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	 Background:	 Prostate adenocarcinoma rarely metastasize to the brain. The aim of this study was to understand the risk as-
sociation and survival outcomes comparing prostate cancer with brain metastasis (group 1) with prostate can-
cer without brain metastasis (group 2) at the time of initial diagnosis.

	 Material/Methods:	 We searched the Surveillance, Epidemiology, and End Results (SEER) statewide cancer registries for all cases 
of stage IV prostate cancer adenocarcinoma diagnosed between 2010 and 2015. We used the Kaplan-Meier 
method and Cox regression to analyze survival outcomes and logistic regression to study the association be-
tween the presence of brain metastasis and potential risk variables. Exclusion criteria were the presence of 
neuroendocrine and small cell histology.

	 Results:	 The study included 14 753 patients. Of these, 187 patients were in group 1 (with brain metastasis) and 14 566 
were in group 2 (without brain metastasis). When comparing the metastases distribution at the time of ini-
tial presentation between group 1 and group 2, the occurrence of bone metastasis was similar in the 2 groups 
(87% vs 90%); however, liver metastasis (13% vs 4%) and lung metastasis (29% vs 7%) were significantly high-
er in group 1. We found a strong association between brain metastasis and visceral metastasis. There was no 
association between age, race, and grade and having brain metastasis.

	 Conclusions:	 Our analysis shows that visceral metastasis is associated with a higher risk of brain metastasis. Presence of a 
visceral metastasis can be a useful parameter to consider early magnetic resonance imaging of the brain to fa-
cilitate diagnosis of asymptomatic brain metastasis.
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Background

Prostate cancer with brain metastasis is rare and usually oc-
curs late in the course of the disease. Prostate cancer metas-
tasis disseminates predominantly to the bones (87%), followed 
by distant lymph nodes (10.6%); however, it can eventually 
spread to other organs such as the liver (10.2%), lungs (9.1%), 
and brain [1]. The most common site for brain metastasis is 
in the leptomeninges, followed by the cerebrum and cere-
bellum [2,3]. In 1940, Dr. Oscar Vivan Batson first discovered 
the importance of the venous plexus (which was then named 
the Batson’s venous plexus) in the human body [4], which is 
a network of veins connecting the paravertebral veins to the 
pelvic veins and the thoracic veins to the intraspinal (basiver-
tebral) veins [5]. These plexuses are important in understand-
ing how prostate cancer spreads. Metastasis to the brain can 
be explained by the hematogenous spread, Batson’s venous 
plexus network, or direct extension from the sphenoid bone 
or adjacent sinuses [6].

Patients with brain metastasis are asymptomatic in the early 
stage but, later, they can present with headache, confusion, 
memory loss, seizures, hemiparesis, or aphasia [7]. The cur-
rent National Comprehensive Cancer Network guidelines rec-
ommend magnetic resonance imaging (MRI) of the brain only 
for symptomatic patients. Hatzoglou et al conducted an 11-year 
analysis of MRI characteristics in prostate brain metastasis. A 
total of 21 patients were included in the study; one-third of 
those patients presented with a hemorrhagic pattern similar to 
that of other cancers, such as renal cell cancer and melanoma. 
The rest of the patients presented with varied patterns (from 
purely solid to mixed cystic and solid or ring-like patterns) [8].

Small cell histology originating from the prostate behaves like 
small cell cancers from any other primary site and has a high 
tendency to spread to the brain, compared with adenocarci-
noma histology [9-11]. Prostate adenocarcinoma brain metas-
tases have not been well described in the literature. Thus, we 
used Surveillance, Epidemiology, and End Results (SEER) data 
to determine and compare the incidence, correlation, and sur-
vival outcomes of cohorts of patients with prostate adenocar-
cinoma with brain metastasis and without brain metastasis.

Material and Methods

Data Source

Data were extracted from the SEER database for all stage IV 
prostate cancer adenocarcinoma diagnosed between 2010 
and 2015. We searched for prostate cancer patients using 
the International Classification of Disease for Oncology (3rd 
edition) histological subtype code “adenocarcinoma, NOS” 

8140/3. We excluded cases that were not primary or first pros-
tate cancer or were without active follow-up information (only 
autopsy or death certificate records), and histological subtype 
codes “small cell carcinoma, NOS” 8041/3, 8043/3, “large cell 
carcinoma, NOS” 8012/3, and “large cell neuroendocrine car-
cinoma” 8013/3. Data, when abstracted, were deidentified, 
and therefore, this study was exempt from institutional re-
view board approval.

Definition of Variables

The demographic variables of interest for these patients in-
cluded age at diagnosis, sex, race, histology grade, sites of 
distant metastases (liver, lung, bone, and brain), and 5-year 
survival outcomes. Race was categorized as White, Black, and 
other (other and unknown). Histology grades were based on 
the 2014 SEER Gleason conversion table. For this analysis, we 
combined grades 1 and 2 and grades 3 and 4. Grades 1 and 
2 are groups of patients with Gleason scores from 2 to 7 and 
histology ranging from well differentiated to moderately differ-
entiated. Grades 3 and 4 are groups of patients with Gleason 
scores from 8 to 10 and poorly differentiated histology.

Distant metastases to the bone, liver, lung, and brain were ex-
amined. Brain metastasis only was identified as “code 1” and 
represented “mets at diagnosis”. Brain involvement could have 
been single or multiple sites and could have included clinical 
or pathological information. No brain metastasis was identi-
fied as “code 0”, which has no clinical or pathological or im-
aging evidence for brain metastasis.

We further inquired for liver, lung, and bone metastases in 
the patients with brain metastasis at diagnosis and patients 
without brain metastasis at diagnosis. Surgery at metastasis 
site, and chemotherapy were categorized into “yes” and “no/
unknown” statuses. The SEER data provided only “surgery at 
metastasis” but there was no information provided on the lo-
cation of the surgery at metastasis site; for example, brain sur-
gery vs visceral surgery. However, we selected patients who 
presented with brain metastasis at the time of diagnosis. We 
assumed that “surgery at metastasis” site would refer to brain 
surgery, since visceral surgery would rarely be performed in 
patients having both brain and visceral metastases.

Survival was defined as the time from diagnosis until death 
due to all causes. We tracked survival outcomes for 5 years. 
Patients with missing or unknown information and TNM/AJCC 
staging were excluded.

Statistical Analysis

SEER *Stat software (version 8.3.5) was used to extract data. 
Patients were divided into 2 cohorts: brain metastasis and no 
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brain metastasis. Descriptive analysis was conducted to evalu-
ate the distribution of demographic variables, presence of vis-
ceral metastasis, grading, and treatment. Differences of cat-
egorical variables between the 2 groups were assessed using 
the chi-squared test. Overall survival distribution was esti-
mated using the Kaplan-Meier method. The log-rank test was 
used for comparison of survival distributions across different 
subgroups. Univariate and multivariable analyses were con-
ducted using the Cox regression model. All tests were 2-sided, 
and a P value of <0.05 was defined as statistically significant.

Results

Baseline Demographics

We identified a total of 14 753 patients with stage IV prostate 
adenocarcinoma between 2010 and 2015 using SEER data. We 
divided the population into 2 main groups: patients with brain 
metastasis (group 1) and patients without brain metastasis 
(group 2). Of these, 187 patients were in group 1 and 14 566 
were in group 2. The incidence of brain metastasis among the 
2 groups was 1.26%. The clinicopathological characteristics of 
all patients are listed in Table 1. In group 1, the median age 
was 67 years (range, 42-92 years), with race of 75% White and 
19% Black. The majority of patients (89%) had grade 3-4 and 
11% had grade 1-2 metastases. Most patients in group 1 had 
metastases to bone (87%), followed by lung (29%) and liver 
(13%). Therapy received in group 1 was divided into chemo-
therapy and brain surgery. Only 19% of these patients under-
went brain metastasis resection and 13% received chemother-
apy. In group 2, the median age was 71 years (range, 34-99 
years), with race of 75% White and 18% Black. The majori-
ty of patients (91%) had grade 1-2; only 9% of patients had 
grade 3-4 metastases. Most of these patients had metastases 
to bone (90%), followed by lung (7%) and liver (4%).

Survival Analyses

The overall survival of group 1 was 50% after 1 year, 30.75% 
after 2 years, 21.4% after 3 years, and 15% after 5 years, while 
the overall survival of group 2 at the same time periods was 
75%, 54.6%, 40.7%, and 24.7%, respectively. Median survival 
was 12 months in group 1 and 28 months in group 2 (P<0.001) 
(Figure 1). In group 1, a significant survival benefit was seen in 
patients who underwent resection at metastasis sites (hazard 
ratio 1.62, P=0.04) (Figure 2) and who received chemothera-
py (hazard ratio 1.8, P=0.04) (Figure 3).

Logistic regression was used to study the association between 
brain metastasis (yes/no) and other risk factors (Table 2). Brain 
metastasis was statistically significantly associated with liver 
metastasis (P<0.001), lung metastasis (P<0.001) and age group 

(£75 vs >75) (P=0.048), but not with race (P=0.77), bone metas-
tasis (P=0.17), or chemotherapy (P=0.20) by univariate analysis 
(Table 2). Liver metastasis and lung metastasis were also sig-
nificant by multivariable analyses (Table 2). There was a strong 
association between brain metastasis and visceral metastasis; 
these patients had a 2-fold to 4-fold higher risk of having brain 
metastasis (P<0.001) (Table 3). The odds ratio for liver metas-
tasis was 2.85 (95% confidence interval [CI] 1.89-4.2) and for 
lung metastasis was 4.6 (95% CI 3.3-6.4) (Table 3). There was 
no association between age, race, grade, or bone metastasis 
and risk of having brain metastasis (Table 3).

Discussion

This study provides a large population-based analysis to ex-
plore the incidence, correlation, and outcomes of patients with 
prostate adenocarcinoma, with and without brain metastasis. 
The incidence of prostate adenocarcinoma brain metastasis 
among the 2 groups was 1.26%. Our results showed that the 
risk of brain metastasis was 2-fold to 4-fold higher in patients 
who had visceral (liver or lung) metastasis, independent of 
age, race, histological grade, Gleason score, and bone metas-
tasis. This is an interesting finding, but better understanding 
of the mechanism and molecular biology of brain metastasis 
in prostate cancer is needed. The gene sequencing in patients 
with prostate brain metastases was studied retrospectively at 
a single center. The germline mutations (ATM, BRCA1, BRIP2, 
MUTYH) on primary prostate specimens and PTEN loss in met-
astatic specimens were found, but further study is warranted 
to confirm the association [12].

In our study, the majority (89%) of patients with brain me-
tastasis had Gleason scores from 8 to 10 and poorly differen-
tiated histology, whereas patients without brain metastasis 
(91%) had Gleason scores from 2 to 7 and histology ranging 
from well differentiated to moderately differentiated. Gleason 
score is one of the strongest known prognostic factors in met-
astatic prostate cancer [13]. Of patients with prostate brain 
metastasis at the time of diagnosis in the present study, the 
majority (87%) also had coexisting bone metastasis, 29% had 
coexisting lung metastasis, and 13% had coexisting liver me-
tastasis. Liver metastasis has been shown to be associated 
with worse survival [14]. Our finding is consistent with other 
previous findings [14].

The management of solitary brain metastasis is similar to that 
of any other cancer type. Surgical resection followed by ste-
reotactic radiotherapy to the surgical bed is still considered 
the standard of care approach. Some of the systemic thera-
pies are limited in treating brain metastasis owing to their 
inability to cross the blood-brain barrier (BBB). For example, 
enzalutamide, an androgen receptor blocker, has the ability 
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Variables
Brain met at diagnosis

(n=187)
No brain met at diagnosis

(n=14566)
P value

Age at diagnosis 0.003*

	 Median (range) 	 67	 (42-92) 	 71	 (34-99)

Age group 0.048

	 75 and younger 	 132	 (71%) 	 9260	 (64%)

	 >75 	 55	 (29%) 	 5306	 (36%)

Race

	 Caucasian 	 141	 (75%) 	 10845	 (75%) 0.65

	 African American 	 35	 (19%) 	 2669	 (18%)

	 Other/Unknown 	 11	 (6%) 	 1052	 (7%)

Grade** 0.46

	 1 and 2 	 9	 (11%) 	 8323	 (91%)

	 3 and 4 	 71	 (89%) 	 819	 (9%)

Insurance 0.089

	 Yes 	 170	 (93%) 	 13547	 (96%)

	 No 	 12	 (7%) 	 575	 (4%)

Liver metastasis <0.001

	 Yes 	 22	 (13%) 	 570	 (4%)

	 No 	 150	 (87%) 	 13928	 (96%)

Lung metastasis <0.001

	 Yes 	 49	 (29%) 	 1074	 (7%)

	 No 	 119	 (71%) 	 13292	 (93%)

Bone metastasis 0.16

	 Yes 	 161	 (87%) 	 13083	 (90%)

	 No 	 24	 (13%) 	 1436	 (10%)

Surgery at metastasis site <0.001

	 Yes 	 35	 (19%) 	 366	 (3%)

	 No 	 152	 (81%) 	 13881	 (97%)

Chemotherapy 0.20

	 Yes 	 25	 (13%) 	 1528	 (10%)

	 No 	 162	 (87%) 	 13038	 (90%)

Patient status <0.001

	 Alive 	 3	 (2%) 	 463	 (3%)

	 Dead 	 132	 (71%) 	 7044	 (48%)

	 Untraced 	 52	 (28%) 	 7059	 (49%)

Table 1. Baseline patient characteristics.

* Calculated by Mann-Whitney U Test; ** Gleason conversion table 2014. Grade 1 and 2 – groups of patients with Gleason score from 
2 to 7 and histology ranging from well differentiated to moderately differentiated. Grade 3 and 4 – groups of patients with Gleason 
score 8 to 10 and poorly differentiated histology. Met – metastasis; PSA – prostate-specific antigen.
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to cross the BBB and can be considered for use in brain me-
tastasis; however, caution is warranted because enzalutamide 
increases the risk of seizures in patients with brain metasta-
sis [15]. One animal model demonstrated that darolutamide 
has a 10-fold lower BBB penetration than enzalutamide [16]. 
The selective inhibition of CYP17 C17,20-lyase of abiraterone 

acetate does penetrate the BBB in animal studies; however, 
human studies are lacking. Docetaxel, a microtubule inhibi-
tor, shows only limited activity against brain metastasis [17]. 
Preclinical data supports that cabazitaxel has better BBB pen-
etration than docetaxel owing to its poor affinity to the p-gly-
coprotein efflux pump [18,19].

In our study, the median age in patients with brain metasta-
sis was slightly younger than in patients without brain metas-
tasis (67 vs 71 years); however, interestingly, only 19% were 
reported to undergo surgery at the metastasis site, and 13% 
received systemic chemotherapy. Only a few of the patients 
with brain metastasis underwent an intensive treatment ap-
proach, which could be owing to their poor performance sta-
tus or poor organ function. In our study, overall survival was 
prolonged in patients who underwent surgery at metasta-
sis sites and received chemotherapy. The name of the che-
motherapy administered was not available in the SEER da-
tabase. The median 5-year survival of patients with prostate 
cancer presenting with brain metastasis is poor; in our study 
it was only 12 months.

Variables
Univariate Multivariate

Odds ratio (95% CI) P value Odds ratio (95% CI) P value

Liver metastasis 	 5.38	 (3.7-7.8) <0.001 	 2.85	 (1.9-4.3) <0.001

Lung metastasis 	 5.96	 (4.4-8.0) <0.001 	 4.62	 (3.3-6.4) <0.001

Age £75 	 1.38	 (1-1.9) 0.05

Race 	 0.95	 (0.7-1.3) 0.8

Chemotherapy 	 0.76	 (0.5-1.2) 0.2

Bone metastasis 	 1.36	 (0.9-2.1) 0.2

Table 2. Univariate and multivariate analysis of variables associated with prostate brain metastasis.
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Figure 1. ��Overall survival of patients by presence or absence of 
brain metastasis.
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Figure 2. �Overall survival of patients with brain metastasis by 
surgery status.
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Figure 3. �Overall survival of patients with brain metastasis by 
chemotherapy status.
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Limitations

The current study has several limitations. First, the risk of se-
lection bias is high as it is a retrospective study. Second, the 
SEER database does not provide details of treatment, for ex-
ample, name of chemotherapy, name of hormonal therapy, ex-
act location of surgery at metastasis site, brain resection infor-
mation, and pathology information from brain resection; also, 
the molecular information was limited. We did not include ra-
diation information in our study because these data were dif-
ficult to interpret with regard to which site was treated (pros-
tate, bone metastasis, or brain metastasis site).

Conclusions

Prostate cancer with brain metastasis has a poor prognosis. 
Our study shows that visceral metastases are associated with 
a higher risk of brain metastasis and, thus, early MRI of the 
brain should be considered to diagnose asymptomatic brain 
metastasis, as early intervention would improve overall sur-
vival outcomes.
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Variables
Univariate Multivariate

Odds ratio (95% CI) P value Odds ratio (95% CI) P value

Age (£75 vs >75 years) 	 0.72	 (0.50-1.03) 0.07 	 0.77	 (0.53-1.1) 0.16

Surgery (yes vs no) 	 0.62	 (0.39-0.99) 0.04 	 0.68	 (0.42-1.09) 0.11

Chemotherapy (yes vs no) 	 0.56	 (0.32-0.98) 0.04 	 0.60	 (0.34-1.05) 0.07

Race (white vs other) 	 1.06	 (0.71-1.58) 0.8

Lung metastasis (yes vs no) 	 0.71	 (0.47-1.07) 0.1

Bone metastasis (yes vs no) 	 1.23	 (0.74-2.05) 0.43

Liver metastasis (yes vs no) 	 0.91	 (0.54-1.55) 0.7

Grade group (I/II vs III/IV) 	 0.59	 (0.23-1.49) 0.26

Table 3. Cox regression analysis of association between prostate brain metastasis and other variables.
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