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Introduction

Esophageal cancer is the sixth leading cause of cancer-
related deaths worldwide, with 455,800 new cases and 
400,200 deaths estimated in 2012 (1). In UICC/AJCC 
staging system (2), tumor location was first brought 
into 7th edition staging system for esophageal cancer, 
which indicated that tumor location could affect the 

prognosis. Dismal prognosis was seen in esophageal 
cancer and prognosis of patients with metastatic disease 
was much poorer. In accordance with the results from  
autopsy (3), lung and liver were the most common 
metastatic sites, which are being affected by 31% and 23% 
of the patients, respectively. In our previous study, liver 
and lung metastasis were shown most frequently in patients 
with esophageal cancer (4). However, there was no study, 
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which systematically described the characteristics of liver 
and lung metastasis in esophageal cancer, especially the 
relationship between different primary sites and metastasis 
to liver or lung.

In this study, we analyzed the relationship between 
different tumor locations of esophageal cancer and 
metastasis to liver or lung using surveillance, epidemiology 
and end results (SEER) database.

Methods

In this study, patients included (n=15,739) were diagnosed 
esophageal cancer from 2010 to 2013. We excluded a total 
of 8,927 patients mainly because of unknown primary 
site (n=3,107), pathology type (n=1,918), histologic grade 
(n=3,645), metastatic site (n=1,478), or clinical stage 
(n=2,172). We also excluded stage IV patients without liver 
or lung metastasis (n=922) or both liver and lung metastasis 
(n=369). A total of 6,812 patients with esophageal cancer 
matching the specified criteria were included in the final 
sample for this analysis (Figure 1).

In this study, upper esophagus was defined with primary 
site codes C15.0 (cervical esophagus) and C15.3 (upper third 
of esophagus). Code C15.4 (middle third of esophagus) was 
used to identify the middle esophagus. Lower esophagus 
was a combination of codes C15.2 (abdominal esophagus) 
and C15.5 (lower third of esophagus). Histologic codes 

8140-8389 were used to define adenocarcinoma and codes 
8050-8089 for squamous cell carcinoma.

In this study, propensity score based matching analysis 
was performed between patients with or without liver and 
lung metastasis to reduce the effect of potential selection 
bias in this retrospective study. Independent variables 
entered into the propensity model included age, sex, 
histologic type and grade. A 1:1 matching between the 
groups was accomplished by using the nearest-neighbor 
matching method with a caliper distance of 0.01 without 
replacement. After matching, the relationship between 
tumor location and liver or lung metastasis was analyzed 
using chi-square analysis.

Overall survival was defined as the period from diagnosis 
to death as a result of any cause. Survival estimation and 
comparison among different variables were performed using 
Kaplan-Meier method.

A two-sided P value of <0.05 was considered statistically 
significant. All statistical analyses were performed using 
SPSS 19.0 (SPSS, Chicago, IL, USA), and the survival 
curves were drawn with GraphPad Prism 6.0 (GraphPad 
Software, San Diego, CA, USA).

Results

The study group consisted of 6,812 patients with 
esophageal cancer diagnosed from 2010 to 2013, including 

Figure 1 Flow chart of patient selection from SEER database (2010–2013). SEER, surveillance, epidemiology and end results; NOS, not 
otherwise specified.

SEER 18 Registries Database

N=8,103

Excluded:
Primary site unknown (n=3,107)

C15.1-Thoracic esophagus (n=592)
C15.8-Overlapping lesion of esophagus (n=636)
C15.9-Esophagus, NOS (n=1,879)

Pathology type unknown (n=1,918)
Histologic grade unknown (n=3,645)
Metastatic sites unknown (n=1,478)
Clinical stage unknown (n=2,172)

Diagnosed with esophageal cancer from 2010 to 2013
(N=15,739) 

8,103 patients 18.75% Stage I
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29.11% Stage III
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35.72% Others

14.30% Liver and lung6,812 patients
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1,393 women (20.4%) and 5,419 men (79.6%). Median 
age was 67 and around two-thirds of patients were 
adenocarcinoma. Disease-related data showed that 71.8% 
patients were diagnosed with lower esophageal cancer, 
while patients with middle esophageal cancer accounted 
for 18.8% and upper esophageal cancer 9.4%. Only 7.3% 
tumors were well differentiated (grade I), while 45.1% 
were moderately differentiated (grade II) and 47.6% were 
poorly differentiated or undifferentiated (grade III or 
IV). According to the database, there were 900 patients 
(13.2% among all-stage patients and 34.9% in stage IV 
patients) with liver metastasis only and 390 (5.7% among 
all-stage patients and 15.1% in stage IV patients) with lung 
metastasis only.

In the initial data before matching, there were significant 
differences in sex, age, primary site, histologic type and grade 
between patients with and without metastasis. Patients with 
liver metastasis were significantly younger, more likely to be 
men and had a higher percentage of adenocarcinoma, while 
patients with lung metastasis had a higher probability of 

squamous cell carcinoma and poor differentiation (Table 1).
After matching, there were no significant differences in 

sex, age, histologic type and grade between patients with 
and without liver or lung metastasis. At the same time, 
primary site was still an independent risk factor for both 
liver and lung metastasis (P=0.014 for liver metastasis and 
P=0.033 for lung metastasis) (Table 1). For patients with 
liver metastasis, lower esophagus was more likely to be 
the primary site than upper segment. In contrast, lung 
metastasis was more likely to be found in patients with 
upper esophageal cancer rather than lower segment.

Survival curves for patients with liver or lung metastasis 
were shown in Figure 2. In liver metastasis group, those with 
upper esophageal cancer had the worst survival, followed by 
middle and lower segment [Figure 2A, median survival time, 
2 months (upper), 4 months (middle) and 6 months (lower), 
P=0.003]. In contrast, patients with upper esophageal cancer 
had a better trend in overall survival than lower and middle 
segment in lung metastasis group, even though no statistical 
difference was detected [Figure 2B, median survival time,  

Table 1 Demographic and clinical characteristics of patients with and without liver or lung metastases before and after matching

Features

Before matching After matching

Liver metastasis
P value

Lung metastasis
P value

Liver metastasis
P value

Lung metastasis
P value

No Yes No Yes No Yes No Yes

Sex, n (%) <0.001 0.722 0.942 0.521

Men 4,629 (85.4) 790 (14.6) 5,106 (94.2) 313 (5.8) 782 (50.0) 783 (50.0) 319 (50.6) 312 (49.4)

Women 1,283 (92.1) 110 (7.9) 1,316 (94.5) 77 (5.5) 108 (50.2) 107 (49.8) 70 (47.6) 77 (52.4)

Age (%) <0.001 0.300 0.782 0.838

Mean 67.31 64.71 66.93 67.54 65.09 64.94 67.32 67.48

Histology, n (%) <0.001 <0.001 0.789 0.943

ESCC 2,221 (94.4) 133 (5.6) 2,152 (91.4) 202 (8.6) 129 (49.2) 133 (50.8) 202 (50.1) 201 (49.9)

EAC 3,691 (82.8) 767 (17.2) 4,270 (95.8) 188 (4.2) 761 (50.1) 757 (49.9) 187 (49.9) 188 (50.1)

Grade, n (%) <0.001 0.012 0.917 0.183

I 472 (94.6) 27 (5.4) 483 (96.8) 16 (3.2) 30 (52.6) 27 (47.4) 26 (63.4) 15 (36.6)

II 2,756 (89.8) 313 (10.2) 2,902 (94.6) 167 (5.4) 309 (49.8) 312 (50.2) 155 (48.1) 167 (51.9)

III 2,684 (82.7) 560 (17.3) 3,037 (93.6) 207 (6.4) 551 (50.0) 551 (50.0) 208 (50.1) 207 (49.9)

Primary site, n (%) <0.001 <0.001 0.014 0.033

Upper 617 (96.9) 20 (3.1) 562 (88.2) 75 (11.8) 36 (64.3) 20 (35.7) 55 (42.6) 74 (57.4)

Middle 1,195 (93.2) 87 (6.8) 1,178 (91.9) 104 (8.1) 111 (56.1) 87 (43.9) 88 (45.8) 104 (54.2)

Lower 4,100 (83.8) 793 (16.2) 4,682 (95.7) 211 (4.3) 743 (48.7) 783 (51.3) 246 (53.8) 211 (46.2)

ESCC, esophageal squamous cell carcinoma; EAC, esophageal adenocarcinoma.
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6 months (upper), 5 months (middle) and 5 months (lower), 
P=0.343].

Discussion

In this study, we analyzed the different impact of tumor 
location of esophageal cancer on liver or lung metastasis. 
Upper esophageal cancer was more relevant to lung 
metastasis while lower esophageal cancer to liver metastasis.

Liver and lung are two of the most common metastatic 
organs in most gastrointestinal carcinoma, which may 
possibly be due to the rich blood supply and the interaction 
through vascular system between different organs. 
Traditional hypothesis, including anatomical/mechanical 
hypothesis (5) are widely accepted in the explanation of 
metastatic regulations (Figure 3).

In the anatomical hypothesis, the vascular system in 
different segments may partly be responsible for the 
metastasis to specific organs and the first draining sites 
was exactly the most frequent metastatic site in our study. 
From the upper and middle part of the esophagus, blood 
is drained through inferior thyroid vein and azygos vein, 

which are branches of superior vena cava, and through heart 
and pulmonary circulation, the first draining site is lung. 
Similarly, the first draining site of lower part of esophagus 
is liver through left gastric vein and portal system. Actually, 
due to intraparietal veins and other metastatic approaches, 
the changes in metastatic pattern from upper to lower 
segment are smooth, rather than “all or none”, but the 
trend is still notable.

Through the survival analysis, metastases in same 
organ but from different primary tumor locations lead 

Figure 2 Survival curves of overall survival by tumor location (A) 
in patients with liver metastasis (P=0.003), (B) in patients with lung 
metastasis (P=0.343).

Figure 3 Metastatic mechanism to liver and lung. From the 
upper and middle part of the esophagus, blood with tumor cells is 
drained through inferior thyroid vein and azygos vein, which are 
branches of superior vena cava, and through heart and pulmonary 
circulation, the first draining site is lung. Through left gastric vein 
and portal system, the first drainage site from lower segment of 
esophagus is liver.

Left gastric vein

Superior vena cava

Inferior thyroid vein

Portal vein

Azygos vein

100

80

60

40

20

S
ur

vi
va

l r
at

e 
(%

)

100

80

60

40

20

S
ur

vi
va

l r
at

e 
(%

)

P=0.343

P=0.003 Upper

Middle

Lower

Upper

Middle

Lower

Survival time (months)

12 24 360

Survival time (months)

12 24 360

A

B



4209Journal of Thoracic Disease, Vol 11, No 10 October 2019

© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2019;11(10):4205-4210 | http://dx.doi.org/10.21037/jtd.2019.09.67

to different prognosis. According to the hypothesis 
above, liver metastasis is "more distant" for patients with 
upper esophageal cancer than those with middle or lower 
esophageal cancer. In contrast, for patients with upper 
esophageal cancer, lung metastasis is "less distant" due to 
anatomic structure. Metastases in more distant organs make 
worse survival and survival data provide some evidence 
for these hypotheses. In our results, patients with upper 
esophageal cancer had the worst survival in liver metastasis 
group and best survival in lung metastasis group than middle 
or lower segment, which is consistent with our hypothesis.

Similar anatomic structure makes similar metastatic 
regulations. Like esophageal cancer, the mechanical 
hypothesis could also be used in the explanation of 
metastasis from colorectal cancer (6). From the colon and 
proximal parts of the rectum, blood is drained through the 
portal system to the liver. The first drainage organ of the 
distal parts of rectum is the lung. Therefore, it seems logical 
that more metastasis from rectal cancer to lung and more 
from colon cancer to liver. The anatomical hypothesis could 
be part of explanation that different tumor locations make 
different metastatic sites.

Knowledge of metastatic patterns is useful in making 
clinical decisions, including early diagnosis and treatment. 
Evaluation when diagnosis should be systemic and targeted 
according to risk factors for specific site of metastasis. Early 
diagnose for metastasis could provide a chance for further 
treatment, including stereotactic body radiotherapy (SBRT), 
radiofrequency ablation and surgery when oligometastases, 
even though not for the purpose of cure, so as to prolong 
survival time and improve quality of life (7-11).

To our knowledge, this is the first SEER based study 
focusing on the relation between tumor location and liver 
and lung metastasis of esophageal cancer. However, there 
are still some limitations. First of all, due to the structure 
of database, we can only analyze data from 2010 to 2013, 
which is so limited. Secondly, this study did not consist of 
long-time follow up and the effects of different therapies. 
Moreover, most of the explanations were theoretical and 
anatomical/mechanical hypothesis helped to illustrate these 
phenomena. Further researches were needed to confirm 
these hypotheses.

Despite those limitations, specific esophageal tumor 
locations show a preference to specific target organs of 
metastasis. Upper esophageal cancer was more relevant 
to lung metastasis while lower esophageal cancer to liver 
metastasis. These findings are useful in the evaluation 

when diagnose and follow up, especially for those without 
metastasis. Targeted examinations in accordance with 
tumor location will assist to find early metastasis and deliver 
treatment timely and properly.
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