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Outcomes in patients with brain metastasis from esophageal 
carcinoma

Nishi Kothari1, Eric Mellon2, Sarah E. Hoffe2, Jessica Frakes2, Ravi Shridhar3, Jose Pimiento1, Ken 
Meredith4, Nam D. Tran5, Nadia Saeed1, Khaldoun Almhanna1

1Department of Gastrointestinal Oncology, 2Department of Radiation Oncology, H. Lee Moffitt Cancer Center & Research Institute, Tampa, FL, 

USA; 3Department of Radiation Oncology, Florida Hospital Cancer Institute, Orlando, FL, USA; 4Department of Gastrointestinal Oncology, First 

Physicians Group, Sarasota, FL, USA; 5Department of Neuro-oncology. H. Lee Moffitt Cancer Center & Research Institute, Tampa, FL, USA

Contributions: (I) Conception and design: K Almhanna, N Kothari; (II) Administrative support: K Almhanna; (III) Provision of study materials 

or patients: K Almhanna, N Kothari; (IV) Collection and assembly of data: K Almhanna, N Kothari, N Saeed, E Mellon; (V) Data analysis and 

interpretation: K Almhanna, N Kothari, N Saeed, E Mellon; (VI) Manuscript writing: All authors; (VII) Final approval of manuscript: All authors.

Correspondence to: Khaldoun Almhanna, MD, MPH. Associate Member, Department of Gastrointestinal Oncology, H. Lee Moffitt Cancer Center & 

Research Institute, FOB-2, 12902 Magnolia Dr., Tampa, FL 33612, USA. Email: Khaldoun.Almhanna@moffitt.org.

Background: Brain metastases from esophageal carcinoma have historically been rare and associated with 
poor prognosis. With improvements in systemic disease control, the incidence of brain metastases is expected 
to rise. To better inform management decisions, we sought to identify factors associated with survival in 
patients with brain metastasis from esophageal cancer.
Methods: We retrospectively identified 49 patients with brain metastasis from stage I–IV primary 
esophageal cancer treated with surgery, radiation, or a combination of modalities at our tertiary referral 
center between 1998 and 2015. Medical records were reviewed to collect demographic and clinical 
information.
Results: Median age at diagnosis of the primary esophageal cancer was 60 years. Forty-one (84%) patients 
were male and forty patients (82%) had adenocarcinoma. Median overall survival (MS) following esophageal 
cancer diagnosis was 24 months (range, 3–71 months), and median survival after the identification of brain 
metastases was 5 months (range, 1–52 months). On univariate analysis, only patients with poor Karnofsky 
performance status (KPS <70), recursive partitioning analysis (RPA) classification (III), or 3 or more brain 
metastases were found to have worsened survival after the diagnosis of brain metastases (all P<0.01). Factors 
not associated with survival were age, gender, histology (adenocarcinoma vs. other), palliative-intent 
treatment of the primary tumor, time to diagnosis of brain metastases from initial diagnosis, uncontrolled 
primary tumor at time of brain metastasis diagnosis, or extracranial metastases. On multivariate analysis (MVA, 
KPS excluded), patients with RPA class I (MS, 14.6 months) or II (MS, 5.0 months) disease had significantly 
improved overall survival compared to class III disease (MS, 1.6 months, P<0.01). Also on MVA, patients 
with 1 (MS, 10.7 months) or 2 (MS, 4.7 months) brain metastases had significantly improved overall survival 
compared to patients with 3 or more brain metastases (MS, 0.3 months, P<0.01). For the 36 patients with 1–2 
brain metastases and KPS ≥70, MS was 11.1 months.
Conclusions: While the prognosis for esophageal cancer metastatic to brain remains poor overall, we 
found that patients with good performance status and limited number of brain lesions have superior survival. 
Aggressive management may further improve outcomes in these patients.
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Introduction

Esophageal carcinoma has a high mortality rate, with the 
majority of patients ultimately succumbing to their disease. 
In the US, approximately 17,000 patients will be diagnosed 
and 15,000 are predicted to die from esophageal cancer 
in 2015, with the incidence expected to rise (1,2). Patients 
often present with advanced stage disease, with the lung, 
liver and bones as the most common sites of metastasis (3). 

Brain metastases from esophageal carcinoma have been 
reported in small case series at a rate of less than 3% and 
have been associated with poorer prognosis than brain 
metastases from other solid tumors (4). The increased 
incidence over the last few years could be attributable to 
more sensitive imaging modalities, such as MRI, or from 
improved overall survival from the primary tumor (5,6). 

It remains difficult to prospectively identify which 
esophageal cancer patients will develop brain metastases. 
Brain metastases have been associated with larger tumors 
and higher stage disease in retrospective reports (7,8), but 
have also been reported with early stage disease and even as 
the presenting symptom in other cases (9). Their infrequent 
incidence renders routine surveillance cost ineffective (10,11).

The recursive partitioning analysis (RPA) classification 
index has been established as an important prognostic 
tool for patients with brain metastasis, and could help 
determine optimal treatment courses for patients stratified 
by predicted survival (12,13). The index was developed by 
the Radiation Therapy Oncology Group (RTOG) using 
recursive-partitioning analysis for three consecutive brain 
metastasis trials consisting of 1,200 patients, and is based on 
four primary factors in determining survival after diagnosis 
of brain metastasis—Karnofsky performance status (KPS), 
control of the primary tumor, presence or absence of 
extracranial metastases, and age (13). Class I patients, with 
the best predicted survival, are defined as <65 years, having 
a KPS ≥70, and having no extracranial metastasis; class III  
patients, with the worst predicted survival, are defined as 
having KPS <70; and, class II patients are all others (12). 
Stratification by RPA can help evaluate the benefit of 
aggressive treatments for patients with better prognosis 
(RPA class I or II) (14). 

Because of the paucity of esophageal brain metastasis 
cases, treatment for these patients has not been well defined 
and is generally based on individual clinician judgment. 
Treatment modalities include surgery, stereotactic radiation, 
whole brain radiation therapy (WBRT), or a combination. 
In order to better delineate the clinical characteristics of 

these patients and optimize future management options, 
we reviewed the clinical data from patients with brain 
metastases from primary esophageal cancer treated at our 
tertiary referral cancer center.

Methods

Institutional review board approval was obtained to conduct 
this study. We identified patients with a primary diagnosis 
of esophageal cancer who developed brain metastasis treated 
at our tertiary cancer center between 1998 and 2015 using 
our Total Cancer Care database (TCC™). This is a multi-
institutional observational study of patients with cancer in 
which self-reported demographic and clinical data as well 
as medical record information is prospectively collected. 
Tissue is collected for research purposes. Every patient 
is eligible and there are no exclusion criteria. Informed 
consent was obtained through this protocol.

We obtained patient data from retrospective medical  
record review. Data collected included patient demographics, 
date of diagnosis of primary tumor and brain metastasis, 
tumor characteristics, and survival data.

Survival analysis was performed using the Kaplan-Meier 
method and compared by log-rank from the date of primary 
diagnosis as well as brain metastasis diagnosis to the date of 
death or last follow up. Univariate and multivariate analyses 
were performed by Cox Regression. Statistical analysis was 
performed using SPSS software (version 23).

Results

Patient characteristics

Forty-nine patients with esophageal cancer and brain 
metastases were identified for analysis. Table 1 summarizes 
the baseline characteristics of these patients. Forty-one 
patients were male. The median age at diagnosis was 60 years. 
The majority of patients (82%) had adenocarcinoma, 
four patients had squamous cell carcinoma, four had 
poorly differentiated carcinoma, and one patient had 
neuroendocrine carcinoma. There were 29 (59%) patients 
with supratentorial brain lesion(s), 9 (18%) patients with 
infratentorial lesion(s), and 11 (22%) patients with both 
supratentorial and infratentorial lesions. Patients generally 
presented with headaches (32.7%), dizziness or balance 
difficulties (28.6%), cognitive impairment (16.3%), 
nausea or vomiting (14.3%), weakness or numbness 
in the extremities (12.2%), vision changes (10.2%), or 
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seizures (6.1%). Approximately 12.2% of patients were 
asymptomatic.

Stage at diagnosis ranged from stage IA to stage IV. 
We were unable to collect complete staging data on three 
patients. Using the recursive partitioning score (RPA),  
15 patients had class I disease and 28 had class II, and 6 had 
class III disease. 

Of the patients who received neoadjuvant chemoradiation, 
18 out of 26 showed downstaging of their tumor, including 
6 patients who had pathological complete response (pCR). 
HER-2 status was available for seven patients, and two had 
HER-2 amplified tumors.

The time between primary diagnosis of esophageal 
cancer and development of brain metastases ranged between 
zero and 70 months, with a median of 14 months. Twenty-
seven patients had only one brain lesion, 12 patients had 
two brain lesions and 10 patients had more than two lesions. 

Brain metastasis management

Of the patients with a solitary CNS lesion, 7 were treated 
with a combination of radiation [which included stereotactic 
radiosurgery (SRS) and WBRT], 2 were treated with 
surgery alone (both passed away prior to further therapy), 
and 16 were treated with surgery followed by radiation 
(which included SRS and WBRT). One patient was treated 
with WBRT alone and one patient was not treated due to 
declining performance status. Among the patients with two 
brain metastases, a combination of surgery and radiation 
was performed in four and SRS and/or WBRT was done 
in six. Two patients had surgery but passed away prior to 
further therapy. The ten patients with multiple brain lesions 

Table 1 Baseline characteristics

Characteristics Number of patients [%]

Age at diagnosis [years]

Median 60

Range 29−77

Gender

Male 41 [84]

Female 8 [16]

Histology

Adenocarcinoma 40 [82]

Squamous cell carcinoma 4 [8]

Carcinoma NOS 4[8]

Neuroendocrine carcinoma 1 [2]

Location of brain metastasis

Supratentorial 29 [59]

Infratentorial 9 [18]

Both [supra and infra] 11 [22]

Stage of primary tumor

I 3 [6]

II 13 [27]

III 11 [22]

IV 19 [39]

Unknown 3 [6]

Treatment of primary tumor

Surgery 2 [4]

Combined modality 35 [71]

Chemotherapy 12 [25]

Time to dx of brain metastasis from original dx [months]

Median 14

Range 0−70

Number of brain metastasis

1 27 [55]

2 12 [25]

3 or more 10 [20]

RPA class

I 13 [27]

II 30 [61]

III 6 [12]

Controlled primary

Yes 26 [53]

No 23 [47]

Table 1 (continued)

Table 1 (continued)

Characteristics Number of patients [%]

Extracranial metastases at brain metastasis dx

Yes 20 [41]

No 29 [59]

Age <65 at brain metastasis dx

Yes 37 [76]

No 12 [24]

KPS <70

Yes 6 [12]

No 43 [88]
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were treated as follows: two with surgery alone (passed away 
prior to further therapy), six with radiation, and one patient 
had resection of one large lesion followed by WBRT.

In our analysis, using the recursive partitioning score 
(RPA), 15 patients had class I disease and 28 had class II, 
and 6 had class III disease. For the RPA class I patients, two 
received surgery and SRS, two received SRS alone, four 
received surgery alone, three received surgery and WBRT, 
and four received SRS and WBRT. Among the patients 
who were RPA class II, one received surgery and SRS, 
six received SRS alone, five received surgery alone, seven 
received surgery and WBRT, one received SRS and WBRT, 
and eight received WBRT alone. For the patients who 
were RPA class III, one received surgery and WBRT, three 
received surgery alone, and two did not receive treatment. 

Survival data

Figure 1 displays median survival after the diagnosis of 
brain metastasis, with a median of 5.3 months, and a range 
from 1 to 52 months. Median overall survival from time of 
diagnosis was 24 months, with a range from 3 to 71 months.  
The median survival from time of brain metastasis diagnosis 
for patients with a single brain metastasis, two brain 
metastases, and more than two brain metastases were 10.7, 
4.7, and 0.3 months, respectively. The median survival 

based on RPA were 14.6 months for class I, 5.0 months for 
class II, and 1.6 months for class III, respectively. 

Table 2 reports univariate and multivariable analysis from 
the time of brain metastasis. Three or more brain metastases 
as well as RPA class III were significantly associated with 
worse survival on multivariate analysis. Presence of one or 
two brain metastasis did not reflect a difference in survival, 
but patients with three or more had worse outcomes  
(Figure 2). While there was no significant association 
between decreased survival and number of brain metastases 
for 1 vs. 2 metastases, the hazard ratio for 1 vs. 3 brain 
metastases was statistically significant for both univariate 
analysis (5.70; 95% CI, 2.51−13.0; P<0.01) and multivariate 
analysis (4.77; 95% CI, 1.99−11.4; P<0.01). There was 
no significant association found for RPA class I vs. class 
II but RPA class III had much worse survival (Figure 3). 
Patients with RPA class I or class II disease had significantly 
improved overall survival compared to those who were 
RPA class III upon both univariate analysis (8.22; 95% CI, 
2.76−24.4; P<0.01) and multivariate analysis (4. 77; 95% CI, 
1.99−11.4; P<0.01). 

Upon further analysis, this survival difference was found 
to be largely driven by KPS. KPS <70 was associated 
with RPA class III and significantly decreased survival. 
The hazard ratio for KPS <70 vs. ≥70 was 6.60 (95% CI, 
2.50−17.4; P<0.01). For patients with 1−2 brain metastases 
who had a KPS score ≥70 (n=36, 73%), median survival 
(11.1 months) was found to be significantly better than RPA 
estimates from the RTOG (13). There was no significant 
difference in any of the other factors determining RPA, 
including control of the primary tumor, presence of 
extracranial metastases, or age. 

Discussion

Metastasis of esophageal carcinoma to the brain is rare 
and associated with overall poor prognosis. Because of a 
combination of improved treatment modalities for the 
primary tumor and improved imaging modalities, the 
frequency of brain metastasis diagnosis is increasing. 
Historically, brain metastases in this disease have been 
treated with WBRT alone. Though WBRT has been 
associated with long-term side effects of neurocognitive 
decline, it has been utilized extensively because of ease of 
delivery and cost effectiveness in a patient population that 
has a perceived shortened survival. In our series, 73% of 
patients survived for greater than 11 months. Contrary to 
previously held beliefs, these patients do have sufficient time 

Figure 1 Overall survival from brain metastasis diagnosis. Median 
survival for all patients from the time of brain metastasis diagnosis 
is 5.3 months.
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to develop the neurocognitive side effects associated with 
WBRT and should be considered for more focal therapies 
like surgery and SRS in select cases.

Though WBRT may improve the short term neurological 
symptoms associated with brain metastasis and prevent 
the development of further metastases in the short term, it 
has not been shown to significantly improve survival as an 
independent treatment modality (14,15). In patients with a 
single, resectable lesion, there is a survival benefit associated 
with surgery followed by WBRT compared to WBRT alone 
(16-18). Increased survival has been reported in patients 
with multiple brain lesions who underwent surgical removal 
of all metastases, and there is similar prognosis between 
such patients and those who underwent resection of a single 
lesion (19). 

The value of SRS in the treatment of brain metastases, 
particularly in unresectable lesions, has also been  

established (14). Specifically, WBRT with SRS boost 
compared to WBRT alone is associated with improved local 
control in patients with small lesions (generally ≤3 cm) or a 
small number of metastases (20,21). Overall survival from 
SRS alone is comparable to that from combined SRS and 
WBRT (22,23). Although the numbers were limited in our 
study, those who had definitive local therapy appeared to 
do as well as those patients who had local therapy followed 
by WBRT. As the former treatment modality could be 
associated with fewer cognitive symptoms, treating with 
local therapy without WBRT could be considered in the 
future.

Careful patient selection for treatment could be the 
basis for determining which patients are likely to benefit 
from aggressive local therapies. The RPA classification 
has been established as a valid prognostic index and can 
help determine treatment options for patients stratified by 

Table 2 Univariate and multivariate analysis from time of brain metastasis

Characteristic (comparison group)
Univariate analysis Multivariate analysis

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

Age (continuous) 1.00 (0.96−1.03) 0.80 − −

Gender 0.54 (0.23−1.28) 0.16 − −

Histology (other vs. adenocarcinoma) 1.62 (0.78−3.37) 0.20 − −

Location (vs. supratentorial)

Infratentorial 1.70 (0.82−3.53) 0.16 − −

Both 0.96 (0.27−2.12) 0.92 − −

Initial primary tumor stage (vs. IV)

I 0.93 (0.27−3.21) 0.91 − −

II 0.85 (0.40−1.82) 0.67 − −

III 1.39 (0.64−3.03) 0.41 − −

Unknown 0.58 (0.17−1.99) 0.39 − −

Definitive primary therapy (vs. chemotherapy) 0.89 (0.46−1.73) 0.37 − −

Time to diagnosis of brain metastasis from original diagnosis (continuous) 1.00 (0.98−1.03) 0.79 − −

Number of brain metastases (vs. 1)

2 0.97 (0.46−2.02) 0.93 0.90 (0.43−1.89) 0.77

3 or more 5.70 (2.51−13.0) <0.01 4.77 (1.99−11.4) <0.01

RPA classification (vs. I)

II 1.37 (0.69−2.73) 0.36 1.42 (0.71−2.84) 0.32

III 8.22 (2.76−24.4) <0.01 4.77 (1.99−11.4) <0.01

KPS <70 (vs. ≥70) 6.60 (2.50−17.4) <0.01 − −

Controlled primary (vs. uncontrolled) 0.79 (0.44−1.42) 0.43 − −

No extracranial metastasis (vs. yes) 1.54 (0.85−2.78) 0.16 − −

Age <65 (vs. ≥65) 0.97 (0.49−1.92) 0.93 − −
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predicted response (24,25). RPA class I or II patients have 
improved survival compared to class III, and may benefit 
from aggressive treatment (26). Rades et al. found that 

patients in RPA classes I and II with 1−3 brain metastases 
had improved local control and brain control when treated 
with SRS alone (18 to 25 Gy) compared to WBRT alone 
(30 to 40 grays) (27). The value of aggressive treatment—
SRS, resection, or both—in patients with multiple brain 
metastases stratified by RPA class has also been evaluated. 
RPA class has been significantly correlated with survival 
suggesting aggressive treatment may benefit patients with 
RPA class I and II with a limited number of brain lesions 
and controlled primary disease (28). 

In an analysis of 27 patients with brain metastasis 
specifically from esophageal carcinoma, treated at MD 
Anderson Cancer Center, it was shown that RPA class 
I was associated with improved survival compared to 
class II–III (29). It was also found that that the longest 
survival following diagnosis of brain metastasis occurred 
in patients treated with surgery and WBRT for a single 
brain metastasis, suggesting that patients with controlled 
disease can benefit from aggressive treatment of the CNS 
lesions. Similar results were found in another retrospective 
review of 27 patients with brain metastasis originating 
from esophageal primary disease (30). Low RPA class, 
single lesion, KPS score ≥70, lack of systemic disease, and 
aggressive treatment (resection, SRS & WBRT, SRS & 
resection & WBRT, resection & WBRT) were associated 
with a significant increase in survival upon univariate 
analysis. Moreover, multivariate analysis showed improved 
survival in patients with a higher KPS score who received 
aggressive treatment, indicating the benefit of aggressive 
treatment for patients with better prognosis. The role 
of KPS in predicting prognosis in patients with brain 
metastasis from esophageal carcinoma has been confirmed 
by several studies (31-34). In our analysis, we found a 
statistically significant improvement in survival based on 
lower RPA class. Subset analysis showed that the primary 
driver of this survival advantage was the patient’s KPS. 
Rather than relying on RPA, KPS alone represents a more 
simplified selection criterion to identify patients who would 
benefit from aggressive intervention in the future.

Disease biology might also help to identify patients 
who are susceptible to brain metastasis in the future. For 
example, amplification of the HER2 oncogene in esophageal 
adenocarcinoma ranges from 19−43%, and overexpression 
of HER2 may result in increased risk of developing brain 
metastasis in esophageal cancer (35-37). Although we were 
able to collect HER2 data for only a limited number of 
patients, this variable is being increasingly evaluated in 
patients presenting with brain metastasis and could impact 

Figure 2 Survival stratified by number of brain metastases. Median 
survivals for 1, 2, and 3+ metastases are 10.7, 4.7, and 0.3 months, 
respectively. Log-rank for 1 vs. 3+ yields, P<0.001; 2 vs. 3+, 
P=0.002; and 1 vs. 2, P=0.953.
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Figure 3 Survival based on recursive partitioning assessment (RPA). 
Median survivals for RPA class I, II, and III are 14.6, 5.0, and  
1.6 months, respectively. Log-rank for I vs. III yields, P<0.001; II 
vs. III, P=0.001; and I vs. II, P=0.363.
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future management of disease, especially with regards to 
targeted agents.

We found that those patients with a limited number of 
CNS lesions who had definitive therapy (surgery or SRS) 
had improved outcome even without WBRT and that 
performance status was a strong predictor of outcome. 
Although our study findings represent the largest series to 
date on brain metastasis from esophageal carcinoma, there 
are still several limitations to our results. The patients 
included in our cohort were retrospectively identified. 
It is also possible that asymptomatic patients with brain 
metastases were not identified, resulting in an observed 
rate of brain metastasis that was lower than the actual rate. 
Finally, our study consisted of a heterogeneous patient 
population, as patients who were treated from 1998 to 2015 
were included for analysis and treatment approaches to this 
disease have changed over time.

Conclusions

The incidence of brain metastases arising from esophageal 
carcinoma is increasing. Although these metastases are still 
rare with overall poor prognosis, aggressive management 
allows for prolonged survival. In the largest series to date, 
we found that those patients with a limited number of CNS 
lesions who had definitive therapy (surgery or SRS) had 
improved outcome from aggressive management. Though 
prospective studies are not possible given the rarity of the 
tumor, reporting of large series such as ours can help define 
the most effective management for these patients.
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