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Patients with middle and lower thoracic esophageal carcinoma (TEC) after surgery are prone to develop 
abdominal lymph node recurrence (LNR). However, questions remain regarding the indications for 
postoperative abdominal radiotherapy. We aimed to identify the risk factors for abdominal LNR and to 
develop a dynamic nomogram for predicting abdominal LNR. We reviewed 1004 patients with middle 
and lower TEC treated with three-field lymph node dissection between January 2010 and December 
2020 at two clinical centers. Risk factors for abdominal LNR were identified using least absolute 
shrinkage and selection operator (LASSO) logistic regression analysis. A dynamic nomogram was then 
developed. Performance was evaluated using receiver operating characteristic (ROC) curve , calibration 
curve and decision curve analysis. The rates of abdominal LNR in the training, internal test and external 
test cohorts were 25.91%, 23.40% and 23.98%, respectively. A dynamic nomogram was developed to 
predict the abdominal LNR in patients with middle and lower TEC. The main predictors included tumor 
location, pathologic N stage and number of preoperative abdominal LNM. The AUC of the training, 
internal test, and external test cohorts were 0.767 (95%CI 0.7263–0.8079), 0.763 (95%CI 0.7002–
0.8258) and 0.802 (95%CI 0.7419–0.8629), respectively. Furthermore, The calibration curves and DCA 
analysis indicated a favorable fit and significant clinical applicability of the nomogram. The dynamic 
nomograms is available at ​h​t​t​p​s​:​​/​/​p​r​e​d​​i​c​t​i​o​n​​-​o​f​-​a​b​​d​i​m​i​n​​a​l​-​l​y​m​​p​h​-​n​o​d​​e​-​m​e​t​a​​s​t​a​s​i​​s​-​i​n​-​t​​e​c​.​s​h​i​​n​y​a​p​p​s​​.​i​
o​/​D​y​n​N​o​m​a​p​p​/. Tumor location, pathologic N stage and number of preoperative abdominal LNM were 
identified as risk factors for predicting abdominal LNR. The online dynamic nomograms showed good 
prediction performance and convenient clinical application, which may help clinicians identify patients 
who require adjuvant abdominal radiotherapy.
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Esophageal carcinoma is a highly aggressive and lethal neoplasm within the gastrointestinal tract,1 with high rates 
of lymph node involvement. Despite recent advances in three-field lymph node dissection (3-LND),2,3 there has 
been no significant improvement in survival. The lymph node recurrence (LNR) has been proven to be the most 
prevalent recurrence pattern.4 Adjuvant radiotherapy has been shown to prevent LNR and improve survival in 
patients undergoing lymphadenectomy for thoracic esophageal carcinoma (TEC).5,6 However, questions remain 
on indications for postoperative abdominal radiotherapy. Postoperative abdominal radiotherapy is a complex 
issue that involved the individualized prediction of abdominal LNR and radiation-related complications.

The rates of abdominal LNR vary significantly among different TEC segments. In upper TECs, the recurrence 
rates of abdominal lymph nodes were only 0–2.3% in previous studies.7,8 However, abdominal LNRs were 
observed more frequently in the middle and lower TECs. The recurrence rates in the middle and lower TEC were 
7.8%–19.9% and 26.6%–40.8%, respectively.7–11 The abdominal lymph node metastasis was rare in upper TEC, 
more common in lower TEC, and varied greatly in middle TEC. Given the discernible differences in abdominal 
LNR among different segments of esophageal carcinoma and the gastrointestinal reactions frequently caused by 
abdominal radiotherapy, it is necessary and urgent to establish a predictive model of abdominal LNR in patients 
with middle and lower TEC to offer reference for postoperative radiotherapy.
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Nomograms function as powerful tools to facilitate the integration of various parameters and generation of 
individualized prediction. Some studies12–16 have suggested that nomograms can provide beneficial and accurate 
prediction of local recurrence, distant metastasis and survival outcomes in esophageal carcinoma. In this study, 
logistic regression analysis was employed to identify significant predictive factors for abdominal LNR in patients 
with middle and lower TEC who underwent 3-LND. A nomogram was developed to provide a practical tool for 
predicting abdominal LNR. By utilizing the nomogram, clinicians can tailor adjuvant treatment strategies, such 
as postoperative radiotherapy, and surveillance protocols to optimize outcomes.

Materials and methods
Patients
The clinical data of patients with middle and lower thoracic esophageal squamous cell carcinoma (ESCC) treated 
with complete 3-LND between January 2010 and December 2020 at two clinical centers were included in this 
retrospective study. This research was approved by the Ethics Committee of the First Hospital of Quanzhou 
Affiliated to Fujian Medical University, Quanzhou, China. All methods were performed in accordance with 
the relevant guidelines and regulations. All participants in this study had provided informed consent prior to 
enrollment. Figure 1 illustrates the patient recruitment pathway. The inclusion criteria were (1) patients who 
had undergone 3-LND; (2) more than 15 lymph nodes were dissected; (3) patients were followed up every 
3–6 months after surgery. The exclusion criteria were (1) patients who had not undergone 3-LND; (2) patients 
with other types of cancer; (3) patients with palliative resection; (4) patients with incomplete medical records.

Data collection
The following clinical data were collected: sex, age, tumor location, Pathologic T stage, N stage, differentiation, 
lymphatic invasion, vascular invasion, number of preoperative abdominal LNM, weight loss, preoperative 
chemotherapy, radiotherapy, postoperative chemotherapy and radiotherapy. The data of abdominal LNR were 
also collected. The TNM staging of esophageal carcinoma was performed according to the 7th edition of the 
AJCC-TNM staging manual.

Fig. 1.  Flow chart of patient recruitment pathway. ESCC: esophageal squamous cell carcinoma;
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Surgical approach
All patients underwent a complete 3—LND. Firstly, in the chest, the esophagus and mediastinal lymph nodes 
were removed; subsequently, in the abdomen, the left gastric nodes, greater and lesser curvature nodes, parahiatal 
nodes, splenic hilar nodes and common hepatic nodes were excised; finally, cervical lymph nodes were excised 
through an incision in the neck. More than 15 lymph nodes were dissected.

Neoadjuvant and adjuvant therapy
Neoadjuvant and adjuvant therapy was conducted according to the adverse prognosis or risk factors for 
recurrence. The adjuvant chemotherapy (paclitaxel/5-fluorouracil and cisplatin/nedaplatin for 4 to 6 cycles) 
and/or radiotherapy (50–54 Gy) was conducted after operation. The neoadjuvant chemotherapy (paclitaxel/5-
fluorouracil and cisplatin/nedaplatin) and/or radiotherapy (40  Gy) was conducted before operation. The 
abdominal cavity was not included in the preoperative and postoperative radiotherapy target volumes.

Follow-up
All patients were followed up every 3–6  months in the first year after 3-LND, and every 6–12  months 
thereafter. Re-examinations included chest and abdominal enhanced CT scans, abdominal Doppler ultrasound 
examinations, and PET-CT scans if required.

Diagnostic criteria
The determination of abdominal LNR primarily relied on a comprehensive assessment of clinical symptoms, 
physical examination findings and imaging results. Imaging diagnostic criterion for abdominal LNR was set as 
follows: lymph nodes were deemed malignant if the transverse diameter of the nodes was larger than 1 cm or 
there was progressive enlargement of the suspicious lymph nodes. Moreover, the shape of the lymph nodes and 
uptake of FDG in PET-CT were also taken into account.

Statistical analysis
We identified the cutoff value of age as 55  years for evaluating abdominal LNR by using receiver operating 
characteristic (ROC) curve analysis and categorized the number of preoperative abdominal lymph node 
metastases as 0, 1–2 and ≥ 3, according to previous studies.4,8 Then categorical variables were compared using 
the χ2 test in univariate analysis. For multivariate analysis, we conducted least absolute shrinkage and selection 
operator (LASSO) logistic regression analysis to identify risk factors of abdominal LNR and constructed a 
predictive nomogram. The nomogram’s performance was evaluated using ROC curves, calibration curves and 
decision curve analysis. An dynamic nomogram application was built using Shiny to facilitate their incorporation 
into the clinical practice. The nomogram model for time of abdominal lymph node recurrence-free was also 
developed utilizing LASSO-cox analysis. A P value less than 0.05 was considered statistically significant. All 
statistical analyses were performed using the R software (version 4.4.1).

Results
Patient characteristics
Overall, 1004 eligible patients with ESCC were enrolled in this study, with a median follow up duration of 
42.2 months. The original dataset of center1 was divided into a training cohort (n = 548) and an internal test 
cohort (n = 235) at a ratio of 7:3. In addition, patients of center2 were enrolled as the external test cohort 
(n = 221). The detailed characteristics are listed in Table 1. There were no statistically significant differences in all 
variables among the cohorts.

A total of 250 patients presented with abdominal LNR (24.90%). The incidence of abdominal LNR was 
25.91%, 23.40% and 23.98% in the training, internal test and external test cohorts, respectively, (Table 2). Over 
half of the cases across all cohorts had T3 stage tumors (p = 0.948). 149 patients with T3 (27.9%) developed 
abdominal LNR. The majority of patients were in the N3 category across all cohorts. In patients with pathology 
of N0, N1, N2, N3, the rates of abdominal LNR were 1.09%, 5.09%, 23.08%, and 40%, respectively. Preoperative 
abdominal LNMs were found 32.5%, 34.47% and 28.05% in the training, internal test, and external test cohorts, 
respectively. The rates of abdominal LNR were 5.06% for those with no positive abdominal lymph nodes, 28.47% 
for 1 to 2 positive nodes, and 46.1% for three or more positive nodes. The abdominal LNR rates of middle and 
lower TECs were 17.44% and 47.04%, respectively.

Sex, age, tumor differentiation status, lymphatic invasion, vascular invasion, weight loss, preoperative 
chemotherapy, postoperative chemotherapy and postoperative radiotherapy did not show significant differences, 
with p-values of 0.855, 0.669, 0.097, 0.478, 0.370, 0.291, 0.370, 0.235, 0.366 and 0.256 respectively. Notably, the 
presence of preoperative radiotherapy differed significantly among the cohorts (p < 0.001), with more patients in 
the external test cohort receiving this treatment. This comprehensive analysis provided insights into the baseline 
characteristics of the patient cohorts, essential for the predictive research conducted in this study.

Development of the nomogram for the prediction of lymph node recurrence
The clinical characteristics between the abdominal LNR and non-abdominal LNR groups were compared. The 
results showed sex, Pathologic T stage, number of preoperative abdominal lymph node metastases, pathologic 
N stage, lymphatic invasion and tumor location were significantly related to abdominal LNR, while age, 
differentiation, vascular invasion and weight loss were not related to abdominal LNR.

The candidate predictors were then refined to three key predictors utilizing LASSO analysis with tenfold cross 
validation. The resultant coefficients are presented in Table 2. The coefficient profile and cross-validated error 
plot of the LASSO regression model are displayed in Fig. 2. The most regularized and simplest model (based 
on lambda.1se) comprised three variables (pathologic N stage, Tumor location and number of preoperative 
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Characteristic

Cohort

p-valueTraining Cohort(N = 548) Internal Test Cohort(N = 235) External Test Cohort(N = 221)

Sex 0.855

 Female 133 (24.3%) 53 (22.6%) 51 (23.1%)

 Male 415 (75.7%) 182 (77.4%) 170 (76.9%)

Age 0.669

 < 55 219 (40.0%) 86 (36.6%) 85 (38.5%)

 ≥ 55 329 (60.0%) 149 (63.4%) 136 (61.5%)

Pathologic T stage 0.948

 T1 66 (12.0%) 28 (11.9%) 24 (10.9%)

 T2 94 (17.2%) 46 (19.6%) 45 (20.4%)

 T3 298 (54.4%) 121 (51.5%) 115 (52.0%)

 T4 90 (16.4%) 40 (17.0%) 37 (16.7%)

Number of PALNM 0.345

 0 207 (37.8%) 97 (41.3%) 91 (41.2%)

 1 ~ 2 163 (29.7%) 57 (24.3%) 68 (30.8%)

  ≥ 3 178 (32.5%) 81 (34.5%) 62 (28.1%)

Pathologic N stage 0.624

 N0 53 (9.7%) 20 (8.5%) 19 (8.6%)

 N1 137 (25.0%) 70 (29.8%) 68 (30.8%)

 N2 69 (12.6%) 23 (9.8%) 25 (11.3%)

 N3 289 (52.7%) 122 (51.9%) 109 (49.3%)

Differentiation 0.097

 Well 59 (10.8%) 13 (5.5%) 21 (9.5%)

 Moderate 390 (71.2%) 166 (70.6%) 156 (70.6%)

 Poorly 69 (12.6%) 35 (14.9%) 24 (10.9%)

 un-differentiated 30 (5.5%) 21 (8.9%) 20 (9.0%)

Lymphatic invasion 0.478

 No 498 (90.9%) 212 (90.2%) 206 (93.2%)

 Yes 50 (9.1%) 23 (9.8%) 15 (6.8%)

Vascular invasion 0.370

 No 484 (88.3%) 213 (90.6%) 202 (91.4%)

 Yes 64 (11.7%) 22 (9.4%) 19 (8.6%)

Tumor location 0.291

 Lower TEC 139 (25.4%) 66 (28.1%) 48 (21.7%)

 Middle TEC 409 (74.6%) 169 (71.9%) 173 (78.3%)

Weight loss 0.370

 No 534 (97.4%) 227 (96.6%) 218 (98.6%)

 Yes 14 (2.6%) 8 (3.4%) 3 (1.4%)

Preoperative chemotherapy 0.235

 No 515 (94.0%) 222 (94.5%) 201 (91.0%)

 Yes 33 (6.0%) 13 (5.5%) 20 (9.0%)

Preoperative radiotherapy  < 0.001

 No 541 (98.7%) 230 (97.9%) 208 (94.1%)

 Yes 7 (1.3%) 5 (2.1%) 13 (5.9%)

Postoperative radiotherapy 0.256

 No 461 (84.1%) 208 (88.5%) 186 (84.2%)

 Yes 87 (15.9%) 27 (11.5%) 35 (15.8%)

Postoperative chemotherapy 0.366

 No 343 (62.6%) 148 (63.0%) 127 (57.5%)

 Yes 205 (37.4%) 87 (37.0%) 94 (42.5%)

Table 1.  Patient demographics and baseline characteristics. PALNM: Preoperative abdominal lymph node 
metastases; TEC: thoracic esophageal carcinoma.
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abdominal LNM) (Fig. 2). The lambda coefficient was 0.06359. The logistic model was finally developed into a 
dynamic nomogram (Fig. 3) and was available for online access (​h​t​t​p​s​:​​​/​​/​p​r​e​d​i​c​t​i​o​​n​-​o​​f​-​a​​b​d​i​m​i​​n​​a​l​-​l​y​​m​​p​h​-​n​​​o​d​e​-​
m​​e​t​a​s​t​a​​​s​i​​s​-​i​​n​​-​t​e​c​​.​s​h​i​n​​​y​a​p​​p​s​.​i​o​/​D​y​n​N​o​m​a​p​p​/). Figure 4 shows operation interface of dynamic nomogram on the 
web page and provides two examples of the dynamic nomograms for abdominal LNR prediction.

Validation of the nomogram model
The prediction model utilizing the training cohort demonstrated good discrimination, as substantiated by 
ROC curve analysis. The area under the ROC curve (AUC) for the training, internal test, and external test 
cohorts were 0.767 (95%CI 0.7263–0.8079), 0.763 (95%CI 0.7002–0.8258) and 0.802 (95%CI 0.7419–0.8629), 
respectively (Fig. 5).

Figure 6 displays the calibration curves and the decision curve analysis (DCA) curves. The model exhibited 
excellent concordance between predicted and observed probabilities of abdominal lymph node recurrence 
(LNR), with no statistically significant differences across three cohorts: the training cohort (R2 = 0.261, Brier 
score: 0.159, P = 0.998), the internal test cohort (R2 = 0.249, Brier score: 0.152, P = 0.772) and the external test 
cohort (R2 = 0.306, Brier score: 0.145, P = 0.598). Furthermore, this study demonstrated that the nomogram 
provided significant net benefits for clinical application. The results indicated that when the patient’s risk 
threshold was within the range of 5% to 50%, utilizing the nomogram to predict abdominal LNR added more 
benefit.

Fig. 2.  The potential predictors selected by the Least Absolute Shrinkage and Selection Operator (LASSO) 
regression analysis model. (a) Regression coefficient path diagram (1. Pathologic N stage; 2. Tumor location; 3. 
number of preoperative abdominal LNM); (b) Cross verification curve (λ = 0.06359). LNM: abdominal lymph 
node metastases.

 

Characteristic Coefficient Std. error Wald OR(95% CI) P-value

Number of preoperative abdominal LNM

  ≥ 3

 1 ~ 2 − 0.479 0.242 1.98 0.62(0.39–0.99) 0.048

 0 − 1.310 0.607 2.16 0.27(0.08–0.89) 0.031

Pathologic N stage

 N0

 N1 1.086 1.076 1.01 2.96(0.36,24.42) 0.313

 N2 1.923 1.145 1.68 6.84(0.73,64.50) 0.093

 N3 2.249 1.175 1.91 9.48(0.95,95.03) 0.056

Tumor location

 Lower TEC

 Middle TEC − 0.469 0.246 1.91 0.63(0.39,1.01) 0.056

Table 2.  Analysis of the independent predictors in the nomogram. OR = Odds Ratio, CI = Confidence Interval; 
LNM: lymph node metastases; TEC: thoracic esophageal carcinoma.
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Fig. 4.  Operation interface of dynamic nomogram on the web page and two examples predicting for 
abdominal LNR. (a) The risk of abdominal LNR was at 1.88% for a patient with middle TEC, N0 stage, 
and with 0 positive abdominal lymph nodes. (b) A patient diagnosed with lower TEC, N1 stage, and with 
1–2 positive abdominal lymph nodes was at a risk of 17.30%. LNR: lymph node recurrence; TEC: thoracic 
esophageal carcinoma; LNM: lymph node metastases.

 

Fig. 3.  Nomogram for prediction of abdominal lymph node recurrence. LNM: abdominal lymph node 
metastases; TEC: thoracic esophageal carcinoma.
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Fig. 6.  Calibration curves and decision curve analysis of the nomogram in the training (a, d), internal test (b, 
e), and external test (c, f) sets.

 

Fig. 5.  Receiver operating characteristic (ROC) curve of the prediction model in the training, internal test and 
external test cohorts.
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The nomogram model for time of abdominal lymph node recurrence-free
The nomogram model for 12-month and 18-month of abdominal lymph node recurrence -free were also 
developed utilizing LASSO-cox analysis with tenfold cross validation. The most regularized and simplest model 
(based on lambda.1se) comprised two variables (pathologic N stage and number of preoperative abdominal 
LNM). The lambda coefficient was 0.11279. The cox model was finally developed into a nomogram (Fig. 7).

Discussion
Although the standard treatment regimen for advanced TEC is neoadjuvant therapy followed by surgery, 
radiotherapy after surgery remains a common treatment modality in China. Previous studies had considered 
postoperative radiotherapy as an effective treatment to prevent LNR, and had recommended it, especially in 
patients with LNM.17–20 However, a consensus on the indications for postoperative abdominal radiotherapy 
has not yet been reached. In the past, the delineation of postoperative radiation target volume was primarily 
according to the patterns of lymphatic spread21,22 and recurrence patterns.7,23 Whether to perform postoperative 
abdominal radiotherapy has differed among centers.

In the previous study,24,25 the abdominal lymphatic drainage area was not included in the traditional large 
T-shaped and small T-shaped irradiation field. This might lead to miss invisible tumor cells that would migrate to 
the abdominal lymphatic drainage area. These cells could continue to proliferate and grow, eventually resulting 
in abdominal recurrence. Some researchers8,11 argued that the abdominal irradiation should be selectively 
recommended for patients with lower TEC, as these patients have a high probability of abdominal lymph node 
metastasis. Abdominal irradiation is a double—edged sword; it can not only eliminate invisible tumor cells, 
but also lead to severe complications, such as gastrointestinal reactions. Therefore, individualized analysis is 
critically required for performing abdominal radiotherapy. Consequently, there is an urgent demand for tools 

Fig. 7.  The nomogram model for prediction of 12—month and 18—month of no abdominal lymph node 
recurrence(LASSO-cox analysis) (a); Receiver operating characteristic (ROC) curve and calibration curves 
analysis of the nomogram (b, c, d).
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that can help clinicians predict abdominal LNR accurately, so that the lymph node region can be individualized 
and selectively irradiated.

LASSO regression is a powerful and widely-used regression technique that performed variable selection 
and regularization, thereby enhancing the predictive accuracy of the model. One of the main advantages of 
LASSO regression is its ability to perform automatic variable selection, which can help identify the most relevant 
predictors and reduce the complexity of the model. This research method has been considered feasible and 
effective in previous studies.26–29 In this study, the main predictive factors identified through LASSO regression 
analysis included tumor location, pathologic N stage and number of preoperative abdominal LNM. These factors 
will be discussed in more detail in the following analysis.

The abdominal LNR rates of TEC vary greatly among different segments. For patients with middle and lower 
TEC, abdominal lymph node recurrences were observed more frequently.7–10 Zhang WC et al.9 reported that 
the abdominal LNR rate was 13.9% in middle TEC patients and 40.8% in lower TEC patients; Gao et al.11 found 
the rates to be 19.9% and 36.9%, respectively, in middle and lower TEC patients. In the present study, the rates 
of abdominal LNR in patients with middle and lower TEC were 17.44% and 47.04%, respectively. The rate of 
abdominal LNR in patients with lower TEC was significantly higher than that with middle TEC, indicating that 
lower TEC has a higher risk of abdominal LNR. Du et al.23 also showed tumor cells of lower TEC exhibited 
a propensity for abdominal metastasis. This phenomenon might be ascribed to disparate LNM mechanisms 
exhibited by TEC from different segments. The closer proximity of the primary tumor to the abdominal 
lymphatic drainage area increases the probability of tumor cells metastasis through the lymphatic vessels. These 
findings underscore that tumor location served as a significant risk factor for abdominal LNR.

The stage N of TEC, classified by the number of positive lymph nodes, has been implicated in patient’s 
prognosis and LNR.30–33 In Gao et al. studies,11 patients with N2 + 3 pathology exhibited an abdominal lymph 
node recurrence rate of 76.5%. Hiroshi Miyata et al.'s studies34 also identified nodal status as an independent 
predictor of abdominal LNR. In our study, the abdominal LNR rates for patients with N0, N1, N2, and N3 
pathologies were 1.09%, 5.09%, 23.08%, and 40%, respectively. This result indicates that increasing the number 
of positive lymph nodes might result in raising the risk of abdominal LNR.

The number of abdominal LNM before operation may serve as a critical factor of abdominal LNR.10 In 
our study, the abdominal LNR rates were found to be 5.06% for patients without positive abdominal lymph 
nodes, 28.47% for those with 1 to 2 positive nodes, and 46.1% for those with three or more positive nodes. 
However, Chen et al.8 reported the metastasis rates of positive abdominal lymph nodes were 22.7%, lower than 
our study’s 37.76%. This difference may result from several factors. First, our study exclusively included middle 
and lower TEC patients, who generally have higher recurrence rates than upper TEC patients. Second, our 
study population had a higher proportion of advanced-stage cancers (T3/T4 and N2/N3), which are linked to 
increased recurrence risk. Third, variations in surgical techniques and adjuvant therapy protocols across studies 
may also influence recurrence patterns. Hiroshi Miyata et al. studies34 also noted that the rate of abdominal LNR 
from esophageal carcinoma was not necessarily low. Overall, previous studies8,10 support that abdominal LNR 
is related to the number of preoperative abdominal LNM. This may be ascribed to the technical challenges in 
complete excising nodes in the vicinity of the abdominal aorta, truncus coeliacus and common hepatic artery, 
leading to residual subclinical lesions and abdominal LNR.

The nomogram developed based on the above three factors was finally assessed through the ROC curve, 
calibration curve and decision curve analysis. The predictive performance of the nomogram was evaluated 
using AUCs of 0.767, 0.763, and 0.802 for the training cohort, internal test cohort and external test cohort, 
respectively. The results demonstrated that the original nomogram maintained its utility in the validation 
sets, and the calibration curve closely adhering to the ideal curve, indicating concordance between predicted 
and observed results. The decision curve showed that utilizing a 5%–50% threshold for predicting abdominal 
LNR achieved a positive net benefit. Therefore, the predictive validity of the nomogram was considered to be 
both testable and provable. Remarkably, the model performed better in the external testing data than in the 
training data. This could be due to the following reasons: First, the external test cohort might have had a more 
homogeneous distribution of key predictors and fewer confounding factors, contributing to better performance. 
Second, the smaller sample size of the external test cohort could have reduced variability, leading to seemingly 
better performance metrics (e.g., AUC).

To improved the model stability, we also creatively conducted a time-to-event analysis of abdominal lymph 
node recurrence-free status at 12-and 18-month intervals. The analysis revealed that preoperative lymph node 
metastasis and N staging serve as independent predictors of abdominal lymph node recurrence-free survival, 
underscoring the critical need for stringent postoperative surveillance of abdominal lymph node in these high-
risk patient cohorts.

The prediction model for abdominal LNR offers several clinical utilities. First, In our previous study,4 we 
identified that the LNR at the para-aortic (above the left renal vein), celiac artery, posterior surface of the 
pancreatic head, and common hepatic artery accounted for 77.94%, 44.11%, 27.94%, and 23.52%, respectively. 
Based on these findings, we proposed that clinicians consider implementing individualized abdominal 
radiotherapy targeting these specific regions using the predictive model. This approach not only improves local 
control rates but also reduces treatment-related adverse reactions, such as nausea and vomiting, improving 
treatment efficacy and quality of life. Second, the prediction model could assist clinicians in prioritizing patients 
for intensified post-surgical surveillance, particularly those identified as high-risk for abdominal LNR. This 
could facilitate earlier detection and management of recurrences. Third, the nomogram provides a quantitative 
risk assessment that can be used to counsel patients about their individual risk of abdominal LNR to help them 
make informed treatment decisions.

Our study had several limitations that should be acknowledged. Firstly, The study was a retrospective 
investigation. It was difficult to standardize quality of the neoadjuvant therapy, surgery and adjuvant therapy at 

Scientific Reports |        (2025) 15:13412 9| https://doi.org/10.1038/s41598-025-97774-x

www.nature.com/scientificreports/

http://www.nature.com/scientificreports


different clinical centers. And, there was no uniform criterion for performing adjuvant abdominal radiotherapy. 
These might affect the results of neoadjuvant and adjuvant therapy on recurrence. Secondly, there might be 
potential confounders that were not considered. As the primary aim of the study was to develop the prediction 
model for abdominal LNR after 3-LND, and this model performed well and showed good discrimination and 
calibration by using these three parameters. We believed that our nomogram model could be convenient and 
useful for clinicians to predict of abdominal LNR and to identify which patients need prophylactic abdominal 
radiotherapy.

Conclusion
Middle and lower TEC patients had a higher incidence of abdominal LNR. Tumor location, the pathologic N 
stage and number of preoperative abdominal LNM were risk factors for predicting abdominal LNR. The online 
dynamic nomograms showed good prediction performance and convenient clinical application, which provided 
clinicians with a quantitative tool for deciding which patients should undergo adjuvant abdominal radiotherapy.

Data availability
Data is provided within the manuscript or supplementary information files.
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