph node recurrence during follow-up examinations for patients receiving neoadjuvant therapy. In addition, it suggests that improving NCRT strategies could mitigate the rate of such recurrences, thereby enhancing postoperative outcomes for these patients. Regarding the types of distant metastasis, the lungs (27.3%) and liver (25.0%) were the top two organs in which hematogenous metastasis occurred in the NCRT group, consistent with the findings of the NEOCRTEC5010 study. In contrast, the organs in which hematogenous metastasis occurred more frequently in the postoperative ACRT group were the lungs (28.0%), bones (20.0%), and liver (20.0%), aligning with the results obtained from the surgery-only group in the NEOCRTEC5010 study. This further indicates potential inadequacies in ACRT regarding the control of distant metastases.

Survival analysis in this study indicated that ACRT led to better survival outcomes than NCRT (3-year OS rates of 67.8% vs. 50.6%, respectively: P=0.019; DFS: P<0.001) in patients with esophageal cancer, contrary to the findings reported by Lv et al. (35). This discrepancy may be attributed to the fact that, in this study, the proportions of patients with positive lymph nodes and those with more advanced TNM staging were higher in the NCRT group. Additionally, patients in the ACRT group received a higher intensity of radiotherapy.

In the present study, the median survival times for the local recurrence group and distant metastasis group were 32.0 months and 22.0 months, respectively. Moreover, the 3-year survival rates were 35.5% and 23.4%, respectively, without statistically significant difference (P=0.216). This suggests that local recurrence and distant metastasis have comparable impacts on survival outcomes. Compared to the late recurrence group, the early recurrence group exhibited significantly shorter median survival (35.0 months vs. 15.0 months, respectively) and lower 3-year survival rates (44.1% vs. 5.2%, respectively) (P<0.001), indicating a poorer prognosis for patients experiencing early recurrence. Additionally, the survival prognosis was significantly lower for the recurrence group than the non-recurrence group (P<0.001), corroborating the findings of the NEOCRTEC5010 study. Furthermore, subgroup analysis showed that NCRT resulted in better survival outcomes compared to ACRT only in patients with local recurrence (53.8% vs. 0%, respectively; P=0.029). However, such a difference was not observed in the overall recurrence population, patients with distant metastasis, patients with early recurrence, or patients with late recurrence. This may suggest no significant difference between NCRT and ACRT in improving the prognosis of patients with recurrence. However, it is of note that due to the small sample size of this subgroup, the extrapolation of this result is limited. More large-sample prospective clinical studies are needed in the future to further prove this point.

The results of the multifactorial analysis in this study indicated that pathological N staging was an independent risk factor affecting OS prognosis in patients from the NCRT group, consistent with the findings of the NEOCRTEC5010 study. For the postoperative ACRT group, margin status and pathological T staging were identified as independent risk factors influencing OS, indicating that later pathological T staging and non-R0 resections adversely affect patient survival outcomes. Additionally, in the multifactorial analysis of patients with postoperative pathological lymph node positivity, sex and treatment regimen were identified as independent risk factors affecting recurrence-free survival. These observations suggest that patients in the NCRT group with postoperative positive lymph nodes had a poorer prognosis compared to their counterparts in the postoperative ACRT group.

This study had several limitations. Firstly, Due to the preference of surgeons, there exists a selection bias at this thoracic surgery center regarding patients with newly diagnosed esophageal cancer. Data prior to PSM showed that after completing clinical staging evaluations for new patients, those with advanced N staging or more advanced TNM staging (particularly stage IV) were more likely to receive NCRT. Even though we used PSM, we still can’t completely avoid these potential biases. Secondly, this study was retrospective and the sample size was relatively small. Finally, there was inconsistency in the chemotherapy regimens and radiation doses used preoperatively and postoperatively. The neoadjuvant chemotherapy regimens included combinations such as paclitaxel + platinum and oxaliplatin + fluorouracil, while the adjuvant chemotherapy regimens included paclitaxel + platinum, docetaxel + platinum, and tegafur, which may introduce bias into the results.

In conclusion, the results of this study indicate that, compared to NCRT, postoperative ACRT can also bring survival benefits to patients with ESCC. Recurrence primarily occurred within the first 2 years following esophagectomy. The recurrence rate of mediastinal lymph nodes was higher in the NCRT group compared to the postoperative ACRT group. Patients with early recurrence had worse survival outcomes than those with late recurrence. There were no significant differences found in the impact of local recurrence and distant metastasis on survival. Pathological N staging was identified as an independent risk factor affecting OS prognosis in the NCRT group. Margin status and pathological T staging were independent risk factors influencing OS in the postoperative ACRT group. The differences in recurrence patterns, sites, and frequencies between the treatment groups could provide insights into risk-based strategies for subsequent treatment and monitoring. With the ongoing accumulation of data and the extension of survival follow-up periods, alongside advancements in minimally invasive and robot-assisted surgical techniques, there is a growing need for well-designed randomized controlled trials to further validate these approaches.
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N3 5 5.698 (1.037~31.303) 0.045 3.895 (0.670~22.647) 0.130
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