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Introduction

Esophageal cancer (EC) is a common malignant digestive 
tract tumor and the sixth most common cause of cancer-
related death worldwide (1,2). Esophageal adenocarcinoma 
(EAC) and esophageal squamous cell carcinoma (ESCC) 

are the two main histological subtypes of EC (3). 
Currently, chemotherapy, radiotherapy and surgery are 
the conventional treatment strategies for different types of 
cancers. Surgery is recommended for treatment of early-
stage EC, whereas adjuvant chemoradiotherapy is preferred 
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for local advanced EC. The five-year overall survival (OS) 
rate of EC is only 15–25% despite efforts to improve the 
diagnosis and therapy (4,5).

Theoretically, adjuvant chemotherapy can effectively 
reduce the recurrence rate and prolong survival by 
eliminating the potential  residual tumor cell  (6). 
Previous clinical trials report that adjuvant therapy can 
significantly improve survival for patients with positive 
pathological lymph nodes (7,8). However, it is controversial 
whether adjuvant therapy is beneficial to the survival of 
pathologically node-negative EC.

The aim of this study was to compare the OS and 
cancer-specific survival (CSS) of EC patients who 
underwent surgery alone (SA) or surgery plus perioperative 
chemotherapy (SA + CT) based on population-based 
data from the SEER database, after performing PSM. 
We present the following article in accordance with the 
STROBE reporting checklist (available at http://dx.doi.
org/10.21037/jtd-20-2877).

Methods

Study population

All data used in this study was derived from the SEER 
database, which is an open-access webserver (https://seer.
cancer.gov/). The SEER database is an authoritative source 
of clinical information, demographic data, cancer incidence, 
and survival, which covers 18 cancer registries and 
represents nearly 28% of the US population. The study was 
conducted in accordance with the Declaration of Helsinki 
(as revised in 2013). Requirement for informed consent 
was waived since the SEER database is publicly available 
and anonymous. This study was approved by the Ethics 
Committee of the First Affiliated Hospital of Chongqing 
Medical University, Chongqing, China as exempted 
research with no human subject involved.

SEER*Stat software (version 8.3.6) was used to select the 
study population. All primary cases of EC were identified 
(International Classification of Diseases for Oncology 
(ICD-O-3) anatomic codes 150-155 and 158-159). 
Information on age, sex, race, tumor size, nuclear grade, 
location, histological type, number of examined lymph 
node (ELN), treatment, T stage, and survival was collected 
for each case from the database. Histologic codes of EAC 
and ESCC were 8140-8389 and 8050-8089 respectively. 
In this study, upper esophagus codes were C15.0 and 
C15.3. Middle esophagus was defined as Code C15.4. A 

combination of C15.2 and C15.5 was used to represent the 
lower esophagus. The OS and CSS were primary endpoints. 
The OS was defined as the time interval between initial 
diagnosis and death from any cause. The CSS referred to 
the interval from initial diagnosis to the occurrence of EC-
specific death. Tumor stage was identified based on the 
sixth edition tumor-node-metastasis (TNM) staging of the 
American Joint Committee on Cancer (AJCC).

Patient inclusion and exclusion criteria are shown in 
Figure 1. Inclusion criteria were: (I) patients with primary 
EC aged >18 years between January 2004 and December 
2016; (II) patients with T1-3N0M0 stage EC who 
underwent surgical resection. Exclusion criteria included: 
(I) patients whose survival time was missing or was 0; (II) 
patients who did not undergo surgery or unknown local 
treatment; (III) patients who received radiotherapy; (IV) 
patients diagnosed with T4 or Tis status, positive lymph 
node, unknown or positive metastatic status.

Statistical analysis

Patients were divided into two groups based on presence 
or absence of perioperative chemotherapy. Comparison of 
categorical variables between the two groups was performed 
using the Pearson chi-square test and expressed as counts and 
percentages. To minimize the effects of potential bias, a 1:1 
nearest-neighbor PSM method was performed using a 0.05 
standard deviation caliper width on the R package “MatchIt” 
(https://cran.r-project.org/web/packages/MatchIt/index). 
Matching variables included age, gender, race, pathologic 
grade, T stage, size of tumor, location, histological type, and 
ELN count. Multivariable Cox proportional hazards models 
were constructed to explore survival-related factors, and the 
hazard ratio (HR) with a 95% confidence interval (CI) for 
each variable was calculated.

An interaction test was conducted to explore whether 
the subgroups of different T stages had any survival benefit 
after perioperative chemotherapy. Residual factors were 
adjusted in the multivariable Cox regression model when 
examining the benefit of perioperative chemotherapy in 
patients stratified using the AJCC T stage. These factors 
included the age of patients, race, gender, nuclear grade, 
histology, ELN count, location, and tumor size. The 
Kaplan-Meier method was constructed to evaluate survival 
curves of patients before and after matching and results 
were compared by using log-rank tests. In addition, another 
three pairs of survival curves were plotted based on different 
T stages subgroups. P<0.05 was considered to be statistically 
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significant. All statistical analyses were performed using the 
R software (version 3.6.2, http://www.r-project.org/).

Results

Patient characteristics

We selected 2,711 cases from the SEER database 
following the inclusion and exclusion criteria. A total of 
2,545 (93.88%) cases received SA, whereas 166 (6.12%) 
cases received SA + CT. The clinical and demographic 
characteristics of SA and SA + CT groups are shown in  
Table 1. Age, grade, ELN count, T stage, histology, 
location, and tumor size showed significant differences 
between SA and SA + CT groups before matching. 
Specifically, the SA + CT group showed higher proportions 
of younger patients (<65 years), higher differential grade, 
more ELN count, higher T stage, less adenocarcinoma, 
lower location, more tumor size >30 mm compared with the 
SA group (all P<0.05). Baseline characteristics of patients 
in the two groups were balanced after PSM. Residual 
characteristics were similarly distributed between the two 
groups (all P>0.05), except for ELN count (P=0.013).

Survival analysis

The mean follow-up period was 46 months. Survival 

curves of SA + CT group versus SA group, before and after 
matching, are shown in Figure 2. Before matching, the 
5-year OS rate of the SA group was 66.1%, whereas the 
5-year OS rate of the SA + CT group was 53% (log-rank 
P=0.0011; Figure 2A). Similarly, Patients who underwent 
SA showed better CSS compared with patients in the SA 
+ CT group (log-rank P<0.0001; Figure 2B). However, no 
significant survival differences were detected between the 
two groups (log-rank P=0.39 for OS and P=0.55 for CSS; 
Figure 2C,D), considering all matched patients.

The cohort, before and after matching, was analyzed 
using multi-factors (Table 2). Compared to the SA group, 
the SA + CT group displayed no differences in the OS (HR 
=0.86; 95% CI, 0.67–1.10; P=0.232) and CSS (HR =0.84; 
95% CI, 0.61–1.14; P=0.264) in the original Cox models. 
The propensity score-matched (PSM) Cox regression 
model showed similar results. Before matching, T1 patients 
had significantly better prognosis compared with T2 and 
T3 patients (P <0.001). After matching, only patients at T3 
stage showed significant differences in OS (HR =2; 95% 
CI, 1.29–3.09; P=0.002) and CSS (HR =2.13; 95% CI, 
1.25–3.62; P=0.006), where the patients at T1 stage were 
taken as the reference. Also, in the unmatched cohort, age, 
grade, ELN number, pathological type, and tumor location 
were related to OS and CSS, but these factors showed 
no correlation with prognosis in the matched cohort. 

39,951 In the SEER database

primary esophageal cancer

2004-2016 files

36,028 cases

9,706 cases

3,878 cases

2,711 cases

3,923 patients whose survival time 

was unknown or 0 were excluded

26,322 No surgery or unknown 

patients were excluded

5,828 Patients who had undergone 

radiotherapy were excluded

1,104 Patients with N+ M+ or 

unknown were excluded

63 Patients with T4, TIS or 

unknown were excluded

Figure 1 The flow diagram of the selection process for the study.
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Table 1 Comparison of baseline variables between surgery alone and surgery plus perioperative chemotherapy groups in the original and matched 
datasets in cases of esophageal cancer

Characteristic
Original data set Matched data set

SA (%) SA + CT (%) P SA (%) SA + CT (%) P

Total 2545 166 148 148

Race 1.000 0.574

White 2,325 (91.4) 152 (91.6) 130 (87.8) 134 (90.5)

Other 220 (8.6) 14 (8.4) 18 (12.2) 14 (9.5) 

Gender 0.293 0.313

Female 458 (18.0) 24 (14.5) 17 (11.5) 24 (16.2) 

Male 2,087 (82.0) 142 (85.5) 131 (88.5) 124 (83.8) 

Age 0.002 0.907

<65 1,141 (44.8) 95 (57.2) 84 (56.8) 82 (55.4) 

≥65 1,404 (55.2) 71 (42.8) 64 (43.2) 66 (44.6) 

Grade <0.001 0.200

G1–2 1,423 (55.9) 71 (42.8) 77 (52.0) 66 (44.6) 

G3–4 537 (21.1) 74 (44.6) 50 (33.8) 65 (43.9) 

Unknown 585 (23.0) 21 (12.7) 21 (14.2) 17 (11.5) 

ELN count <0.001 0.013

0–3 1,143 (44.9) 23 (13.9) 22 (14.9) 23 (15.5) 

≥4 1,337 (52.5) 141 (84.9) 115 (77.7) 124 (83.8) 

Unknown 65 (2.6) 2 (1.2) 11 (7.4) 1 (0.7) 

T stage <0.001 0.389

T1 2,106 (82.8) 54 (32.5) 62 (41.9) 54 (36.5) 

T2 237 (9.3) 36 (21.7) 26 (17.6) 35 (23.6) 

T3 202 (7.9) 76 (45.8) 60 (40.5) 59 (39.9) 

Histology 0.005 0.251

AC 2,000 (78.6) 115 (69.3) 95 (64.2) 101 (68.2) 

SCC 383 (15.0) 31 (18.7) 42 (28.4) 31 (20.9) 

Other 162 (6.4) 20 (12.0) 11 (7.4) 16 (10.8) 

Tumor location 0.022 0.057

Lower 1,837 (72.2) 128 (77.1) 115 (77.7) 112 (75.7) 

Middle 328 (12.9) 9 (5.4) 17 (11.5) 8 (5.4)

Upper 69 (2.7) 5 (3.0) 5 (3.4) 5 (3.4) 

Unknown 311 (12.2) 24 (14.5) 11 (7.4) 23 (15.5) 

Tumor size <0.001 0.357

≤30 mm 1,418 (55.7) 57 (34.3) 63 (42.6) 54 (36.5) 

>30 mm 367 (14.4) 73 (44.0) 53 (35.8) 65 (43.9) 

Unknown 760 (29.9) 36 (21.7) 32 (21.6) 29 (19.6) 

SA, surgery alone; SA + CT, surgery plus perioperative chemotherapy; ELN, examined lymph node; SCC, squamous cell carcinoma; AC, 
adenocarcinoma.
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Figure 2 Survival comparisons between surgery alone and surgery + perioperative chemotherapy groups. Overall survival comparisons 
between patients with surgery alone and surgery + perioperative chemotherapy in whole cohort (A) and matched cohort (C). Cause-specific 
survival comparisons between patients with surgery alone and surgery + perioperative chemotherapy in whole cohort (B) and matched 
cohort (D).

Interestingly, the cohorts showed that tumor size >30 mm 
was a risk factor for CSS before and after PSM, but it was 
not significant for OS. In subgroup analysis (Table 3), T3 
patients undergoing SA + CT had significantly better OS 
and CSS than those undergoing SA. Also, the CSS of the 
SA group was significantly better than the SA + CT group 
for T1 stage patients (HR =2.82; 95% CI, 1.04–7.67; 
P=0.042).

Further survival analysis was performed according to 
the T1, T2, and T3 stages after matching, to explore the 
survival differences between the SA + CT and SA groups 
at different T stages of EC. T1 stage EC patients benefited 
from SA (Figure 3A, P=0.025; Figure 3B, P=0.0051), and 

there was no significant difference between the prognosis of 
T2 EC patients receiving SA and SA + CT (Figure 3C,D). 
However, the T3 stage patients benefited from SA + CT 
(Figure 3E, P=0.0024; Figure 3F, P=0.0051).

Discussion

The purpose of our study was to explore the survival 
differences of T1–3N0 patients who underwent SA versus 
SA + CT, based on a large sample size and PSM method. 
Patients at stage T3 benefited more from SA + CT 
compared with T1 and T2 patients. The CSS of the SA 
group was significantly better than that of the SA + CT 
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Table 2 Multivariate Cox regression analysis for OS and CSS in overall patient cohort

Characteristic

Unmatched cohort (N=2711) Matched cohort (N=296)

OS CSS OS CSS

HR (95% CI) P HR (95% CI) P HR (95% CI) P HR (95% CI) P

Race

White RF RF RF RF RF RF RF RF

Other 0.91 (0.73–1.14) 0.418 0.97 (0.72–1.29) 0.812 0.98 (0.54–1.75) 0.936 1.16 (0.58–2.30) 0.677

Treatment

SA RF RF RF RF RF RF RF RF

SA + CT 0.86 (0.67–1.10) 0.232 0.84 (0.61–1.14) 0.264 0.78 (0.56–1.11) 0.165 0.78 (0.51–1.19) 0.251

Gender

Female RF RF RF RF RF RF RF RF

Male 1.17 (0.99–1.39) 0.060 1.19 (0.95–1.50) 0.129 1.34 (0.80–2.25) 0.265 1.21 (0.66–2.21) 0.543

Age

<65 RF RF RF RF RF RF RF RF

≥65 1.79 (1.57–2.04) <0.001 1.52 (1.27–1.82) <0.001 1.01 (0.72–1.41) 0.961 0.92 (0.61–1.39) 0.680

Grade

G1–2 RF RF RF RF RF RF RF RF

G3–4 1.28 (1.11–1.48) 0.001 1.62 (1.34–1.96) <0.001 1.41 (0.99–2.01) 0.057 1.44 (0.93–2.21) 0.100

Unknown 0.85 (0.71–1.03) 0.102 0.69 (0.50–0.94)  0.017 1.07 (0.54–2.09) 0.850 0.91 (0.38–2.19) 0.842

ELN count

0–3 RF RF RF RF RF RF RF RF

≥4 0.78 (0.68–0.90) <0.001 0.98 (0.80–1.20)  0.815 0.86 (0.52–1.42) 0.551 0.92 (0.49–1.72) 0.796

Unknown 0.88 (0.59–1.32) 0.548 0.78 (0.41–1.49) 0.453 0.82 (0.28–2.40) 0.713 0.69 (0.14–3.36) 0.647

T stage

T1 RF RF RF RF RF RF RF RF

T2 1.67 (1.38–2.02) <0.001 1.90 (1.47–2.46) <0.001 1.11 (0.66–1.85) 0.695 0.78 (0.39–1.55) 0.482

T3 3.09 (2.52–3.79) <0.001 3.63 (2.80–4.70) <0.001 2.00 (1.29–3.09) 0.002 2.13 (1.25–3.62) 0.006

Histology

AC RF RF RF RF RF  RF RF RF

SCC 1.37 (1.13–1.65) 0.001 1.49 (1.17–1.91) 0.002 1.26 (0.80–1.98) 0.317 1.06 (0.61–1.84) 0.841

Other 1.25 (0.98–1.59) 0.067 1.01 (0.70–1.46) 0.938 1.10 (0.61–2.01) 0.747 0.86 (0.40–1.88) 0.707

Tumor location

Lower RF RF RF RF RF RF  RF RF

Middle 1.33 (1.11–1.61) 0.003 1.58 (1.23–2.02) <0.001 1.38 (0.78–2.45) 0.272 1.92 (1.00–3.69) 0.051

Upper 1.08 (0.75–1.56) 0.688 1.32 (0.81–2.16) 0.266 0.60 (0.20–1.82) 0.365 0.29 (0.04–2.32) 0.242

Unknown 1.15 (0.94–1.39) 0.169 1.31 (1.00–1.72) 0.046 1.70 (0.97–2.97) 0.064 1.90 (0.97–3.73) 0.061

Tumor size

≤30 mm RF RF RF RF RF RF RF RF

>30 mm 1.16 (0.98–1.39) 0.090 1.35 (1.07–1.69) 0.010 1.38 (0.95–2.00) 0.093 1.63 (1.03–2.58) 0.038

Unknown 0.99 (0.84–1.16) 0.859 0.98 (0.77–1.25) 0.874 0.69 (0.40–1.20) 0.185 0.86 (0.44–1.71) 0.676

OS, overall survival; CSS, cause-specific survival; SA, surgery alone; SA + CT, surgery plus perioperative chemotherapy; ELN, examined 
lymph node; SCC, squamous cell carcinoma; AC, adenocarcinoma; HR, hazard ratios; CI, confidence interval.
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group for T1 patients.
Chemotherapy is a common and effective adjunct therapy 

for EC, but there are some controversies. A multicenter 
phase III trial showed that perioperative chemotherapy 
significantly improved the OS and disease-free survival 
in patients with lower esophagus adenocarcinoma (9).  
Cunn ingham e t  a l .  r epor ted  tha t  per iopera t i ve 
chemotherapy decreased tumor size and improved tumor 
stage (10). However, other studies (11,12) showed that 
preoperative chemotherapy did not improve outcomes of 
patients with EC. The limitation of these studies lies in 
the lack of stratified analysis of the results using the disease 
stage, which may be the reason for the inconsistent effect of 
chemotherapy on survival. In our study, SA + CT and the 
SA groups had a significant survival difference before PSM. 
However, no significant difference was found between the 
two groups after PSM. Similarly, Ando et al. (13) found 
that adjuvant chemotherapy could not improve the 5-year 
disease-free survival rate for lymph node negative patients. 
In this study, T3 patients could benefit from chemotherapy, 
whereas subgroup analysis showed that perioperative 
chemotherapy increases the risk of death in T1 patients; 
the CSS HR of T1 patients in the SA + CT group was 
approximately 2.8 compared with T1 patients in the SA 
group. The HR of CSS and OS in the SA group was nearly 
2.5 for T3 patients, where the SA + CT group was taken 
as the reference. Therefore, this study suggests that SA is 
more effective for T1 stage patients, whereas patients at T3 
stage should receive SA + CT.

Sato et al. (14) found that approximately 40% of patients 
at postoperatively confirmed pN0 stage had micrometastasis 
of lymph nodes. More micrometastasis was associated with 
a higher T stage. Another study showed that pN0 patients 
with lymph node micrometastasis contained 31.7% of all 
pN0 patients, and the survival time of these patients was 
similar to that of original pN1 patients (15). T3N0 patients 
may have potential lymph node micrometastasis, which may 

be related to effectiveness of perioperative chemotherapy 
in T3N0 patients. Perioperative chemotherapy may 
present the risk of toxicity compared with SA. The most 
common side effects of chemotherapy include general 
fatigue, leukopenia, anemia and stomatitis (16). Previous 
researches (17,18) showed that neoadjuvant therapy could 
increase pneumonia, arrhythmia, and postoperative deaths. 
In this study, perioperative chemotherapy was correlated 
with poor CSS of T1 patients, which may be attributed to 
the adverse effects of chemotherapy. A previous study (19) 
found that 50% of cT2N0 patients were understated and 
recommended the use of neoadjuvant therapy. But a meta-
analysis, including eight retrospective studies of 2,646 
patients with T2N0 EC, showed no statistically significant 
difference in the 5-year OS between the adjuvant therapy 
and SA groups (20). This was consistent with our results 
whereby perioperative chemotherapy showed no effect on 
OS and CSS of T2 EC. Further research should be carried 
out to explore effective treatment approaches for T2 EC.

There were several shortcomings in this study. There 
is no definitive protocol for chemotherapy, which makes it 
difficult to determine the accuracy of treatment strategies. 
Secondly, the data used in this study are from public 
databases, and the inclusion and exclusion criteria were 
not all clear. Besides, the study was retrospective and non-
randomized. Also, some variables such as resection margin, 
lymphovascular invasion, and gene mutations were not 
included in this database, which may also affect the survival 
of patients.

Conclusions

There is a significant survival benefit from perioperative 
chemotherapy for T3N0 patients. However, perioperative 
chemotherapy does not present survival benefit to T1–2 
patients, and it is a risk factor for adverse clinical outcome 
of T1 patients. Unmeasurable confounding factors in the 

Table 3 OS and CSS risk shown between surgery alone and surgery + perioperative chemotherapy groups according to T stage

Group No. of SA + CT No. of SA Multivariable HR (95% CI) of OS P Multivariable HR (95% CI) of CSS P

T1 54 62 1.88 (0.87–4.06) 0.107 2.82 (1.04–7.67) 0.042

T2 35 26 0.54 (0.22–1.32) 0.176 0.32 (0.08–1.26) 0.103

T3 59 60 0.39 (0.23–0.65) <0.001 0.40 (0.22–0.75) 0.004

Multivariate analysis adjusted by age of patients, race, gender, nuclear grade, histology, ELN count, tumor location and tumor size and 
treatment. OS, overall survival; CSS, cause-specific survival; SA, surgery alone; SA + CT, surgery plus perioperative chemotherapy; ELN, 
examined lymph node; HR, hazard ratios; CI, confidence interval.
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Figure 3 Overall survival and cause-specific survival of different T stages after propensity score-matched. Overall survival between surgery 
alone and surgery + perioperative chemotherapy groups in pT1 subgroup (A), T2 subgroup (C) and T3 subgroup (E). Cause-specific survival 
comparisons between patients with surgery alone and surgery + perioperative chemotherapy in T1 subgroup (B), T2 subgroup (D) and T3 
subgroup (F).

1.00

0.75

0.50

0.25

0.00

1.00

0.75

0.50

0.25

0.00

1.00

0.75

0.50

0.25

0.00

1.00

0.75

0.50

0.25

0.00

1.00

0.75

0.50

0.25

0.00

1.00

0.75

0.50

0.25

0.00

0                      50                    100                   150

0                      50                    100                   150

0                      50                    100                   150

0                      50                    100                   150

0                      50                    100                   150

0                      50                    100                   150

Time (months)

Time (months)

Time (months)

Time (months)

Time (months)

Time (months)

Strata      Surgery     Surgery + chemotherapy

Strata      Surgery     Surgery + chemotherapy

Strata      Surgery     Surgery + chemotherapy

Strata      Surgery     Surgery + chemotherapy

Strata      Surgery     Surgery + chemotherapy

Strata      Surgery     Surgery + chemotherapy

P=0.025

P=0.44

P=0.0024

P=0.0051

P=0.31

P=0.0051

S
ur

vi
va

l p
ro

ba
bi

lit
y

S
ur

vi
va

l p
ro

ba
bi

lit
y

S
ur

vi
va

l p
ro

ba
bi

lit
y

S
ur

vi
va

l p
ro

ba
bi

lit
y

S
ur

vi
va

l p
ro

ba
bi

lit
y

S
ur

vi
va

l p
ro

ba
bi

lit
y

A

C

E

B

D

F



1003Journal of Thoracic Disease, Vol 13, No 2 February 2021

© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2021;13(2):995-1004 | http://dx.doi.org/10.21037/jtd-20-2877

SEER database limit these findings. Therefore, further 
studies should be carried out to validate the potential role of 
perioperative chemotherapy in lymph node-negative EC.
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