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Background: The survival benefit of primary tumor surgery for metastatic esophageal cancer (mEC) 
patients has been observed, but methods for discriminating which individual patients would benefit from 
surgery have been poorly defined. Herein, a predictive model was developed to test the hypothesis that only 
certain metastatic patients would gain a survival benefit from primary tumor surgery.
Methods: Clinical data for patients with mEC were extracted from the Surveillance, Epidemiology and 
End Results (SEER) database [2004–2016] and then divided into surgery and no-surgery groups according 
to whether surgery was performed on the primary tumor. Propensity-score-matching (PSM) was performed 
to balance the confounding factors. We hypothesized that the patients who had undergone surgery and lived 
longer than the median cancer-specific-survival (CSS) of the no-surgery group could benefit from surgery. 
We constructed a nomogram to predict surgery benefit potential based on multivariable logistic-regression 
analysis using preoperative factors. The predictive performance of the nomogram was evaluated by the area 
under the receiver operating characteristic (AUC) and calibration curves. The clinical application value of 
the nomogram was estimated with decision curve analysis (DCA).
Results: A total of 5,250 eligible patients with mEC were identified, and 9.4% [492] received primary 
tumor surgery. After PSM, CSS for the surgery group was significantly longer [median: 19 vs. 9 months; 
hazard ratio (HR) 0.52, P<0.001] compared with the no-surgery group. Among the surgery group, 69.3% 
[327] survived >9 months (surgery-beneficial group). The prediction nomogram showed good discrimination 
both in training and validation sets (AUC: 0.72 and 0.70, respectively), and the calibration curves indicated a 
good consistency. DCA demonstrated that the nomogram was clinically useful. According to this nomogram, 
surgery patients were classified into two groups: no-benefit-candidate and benefit-candidate. The benefit-
candidate group was associated with longer survival than the no-benefit-candidate group (median CSS: 19 vs. 
6.5 months, P<0.001). Additionally, there was no difference in survival between the no-benefit-candidate and 
no-surgery groups (median CSS: 6.5 vs. 9 months, P=0.070). 
Conclusions: A predictive model was created for the selection of candidates for surgical treatment among mEC 
patients. This predictive model might be used to select patients who may benefit from primary tumor surgery.
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Introduction 

Esophageal cancer (EC) is the seventh most common cancer 
worldwide and is the sixth leading cause of cancer-related 
death (1). Remarkably, metastatic esophageal cancer (mEC) 
accounts for approximately 40% of EC (2). Additionally, 
distant metastases eventually develop in 25% of patients 
with only locoregional disease at their initial diagnosis (3). 
Patients with metastatic stage disease are generally assumed 
to be incurable; treatment options are limited, and life 
expectancy is greatly reduced.

Systemic chemotherapy is considered the principal 
therapeutic strategy for mEC patients; however, this 
application of chemotherapy is largely palliative, there 
is limited evidence of durable benefit, and the median 
overall survival is approximately 10 months (4,5). Primary 
tumor surgery is not usually a recommended treatment for 
patients with mEC. The primary focus and goals of surgery 
in such patients are disease control and palliation without 
curative intent. Recent studies have suggested that surgery 
to the primary site is associated with improved survival for 
some mEC patients (6-8). However, only certain patient 
subpopulations with mEC would benefit from resection 
of the primary tumor due to the existence of substantial 
heterogeneity in clinicopathological characteristics among 
such patients (8-10). Given the lack of effective treatment 
options for mEC patients, surgery to control the primary 
tumor should be explored as an approach to improve the 
dismal outcomes of mEC. The potential benefit of surgery 
to the primary tumor in mEC might vary among patients 
based on individual characteristics. The judicious selection 
of patients for such surgery is advisable; however, the 
current understanding of which patients would benefit the 
most is inadequate. Therefore, an individualized prediction 
model would help assist the selection for this situation. 

Herein, this study aimed to develop a predictive model 
using a prospective national database to identify good 
candidates for primary tumor surgery in mEC patients. 
We present the following article in accordance with the 
TRIPOD reporting checklist (available at http://dx.doi.
org/10.21037/jtd-20-2347).

Methods

Patient and data sources

The Surveillance, Epidemiology, and End Results 
(SEER) database is a national population-based registry 
program that collects tumor-related clinical data and basic 

demographics, covering approximately 28% of the US 
population. 

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). This study 
was based on the publicly available data from the SEER 
database, and we were granted permission to access the 
research data. As all the data were anonymous, it was 
deemed exempt by the Institutional Review Board of the 
Shanghai Chest Hospital.

Patients diagnosed with EC (tumor location coded as 
C15.0–C15.5 and C15.8–15.9) were identified during a 
study period of 2004 to 2016 from the SEER database 
using the SEER*Stat software (version 8.3.5) according to 
the site code classifications. We selected this range because 
the American Joint Committee on Cancer (AJCC) tumor 
node metastasis (TMN) stage and Collaborative Stage 
(CS) information were available from 2004 onwards. The 
TNM stage was reclassified according to the AJCC 8th 
edition to generate a uniform dataset. Additional inclusion 
criteria were as follows (Figure 1): (I) patients diagnosed as 
a metastatic stage with pathologically confirmed squamous 
cell carcinoma or adenocarcinoma; (II) with one primary 
tumor only. The exclusion criteria included patients with 
missing or incomplete (unknown) data such as TNM stage, 
survival status and time, or treatment information.

The baseline information and clinicopathological data of 
all eligible cases were collected and retrospectively analyzed. 
Surgery was defined as cancer-direct surgery on the primary 
site, including partial esophagectomy, total esophagectomy, 
local tumor excision, and esophagectomy with laryngectomy 
and/or gastrectomy. Cancer specific survival (CSS) was 
calculated from the date of diagnosis to the date of death 
attributed to EC. 

Statistical analysis 

According to primary tumor surgical treatment, the study 
population was divided into two groups: a surgery and a no-
surgery group. To minimize selection bias and imbalanced 
distributions of the confounding factors, the propensity-score 
matching (PSM) was calculated to account for confounding 
variables and facilitate patient matching in the two treatment 
groups. Variables that could potentially influence treatment 
outcomes were used to generate a propensity score by 
logistic regression, including age, race, gender, tumor 
location, differentiation grade, histology, TNM stage, 
radiotherapy, chemotherapy, and surgery to distant site. 
Participants in the two groups (surgery and no-surgery) 

http://dx.doi.org/10.21037/jtd-20-2347
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were 1:1 matched using the nearest propensity score on the 
logit scale with a caliper of 0.1 without replacement (11).  
The balance of co-variables in both groups before and after 
PSM was evaluated by the standardized differences, and a 
value of standardized difference <10% was considered as 
criteria of sufficient balance (12).

The distribution of variables across treatment groups was 
evaluated using the chi-square test for categorical variables 
and t-test for continuous variables. The CSS were estimated 
by the Kaplan-Meier method and compared with the log-
rank test. Cox proportional hazard regression was used to 
determine independent prognostic factors. Hazard ratio 
(HR) was calculated with 95% confidence intervals (CIs). 
Statistical analysis was performed with the software SPSS 

25.0 (IBM Corporation, Armonk, NY, USA) and R version 
3.6.3 software (http://www.r-project.org/). A two-sided P 
value of <0.05 was considered statistically significant.

Establishment and validation of predicting nomogram 
model

We hypothesized that patients who underwent primary 
tumor surgery and lived longer than the median CSS of the 
no-surgery group would benefit from surgery. Based on the 
above assumption, participants in the surgery group were 
classified into two types: a surgery-beneficial group (median 
CSS >9 months), and a surgery-non-beneficial group (median 
CSS ≤9 months), according to the median CSS time of the 

Figure 1 The flowchart of study population selection and predictive model construction.
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no-surgery group (result from the matched cohort).
We used a logistic regression model to construct the 

predictive model for identifying candidates that would 
benefit from primary tumor surgery. Participants in the 
surgery group were used for analysis and split randomly 
into the training set (70% of participants) and validation set 
(30% of participants). 

According to the two categories above of surgery patients 
(surgery-beneficial vs. surgery-non-beneficial group), a 
multivariable logistic regression model was applied to 
predict surgery-benefitting patients. Variables included in 
the multivariable logistic regression models were selected 
a priori: age, gender, tumor location, histologic type, 
differentiation grade, and TNM stage. A nomogram was 
developed based on multivariate analysis on the training 
set to provide a quantitative tool to predict which mEC 
patients will benefit from primary site surgery. 

The prediction performance of the nomogram was 
evaluated by the area under the receiver operating 
characteristic curve (AUC) on both the training and 
validation sets. A calibration plot was formulated to 
assess the calibration of the nomogram with the Hosmer-
Lemeshow goodness of f i t  test  (P>0.05 indicated 
insignificant deviance from the theoretical perfect 
calibration). Clinical usefulness and net benefit were 
estimated with decision curve analysis (DCA).

Clinical utility of the nomogram

The resultant predictive nomogram was employed in the 
surgery group to calculate the surgery benefit probability 
for each participant. A predictive benefit classification 
system was established to divide participants into two levels: 
(I) participant was classified as surgery benefit-candidate 
if the total prediction probability was >0.5; (II) participant 
with total prediction probability ≤ of 0.5 was classified as 
surgery no-benefit-candidate. 

To test the nomogram’s clinical application value, Kaplan-
Meier analysis was conducted to test whether this predictive 
model would distinguish patients that could benefit from 
primary tumor surgery (surgery benefit-candidate vs. surgery 
no-benefit-candidate vs. no-surgery group). 

Results

Patients and baseline characteristics

There was a total of 5,250 eligible patients included in this 

study. The selection process is shown in Figure 1. Of these 
mEC participants, 492 (9.4%) underwent surgery to the 
primary tumor. The distributions of baseline characteristics 
for both study groups (surgery and nosurgery) are 
summarized and compared in Table 1, Tables S1,S2. As 
expected, there were obvious differences in age, gender, 
race, tumor location, histology, TNM stage, radiotherapy, 
chemotherapy, and surgery to distant sites between the two 
treatment groups, indicating that the two groups’ baseline 
characteristics were not balanced.

The 1:1 PSM was utilized, and 472 matched pairs of 
mEC patients treated with or without primary site surgery 
were generated and enrolled in the following analysis. 
All baseline characteristics were well balanced after PSM 
(all P>0.05), including age, gender, race, tumor location, 
histology, differentiation, TNM stage, radiotherapy, 
chemotherapy, and surgery to distant sites. Also, the 
standardized differences of baseline variables between study 
groups were all <10% after matching (Figure S1). A detailed 
description of the treatment information of the matched 
cohort is provided in Figure S2.

Correlation between surgery and survival in mEC

The PSM cohort was included in the following analysis. In 
the Kaplan-Meier analysis, significant differences in survival 
outcome were observed when participants were stratified 
by primary site surgical intervention (Figure 2A). Those 
who received primary tumor surgery had longer median 
CSS (19 vs. 9 months; P<0.001) than those without surgery. 
The results revealed that the 1-year CSS rates were 64.0% 
in the surgery group and 40.3% in the no-surgery group. 
The 3-year CSS rates were 40.9% in the surgery group 
and 10.1% in the no-surgery group. Multivariate Cox 
analysis further confirmed that primary tumor surgery was 
independently associated with improved CSS (HR 0.47; 95% 
CI, 0.41–0.55, P<0.001). Additionally, patients who underwent 
primary tumor surgery gained favorable CSS compared with 
those without primary tumor surgery across all baseline-
subgroups with a relatively smaller HR (Figure 2B).

Nomogram to identify benefit candidate for primary tumor 
surgery

The analysis above showed a significantly longer survival 
in mEC patients with primary tumor surgery. In order 
to distinguish candidates that could benefit from surgery 
among mEC patients, we hypothesized that patients who 

https://cdn.amegroups.cn/static/public/JTD-20-2347-supplementary.pdf
https://cdn.amegroups.cn/static/public/JTD-20-2347-supplementary.pdf
https://cdn.amegroups.cn/static/public/JTD-20-2347-supplementary.pdf
https://cdn.amegroups.cn/static/public/JTD-20-2347-supplementary.pdf
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Table 1 Characteristics for study population by study groups before and after PSM

Variable

Before PSM

P value

After PSM

P value
Surgery to primary 

site
No-surgery to primary 

site
Surgery to primary 

site
No-surgery to 
primary site

n=492 (%) n=4,758 (%) n=472 (%) n=472 (%)

Age (mean ± SD) 61.2±10.4 64.3±11.3 <0.001 61.4±10.3 61.9±10.6 0.479

Gender

Male 429 (87.2) 3,947 (83.0) 0.016 410 (86.9) 411 (87.1) 0.923

Female 63 (12.8) 811 (17.0) 62 (13.1) 61 (12.9)

Race

White 434 (88.2) 3,974 (83.5) 0.025 418 (88.6) 422 (89.4) 0.911

Black 36 (7.3) 506 (10.6) 33 (7.0) 30 (6.4)

Other 22 (4.5) 278 (5.8) 21 (4.4) 20 (4.2)

Tumor location

Upper 11 (2.2) 236 (5.0) <0.001 11 (2.3) 8 (1.7) 0.879

Middle 58 (11.8) 800 (16.8) 57 (12.1) 54 (11.4)

Lower 404 (82.1) 3,440 (72.3) 385 (81.6) 389 (82.4)

Overlap 19 (3.9) 282 (5.9) 19 (4.0) 21 (4.4)

Histology

Squamous cell carcinoma 90 (18.3) 1,348 (28.3) <0.001 89 (18.9) 82 (17.4) 0.554

Adenocarcinoma 402 (81.7) 3,410 (71.7) 383 (81.1) 390 (82.6)

Grade

G1 14 (2.8) 148 (3.1) 0.641 14 (3.0) 15 (3.2) 0.733

G2 195 (39.6) 1,785 (37.5) 188 (39.8) 199 (42.2)

G3 283 (57.5) 2,825 (59.4) 270 (57.2) 258 (54.7)

T stage

T1 53 (10.8) 1,577 (33.1) <0.001 53 (11.2) 56 (11.9) 0.867

T2 52 (10.6) 337 (7.1) 49 (10.4) 50 (10.6)

T3 314 (63.8) 1,493 (31.4) 297 (62.9) 302 (64.0)

T4 73 (14.8) 1,351 (28.4) 73 (15.5) 64 (13.6)

N stage 

N0 72 (14.6) 1,215 (25.5) <0.001 70 (14.8) 68 (14.4) 0.894

N1 247 (50.2) 2,912 (61.2) 245 (51.9) 254 (53.8)

N2 106 (21.5) 401 (8.4) 95 (20.1) 95 (20.1)

N3 67 (13.6) 230 (4.8) 62 (13.1) 55 (11.7)

M stage

Distant lymph node 264 (53.7) 889 (18.7) <0.001 245 (51.9) 241 (51.1) 0.794

Distant site metastasis 228 (46.3) 3,869 (81.3) 227 (48.9) 231 (48.9)

Table 1 (continued)
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underwent surgery and lived longer than the median CSS 
of the no-surgery group (9 months) could benefit from 
surgery to the primary tumor. Among the surgery group, 
participants were divided into two categories: 69.3% [327] 
of patients survived >9 months and were allocated to the 
surgery-beneficial group, and those who had shorter CSS 
times were classified into the surgery-non-beneficial group. 

Clinica l  base l ine  factors  that  can be  accessed 
preoperatively were included for the surgery benefit 
nomogram, including age, gender, tumor position, 
differentiation grade, histology, and TNM stage. A 
prediction nomogram was developed based on the 
multivariable logistic analysis to predict the operable mEC 
patients who would benefit from primary site surgery in the 
training set. The prediction nomogram for surgery benefit 
candidate is presented in Figure 3. 

The prediction nomogram had a good discrimination 
capacity for discerning the benefit-candidate from no-
benefit-candidate in the training set (AUC =0.722, 95% 
CI: 0.663–0.781) and the validation set (AUC =0.701, 
95% CI: 0.610–0.792) (Figure 4A,B). The calibration 
curves demonstrated good agreement between actual 
observation and prediction by nomogram in the training 
and the validation sets (both P>0.05) (Figure 4C,D). DCA 
showed that using the nomogram to predict surgery 
benefit probability provided greater net benefit than either 
the “treat all with surgery” or “treat none with surgery” 
strategies for operable mEC patients, which indicated the 

clinical usefulness of the nomogram (Figure S3).

Clinical utility of prediction nomogram

The likelihood of surgery benefit of the individual mEC 
patients with operable performance status can be easily 
calculated by adding up each variable’s corresponding 
prediction probability in the nomogram. A classification 
was developed according to the nomogram: the patient 
would be classed as a surgery benefit-candidate when the 
total prediction probability was beyond the cut-off point of 
0.5; otherwise, the patient would be classed as a surgery no-
benefit candidate. A schematic illustrating the application of 
the nomogram is shown in Figure 5. We then validated the 
distinguishability of the model in the validation set.

The nomogram’s good discrimination capacity was 
demonstrated with the AUC, calibration curve, and DCA 
analysis above. We then tested the prediction of nomogram’s 
clinical distinguishability by comparing the benefit-
candidate, no-benefit candidate, and no-surgery groups. 
The Kaplan-Meier analysis showed that survival prognosis 
in the different groups was accurately differentiated in both 
the training and validation sets (Figure 6). In the validation 
set, the benefit-candidate group showed significantly 
better CSS than the no-benefit-candidate group (HR 
=0.30, 95% CI: 0.12–0.73, P<0.001) and no-surgery group 
(HR =0.51, 95% CI: 0.42–0.62, P<0.001), suggesting that 
the nomogram could sufficiently identify operable mEC 

Table 1 (continued)

Variable

Before PSM

P value

After PSM

P value
Surgery to primary 

site
No-surgery to primary 

site
Surgery to primary 

site
No-surgery to 
primary site

n=492 (%) n=4,758 (%) n=472 (%) n=472 (%)

Radiotherapy

Yes 348 (70.7) 2,459 (51.7) <0.001 329 (69.7) 318 (67.4) 0.441

No 144 (29.3) 2,299 (48.3) 143 (30.3) 154 (32.6)

Chemotherapy

Yes 410 (83.3) 3,252 (68.3) <0.001 390 (82.6) 379 (80.3) 0.357

No 82 (16.7) 1,506 (31.7) 82 (17.4) 93 (19.7)

Surgery to distant sites 

Yes 94 (19.1) 191 (4.0) <0.001 79 (16.7) 85 (18.0) 0.606

No 398 (80.9) 4,567 (96.0) 393 (83.3) 387 (82.0)

PSM, propensity-score matching; SD, standard deviation.

https://cdn.amegroups.cn/static/public/JTD-20-2347-supplementary.pdf
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Figure 2 Comparison of cancer-specific survival between surgery to primary tumor vs. no surgery to primary tumor. (A) Plots of Kaplan-
Meier estimates of cancer-specific survival of metastatic esophageal cancer patients with and without primary tumor surgery in the matched 
cohort. (B) Hazard ratios of cancer-specific survival for those who underwent primary tumor surgery, compared with those who did not 
undergo primary tumor surgery, by subgroups. [(B) Diamonds represent effect size (hazard ratio (HR)], calculated separately by primary 
tumor surgery vs. no primary tumor surgery in different subgroups; horizontal lines (error bars) indicate 95% confidence intervals (CIs).
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patients who would benefit from primary tumor surgery. 
Moreover, there was no significant difference between 
the no-benefit-candidate group and no-surgery group  
(HR =1.57, 95% CI: 0.83–2.98, P=0.070), indicating that 
the nomogram was able to identify some operable mEC 
patients who would not benefit from primary tumor 
surgery and for whom planning an appropriate non-surgical 
treatment strategy was required.

Discussion 

This study was the first population-based analysis that 
assessed the role of a predictive model in identifying 
candidates that would benefit from primary tumor surgery 
in mEC. In this study, the beneficial effect of the survival 

outcome observed from the population database highlighted 
the potential of primary tumor surgery in the management 
of mEC. A prediction nomogram was developed to estimate 
candidate benefit for surgery to the primary tumor, which 
successfully stratified mEC participants according to their 
surgery benefit potential. The predictive factors included 
in the nomogram were conveniently available in clinical 
practice, and the validation of the prediction nomogram 
using different analyses demonstrated its positive 
performance and utility.

Systemic therapy, palliative/best supportive care, and 
sometimes clinical trials (e.g., immunotherapy) are preferred 
for mEC patients, while local treatment (e.g., surgery to 
the primary tumor) is not usually recommended. Notably, 
substantial heterogeneity exists among patients with mEC 

Figure 3 Prediction nomogram to predict candidate for benefit from primary tumor surgery in patients with metastatic esophageal cancer. 
The probability of each variable can be converted into scores according to the first scale “Points” at the top of the nomogram. After adding 
up the corresponding prediction probability at the bottom of the nomogram, the likelihood of surgery benefit of the individual patient can 
be calculated. The cut-off point of the nomogram is 0.5. The patient would be classified as benefit-candidate when the total prediction 
probability is beyond the cut-off point. 
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Figure 4 Validity of the predictive performance of the nomogram with ROC and calibration curves. ROC curves of the nomogram in the 
training (A) and validation (B) sets. Calibration curves of the nomogram in the training (C) and validation (D) sets. ROC, receiver operating 
characteristic.

Figure 5 A schematic depicting the application of the nomogram. In this analysis, a prediction nomogram was developed to identify 
candidate for benefit from primary tumor surgery in metastatic stage esophageal cancer, and provide more treatment options to these 
patients.
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Figure 6 Kaplan-Meier curves of survival for metastatic esophageal cancer patients in different benefit classification according to the 
nomogram (benefit-candidate and no-benefit candidate groups) and no-surgery group.

regarding clinicopathological information, such as age, 
tumor location, and tumor stage. Thus, the prognosis 
of mEC varies across different cases, and the treatment 
management remains in need of further exploration. The 
inclusion of surgery into multimodality treatment has been 
reproducibly associated with improved prognosis in patients 
with locally advanced stage EC (13,14); however, the role of 
surgical intervention has remained unclear for mEC. In fact, 
resection of the primary tumor is associated with improved 
survival prognosis in many metastatic stage cancers (15-18), 
which might be due to the great reduction of tumor burden 
by primary tumor resection, which subsequently reverses 
the detrimental effects of tumor progression on the immune 
response (19). 

Previous studies have questioned the value of primary 
tumor surgery and found that surgery did not improve 
survival in mEC (20). Regarding the postoperative 
morbidity and mortality, no significant difference was found 
between mEC and locally advanced EC (21). However, 
more recent studies have revealed the benefit of primary 
tumor surgery in mEC patients (6,7,9). Other related 
studies have also revealed that primary tumor resection 
could prolong survival in mEC patients after multimodality 
therapy compared with single-modality treatment and best 
supportive care (10,22-24). Certain characteristics have 
been linked to improved patient survival, for example, 
young age, fewer comorbidities, less nodal invasion, and 
limited metastasis. These findings indicated the role of local 
control in improving patients’ prognosis. Also, primary 
tumor resection for judiciously selected mEC patients could 
prevent tumor-related complications such as obstruction, 

bleeding, and perforation, thus reducing the potential risk 
of severe tumor-related complications.

Our results were in line with other studies in that patient 
who underwent primary tumor surgery had prolonged 
survival outcomes. The median CSS of patients receiving 
primary tumor surgery was 19 months, which was almost 
10 months longer than those without surgery. The analysis 
data was based on a population database with the intention 
that the results would reflect mEC patients’ outcomes 
in the real world. Of note, the results showed that some 
participants treated with surgery failed to reach the median 
CSS time (9 months) of those without surgery. In other 
words, not all operable patients could benefit from the 
surgery in terms of survival, indicating the insufficiency of 
the surgery recommendation. Therefore, we came up with 
a novel process to establish a prediction model to optimize 
candidate selection to those who would gain prolonged 
survival outcomes from primary tumor surgery. The median 
CSS of the surgery and no-surgery groups were 19 and 9 
months, respectively. We divided the surgery participants 
into two subgroups: we assumed that primary tumor surgery 
participants who lived >9 months could benefit from the 
surgery (surgery-beneficial group); while those who failed 
to survive >9 months were considered as the surgery-non-
beneficial group. The surgery-beneficial group vs. surgery-
non-beneficial group was then analyzed using a multivariate 
logistic model, including the preoperative baseline factors, 
and a prediction nomogram developed accordingly. Using 
this prediction nomogram, mEC patients who were 
suitable for surgery were identified with the individualized 
prediction of the surgery benefit potential. Our prediction 
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nomogram was an important supplementary tool to assist in 
identifying optimal mEC patients for surgical intervention 
at diagnosis. Clinicians can use the prediction nomogram 
to estimate an individual patient’s potential for surgery 
benefit. According to this prediction nomogram, patients 
classified as surgery benefit-candidates are more likely to 
gain benefit from primary tumor surgery, and in this case, 
surgical therapy might be recommended as a treatment 
option in addition to non-surgical therapy. For patients 
classified as surgery no-benefit-candidates, a non-surgical 
treatment strategy would be a reasonable recommendation. 
We believe that clinicians are better informed by calculating 
the benefit estimate for each patient and making decisions 
based on multidisciplinary team collaboration.

The observation of improved survival with surgical 
intervention is possibly attributed to selection bias for 
patients with favorable individual factors (e.g., younger age, 
better performance status, lower-tumor burden). However, 
surgery may have a therapeutic impact that is obscured by 
the selection bias, and that selection bias only represents 
a part rather than the total of the improved prognosis 
observed in mEC patients treated with surgery. In our 
predictive nomogram, younger age and tumor location were 
the top two strongest predictors of benefit from primary 
tumor surgery in mEC patients, suggesting that certain 
individual conditions are key to selecting surgical treatment 
for mEC patients. As is described in previous studies, 
younger patients, lower nodal status, and limited metastasis 
were associated with better outcomes for mEC patients 
with primary tumor surgery, which might be due to the 
relatively reduced surgical difficulty and associated risks (10). 
These factors are known to favorably influence prognosis, 
reinforcing the concept that patients with an expectation 
of longer survival and better individual conditions are 
potentially offered higher risk therapy, such as surgical 
intervention. Therefore, it might be reasonable to provide 
primary tumor surgery as a treatment option for certain 
mEC patients with potential surgery benefits. However, 
up to now, there has been no definite selection criteria of 
mEC patients who would potentially benefit from surgical 
therapy. The aggregation of multiple clinical factors 
might have a stronger prediction benefit than any simple 
single indicator. An individualized prediction would be an 
ideal assistant-selection tool for this situation. Thus, this 
exploratory study developed an individualized prediction 
model to identify surgery benefit candidates to contribute 
to future research and provide more prognostic information 
on clinicians and patients’ treatment decisions.

There were several limitations to this study. First, this 
study was a retrospective analysis with inherent biases as 
with any observational studies. Second, the SEER database 
did not provide information regarding performance status 
and comorbidity that might have led to a selection bias for 
treatment choice; however, our novel predictive nomogram 
was developed based on a surgery population who were 
evaluated as operable performance preoperatively, which 
had already specified the condition to use the nomogram. 
Third, some detailed information could not be acquired 
from the SEER database, such as a systematic therapy 
regimen, metastatic site, number of metastatic tumors, 
resection type (complete or incomplete), and treatment 
before and after surgery might represent a limitation 
of the current study. We could not answer whether the 
primary tumor resection enhanced survival benefit more if 
performed before or after the systemic treatment. Finally, 
although the prediction nomogram was developed using 
a population cohort and validated in a split subgroup of 
participants, the nomogram’s external validation needs to be 
performed in future studies with large sample sizes.

In summary, only specific mEC patients are likely to 
benefit from primary tumor surgery, and we established and 
validated a predictive model to identify benefit candidates 
for primary tumor surgery. This predictive model incurs 
no further cost. Its use could help select optimal candidates 
for primary tumor surgery among mEC patients and, 
therefore, provide an additional effective treatment option 
to them, with potential prognosis benefit. The predictive 
model merits further prospective validation and future 
improvement predictive model is warranted.
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Table S1 Surgical procedure of patients who underwent primary tumor surgery

Before PSM After PSM

n=492 (%) n=472 (%)

Resection of primary site tumor

Total esophagectomy 397 (80.7) 379 (80.3)

Partial esophagectomy 45 (9.1) 43 (9.1)

Surgery, NOSa 50 (10.2) 50 (10.6)

Number of retrieved LN, median (IQR) 12 [6–19] 12 [6–19]
a, primary tumor resection was performed, but did not specify the procedure. PSM, propensity-score matching; NOS, not otherwise 
specific; LN, lymph node; IQR, interquartile range.

Table S2 Number of distant metastases of participants

Before PSM After PSM

Surgery to 
primary site

No-Surgery to 
primary site

Surgery to primary 
site

No-Surgery to primary 
site

n=492 (%) n=4758 (%) P-value n=472 (%) n=472 (%) P-value

Distant lymph nodes 264 (53.7) 889 (18.7) <0.001 245 (51.9) 241 (51.1) 0.982

Number of metastatic organs

1 75 (15.2) 1250 (26.3) 75 (15.9) 77 (16.3)

2 27 (5.5) 498 (10.5) 27 (5.7) 31 (6.6)

>=3 8 (1.6) 122 (2.6) 8 (1.7) 7 (1.5)

Unknown a 118 (24.0) 1999 (42.0) 117 (24.8) 116 (24.6)
a, distant organ metastasis was reported, but without detailed information. PSM, propensity-score matching.
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Figure S1 Standardized differences of baseline variables between patients with and without primary tumor surgery before and after PSM. 
PSM, propensity score matching.

Figure S2 Treatment modalities in patients with and without primary tumor surgery in the matched cohort. (A) Bar chart showing 
treatment between the two groups (surgery to primary tumor vs. no-surgery to primary tumor). (B) Venn diagram showing treatment in the 
group of no-surgery to primary tumor. (C) Venn diagram showing treatment in the group of surgery to primary tumor.
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Figure S3 Decision curve analysis for the prediction nomogram. The X-axis represents the threshold probability. The Y-axis measures the 
net benefit. The red line represents the prediction nomogram. The grey and black line represent the hypothesis that all patients were benefit 
candidates or no-benefit-candidates, respectively.


