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Introduction

Esophageal cancer (EC) is one of the most common cancers 
worldwide (1). In 2020, 604,100 new cases of EC were 

reported, and EC was ranked as the 6th leading cause of 

death from cancer (1). Esophageal squamous cell carcinoma 

(ESCC) and esophageal adenocarcinoma (EAC) are the 
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two major histological types of EC (2). During the last few 
decades, the incidence of EAC has been rising rapidly, and 
it has become the most common esophageal malignancy in 
Western countries (3,4). According to a previous study, liver 
metastasis occurs in approximately 20% of EAC cases, and 
the liver is the most common organ of metastasis (5). With 
a median overall survival (OS) of 8–10 months and a 5-year 
OS rate <5%, the prognosis of EC patients is extremely 
poor (6).

Patients with esophageal adenocarcinoma with liver 
metastasis (EACLM) are classified as stage IVB under 
the tumor, node, metastasis (TNM) classification system, 
and are considered suitable for palliative therapy, such as 
chemotherapy (CT), palliative radiation therapy (RT), 
and salvage surgery (7-9). Systemic therapy can provide 
palliation of symptoms, improved survival, and enhanced 
quality of life in patients with locally advanced or metastatic 
esophageal or esophagogastric junction (EGJ) cancers  
(10-12). Radiation alone rarely cures EC, the combination 
of radiotherapy and concurrent CT has led to long-term 
survival approximately 25% of patients (13). Despite the 
increase in perioperative risks, the estimated 5-year survival 
of 25% has been reported in selected patients for salvage 
esophagectomy (2). However, the prognostic value of 
different treatment modalities for EACLM patients is not 
clear, with only a small number of retrospective case series 
have been described in the worldwide literature (7,14,15). 
Further, there is also a relative lack of knowledge about the 
prognostic factors for EACLM. Thus, the effects of optional 
treatment modalities on patients’ survival based on a large-
scale cohort study urgently needed to be investigated.

This study sought to compare the OS and DSS of 
EACLM patients who were divided into the following 
groups: local therapy (surgery/radiation), systemic therapy 
(CT), combination therapy (surgery/radiation + CT), and 
no treatment using the Surveillance, Epidemiology and End 
Results (SEER) database. PSM analyses were performed to 
minimize the differences between the groups at baseline. 
We present the following article in accordance with the 
STROBE reporting checklist (available at https://jgo.
amegroups.com/article/view/10.21037/jgo-22-420/rc).

Methods

Data source

The current study was a retrospective cohort study, and 
data about all the patients and their relevant information 

were obtained from the SEER database from 2010 to 2015. 
Follow-up data are obtained through active and passive 
methods. Data fields concerning patient vital status, date 
of last contact, treatment, and recurrence are updated to 
maintain accurate surveillance information. Patients were 
followed through the death date or the last follow-up  
date (December 31, 2018). The SEER database is an 
authoritative, public source of information on cancer 
incidence, mortality, prevalence, lifetime risk statistics, and 
survival in the United States (US) (16). We used SEER-
Stat software (version 8.3.9) to access the database in this 
study. The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). All data were 
extracted from the public database and did not involve 
personally identifiable information, so informed consent 
was not required.

Inclusion and exclusion criteria

According to the SEER database coding manual, all patients 
with histologic type, 8140/3, as coded by the International 
Classification of Diseases for Oncology (ICD-O-3), were 
included in the study. Patients were excluded from the study 
if they met any of the following exclusion criteria: (I) were 
not diagnosed at the first screening; (II) did not have liver-
only metastases; (III) had missing treatment information; 
and (IV) had <1 month of follow-up (these patients were 
excluded to limit the immortal time bias) (17).

Study variables

Data and information were collected from the SEER 
database using SEER-Stat software for the following 
variables: age, gender, race, marital status, year of diagnosis, 
primary tumor site, T stage, N stage, tumor grade, 
treatment patterns, and survival time. Patients were divided 
into the following 4 groups based on age at diagnosis: 
30–55, 56–65, 66–70, and >70 years old. Patients were 
divided into the following groups based on race: white, 
black, and other. Patients were divided into the following  
4 groups based on marital status: separated/divorced, 
married, unmarried/single, and widowed/other. Patients 
were divided into the following 4 groups based on the 
distance from the incisors to the primary tumor site: 15– 
24 cm (C150–C153), 25–32 cm (C154), 33–40 cm (C155), 
and other (C158–159) (18). T stage and N stage were 
determined according to the American Joint Committee 
on Cancer (AJCC) (7th edition) staging system using the 

https://jgo.amegroups.com/article/view/10.21037/jgo-22-420/rc
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available clinical and pathologic data on tumor invasion, 
and lymph nodes status, respectively. Grade was defined 
by the following codes: well-differentiated (grade I), 
moderately differentiated (grade II), poorly differentiated 
or undifferentiated (grade III and grade IV), and unknown 
grade (other). Patients were divided into the following four 
groups based on treatment patterns: local therapy (surgery/
radiation), systemic therapy (CT), combination therapy 
(surgery/radiation + CT), and no treatment.

Statistical analysis

Baseline
The baseline demographic and clinical characteristics are 
described as the medians with interquartile ranges (IQRs) 
for the continuous variables, and as the percentages for the 
categorical variables. The different groups (alive vs. dead) 
were compared using logistic regression models for all 
variables.

Univariate and multivariate regression analyses
For the univariate and multivariate regression analysis, 
the Cox regression model was used to assess the hazard 
ratios (HRs) and 95% confidence intervals (CIs). The 
proportional hazards assumption was met. OS was used 
as the primary endpoint and defined as the time from 
diagnosis of EACLM to death from any cause. DSS was 
used as the secondary endpoint and referred to the period 
between diagnosis of EACLM and death due to EACLM. 
All the variables were included in the multivariate analysis 
to predict the independent prognosis factors, and the OS 
and DSS curves were examined using the Kaplan-Meier (K-
M) method and compared using the log-rank test.

Propensity score-matching (PSM) analyses
PSM analyses were performed for sensitivity analysis. We 
used a PSM method to minimize the differences between 
the groups at baseline. A logistic regression model was 
conducted to evaluate the propensity score based on 
the following variables: age, gender, race, marital status, 
primary tumor site, T stage, N stage, and histological 
grade. A 1:1 PSM was implemented between patients with 
systemic therapy or no therapy, and their prognoses were 
also compared. We then further compared patients who 
underwent combination therapy and systemic therapy 
using a matching ratio of 1:2 to compare their prognoses. 
We used the nearest-neighbor matching algorithm based 
on the R package MatchIt and chose the caliper value at 

10% of the standard deviation of the propensity score 
value as converted by the logit model. The standardized 
mean differences (SMD) before and after matching are 
illuminated in Figures S1,S2. The balance between datum 
line covariates in both the matched and unmatched cohorts 
was scanned by standardized differences, and <10% was 
adequately credible (19). After matching, the balance of 
variables between two groups was evaluated by the χ2 test 
and love-plot; a P value >0.05 for the χ2 tests or plots within 
two dashed vertical lines in the love-plot were considered 
balanced. R (version 4.0.5; https://www.r-project.org/) was 
used for the statistical analysis. A two-sided P<0.05 was 
considered statistically significant.

Results

Patient characteristics

A total of 952 patients from 2010 to 2015 were identified as 
the study cohort from the SEER database. All the patients 
were confirmed to have EACLM at the time of the initial 
diagnosis. A flowchart of patient selection is presented 
in Figure 1. The median age of all patients at diagnosis 
was 63.0 (range, 30–97) years. Among these patients, the 
proportion of men was much greater (87.0%) than that of 
women (13.0%). Most patients (93.0%) were white; 4.0% 
were black, and 3.0% were other. Among the patients with 
EACLM, 24 (3%) of the 952 patients underwent surgery, 17 
(2%) received RT, and 710 (75%) received CT. In relation 
to the various combination therapies, 26 (3%) of the  
952 patients received combination therapy, 5 (1%) received 
local therapy, 685 (72%) received systemic therapy, and 236 
(25%) did not received any treatment. Table 1 shows the 
baseline characteristics of all the patients extracted from the 
SEER database.

Survival analyses and prognostic factors

The median follow-up time of all 952 EACLM patients was 
10.9 (range, 1–83) months. To investigate the relationship 
between treatment modality and prognosis, K-M survival 
analyses were conducted. The EACLM patients treated 
with CT had a better prognosis than those who were not 
treated with CT (P<0.001). Additionally, we found that 
the OS of patients who underwent surgery was longer 
than that of those who did not undergo surgery (P=0.005). 
However, there was no statistically significant different in 
the radiated patients compared to the non-radiated patients 

https://cdn.amegroups.cn/static/public/JGO-22-420-supplementary.pdf
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Esophageal cancer diagnosed 
between 2010 and 2015 (n=91,108) Excluded: 

• Not primary adenocarcinoma (n=51,325)
• Not initially diagnosed (n=6,597)
• Not M1 disease (n=6,961)
• Not liver metastasis only (n=25,133)

Excluded:
• “Blanks” in treatment (n=1)

Excluded:
• Follow-up time less than 1 month (n=139)

N=1,092

N=1,091

N=952

Figure 1 Flowchart of selection of patients with EC and liver metastasis at 1st diagnosis used in the SEER database. EC, esophageal cancer; 
SEER, Surveillance, Epidemiology and End Results.

(P=0.271; see Figure 2A-2C). Similar results were also found 
in relation to DSS (see Figure 2D-2F). We further examined 
the effect of the treatment combinations on the OS and 
DSS of patients with EACLM. The median OS was 12, 
10, 3, and 2 months for patients treated with combination 
therapy, systemic therapy, local therapy, and no therapy, 
respectively (see Figure 3A). Similar results were found for 
DSS. The median DSS was 19, 11, 3, and 3 months for 
patients treated with combination therapy, systemic therapy, 
local therapy, and no therapy, respectively (see Figure 3B).

In the univariate analyses, older age (71–97 vs. 30–55: 
HR =1.343, 95% CI: 1.119–1.611, P=0.002), year of 
diagnosis (2015 vs. 2010: HR =0.755, 95% CI: 0.597–0.954, 
P=0.019), T stage (T2 vs. T1: HR =0.640, 95% CI: 0.449–
0.913, P=0.014; and T3 vs. T1: HR =0.798, 95% CI: 0.649–
0.980, P=0.031), surgery (HR =0.528, 95% CI: 0.334–0.833, 
P=0.006), CT (HR =0.361, 95% CI: 0.310–0.420, P<0.001) 
were associated with OS. In the multivariate analyses, 
gender (HR =1.242, 95% CI: 1.055–1.535, P=0.045), 
T stage (T2 vs. T1: HR =0.583, 95% CI: 0.402–0.845, 
P=0.004; T3 vs. T1: HR =0.731, 95% CI: 0.586–0.912, 
P=0.006; and T4 vs. T1: HR =0.778, 95% CI: 0.613–0.987, 
P=0.038), and CT (HR =0.345, 95% CI: 0.292–0.407, 
P<0.001) were independent prognostic factors for OS (see 
Figure 4A).

In relation to DSS, we also observed that factors such 
as older age (71–97 vs. 30–55: HR =1.341, 95% CI: 1.101–
1.633, P=0.004), year of diagnosis (2015 vs. 2010: HR 
=0.755, 95% CI: 0.586–0.973, P=0.03), surgery (HR =0.522, 
95% CI: 0.317–0.858, P=0.01), CT (HR =0.377, 95% CI: 
0.319–0.445, P<0.001) were significant prognostic factors. 

The multivariate analysis of DSS indicated that marital status 
(married vs. divorced/separated: HR =0.778, 95% CI: 0.613–
0.989, P=0.04), T stage (T2 vs. T1: HR =0.626, 95% CI: 
0.421–0.930, P=0.02; T3 vs. T1: HR =0.779, 95% CI: 0.614–
0.989, P=0.041), and CT (HR =0.360, 95% CI: 0.300–0.431, 
P<0.001) had significant predictive power compared to the 
other available factors (see Figure 4B).

PSM analyses

To better balance the patients in the systemic treatment 
group and the no therapy group, we performed a 1:1 
PSM analysis for variables to decrease the selection bias 
and further compared their OS and DSS using the Cox 
regression model. The PSM analysis generated 224 matched 
pairs with similar baseline characteristics (see Table 2 and 
Figure S1). The results showed that patients who received 
systemic treatment demonstrated a better OS and DSS than 
those who did not received any therapy (9 vs. 2 months, 
P<0.001 and 9 vs. 3 months, P<0.001; see Figure 5).

To determine if the combination therapy was superior to 
systemic therapy, we conducted a PSM analysis to assemble 
cohorts of patients with similar baseline characteristics and 
thereby reduced the possible bias in estimating treatment 
effects. Following 2:1 matching by propensity score,  
24 patients in the combination therapy group were matched 
to 48 patients in the systemic therapy group. The baseline 
characteristics were well balanced between the two groups 
in both cohorts (see Table 3 and Figure S2). The results 
demonstrated that combination therapy did not improve the 
OS rate compared to systemic therapy (13 vs. 12 months, 

https://cdn.amegroups.cn/static/public/JGO-22-420-supplementary.pdf
https://cdn.amegroups.cn/static/public/JGO-22-420-supplementary.pdf


Journal of Gastrointestinal Oncology, Vol 13, No 3 June 2022 939

© Journal of Gastrointestinal Oncology. All rights reserved.   J Gastrointest Oncol 2022;13(3):935-948 | https://dx.doi.org/10.21037/jgo-22-420

Table 1 Clinical characteristics of patients with EACLM

Variables No. of patients [%] P value

Age (years) 0.504

30–55 259 [27]

56–65 314 [33]

66–70 133 [14]

71–97 246 [26]

Sex 0.149

Female 124 [13]

Male 828 [87]

Race 1.000

Black 40 [4]

White 886 [93]

Other 26 [3]

Marital status 0.896

Married 546 [57]

Divorced/separated 115 [12]

Single/unmarried 173 [18]

Widowed/other 118 [12]

Year of diagnosis <0.001*

2010 155 [16]

2011 148 [16]

2012 160 [17]

2013 141 [15]

2014 162 [17]

2015 186 [20]

Tumor location (cm) 0.280

15–24 25 [3]

25–32 30 [3]

33–40 771 [81]

Other 126 [13]

T stage 0.164

T1 218 [23]

T2 43 [5]

T3 186 [20]

T4 140 [15]

Tx 365 [38]

Table 1 (continued)

Table 1 (continued)

Variables No. of patients [%] P value

N stage 0.598

N0 261 [27]

N1 453 [48]

N2 69 [7]

N3 44 [5]

Nx 125 [13]

Grade 0.02*

I 26 [3]

II 314 [33]

III + IV 464 [49]

Other 148 [16]

Treatment <0.001*

Combination therapy 26 [3]

Local therapy 5 [1]

Systemic therapy 685 [72]

None 236 [25]

Surgery 0.057

Yes 24 [3]

No 928 [97]

CT <0.001*

Yes 710 [75]

No 242 [25]

Radiation 1.000

Yes 17 [2]

No 935 [98]

*, statistically significant. Percentages were calculated after 
excluding missing cases from the denominator. EACLM, 
esophageal adenocarcinoma with l iver metastasis; CT, 
chemotherapy.

P=0.069; see Figure 6A). However, patients who received 
combination therapy had better DSS than those who 
received systemic therapy (19 vs. 13 months, P=0.048; see 
Figure 6B).

Discussion

The liver is the most common metastatic organ in patients 
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Figure 2 K-M OS and DSS analyses stratified by different treatments. (A-C) K-M curve of OS by CT, surgery, and radiation in the total 
study population; (D-F) K-M curve of DSS by CT, surgery, and radiation in the total study population. OS, overall survival; DSS, disease-
specific survival; K-M, Kaplan-Meier; CT, chemotherapy.

Figure 3 K-M OS and DSS analyses stratified by different treatment groups. (A) K-M curve of OS by different treatment groups in the 
total study population; (B) K-M curve of DSS by different treatment groups in the total study population. OS, overall survival; DSS, disease-
specific survival; K-M, Kaplan-Meier.
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Figure 4 Univariate and multivariate Cox regression analyses of OS and DSS in EACLM patients. (A) Multivariate analysis for the OS of 
EACLM patients; (B) multivariate analysis for the DSS of EACLM patients. HR, hazard ratio; CI, confidence interval; AJCC, American 
Joint Committee on Cancer; OS, overall survival; DSS, disease-specific survival; EACLM, esophageal adenocarcinoma with liver metastasis.
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Table 2 Baseline characteristics of patients who received no treatment and of patients who received systemic therapy before and after PSM

Variables

Before PSM After PSM

No treatment 
(n=236)

Systemic therapy 
(n=685)

P value
No treatment 

(n=224)
Systemic therapy 

(n=224)
P value

Age (years), n [%] <0.001* 0.577

30–55 37 [16] 213 [31] 37 [17] 46 [21]

56–65 62 [26] 241 [35] 62 [28] 53 [24]

66–70 38 [16] 93 [14] 37 [17] 41 [18]

71–97 99 [42] 138 [20] 88 [39] 84 [38]

Sex, n [%] 0.783 0.893

Female 33 [14] 89 [13] 31 [14] 33 [15]

Male 203 [86] 596 [87] 193 [86] 191 [85]

Race, n [%] 0.41 0.478

Black 13 [6] 26 [4] 10 [4] 14 [6]

White 218 [92] 638 [93] 209 [93] 202 [90]

Other 5 [2] 21 [3] 5 [2] 8 [4]

Marital status, n [%] <0.001* 0.924

Married 115 [49] 409 [60] 113 [50] 107 [48]

Divorced/separated 30 [13] 83 [12] 30 [13] 29 [13]

Single/unmarried 44 [19] 124 [18] 41 [18] 44 [20]

Widowed/other 47 [20] 69 [10] 40 [18] 44 [20]

Year of diagnosis, n [%] 0.053 0.264

2010 50 [21] 102 [15] 49 [22] 46 [21]

2011 28 [12] 116 [17] 26 [12] 42 [19]

2012 39 [17] 113 [16] 37 [17] 31 [14]

2013 42 [18] 92 [13] 40 [18] 29 [13]

2014 35 [15] 122 [18] 33 [15] 32 [14]

2015 42 [18] 140 [20] 39 [17] 44 [20]

Tumor location (cm), n [%] 0.205 0.677

15–24 10 [4] 14 [2] 9 [4] 5 [2]

25–32 8 [3] 20 [3] 7 [3] 9 [4]

33–40 183 [78] 565 [82] 174 [78] 173 [77]

Other 35 [15] 86 13] 34 [15] 37 [17]

Table 2 (continued)
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Table 2 (continued)

Variables

Before PSM After PSM

No treatment 
(n=236)

Systemic therapy 
(n=685)

P value
No treatment 

(n=224)
Systemic therapy 

(n=224)
P value

T stage, n [%] 0.266 0.905

T1 58 [25] 153 [22] 56 [25] 49 [22]

T2 10 [4] 32 [5] 10 [4] 9 [4]

T3 33 [14] 138 [20] 33 [15] 36 [16]

T4 34 [14] 103 [15] 30 [13] 35 [16]

Tx 101 [43] 259 [38] 95 [42] 95 [42]

N stage, n [%] <0.001* 0.516

N0 89 [38] 166 [21] 82 [37] 68 [30]

N1 88 [37] 349 [54] 86 [38] 90 [40]

N2 12 [5] 53 [8] 12 [5] 19 [8]

N3 12 [5] 29 [4] 12 [5] 11 [5]

Nx 35 [15] 88 [13] 32 [14] 36 [16]

Grade, n [%] 0.185 0.810

I 9 [4] 16 [2] 9 [4] 11 [5]

II 85 [36] 213 [31] 76 [34] 78 [35]

III + IV 103 [44] 350 [51] 103 [46] 94 [42]

Other 39 [17] 106 [15] 36 [16] 41 [18]

*, statistically significant. Percentages were calculated after excluding missing cases from the denominator. PSM, propensity score-
matching.

with EAC, and such patients have very poor outcomes (20).  
In this large cohort study, we explored the therapeutic 
modalities and survival outcomes of patients with EACLM. 
We found that while the use of systemic therapy was the 
highest, the use of local and combination therapy was 
very low. Additionally, we also found that a substantial 
proportion of the patients did not receive any treatment, 
which was most likely due to their nutritional insufficiency 
and performance status. Based on our findings, CT remains 
the main treatment modality for patients with EACLM. 
Regardless of whether the patients received surgery or 
radiotherapy, patients treated with CT had a better OS 
and DSS. Our findings are consistent with the current 
National Comprehensive Cancer Network guidelines that 
recommend systemic therapy for patients with metastatic 
EAC to palliate symptoms, improve survival, and enhance 
patients’ quality of life (21).

Local therapy, including surgery or RT after effective 
systemic therapy, could reduce the tumor burden but 
their potential value in metastatic EC (mEC) remains 
controversial (9). Wu et al. analysed the OS of patients with 
mEC who were treated with local therapy, and found that 
patients who received preoperative RT had significantly 
better OS than patients who underwent primary surgery 
alone and postoperative RT (P<0.001) (9). In another study, 
Tanaka et al., found that there was no difference in survival 
between patients who underwent surgery and those who 
did not undego surgery (P=0.1291) (6). In our study, the 
multivariate survival analysis indicated that either surgery or 
RT was associated with a survival benefit. Thus, we are of 
the view that simple local therapy is ineffective and should 
not be recommended to patients with EACLM.

In the era of personalized treatment, a comprehensive 
multidisciplinary approach is widely applied to determine 
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Table 3 Baseline characteristics of patients who received combination therapy and of patients who received systemic therapy before and after PSM

Variables

Before PSM After PSM

Combination therapy 
(n=236)

Systemic therapy 
(n=685)

P value
Combination therapy 

(n=224)
Systemic therapy 

(n=224)
P value

Age (years), n [%] 0.863 0.946

30–55 9 [35] 213 [31] 8 [33] 14 [29]

56–65 9 [35] 241 [35] 8 [33] 20 [42]

66–70 2 [8] 93 [14] 2 [8] 4 [8]

71–97 6 [23] 138 [20] 6 [25] 10 [21]

Sex, n [%] 0.234 1.000

Female 1 [4] 89 [13] 1 [4] 3 [6]

Male 25 [96] 596 [87] 23 [96] 45 [94]

Race, n [%] 0.827 0.232

Black 0 [0] 26 [4] 0 [0] 3 [6]

White 26 [100] 638 [93] 24 [100] 41 [85]

Other 0 [0] 21 [3] 0 [0] 4 [8]

Marital status, n [%] 0.464 0.490

Married 19 [73] 409 [60] 17 [71] 40 [83]

Divorced/separated 1 [4] 83 [12] 1 [4] 1 [2]

Single/unmarried 5 [19] 124 [18] 5 [21] 5 [10]

Widowed/other 1 [4] 69 [10] 1 [4] 2 [4]

Table 3 (continued)

Figure 5 K-M OS and DSS analyses between the no treatment group and the systemic treatment group after PSM. (A) Comparison of 
the OS of the patients who received no treatment and those who received systemic treatment after PSM; (B) comparison of the DSS of 
the patients who received no treatment and those who received systemic treatment after PSM. OS, overall survival; DSS, disease-specific 
survival; K-M, Kaplan-Meier; PSM, propensity score-matching.
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Table 3 (continued)

Variables

Before PSM After PSM

Combination therapy 
(n=236)

Systemic therapy 
(n=685)

P value
Combination therapy 

(n=224)
Systemic therapy 

(n=224)
P value

Year of diagnosis, n [%] 0.428 0.992

2010 3 [12] 102 [15] 3 [12] 5 [10]

2011 3 [12] 116 [17] 3 [12] 8 [17]

2012 8 [31] 113 [16] 7 [27] 12 [25]

2013 5 [19] 92 [13] 5 [21] 10 [21]

2014 4 [15] 122 [18] 4 [17] 10 [21]

2015 3 [12] 140 [20] 2 [8] 3 [6]

Tumor location (cm), n [%] 0.280 0.677

15–24 1 [4] 14 [2] 1 [4] 2 [4]

25–32 2 [8] 20 [3]

33–40 20 [77] 565 [82] 20 [83] 40 [83]

Other 3 [12] 86 [13] 3 [12] 6 [12]

T stage, n [%] <0.001* 0.016*

T1 6 [23] 153 [22] 6 [25] 13 [27]

T2 0 [0] 32 [5] 0 [0] 2 [4]

T3 15 [58] 138 [20] 14 [58] 10 [21]

T4 2 [8] 103 [15] 2 [8] 8 [17]

Tx 3 [12] 259 [38] 2 [8] 15 [31]

N stage, n [%] <0.061 0.255

N0 3 [12] 166 [21] 3 [12] 13 [27]

N1 15 [58] 349 [54] 13 [54] 20 [42]

N2 4 [15] 53 [8] 4 [17] 6 [12]

N3 3 [12] 29 [4] 3 [12] 2 [4]

Nx 1 [4] 88 [13] 1 [4] 7 [15]

Grade, n [%] 0.026* 0.002*

I 0 [0] 16 [2]

II 16 [62] 213 [31] 15 [62] 10 [21]

III + IV 8 [31] 350 [51] 7 [29] 24 [50]

Other 2 [8] 106 [15] 2 [8] 14 [29]

*, statistically significant. Percentages were calculated after excluding missing cases from the denominator. PSM, propensity score-
matching.
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the optimal treatment for patients with locally advanced 
primary EC; however, its role is not well defined for 
patients with mEC (22). Previous research has shown that 
the survival of stage IVB EC patients with distant metastasis 
treated with multimodality therapy was significantly 
better than that of patients treated with single-modality 
therapy or best supportive care alone (P<0.0001) (6). Shao 
et al. reported that there was no statistically significant 
difference between the CT group and chemoradiotherapy 
(CRT) group in terms of OS and cancer-specific survival 
(CSS) in mEC patients. Further, their subgroup analyses 
revealed that EAC patients who underwent CT had 
a favorable prognosis (8). In another study, Qiu et al. 
examined elderly stage IVB EAC patients with distant 
metastasis, and reported that compared to untreated 
patients, patients treated with surgery, RT, and CT had a 
better prognosis (OS and CSS: P<0.001) (20). Our PSM 
analyses showed that patients treated with systemic therapy 
had a much better prognosis in terms of OS and DSS 
than those who were untreated. Additionally, there was no 
significant difference in terms of OS between the patients 
who received combination therapy and systemic therapy. 
However, combination therapy had survival advantages 
in terms of the DSS of patients with EACLM. As local 
therapy (either surgery or RT) is inevitably accompanied 
by some treatment-associated complications (22,23), we 
suggest that combination therapy be considered for patients 

with EACLM after a comprehensive assessment by a 
multidisciplinary team (24).

The prognostic factors for EACLM were investigated by 
Cox regression analyses. The results revealed that gender, 
T stage, and CT were powerful and independent prognostic 
factors for OS, while marital status, T stage, and CT were 
independent prognostic factors for DSS. According to Tang 
et al., factors, including age, gender, grade at diagnosis, the 
number of metastatic organs at diagnosis, pathological type, 
local treatment, and CT, were independent predictors of 
CSS for patients with stage IV esophageal carcinoma (25). 
In line with a previous study (26), we found that married 
patients had better DSS than unmarried patients. A major 
reason for this is that married patients tend to choose 
positive treatment and demonstrate better compliance than 
unmarried patients, which may produce better survival 
advantages (27).

Our study revealed that age is not an independent 
prognostic factor for EACLM patients. Previous studies 
have drawn inconsistent conclusions about the relationship 
between age and prognostic risk in mEC patients (5,25). 
However, one such study did not distinguish between the 
histology types of EAC and ESCC, while another study 
did not indicate which type of organ metastasis was more 
likely to occur in younger patients. The identification of the 
prognostic factors associated with the patients would help 
in the prognostication and management of EACLM.

Figure 6 K-M OS and DSS analyses between the combination treatment group and systemic treatment group after PSM. (A) Comparison 
of the OS of the patients who received combination treatment and those who received systemic treatment after PSM; (B) comparison of the 
DSS of the patients who received combination treatment and those who received systemic treatment after PSM. OS, overall survival; DSS, 
disease-specific survival; K-M, Kaplan-Meier; PSM, propensity score-matching.
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We undertook a comprehensive analysis of the treatment 
patterns and the survival outcomes of EACLM patients; 
however, this study still had some limitations. First, the data 
obtained from the SEER database lacked some important 
information, including information about the radiation 
dose, quality of life, and CT drug regimens, which may 
have led to an immortal time bias. Second, all the patients 
examined in this study were from the US; thus, the results 
do not represent the global population. Finally, as immune 
checkpoint inhibitors, such as programmed cell death 
protein 1, and programmed death-ligand 1, are currently 
being developed and examined, the prognosis of patients 
will certainly improve. Thus, it is necessary to provide 
updated information using such data.

Conclusions

This is a large-scale report on the treatment patterns and 
prognosis of patients with EACLM. CT-based combination 
therapy may be the most effective treatment strategy for 
such patients. The findings need to be externally validated 
in the future, but they may be useful in guiding clinical 
decision making, directing individualized treatment 
strategies, designing clinical trials, and ultimately improving 
patient prognosis.
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Supplementary

Figure S1 SMD in characteristics before and after PSM. SMD, 
standardized mean differences; PSM, propensity score-matching.

Figure S2 SMD in characteristics before and after PSM. SMD, 
standardized mean differences; PSM, propensity score-matching.


