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Does brain radiotherapy improve survival in patients with
esophageal squamous cell carcinoma with brain metastasis?
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Background: To investigate the clinical characteristics, influencing factors, and their impact on survival in
patients with brain metastases from esophageal squamous cell carcinoma (BM-ESCC).

Methods: A total of 67 patients with patients with newly diagnosed BM-ESCC were retrospectively
analyzed from December 2000 to December 2016, in order to examine the correlation between
clinicopathological characteristics and brain metastases, and between brain metastases and survival.
Results: The number of BM-ESCC was positively correlated with T and N stages (P<0.05). The higher
the T and N stages, the higher the incidence. The median survival time was 9.65 months. N stage was an
independent risk factor for BM-ESCC. NO + N1 was associated with a lower risk of brain metastases (P<0.05).
Patients with 1 brain metastasis had a significantly longer survival than those with 2 and 3 brain metastases.
N stage-stratified analysis revealed that NO + N1 patients had a longer survival than N2 and N3 patients
(P<0.05). Cox regression analysis revealed that mortality in T3 + T4 patients was 2.337 times that of Tis +
T1 patients; mortality in N3 patients was 3.486 times that of NO + N1 patients; and mortality in untreated
patients was 2.772 times that of those treated with whole brain radiotherapy.

Conclusions: The number of BM-ESCC is correlated to T and N stages. The higher the N stage, the
higher risk of brain metastases. The higher of T and N stages in ESCC, the worse in prognosis. Whole brain

radiotherapy could offer greater survival benefits.
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Introduction concerning the selection of treatment options and analysis

of prognostic factors for patients with brain metastases from

Esophageal cancer is one of the most common digestive esophageal cancer. For patients with short expected survival,

malignancies, and has an increasing incidence in China (1,2).
Approximately 30-40% of adult cancer patients developed
brain metastases during treatment (3). The clinical incidence
of brain metastases from esophageal cancer is relatively

low (4). No effective data analysis has been performed
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the treatment aims to relieve symptoms and improve quality
of life (5); while for those with long expected survival, the
focuses are on tumor control rate and long-term toxicity (6).
The key challenges in offering greater survival benefits for
patients with brain metastases from esophageal cancer are
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how to effectively predict the prognosis and develop an
appropriate treatment plan. This study was to investigate
the clinical characteristics, influencing factors, and their
impact on survival in patients with brain metastases from
esophageal squamous cell carcinoma (BM-ESCC) to
provide evidence for survival assessment and prognosis.

Methods
Subjects

A total of 8,673 patients with newly diagnosed esophageal
cancer were screened for the study from December 2000
to December 2015. Inclusion criteria: (I) histopathological
diagnosis of ESCC; and (II) magnetic resonance imaging-
confirmed intracranial metastases. Exclusion criteria: (I)
incomplete pathological information; or (II) development of
a secondary primary tumor. A total of 67 patients with BM-
ESCC were included in the study, including 31 patients with
1 intracranial metastasis, 24 with 2 intracranial metastases,
and 12 with >3 intracranial metastases. Twenty-two patients
had intracranial metastases only, and 45 had metastases in
other vital organs. The International Union Against Cancer
(UICC) tumor node metastasis (TINM) classification for
esophageal cancer was used. T classification: because of
the small number of patients with Tis and T4 cancers, Tis
and T'1 were combined, and T3 and T4 were combined.
N classification: NO and N1 were combined. The other
general information is shown in Table 1. All subjects in the
study signed an informed consent form. The protocol was
approved by the Medical Ethics Committee of General
Fuzhou Hospital (No. 2018-015).

Treatment

Of the patients with intracranial metastases alone, 3
received surgical resection with postoperative whole brain
radiotherapy at 40 Gy/20 f. The remaining 19 patients
received radiotherapy alone, at a total dose of 56-60 Gy.
Of the patients with metastases in other vital organs, 17
had no surgery or radiotherapy, 22 received whole brain
radiotherapy, and 6 were treated with a local boost for
intracranial metastases following whole brain radiotherapy
(at the same dose as previously described).

Follow-up
All the 67 patients with BM-ESCC were collected from the

information base. Clinical information and survival data
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were collected by clinic or telephone follow-up.

Statistical analysis

Statistical data were analyzed using SPSS 13.0. Counting
data were described by proportion and frequency.
Comparison among groups was performed using the chi-
square or Fisher’s test. Major risk factors of BM-ESCC were
analyzed by logistic regression. Survival curve analysis was
performed using Kaplan-Meier method and Log rank test,
and multivariate prognostic analysis using Cox’s regression
model. P<0.05 was considered statistically significant.

Results

Relationship between clinicopathological characteristics and
number of brain metastases in patients with BM-ESCC

Overall, 0.77% (67/8,673) of the 8,673 patients with
esophageal cancer developed brain metastases. Of them,
32.8% (22/67) developed brain metastases only, and 67.2%
(45/67) developed multi-organ metastases. There were
significant differences in brain metastases between T stages
and between N stages (P=0.003 and 0.000, respectively).
The incidence of brain metastases increased with T stage
and N stage. There was no significant difference in brain
metastases between gender, age, Karnofsky performance

status (KPS), extracranial metastases or primary esophageal
lesions (P>0.05) (see Table 1).

Logistic regression analysis of BM-ESCC

Logistic regression analysis was performed with the number
of BM-ESCC as a dependent variable (0=1, 1=2, 3=>3), and
other clinicopathological characteristics as independent
variables and covariates. The results showed that N stage
was an independent risk factor for brain metastases in
patients with ESCC. NO + N1 was associated with a lower
risk of brain metastases (P<0.05). A higher T stage was
associated, but not significantly, with an increased risk of
brain metastases (P>0.05) (see Table 2).

Relationship between BM-ESCC and survival prognosis

As of June 31, 2017, the median follow-up time was
22 months. All the 67 (100.0%) patients with BM-ESCC
were followed up. The median survival time was 9.6 months
(0-30 months). Patients with 1 brain metastasis had a
significantly longer survival than those with 2 and 3
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Table 1 Relationship between clinicopathological characteristics with brain metastases (n, %)

Characteristics N Brain metastases (n=1) Brain metastases (n=2) Brain metastases (n=3) b P
Gender 0.209 0.901
Male 43 (64.2) 19 (44.2) 16 (37.2) 8 (18.6)
Female 24 (35.8) 12 (50.0) 8 (33.3) 4 (16.7)
Age (years) 0.919 0.632
>65 16 (23.9) 9 (56.3) 5(31.3) 2 (12.5)
<65 51 (76.1) 22 (43.1) 19 (37.3) 10 (19.6)
KPS 3.266 0.195
>70 21(31.3) 13 (61.9) 6 (28.6) 2 (9.5)
<70 46 (68.7) 18 (39.1) 18 (39.1) 10 (21.7)
Extracranial metastases 1.689 0.429
Yes 45 (67.2) 19 (42.2) 17 (37.8) 9 (20.0)
No 22 (32.8) 13 (59.1) 6 (27.3) 3(13.6)
Tumor site 0.803 0.938
Upper 16 (23.9) 7 (43.8) 7 (43.8) 2 (12.5)
Middle 32 (47.8) 15 (46.9) 11 (34.4) 6 (18.8)
Lower 19 (28.4) 9 (47.4) 6 (31.6) 4(21.0)
T stage 16.374 0.003
Tis+T1 3 (4.5) 3 (100.0) 0 0
T2 20 (29.9) 16 (80.0) 3(15.0) 1(5.0)
T3+T4 44 (65.7) 15 (34.1) 21 (47.7) 8(18.2)
N stage 20.544 0.000
NO+N1 7 (10.4) 6 (85.7) 1(14.3) 0
N2 21 (31.4) 12 (57.1) 7 (33.3) 2(9.5)
N3 39 (58.2) 3(7.7) 26 (66.7) 10 (25.6)

KPS, Karnofsky performance status.

brain metastases (see Figure I). Stratification analysis was
performed according to N stage, the independent risk factor
of brain metastases in logistic regression analysis. The
results showed that NO + N1 patients had a significantly
longer survival than N2 and N3 patients, and N2 patients
had a significantly longer survival than N3 patients (both
P<0.05) (see Figure 2).

Cox multivariate survival regression analysis

Survival analysis using Cox multivariate regression model
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revealed that mortality in T3 + T4 patients was 2.337 times
that of Tis + T'1 patients; mortality in N3 patients was 3.486
times that of NO + N1 patients; and mortality in untreated
patients was 2.772 times that of those treated with whole
brain radiotherapy. There was no significant difference in
mortality between the other groups (P>0.05) (see Table 3).

Discussion

The incidence of brain metastases from esophageal

cancer reported in the literature is inconsistent, with great
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Table 2 Logistic regression analysis of BM-ESCC patients
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ltems B SE Wald df P OR 95% Cl

T stage
Tis+T1 —-0.496 0.261 2.487 1 0.094 0.783 0.524-1.210
T2 -0.745 0.467 3.369 1 0.061 0.457 0.221-1.045
T3+T4 Oa - - 0 - - -

N stage
NO+N1 -0.776 0.327 7.586 1 0.004 0.336 0.217-0.873
N2 -0.692 0.241 6.787 1 0.007 0.428 0.231-0.869
N3 Oa - - 0 - - -

BM-ESCC, brain metastases from esophageal squamous cell carcinoma; OR, odds ratio; Cl, confidence interval.

Overall survival

T T
0.00 10.00 20.00 30.00
Time (months)

Figure 1 Survival analysis of different number brain metastases in

esophageal squamous cell carcinomas.

regional differences, even the esophageal carcinoma rarely
metastasizes to the brain, however, more attentions were
paid on (7,8). The incidence of concurrent brain metastases
in esophageal cancer was 0.77% in this study, which was
inconsistent with the other study (0.77% vs. 0.16-0.69%) (9).
The differences in pathological type, race, and eating
habits are the main reason for this inconsistency, patients
and tumor characteristics could be influence factors for
the esophageal cancer (10,11), However, further study is
required to determine whether there are different biological
mechanisms of brain metastasis between pathologic types,
and different brain metastasis-related driver genes between
races in patients with esophageal cancer. Approximately
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Overall survival

Time (months)

Figure 2 Survival analysis of different N stage in esophageal

squamous cell carcinomas.

67.2% of the patients with brain metastases had multi-
organ metastases, which is similar to previous reports (12).
This study revealed that T and N stages were proportional
to the number of BM-ESCC. It is indirectly proved that
the higher clinical stage and tumor load, the higher rate for
the BM-ESCC, A study on the relationship between the
rare of complete postoperative pathological remission and
prognosis was performed, which confirmed that the higher
T stage, the lower for the rate of clinical pathological
remission, but higher the risk of brain metastasis (13), but
its sensitivity and specificity need further study. We found
that there were no connection between brain metastases
and gender, age, KPS, extracranial metastases or primary
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Table 3 Cox multi variate regression analysis of prognostic factors in BM-ESCC patients

Items N B SE Wald df P OR 95% Cl
T stage 3.872 2 0.065

Tis+T1 3 - - - - - 1 -

T2 20 0.487 0.296 1.382 1 0.294 1.343 0.472-3.691

T3+T4 44 0.565 0.482 3.647 1 0.078 1.236 0.876-2.694
N stage 7.387 2 0.016

NO+N1 7 - - - - - 1 -

N2 21 -0.143 0.692 0.000 1 0.792 0.837 0.494-1.643

N3 39 1.137 0.382 5.383 1 0.001 2141 1.037-4.872
Treatment 4.494 2 0.001

Whole brain radiotherapy 31 - - - - - 1 -

Local radiotherapy 19 0.364 0.582 1.943 1 0.227 1.573 0.669-2.846

None 17 1.394 0.227 3.546 1 0.000 1.431 0.391-2.173
Age (years) 3.874 1 0.787

>65 16 - - - - - 1 -

<65 51 0.484 0.726 1.927 - 0.830 1.792 0.473-2.847
KPS 1.763 1 0.372

>70 21 - - - - - 1 -

<70 46 0.525 0.438 2.018 - 0.547 1.287 0.343-3.117
Extracranial metastases 1.054 1 0.136

Yes 45 - - - - - 1 -

No 22 1.454 0.762 1.896 - 0.174 1.492 0.687-2.631

BM-ESCC, brain metastases from esophageal squamous cell carcinoma; OR, odds ratio; Cl, confidence interval; KPS, Karnofsky

performance status.

esophageal lesions. It is speculated that BM-ESCC are
mainly related to the biological behavior of tumor cells,
and not directly related to the physiological characteristics
of patients. For patients with esophageal cancer, brain
metastases mostly occurred 1 year after diagnosis of
esophageal cancer, and radiographic assessment was
performed according to neurological symptoms and related
signs (14).

In this study, 72.7% and 61.5% of patients in a stage
higher than T3 and N3, respectively, had >2 brain
metastases. Due to the limited sample size, T3 and T4 were
combined, which might have led to a bias in the research
results. Further study with a larger sample size is needed to
determine whether it is more accurate to use I-IV stages in
assessment. T stage is an important indicator of advanced

© Annals of Palliative Medicine. All rights reserved.

ESCC. The higher the T stage, the greater the likelihood
of metastasis (15). Logistic regression analysis revealed
that a higher T stage was associated with an increased risk
of brain metastases in patients with BM-ESCC. However,
there was no statistical difference, which may be related
to the small sample size. N staging is of great significance
for the choice of treatment of esophageal cancer, and it is
an independent risk factor for the evaluation of prognosis
based on the chemotherapy using paclitaxel (16). This study
yielded similar results. The risk of brain metastases was
significantly lower in NO + N1 patients than in N2 and N3
ones. This provides indirect evidence that N staging is more
effective than T staging in predicting prognosis. The results
are similar to the conclusion of Kanemoto et /. (12). This
conclusion is further confirmed by the N stage-stratified
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prognosis analysis. In this study, the median survival time of
patients with BM-ESCC was 9.65 months. This is higher
than that reported by Weinbery et al. (17), but similar to
the reports of Chinese researchers (18). The reason for this
difference may be associated with the major pathological
type of subjects, which is adenocarcinoma in Europe and
the United States, and squamous carcinoma in Asia (19).
In addition, this study found that the number of brain
metastases in patients with ESCC was positively correlated
with long-term survival. However, this factor was not
considered in previous studies (17,18), which may result in
bias in the results. Common treatments for brain metastases
from solid tumors, including esophageal cancer, are whole
brain radiotherapy, stereotactic radiotherapy, and surgery.

There was no difference in survival between the
treatments in patients with 1-4 brain metastases (20).
however, neurological death or survival had been found
in patients with a single metastasis by other randomized
studies (21), which could bias the research study. This study
found that whole brain radiotherapy significantly decreased
the mortality in patients with BM-ESCC. It is speculated
that whole brain radiotherapy can improve the local control
rate of metastases, inhibit intracranial micrometastases, and
reduce neurological death (22). This finding is similar to
previous reports (23). T and N stages of primary esophageal
tumors are proportional to mortality. It indirectly suggests
that the volume of gastrointestinal tumors is closely related
to prognosis (24,25). However, only a small number
of subjects were included in the study, due to the low
incidence of BM-ESCC. Moreover, the correlation between
overexpression of genotypes, such as Her-2, and brain
metastases from esophageal cancer was not examined (26).
These are the limitations of this study.

Conclusions

In summary, the number of brain metastases is closely
related to T and N stages in patients with BM-ESCC. The
higher the T stage, and especially the N stage, the greater
the risk of brain metastases. The smaller the number of
brain metastases, the better the prognosis. Moreover, the
lower the N stage of esophageal tumors, the better the
prognosis. Whole brain radiotherapy can significantly
reduce the mortality in patients with BM-ESCC.
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