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Background

Esophagectomy is the primary treatment for localized esophageal squamous cell carcinoma (ESCC). Intraoperative thoracic duct ligation (TDL) has been suggested as an adjunct to reduce the risk of postoperative chylothorax in patients with ESCC, but its effect on long-term oncologic outcomes remains uncertain.





Methods

Data from the Sichuan Cancer Hospital and Institute Esophageal Cancer Case Management Database were analyzed for patients treated between 2010 and 2017. Participants were classified into TDL and non-TDL groups. Univariate Cox regression analyses and propensity score matching (PSM) were used to identify independent risk factors for overall survival (OS).





Results

A total of 2,510 patients were included, with 2,095 in the TDL group and 415 in the non-TDL group. The median follow-up was 63.97 months. No significant differences in OS were observed between the TDL and non-TDL groups (HR: 1.13; 95% CI: 0.96–1.31; P = 0.13). After PSM, the analysis continued to show no significant differences between the groups (P = 0.72).





Conclusion

Intraoperative TDL during esophagectomy did not significantly impact long-term OS in patients with ESCC.
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1 Introduction

Esophageal cancer is a highly aggressive malignancy with poor overall survival (OS), posing a significant global health challenge. Esophageal squamous cell carcinoma (ESCC) is the predominant histological subtype, particularly in East Asian countries (1, 2). Despite advancements in multimodal treatment strategies centered around esophagectomy (3–6), ESCC remains associated with high rates of lymph node metastasis (LNM) and poor long-term OS (7, 8).

Esophagectomy is the primary curative approach for localized ESCC (9, 10), but long-term outcomes vary based on several factors (11–13), necessitating individualized treatment plans (14–16). However, this procedure carries a notable risk of postoperative complications, such as chylothorax - the leakage of lymphatic fluid into the pleural space- which can lead to severe metabolic and nutritional imbalances, prolonged hospitalization and increased mortality (17, 18).

To mitigate the risk of chylothorax, intraoperative thoracic duct ligation (TDL) has been proposed as an adjunct to esophagectomy. TDL may lower the incidence of chylothorax-related complications (19–21), however, its effect on long-term survival in patients with ESCC remains uncertain, and high-quality studies on this topic are limited in China.

This retrospective cohort study aimed to assess the long-term OS of ESCC patients undergoing esophagectomy with or without intraoperative TDL.




2 Materials and methods



2.1 Data source

Data for this retrospective analysis were collected from the Sichuan Cancer Hospital and Institute Esophageal Cancer Case Management Database (SCCH-ECCM) covering cases from January 2010 to December 2017. The study included patients diagnosed with ESCC who underwent esophagectomy at the institution. Demographic and pathological data were reviewed, and disease staging was conducted according to the AJCC 8th edition TNM system. Patients were followed post-treatment, with assessments every 3 months for the first 2 years and every 6 months for years 3 to 5. OS was calculated from the date of diagnosis to either the last follow-up or death. A total of 2,510 patients with ESCC who underwent esophagectomy between 2010 and 2017 met the inclusion criteria. Criteria excluded patients with non-squamous cell carcinoma, tumors outside the thoracic region, incomplete resection, distant metastasis, early-stage disease, or missing data (Figure 1). OS was assessed from diagnosis to the most recent follow-up in March 2021. Smoking history: Patients who reported smoking at least once per day for a duration exceeding one year. Drinking history: Patients who reported consuming alcohol at least once per day for a duration exceeding one year. We hope this clarification addresses your concerns.




Figure 1 | CONSORT diagram of patient selection. TESCC, thoracic esophageal squamous cell carcinoma; TDL, thoracic duct ligation.



Patients were divided into two groups based on intraoperative TDL status. The TDL group included patients who had esophagectomy with concurrent intraoperative TDL, including cases where incidental thoracic duct (TD) injury during surgery required ligation. The Non-TDL group comprised patients who underwent esophagectomy without TDL, where no incidental TD injury occurred, and the duct was preserved intentionally. Clinical outcomes and survival data were compared between groups according to TNM stages as per the AJCC 8th edition.




2.2 Ethical statement

This study was conducted in accordance with the Declaration of Helsinki (2013 revision) and approved by the SCCHEC-02-2024-191 Ethics Committee at Sichuan Cancer Hospital.




2.3 Statistical analysis

Categorical variables were presented as percentages and compared between the TDL and Non-TDL groups using chi-square or Fisher’s exact tests, as appropriate. The primary outcome of interest was OS), estimated using Kaplan-Meier survival curves and assessed with the log-rank test. To minimize confounding and selection bias, propensity score matching (PSM) was applied. Propensity scores were calculated with a logistic regression model using treatment (TDL vs. Non-TDL) as the dependent variable and relevant covariates, including age, sex and other significant baseline characteristics, as independent variables. A 1:1 nearest-neighbor matching algorithm without replacement was employed, with a calliper width of 0.2 times the standard deviation of the logit of the propensity score. Covariate balance between matched groups was evaluated using standardized mean differences, with values below 0.1 indicating satisfactory balance. Univariable and multivariable Cox proportional hazards regression models were used to identify independent risk factors associated with OS, with hazard ratios (HRs) and 95% confidence intervals (CIs) reported. Sensitivity analyses were conducted using stabilized inverse probability of treatment weighting (IPTW), overlap weighting (OW) and standardized mortality ratio weighting (SMRW) methods to confirm robustness. Adjusted HRs and 95% CIs were calculated with these alternative weighting approaches. All statistical analyses were conducted using SPSS version 23.0 (Chicago, IL, USA) and RStudio with R version 4.3.0. A two-sided P value < 0.05 was considered statistically significant.





3 Results



3.1 Clinical outcomes

Data from 2,510 patients with ESCC were analyzed retrospectively. As shown in Figure 1, 82.1% (2,060/2,510) were male and 17.9% (450/2,510) were female, with approximately 57.5% (1,443/2,510) of cases above stage III (Table 1). Among these patients, 2,095 were in the TDL group and 415 were in the Non-TDL group.


Table 1 | Demographic characteristics of the 2 groups.






3.2 Recurrence and short-term outcomes

Further analyses include recurrence in the upper mediastinum, recurrence in the residual esophagus, anastomotic recurrence, distant organ and bone metastasis, lymph node (LN) recurrence in the mediastinal and supraclavicular zones, as well as recurrence and metastasis in the abdominal organs, peritoneal space, peritoneum, and abdominal LNs. Additionally, mortality rates at 30 days, 90 days, and six months were incorporated into Table 2. The outcomes indicated that patients in the TDL group exhibited significantly higher rates of recurrence in the upper mediastinum (P=0.013) and LN recurrence in the mediastinal and supraclavicular zones (P=0.041) compared to those in the Non-TDL group. However, for the remaining outcome measures, no statistically significant differences were observed between the two groups. After PSM to mitigate potential confounding factors, we found that there were no statistically significant differences in any of the recurrence and metastasis indicators between the TDL and Non-TDL groups. This suggests that while the TDL group exhibited higher rates of certain types of recurrence initially, these differences were not sustained when accounting for baseline characteristics through PSM.


Table 2 | Outcomes post-esophagectomy in 2 groups.






3.3 Recurrence and short-term outcomes

The median follow-up period was 63.97 months. The TDL group had a median OS of 43.80 months (95% CI: 38.83–48.77), while the Non-TDL group had a median OS of 50.03 months. The 1-, 3-, and 5-year OS rates were 86%, 56% and 45% for the TDL group, and 87%, 60% and 47% for the Non-TDL group (HR: 1.13; 95% CI: 0.96–1.31; P = 0.13; Figure 2). Post-PSM, no significant differences were observed between groups (HR: 0.96; 95% CI: 0.96–1.04; P = 0.72; Figure 3A). Similar results were obtained with IPTW, OW and SMRW methods (HR: 0.93; 95% CI: 0.93–1.08; P = 0.55; Figure 3B; HR: 0.88; 95% CI: 0.99–1.01; P = 0.93; Figure 3C; and HR: 1.14; 95% CI: 0.88–1.14; P = 0.19; Figure 3D). Figure 3E illustrated that for 1:1 PSM, IPTW, and OW methods, the standardized mean difference for all variables is less than 0.02.




Figure 2 | Overall survival curve of TDL and Non-TDL groups.






Figure 3 | (A) Overall survival curves of TDL and Non-TDL groups after PSM; (B) Overall survival curves of TDL and Non-TDL groups after IPTW; (C) Overall survival curves of TDL and Non-TDL groups after OW; (D) Overall survival curves of TDL and Non-TDL groups after SMRW; (E) Standardized in the subjects stratified by characteristic.






3.4 Risk factors

Univariate analysis identified several factors significantly impacting OS after esophagectomy: alcohol use (P < 0.001), smoking status (P < 0.001), age (P = 0.004), KPS scores (P < 0.001), sex (P < 0.001), thoracic and abdominal surgical type (P < 0.001 and P = 0.024, respectively), surgical approach (P = 0.004), tumor grade (P < 0.001), lymphovascular and nerve invasion (P < 0.001 each), pathological T and N categories (P < 0.001) and TNM stage (P < 0.001; Figure 4). Multivariate analysis indicated that alcohol use (P = 0.003), age (P < 0.001), KPS scores (P = 0.022), tumor grade (P = 0.003), lymphovascular invasion (P = 0.047) and pathological T and N categories (P < 0.001 each) were independently associated with OS post-esophagectomy (Figure 4).




Figure 4 | Univariate and multivariate Cox regression analyses of factors affecting patient survival.







4 Discussion

This retrospective cohort study investigated the impact of TDL on the long-term OS of patients with ESCC who underwent esophagectomy. While previous research has indicated the potential benefits of TDL in minimizing chylothorax incidence, our findings did not reveal a significant difference in OS between patients who underwent TDL and those who did not. This suggests that the role of TDL in enhancing long-term survival outcomes in ESCC treatment may be limited. Although TDL theoretically reduces chylothorax-related complications, the lack of significant disparity in OS between the TDL and Non-TDL groups indicates that TDL may not substantially affect long-term prognosis (19–21). This conclusion held even after rigorous statistical adjustments using PSM and various weighting methods, indicating that the decision to perform TDL may not influence survival outcomes in patients with ESCC. The study further identified several independent factors affecting OS post-esophagectomy, including alcohol use, smoking, age, KPS scores, sex, surgical approach, tumor grade, lymphovascular invasion, nerve invasion and TNM stage.

The absence of a significant difference in OS between the two groups underscores the complexity of factors impacting survival outcomes in ESCC. While surgical innovations aim to reduce perioperative risks and enhance short-term outcomes, long-term survival is more intricately linked to factors such as tumor stage, patient health, genetic predispositions and the effectiveness of adjunctive treatments like chemotherapy, radiotherapy and immunotherapy (22–25).

Before PSM, patients in the TDL group indeed exhibited higher rates of upper mediastinal recurrence (P=0.013) and mediastinal/supraclavicular LN recurrence (P=0.041). We hypothesize that this discrepancy may be attributed to baseline imbalances in TNM staging between the two cohorts before matching. Specifically, the TDL group showed a tendency toward more advanced disease stages at initial diagnosis, which could predispose this population to increased locoregional recurrence risk. Importantly, these differences were mitigated after PSM adjustment, suggesting that tumor stage rather than TDL status itself may be the primary driver of recurrence patterns.

The current treatment paradigm for ESCC primarily focuses on a multimodal approach centered around surgery, with additional neoadjuvant therapies like radiotherapy, chemotherapy and immunotherapy. This is followed by adjuvant chemotherapy or immunotherapy for maintenance (26–29). Lymphadenectomy and TDL are crucial components of the surgical procedure. Lymphadenectomy is essential for accurate staging and potentially curative treatment, as LN involvement is a key prognostic factor in ESCC. Comprehensive LN removal allows for precise staging and may eradicate micrometastatic disease, thereby enhancing survival (30–32). While TDL is effective in reducing chylothorax incidence, its impact on long-term survival remains inconclusive (19–21). Additional large-scale, multicenter studies are warranted to establish the role of TDL in ESCC treatment, especially concerning long-term survival, to better inform surgical decisions and improve patient outcomes.

A study in Japan investigated the impact of the TD and surrounding LN resection on short-term and long-term outcomes, as well as postoperative nutritional status, in patients with esophageal cancer undergoing esophagectomy. Among the 145 patients (27.0%) who underwent TD and surrounding LN resection (33), those in the resection group had more advanced clinical stages and more frequently received preoperative treatment. Additionally, these patients experienced longer surgical time and greater intraoperative blood loss. Complications classified as Clavien–Dindo Grade II, along with pulmonary complications, were more prevalent in the resection group. Multivariate analysis identified TD resection as an independent risk factor for pulmonary complications and indicated a possible association with Clavien–Dindo Grade II complications. Despite a higher count of thoracic anatomical LNs resected in the resection group, OS rates remained similar across all stages regardless of TD resection. Furthermore, one year postoperatively, the nutritional status between the groups was comparable. The findings suggest that extensive LN resection combined with TD resection may not improve prognostic outcomes and could increase postoperative complications, potentially affecting survival negatively (33). Extended LN dissection alongside TD resection may correlate with higher rates of chylothorax and other complications (33–35). It was noted that chylothorax, in particular, can delay chemotherapy initiation, potentially diminishing the survival benefits of aggressive resection.

In 2023, a national study in Japan further analyzed TD resection outcomes using data from the Comprehensive Registry of Esophageal Cancer in Japan, including 12,237 patients who underwent esophagectomy between 2007 and 2012. Results showed no significant OS improvement in patients who had TD resection compared to those who did not. Interestingly, while the TD resection group had a higher retrieval of mediastinal nodes and lower rates of LN recurrence, this did not translate to better survival outcomes. On the contrary, these patients had an increased incidence of distant metastasis. This finding challenges the assumed preventive benefit of TD resection in esophageal cancer, suggesting that this approach may elevate the risk of distant metastasis despite its theoretical advantages in LN management. The increased retrieval of mediastinal nodes in the TD resection group, although indicating a more thorough surgical clearance, did not correlate with enhanced survival. This observation underscores the complex relationship between the extent of surgical intervention and prognosis in esophageal cancer. Hou and colleagues’ study provided valuable insights by categorizing patients into those who underwent prophylactic TDL and those who did not, allowing for a clear comparison of outcomes. Contrary to the expected benefits, there was no significant difference in the incidence of postoperative chylothorax between the two groups. This challenges the commonly held rationale for TDL, which is often performed to prevent this specific complication. Similarly, Aiolfi et al.’s meta-analysis reinforces these findings, highlighting the ongoing debate surrounding the efficacy of TDL in esophageal cancer surgeries. By analyzing data from a substantial patient cohort, the meta-analysis showed that TDL does not significantly reduce the risk of postoperative chylothorax, thus questioning the procedure’s protective role. Moreover, both studies consistently indicate a concerning impact of TDL on long-term survival, with patients undergoing the procedure experiencing reduced overall survival compared to those who did not. These findings collectively call into question the routine implementation of prophylactic TDL in esophagectomy. Rather than uniformly benefiting patients, TDL may inadvertently compromise long-term survival outcomes (34–38).

This study has several limitations. As a retrospective analysis, it is subject to inherent biases, including selection bias and uncontrolled confounding factors. Although PSM was employed to reduce these biases, residual confounders may still be present. Furthermore, the single-institution setting limits the generalizability of the findings to other populations or healthcare systems. Multicenter studies with larger sample sizes are essential to confirm these results. Additionally, this study focused solely on the impact of TDL on long-term OS, without assessing other critical outcomes such as disease-free survival or quality of life. These outcomes are important for a holistic evaluation of TDL’s effectiveness. The significance of preoperative therapy, especially in patients with T2/T3N0-1 esophageal squamous cell carcinoma, has been acknowledged in the CROSS study. Even the results of CROSS and NEOCRTEC5010 studies were used as guidelines to recommend preoperative neoadjuvant therapy for patients with locally advanced esophageal cancer (4, 35), China’s own data of esophageal squamous cell carcinoma (NEOCRTEC5010 study) was published in 2018 and the first guideline of Chinese Society Of Clinical Oncology (CSCO) on diagnosis and treatment of esophageal cancer published in 2019. In the data we included from 2010 to 2017, real-world clinical practice primarily involved surgery alone for resectable tumors. However, over the past 5 years, the proportion of neoadjuvant therapy has gradually increased in our center and China. In future studies, we will consider including more patients who have undergone neoadjuvant therapy and investigate the potential impact of such treatments on patient OS outcomes. Future research should include a broader range of outcomes to provide a more comprehensive assessment of TDL’s impact.




5 Conclusions

This retrospective cohort study found no statistically significant difference in long-term OS between patients with ESCC who underwent esophagectomy with intraoperative TDL and those who did not. While locoregional control remains important, the increased risk of complications—especially those affecting timely systemic therapy—may offset theoretical oncologic advantages. This supports the recommendation for individualized surgical strategies prioritizing both short-term recovery and long-term survival.
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