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Abstract

metastases in esophageal cancer patients.

Background: Brain metastases were rare in esophageal cancer patients. Using the Surveillance, Epidemiology, and
End Results (SEER) database, the present study investigated the incidence, risk and prognostic factors of brain

Methods: Retrieving esophageal cancer patients diagnosed between 2010 and 2018 from the SEER database,

univariable and multivariable logistic and cox regression models were used to investigate the risk factors for brain
metastases development and prognosis, respectively. The brain metastases predicting nomogram was constructed,
evaluated and validated. The overall survival (OS) of patients with brain metastases was analyzed by Kaplan-Meier
method.

Results: A total of 34,107 eligible esophageal cancer patients were included and 618 of them were diagnosed with
brain metastases (1.8%). The median survival of the brain metastatic esophageal cancer patients was 5 (95% Cl: 5-7)
months. The presence of bone metastases and lung metastases were the homogeneously associated factors for the
development and prognosis of brain metastases in esophageal cancer patients. Patients younger than 65 years,
American Indian/Alaska Native race (vs. White), overlapping lesion (vs. Upper third), esophageal adenocarcinoma
histology subtype, higher N stage, and liver metastases were positively associated with brain metastases occurrence.
The calibration curve, ROC curve, and C-index exhibited good performance of the nomogram for predicting brain
metastases.

Conclusions: Homogeneous and heterogeneous factors were found for the development and prognosis of brain
metastases in esophageal cancer patients. The nomogram had good calibration and discrimination for predicting

brain metastases.
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Background

Esophageal cancer is the seventh most frequent malig-
nant tumor and the sixth leading cause of death globally,
according to the global cancer statistics 2020. World-
wide, an estimated 604,000 new esophageal cancer cases
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and 544,000 deaths occurred in 2020 [1]. The prognosis
of esophageal cancer patients with metastatic disease is
dismal [2]. The reported incidence of brain metastases
ranged from 0.32 to 13% in esophageal cancer patients
[3, 4]. The median survival time of patients with brain
metastases was reported to be less than one year [5].
Early diagnosis and intervention in patients with brain
metastases could improve survival [6]. However, Na-
tional Comprehensive Cancer Network (NCCN) and
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European Society for Medical Oncology (ESMO) guide-
lines for staging do not recommend performing routine
brain imaging in asymptomatic esophageal patients [7].
A predictive nomogram based on the clinicopathologic
features of esophageal cancer patients is urgently needed
to facilitate metastatic screening. The purpose of the
present study was to summarize the incidence, the risk
factors, and the prognostic factors of brain metastases in
esophageal cancer patients using the Surveillance, Epi-
demiology, and End Results (SEER) database from 2010
to 2018. Meanwhile, a predictive nomogram was devel-
oped and validated to guide the brain metastases
screening.

Methods

Ethics statement

The present study used previously collected anonymized
and de-identified data from the SEER database. There-
fore, no additional informed consent was required. The
study was complied with the 1964 Helsinki Declaration
and its later amendments or comparable ethical stan-
dards and deemed exempt from review by the Ethics
Board of the Tianjin Chest Hospital.

Data source

The data used in the present study were abstracted from
the SEER 18 registries research database (Nov 2020 Sub,
2000-2018), comprising approximately 30% of the total
US population. The information of metastatic sites of
brain, bone, liver, and lung were not collected until
2010. So, esophageal cancer patients diagnosed between
2010 and 2018 were included in the present study to
analyze brain metastases risk factors. Esophageal cancer
patients diagnosed between 2010 and 2017, with a
follow-up at least for 1 year, were retrieved to investigate
the prognostic factors of esophageal cancer patients with
brain metastases. The SEER-stat software (the Surveil-
lance Research Program, National Cancer Institute SEER
Stat software, www.seer.cancer.gov/seerstat, Version
8.3.9) was used to generate the case listing.

Cohort selection

The inclusion criteria were as follows: the site recodes
ICD-O-3 (International Classification of Diseases for
Oncology-3)/WHO 2008 was “Esophagus”; the behavior
recode for analysis was “Malignant”; diagnosed between
2010 and 2018. The exclusion criteria were as follows:
diagnosis obtained from a death certificate or an aut-
opsy; unknown information for brain metastases, or
follow-up. The flow-chart for the study population selec-
tion was shown in Fig. 1.
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Statistical analysis

Patients’ demographic and clinical features were col-
lected including age, sex, race, primary site, histology
type, grade, T stage, N stage, and the presence of bone
metastases, liver metastases, lung metastases and survival
time. Quantitative data were described as mean + stand-
ard deviation (SD). Categorical data were presented as
number and the percentage (N, %). The differences in
the brain metastases incidence between the categorical
variables were analyzed by Pearson’s chi-square test or
rank sum test. The univariable and multivariable logistic
regression model were conducted to determine the risk
factors of brain metastases. Factors with a P-value less
than 0.05 in the univariable logistic regression analysis
were incorporated into the multivariable regression
model.

A nomogram predicting brain metastases was formu-
lated based on the results of multivariable logistic ana-
lysis using the rms package in R software (Version 3.4.2;
https://www.R-project.org). The performance of the
nomogram was evaluated by the receiver operating char-
acteristics (ROC). Calibration curves were plotted to as-
sess the calibration of the nomogram. Harrell’s C-index
was measured to quantify the discrimination perform-
ance of the nomogram. The nomogram was subjected to
bootstrapping validation (1000 bootstrap resamples) to
calculate a relatively corrected C-index [8].

The overall survival was analyzed using the Kaplan—
Meier method with the log-rank test. The univariable
and multivariable Cox regression model were conducted
to determine the prognostic factors for patients with
brain metastases. Factors with a P-value less than 0.05 in
the univariable regression analysis were incorporated
into the multivariable regression model.

All statistical analyses were performed using the R
software (Version 3.4.2; https://www.R-project.org).
Two-sided P<0.05 were considered as statistically
significant.

Results

Patient characteristics

According to the defined inclusion and exclusion cri-
teria, a total of 34,107 patients with esophageal cancer
were initially identified. Among them, 26,784 (78.5%)
were male, and 7323 (21.5%) were female, mean age was
65.53 + 11.38 years.

Totally, 618 (1.8%) esophageal cancer patients were
initially diagnosed with brain metastases. Among the pa-
tients with brain metastases, the majority of cancers
(59.1%) were located in the lower third of the esophagus.
Esophageal adenocarcinoma (78.2%) was the main hist-
ology subtype. More cancers were diagnosed at grade III
(42.6%) and N1 (47.6%). 30.3% patients were diagnosed
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SEER 18 registries research database
(Nov 2020 Sub, 2000-2018)

Malignant esophageal cancer from 2010
to 2018 (N=37,015)

Active follow-up (N=36,453)

Excluded Diagnosed at autopsy
or via death certificate (N=562)

Patients with/without brain metastases
(N=34,107)

Excluded Diagnosed with unknown brain metastases
(N=2,346)

Patients with/without brain metastases without
missing data (N=18,347)

Excluded

Race unknown (N=113)

Primary Site unknown (N=2966)
Histology type unknown or others (N= 89)
Grade unknown (N=6371)

T stage unknown (N= 5607)

N stage unknown (N=499)

Bone metastases unknown (N= 16)

Liver metastases unknown (N= 38)

Lung metastases unknown (N=61)

Patients with brain metastases More than 1-year
follow-up (N=181)

Fig. 1 Flowchart of the esophageal cancer patients selection

Excluded Diagnosed at 2018 and without brain metastases
(N=18,166)

with bone metastases, 37.9% patients with liver metasta-
ses and 30.9% patients with lung metastases.

Subsequently, after excluding patients with missing in-
formation of race, primary site, histology type, grade, T
stage, N stage, bone metastases status, liver metastases
status and lung metastases status, we finally included a
total of 18,347 patients without missing data in the sub-
sequent univariable and multivariable logistic and cox
regression studies and also in the construction of the
nomogram predicting brain metastases. The flow-chart
for the study population selection was shown in Fig. 1.
The demographic and clinical characteristics of the
18,347 esophageal cancer patients without missing data
were shown in Table 1.

Risk factors for developing brain metastases

The 18,347 esophageal cancer patients without missing
data, diagnosed from 2010 to 2018, were extracted to es-
timate the risk factors for developing brain metastases.

Univariable logistic analysis showed the factors of older
age at presentation (OR =0.53; 95% CI: (0.40-0.71); P<
0.001), female patients (OR =0.51; 95% CI: (0.33-0.77);
P= 0.002), black race (vs. White; OR =0.31; 95% CI:
(0.12-0.65); P = 0.005), T2 stage (vs. T1; OR =0.54; 95%
CIL: (0.32-0.88); P = 0.018), T3 stage (vs. T1; OR = 0.45;
95% CI: (0.31-0.64); P<0.001) were negatively associ-
ated with brain metastases occurrence. However, Ameri-
can Indian/Alaska Native race (vs. White; OR =3.78;
95% CI: (1.33-8.46); P = 0.004), middle third (vs. Upper
third; OR =3.07; 95% CI: (1.21-10.33); P = 0.035), lower
third (vs. Upper third; OR =4.05; 95% CI: (1.71-13.19);
P = 0.006), overlapping lesion (vs. Upper third; OR =
8.78; 95% CI: (3.29-30.37); P < 0.001), esophageal adeno-
carcinoma histology subtype (OR =2.49; 95% CI: (1.75—
3.64); P<0.001), T4 stage (vs. T1l; OR=1.57; 95% CL:
(1.09-2.24); P = 0.014), N1 stage (vs. NO; OR =2.97; 95%
CIL: (2.11-4.27); P<0.001), N3 stage (vs. NO; OR =3.47;
95% CI: (1.82-6.22); P<0.001), the presence of bone
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Table 1 Clinical characteristics of 18,347 esophageal cancer patients without missing data, diagnosed from 2010 to 2018
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Without BrM (N = 18,149) With BrM (N =198) P-value
Age (years)
<65 7441 (41.0%) 112 (56.6%) <0.001
>=65 10,708 (59.0%) 86 (43.4%)
Sex
Male 14,305 (78.8%) 174 (87.9%) 0.003
Female 3844 (21.2%) 24 (12.1%)
Race
White 15,487 (85.3%) 178 (89.9%) <0.001
Black 1669 (9.2%) 6 (3.0%)
Asian or Pacific Islander 878 (4.8%) 9 (4.5%)
American Indian/Alaska Native 115 (0.6%) 5 (2.5%)
Primary site
Upper third 1401 (7.7%) 4 (2.0%) <0.001
Middle third 3540 (19.5%) 31 (15.7%)
Lower third 12,450 (68.6%) 144 (72.7%)
Overlapping lesion 758 (4.2%) 19 (9.6%)
Histology
Esophageal squamous cell carcinoma 6318 (34.8%) 35 (17.7%) <0.001
Esophageal adenocarcinoma 11,831 (65.2%) 163 (82.3%)
Grade
Grade | 1197 (6.6%) 8 (4.0%) 0.007
Grade Il 7886 (43.5%) 67 (33.8%)
Grade Il 8837 (48.7%) 119 (60.1%)
Grade IV 229 (1.3%) 4 (2.0%)
T stage
T 5226 (28.8%) 75 (37.9%) <0.001
T2 2438 (13.4%) 19 (9.6%)
T3 8217 (45.3%) 53 (26.8%)
T4 2268 (12.5%) 51 (25.8%)
N stage
NO 7606 (41.9%) 42 (21.2%) <0.001
N1 7674 (42.3%) 126 (63.6%)
N2 2138 (11.8%) 16 (8.1%)
N3 731 (4.0%) 14 (7.1%)
Bone metastases
None 17,213 (94.8%) 145 (73.2%) <0.001
Yes 936 (5.2%) 53 (26.8%)
Liver metastases
None 16,365 (90.2%) 134 (67.7%) <0.001
Yes 1784 (9.8%) 64 (32.3%)
Lung metastases
None 17,066 (94.0%) 140 (70.7%) <0.001
Yes 1083 (6.0%) 58 (29.3%)

BrM brain metastases
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metastases (OR =6.72; 95% CI: (4.84-9.21); P <0.001),
liver metastases (OR =4.38; 95% CIL: (3.22-5.90); P<
0.001) and lung metastases (OR =6.53; 95% CI: (4.75—
8.87); P <0.001) were all positively associated with brain
metastases risk (Table 2).

Multivariable analysis further confirmed brain metas-
tases was negatively associated with older age at presen-
tation (OR =0.64; 95% CI: (0.48-0.85); P =0.002), black
race (vs. White; OR=0.38; 95% CI: (0.16-0.89); P=
0.026), T3 stage (vs. T1; OR =0.40; 95% CI: (0.28-0.59);
P <0.001). More brain metastases was positively associ-
ated with American Indian/Alaska Native race (vs.
White; OR = 3.28; 95% CI: (1.27-8.45); P = 0.014), over-
lapping lesion (vs. Upper third; OR=4.02; 95% CI:
(1.32-12.25); P=0.015), esophageal adenocarcinoma
histology subtype (OR =2.01; 95% CI: (1.30-3.10); P=
0.002), N1 stage (vs. NO; OR = 2.66; 95% CI: (1.83-3.85);
P <0.001), N3 stage (vs. NO; OR =2.46; 95% CI: (1.29-
4.70); P =0.007), the presence of bone metastases (OR =
3.11; 95% CI: (2.19-4.41); P<0.001), liver metastases
(OR =1.51; 95% CI: (1.07-2.14); P =0.020) and lung me-
tastases (OR=3.02; 95% CI. (2.11-4.32); P<0.001)
(Table 2).

Performance and validation of the nomogram for
predicting brain metastases

The prediction nomogram that integrated all significant
factors for brain metastases in the multivariable logistic
regression model was developed and presented in Fig. 2.
The calibration curve demonstrated good agreement be-
tween the predicted and observed probabilities for brain
metastases for esophageal cancer patients (Fig. 3). The
Area under the curve (AUC) of the nomogram was
0.817 (95% CI: 0.788-0.846). The C-index for the predic-
tion nomogram was 0.816 (95% CIL: 0.796—0.854) and
reached 0.801 (95% CI: 0.791-0.845) through bootstrap-
ping validation, which suggested the model's good
discrimination.

Survival and prognostic factors for esophageal cancer
patients with brain metastases

A total of 181 esophageal cancer patients with brain me-
tastases, diagnosed from 2010 to 2017, were extracted to
estimate the survival and identify the prognostic factors.
The median OS for patients without brain metastases
was 16 (95% CI: 16—17) months, and it was decreased to
5 (95% CI: 5-7) months in patients with brain metasta-
ses (Fig. 4).

Univariable Cox regression analysis showed improved
survival in esophageal adenocarcinoma histology subtype
(HR =0.60; 95% CI: (0.40—0.90); P =0.013), T2 stage (vs.
T1; HR =0.38; 95% CI: (0.21-0.68); P =0.001), T3 stage
(vs. T1; HR = 0.63; 95% CI: (0.43-0.94); P = 0.023). How-
ever, the presence of bone metastases (HR =2.04; 95%
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CI: (1.45-2.87); P<0.001), liver metastases (HR =1.49;
95% CI: (1.08-2.05); P=0.015), and lung metastases
(HR =1.92; 95% CI: (1.38-2.67); P < 0.001) showed worse
OS (Table 3).

Multivariable Cox analysis only confirmed T2 stage
(vs. T1; HR=0.36; 95% CI: (0.20-0.65); P <0.001), T3
stage (vs. T1; HR = 0.66; 95% CI: (0.44—0.99); P = 0.047)
as the protective factors for patients with brain metasta-
ses, while the presence of bone metastases (HR =1.95;
95% CIL: (1.34-2.83); P<0.001) and lung metastases
(HR = 1.49; 95% CI: (1.03-2.16); P = 0.035) were risk fac-
tors (Table 3).

So, the homogeneous risk factors for the development
and prognosis of brain metastases in esophageal cancer
were the presence of bone metastases and lung metasta-
ses. Patients younger than 65 years, American Indian/Al-
aska Native race (vs. White), overlapping lesion (vs.
Upper third), esophageal adenocarcinoma histology sub-
type, higher N stage and liver metastases were more
likely to have brain metastases occurrence (Fig. 5).

Discussion

The present study utilized the SEER database to analyze
the clinical characteristics, risk factors, and prognostic
factors of brain metastases from esophageal cancer. The
nomogram to predict brain metastases in esophageal
cancer patients was developed and validated.

Due to the low incidence of brain metastases, the
available data on brain metastases in esophageal cancer
was mainly limited to case reports or single institute
studies. The reported incidence of brain metastases
ranged from 0.32 to 13% [3, 4]. Two SEER-based studies
investigated the patterns of distant metastases in esopha-
geal cancer [2, 9]. The SEER study by Ai and associates
included 9934 stage I-IV esophageal cancer patients
from 2010 to 2013. Among them, they found 157 pa-
tients with brain metastases, the incidence of brain me-
tastases was 1.6% [9]. Another SEER study by Wu and
co-workers included 1470 stage IV esophageal cancer
patients from 2010 to 2014. Due to the difference in the
inclusion and exclusion criteria, only 76 patients with
brain metastases were found [2]. Our study included
esophageal cancer patients in the SEER database from
2010 to 2018 and found 618 patients with brain metasta-
ses. Our results showed the incidence of brain metasta-
ses in initial esophageal cancer patients is 1.8%, which
was in agreement with previously reported literature.

Next, we used multivariable logistic regression ana-
lyses to determine risk factors for brain metastases de-
velopment. We showed that patients with younger age,
American Indian/Alaska Native race (vs. White), over-
lapping lesion (vs. Upper third), esophageal adenocarcin-
oma histology subtype, higher N stage, the presence of
liver metastases, bone metastases, and lung metastases
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Table 2 Univariable and multivariable logistic regression for analyzing the risk factors for developing brain metastases in esophageal

cancer patients

Subject characteristics Univariable Multivariable
OR (95% Cl) P-value OR (95% ClI) P-value

Age (years)

<65 1 (reference) 1 (reference)

> =65 0.53 (0.40-0.71) <0.001 0.64 (0.48-0.85) 0.002
Sex

Male 1 (reference) 1 (reference)

Female 0.51(0.33-0.77) 0.002 0.74 (0.48-1.16) 0.191
Race

White 1 (reference) 1 (reference)

Black 031 (0.12-0.65) 0.005 0.38 (0.16-0.89) 0.026

Asian or Pacific Islander 0.89 (0.42-1.65) 0.739 1.11 (0.55-2.24) 0.779

American Indian/Alaska Native 3.78 (1.33-846) 0.004 3.28 (1.27-8.45) 0014
Primary site

Upper third 1 (reference) 1 (reference)

Middle third 3.07 (1.21-10.33) 0.035 240 (0.83-6.93) 0.105

Lower third 4.05 (1.71-13.19) 0.006 2.03 (0.71-5.76) 0.186

Overlapping lesion 8.78 (3.29-30.37) <0.001 4.02 (1.32-12.25) 0.015
Histology

Esophageal squamous cell carcinoma 1 (reference) 1 (reference)

Esophageal adenocarcinoma 249 (1.75-3.64) <0.001 2.01 (1.30-3.10) 0.002
Grade

Grade | 1 (reference) 1 (reference)

Grade Il 1.27 (0.61-2.65) 0.523

Grade Il 2.01 (0.98-4.13) 0.056

Grade IV 261 (0.78-8.75) 0.119
T stage

T1 1 (reference) 1 (reference)

T2 0.54 (0.32-0.88) 0.018 062 (0.37-1.05) 0.076

T3 045 (031-0.64) <0.001 040 (0.28-0.59) <0.001

T4 1.57 (1.09-2.24) 0.014 0.96 (0.65-1.41) 0.832
N stage

NO 1 (reference) 1 (reference)

N1 297 2.11-4.27) <0.001 266 (1.83-3.85) <0.001

N2 1.36 (0.74-2.37) 0.302 1.57 (0.86-2.87) 0.143

N3 347 (1.82-6.22) <0.001 246 (1.29-4.70) 0.007
Bone metastases

None 1 (reference) 1 (reference)

Yes 6.72 (4.84-9.21) <0.001 311 (219-441) <0.001
Liver metastases

None 1 (reference) 1 (reference)

Yes 4.38 (3.22-5.90) <0.001 151 (1.07-2.14) 0.020

Lung metastases

None

1 (reference)

1 (reference)
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Table 2 Univariable and multivariable logistic regression for analyzing the risk factors for developing brain metastases in esophageal

cancer patients (Continued)

Subject characteristics Univariable Multivariable
OR (95% Cl) P-value OR (95% ClI) P-value
Yes 6.53 (4.75-8.87) 0.001 3.02 (2.11-432) < 0.001

had an increased risk to develop brain metastases. Partly
consistent with our results, a recent SEER study included
28,243 esophageal cancer patients from 2010 to 2016
and analyzed the risk factors for brain metastases. Al-
though T stage and histology grade were not collected
from the SEER database, they showed that patients with
younger age, overlapping lesion, N1 stage and the pres-
ence of extracranial organ metastases were associated
with increased risk of brain metastases [10].

Compared with elderly patients, younger patients are
more likely to develop brain metastases, which was con-
sistent with the previous studies [9, 11]. Possible reasons
for what may have caused differences in brain metastases
due to age were investigated by Barz and associates.
They found the sclerosis of capillaries of elderly people
might be an important factor for the reduced risk of dis-
tant organ metastases [11]. In our study, histological
subtype was an independent risk factor for brain metas-
tases. Compared with squamous cell carcinoma, the inci-
dence of brain metastases from esophageal
adenocarcinoma had doubled. Previous studies reported
similar results. After evaluating 157 esophageal cancer
patients with brain metastases, Ai and associates found

that adenocarcinoma was associated with a higher risk
for developing brain metastases, whereas squamous cell
cancer was associated with a lower risk of brain metasta-
ses [9]. Other studies also reported that the most com-
mon histological type accompanied by brain metastases
was adenocarcinoma [6, 12]. The mechanism behind the
increased risk of brain metastases in esophageal adeno-
carcinoma may be related to the overexpression of
HER2 [13, 14]. However, some previous studies had con-
flicting results. Welch et al., after a retrospective analysis
with 583 esophageal cancer patients from Mayo Clinic,
reported no difference in the risk of brain metastases de-
veloping between esophageal adenocarcinoma and squa-
mous cell carcinoma [15]. Other studies in Asian
countries, including Japan and China, showed a similar
incidence of brain metastases equivalent to that in the
Western series, although the dominant histology is squa-
mous cell carcinoma [5, 16]. Because of the low inci-
dence of brain metastases, conflicting results between
studies may be due to different sample sizes. Nonethe-
less, the mechanism behind the association between
histological subtype and brain metastases occurrence re-
quires further elucidation.

NO
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Black Asian or Pacific Islander
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Fig. 2 The predicting nomogram for brain metastasis in esophageal cancer patients
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Our study also identified higher N stage and the pres-
ence of liver, bone and lung metastases were significantly
associated with brain metastases development. These re-
sults were in accordance with previous studies. Lin et al.
found N stage was an independent risk factor for brain
metastases from esophageal squamous cell carcinoma

and NO-1 stage was associated with a lower risk of brain
metastases (P <0.05) [17]. Wei et al. also showed N1
stage and the presence of extracranial organ metastases
were associated with increased risk of brain metastases
for esophageal cancer patients [10]. Overall, lymph node
metastases and extracranial metastases represented high

Without BrM =f= With BrM

Survival probability

Fig. 4 Survival curve for esophagus cancer patients with or without brain metastases. BrM: brain metastases

] 10 20 30 40 50 60
Time
Number at risk
With BrM 181 55 20 8 2 2 1
0 10 20 30 40 50 60
Time
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Table 3 Univariable and multivariable cox regression for analyzing the prognostic factors for esophageal cancer patients with brain

metastases
Subject characteristics Univariable Multivariable
HR (95% Cl) P-value HR (95% Cl) P-value

Age (years)

<65 1 (reference) 1 (reference)

> =65 0.90 (0.66-1.22) 0499
Sex

Male 1 (reference) 1 (reference)

Female 1.01 (0.63-1.63) 0.967
Race

White 1 (reference) 1 (reference)

Black 1.84 (0.75-4.52) 0.184

Asian or Pacific Islander 1.63 (0.80-3.32) 0.182

American Indian/Alaska Native 139 (0.51-3.77) 0516
Primary site

Upper third 1 (reference) 1 (reference)

Middle third 145 (0.34-6.13) 0611

Lower third 1.14 (0.28-4.60) 0.857

Overlapping lesion 1.69 (0.39-7.32) 0484
Histology

Esophageal squamous cell carcinoma 1 (reference) 1 (reference)

Esophageal adenocarcinoma 0.60 (0.40-0.90) 0.013 0.84 (0.55-1.29) 0427
Grade

Grade | 1 (reference) 1 (reference)

Grade Il 052 (0.25-1.11) 0.09

Grade Il 0.73 (0.36-1.51) 0.398

Grade IV 0.39 (0.10-1.49) 0.169
T stage

T1 1 (reference) 1 (reference)

T2 038 (0.21-0.68) 0.001 0.36 (0.20-0.65) <0.001

T3 0.63 (0.43-0.94) 0.023 0.66 (0.44-0.99) 0.047

T4 1.16 (0.80-1.68) 0438 1.21 (0.82-1.78) 0.335
N stage

NO 1 (reference) 1 (reference)

N1 0.70 (0.48-1.03) 0.073

N2 067 (0.37-1.21) 0.183

N3 0.90 (0.47-1.70) 0.74
Bone metastases

None 1 (reference) 1 (reference)

Yes 2.04 (1.45-2.87) <0.001 1.95 (1.34-2.83) <0.001
Liver metastases

None 1 (reference) 1 (reference)

Yes 149 (1.08-2.05) 0.015 1.23 (0.87-1.74) 0.239
Lung metastases

None 1 (reference) 1 (reference)
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Table 3 Univariable and multivariable cox regression for analyzing the prognostic factors for esophageal cancer patients with brain

metastases (Continued)

Subject characteristics Univariable Multivariable
HR (95% Cl) P-value HR (95% Cl) P-value
Yes 1.92 (1.38-2.67) <0.001 149 (1.03-2.16) 0.035
tumor burden, thus increasing the risk of brain a distinct mechanism behind brain metastases of

metastases.

Also, we developed and validated a nomogram to pre-
dict brain metastases in esophageal cancer patients using
the statistically significant variables in the multivariate
logistic analysis. Internal validation showed good dis-
crimination and calibration power. Physicians could use
the nomogram as a tool to perform metastatic screening
for esophageal cancer patients with a high brain metas-
tases risk.

It should be also noted that, as shown in the pre-
dictive nomogram, the T1 stage and N1 stage were
shown as stronger predictive factors for brain metas-
tases than the more advanced stage. Indeed, a recent
case study reported brain metastases from a TINI1
asymptomatic esophageal adenocarcinoma patient
[18]. The brain lesions of the patient were first dis-
covered and removed, and the pathological examin-
ation of the brain lesions considered gastrointestinal
tract tumor metastases. During the following whole-
body examination, the asymptomatic esophageal can-
cer was found and esophagus resection was per-
formed. Pathological diagnosis confirmed brain
metastases from the esophageal cancer. The final
pathological stage was TIN1M1, stage IV. Therefore,

esophageal cancer may be due to a direct metastatic
pathway through the vertebral venous system to the
brain, as described for Batson’s plexus [19].

In our study, the median OS for patients with brain
metastases was 5 months and the presence of bone
metastases and lung metastases were associated with
poor prognosis. Consistent with our results, a system-
atic review by Ghidini and associates included twenty-
one studies from 1991 to 2016 to investigate the clin-
ical outcome and molecular characterization of brain
metastases from esophageal cancer. They found the
median OS from diagnosis of brain metastases was
42 months. They concluded performance status,
multimodal therapy, adjuvant chemotherapy, single
brain lesion, isolated brain metastases and surgery
were prognostic factors for OS [20].

However, the present study has several limitations.
First, the SEER database merely recorded the presence/
absence of brain metastases based on the initial diagno-
sis. Symptoms and diagnosis methods for brain metasta-
ses were not reported. Second, subsequent treatment of
brain metastases and the response after treatment were
not available in the public SEER database. Third, the in-
formation on performance status, treatment modality,

Age<65

Overlapping lesion (vs. Upper third)

Higher N stage

Liver metastases

American Indian/Alaska Native race (vs. White)

Esophageal adenocarcinoma histology subtype

Bone metastases

Lung metastases

Fig. 5 The identification of risk and prognostic factors of brain metastases in esophageal cancer. The factors included in the big circle
represented the risk factors for developing brain metastases and the factors in the small circle exhibited homogeneous factors for brain
metastases development and prognosis
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and tumor marker data were not collected in the SEER
database, which may reduce the prediction value of the
nomogram. Fourth, the variables in the SEER database
contained numerous missing values, but through strict
inclusion and exclusion criteria to exclude the patients
with missing values, the statistical analysis of the subse-
quent univariable and multivariable logistic and cox re-
gression was scientifically acceptable and reliable.

Conclusions

The present SEER study provided insight into the epi-
demiology of brain metastases in newly diagnosed
esophageal cancer patients. The prevalence of brain me-
tastases in esophageal cancer patients was 1.8%. The me-
dian overall survival time of brain metastases was 5
months. Results showed homogeneous and heteroge-
neous associated factors for brain metastases develop-
ment and prognosis. The nomogram had good
performance for predicting brain metastases develop-
ment. Imaging examination of the central nervous sys-
tem should be considered for esophageal cancer patients
with a high brain metastases risk.
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