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Abstract

Background and Purpose—Brain metastases from prostate cancer are uncommon and their
imaging appearance has not been well defined. The main objectives of this study were to evaluate
the incidence, MRI characteristics, and prognosis of parenchymal brain metastases originating in
prostate cancer.

Methods—We retrospectively identified 21 patients with prostate cancer and evidence of brain
metastases from 2000 to 2010. We reviewed the initial brain MRI scans and characterized the
lesions according to location and appearance on MRI, while also determining patient demography,
staging, and survival.

Results—The incidence of brain metastasis from prostate cancer was .16%. At the time of brain
metastasis detection, 95% of the patients had concurrent osseous metastases, 86% lymph node
metastases, and 76% liver and/or lung metastases. Brain metastases were multifocal in 71% of
patients, hemorrhagic in 33%, diffusion restricted in 19%, and partially cystic/necrotic in 19%.
The median overall survival after brain metastasis detection was 2.8 months.

Conclusions—Brain metastasis from prostate cancer remains a rare phenomenon that most
frequently occurs in the setting of widely disseminated bone and soft tissue disease. Patients with
nonadenocarcinoma pathology are more likely to develop brain metastases. The MRI appearance
is highly variable and prognosis is poor.
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Introduction

Methods

An important public health concern, prostate cancer is the most common malignancy
affecting men in the United States. The estimated 217,730 new cases of prostate cancer in
2010 accounts for approximately 28% of all new cancer cases among men.: An estimated
32,050 deaths in 2010 were attributable to prostate cancer.!

Metastatic disease to the bones and lymph nodes has long been recognized as the most
typical pattern of extraprostatic tumor spread.? Brain metastasis originating in prostate
cancer has only rarely been reported and remains poorly understood.3-9 With earlier
detection and more advanced treatment options, 1 prostate cancer patients are living longer!
and may therefore be developing brain metastases at greater rates than in years past.1! In this
retrospective study, we evaluated the incidence of brain metastasis from prostate cancer
patients at our institution over an 11-year period. We also focused on the distribution and
MRI appearance of these lesions, as well as the patient characteristics, hoping to identify
patterns that might be helpful in predicting prostate brain metastasis without recourse to
invasive techniques.

Patient Population

After obtaining local Institutional Review Board approval, and in compliance with Health
Insurance Portability and Accountability Act regulations, we retrospectively queried a
hospital database for all patients with prostate carcinoma seen at our institution between
January 1, 2000 and December 31, 2010. There were 13,547 patients identified during this
period, 5,474 of which had metastatic disease and no additional primary malignancies. The
patients with metastatic disease were identified utilizing ICD-9 and CPT codes. Of the
13,547 prostate cancer patients, 811 had brain imaging. There were 540 patients that had a
brain MRI, 510 that had a head CT, and 239 that had both. We used ICD-9 and CPT codes
to identify patients with suspected brain metastasis and then focused on those in whom MRI
had confirmed an enhancing brain lesion (we did not identify any brain metastases in
patients that only had CT scans of the head). The coding was based on individual chart
reviews performed by our Clinical Information Center. Twenty-one patients with secondary
parenchymal involvement from contiguous skull or dural-based disease were excluded. In
addition, patients were not included in this study if any alternate diagnosis for the enhancing
brain lesions, such as demyelinating disease or infection, could not be confidently excluded
by the available clinical and imaging data.

The final cohort of 21 patients was considered to have parenchymal brain metastasis from
prostate cancer. Seven of these patients had pathologically proven prostate metastasis to the
brain via biopsy or gross total resection. Eleven patients had pathologic sampling from other
sites in the body that demonstrated widely disseminated prostate metastases. Three patients
treated for brain metastases only had biopsies of the primary site, but they demonstrated
imaging evidence of widespread systemic metastases in a pattern typical of advanced
prostate cancer and had no additional known cancers to explain their intracranial disease. A
flow diagram summarizing how we arrived at the final cohort is provided in Figure 1.
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Clinical Data

Once the 21 patients were identified, we determined patient demographics, Gleason scores,
and clinical outcomes. We noted the timing and location of extraprostatic disease and
reviewed the recorded histologies of the primary prostate tumors, brain metastases, and
other metastatic sites when available.

MR Imaging Protocol

For all 21 patients, MRI examinations had been performed on 1.5T TwinSpeed scanners
(GE Medical Systems, Milwaukee, W1, USA) equipped with a standard quadrature birdcage
coil. The MRI protocol included axial and sagittal T1-weighted (TR/TE, 500/10 ms), axial
fast spin-echo T2-weighted (TR/TE, 3,700/100 ms), axial fluid-attenuated inversion
recovery (FLAIR; TR/TE, 10,000/125 ms), axial diffusion-weighted (b = 0 and 1,000) and
contrast enhanced axial, sagittal, and coronal T1-weighted sequences. The slice thickness for
all the sequences was 5 mm. The contrast agent gadopentetate dimeglumine (Gd-DTPA,;
Magnevist, Berlex Laboratories, NJ, USA) had been injected intravenously at a standard
dose (.1 mmol/kg of body weight) for all patients.

Image Analysis

The images from the initial MRI scan demonstrating prostate cancer metastasis to the brain
were reviewed by a board-certified attending neuroradiologist who was blinded to the
histopathologic type of prostate cancer diagnosed for each of the 21 patients. The lesions
were analyzed for the presence or absence of hemorrhage, restricted diffusion, enhancement,
cystic/necrotic change, surrounding edema, and associated leptomeningeal disease. To
assess for the presence of hemorrhage, the b0 diffusion-weighted images were reviewed in
all patients; gradient-recalled echo (GRE) images (n = 6) or susceptibility-weighted images
(SWI) (n = 2) were also reviewed, when available. Lesion distribution was assessed and
categorized as supratentorial, infratentorial, or both. The supratentorial metastases were
further classified according to which lobes were involved.

Data Analysis

The incidence of parenchymal brain metastasis from prostate cancer was derived by dividing
the number of patients that met our criteria (n = 21) by the total number of patients with
complete Cancer Data Base accessions between 2000 and 2010 (n = 13,547). The incidence
of parenchymal brain metastasis in prostate cancer patients with systemic metastases (n =
5,474) was calculated in a similar fashion. The time to diagnosis of brain metastasis was
defined as the number of months between the initial diagnosis of prostate cancer to initial
detection of brain metastasis by imaging.

The percentage of patients with any single brain metastasis demonstrating restricted
diffusion, hemorrhage, enhancement, cystic change/necrosis, associated leptomeningeal
disease, and surrounding edema was calculated.

Overall survival (OS) was calculated from the date of diagnosis of brain metastasis on MRI
to the date of death or last follow-up for survivors. Survival curves were estimated by the
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Kaplan-Meier product-limit method and survival curves between subgroups were compared
with the log-rank test.

Clinical Outcomes

The incidence of brain metastasis from prostate carcinoma at our institution for all prostate
cancer patients identified between 2000 and 2010 was .16%. The incidence of brain
metastasis in the prostate cancer patients with systemic metastases elsewhere in the body
was .38%. Of the 13,547 patients with prostate carcinoma, the overwhelming majority
(99.4%) had the adenocarcinoma subtype (n = 13,470). The remaining patients (n = 77) with
nonadenocarcinoma subtypes had less common histologies such as small cell carcinoma (n =
10), neuroendocrine carcinoma (n = 4), and osteosarcoma (n = 1). Only .13% (18 of the
13,547) of patients with adenocarcinoma developed metastasis to the brain. The Gleason
scores at the time of prostate cancer diagnosis ranged from 6 to 9. The other histologic
subtypes metastasized to the brain at a higher rate: 1 of 10 small cell carcinoma patients
(10%), 1 of 4 neuroendocrine patients (25%), and 1 of 1 osteosarcoma patients (100%).

In the study cohort (n = 21), the mean patient age at detection of brain metastasis was 68.8
years (range, 57-81). The median time from the initial diagnosis of prostate cancer to the
discovery of brain metastases on MRI was 3.8 years (range .6-19.7 years). All 21 patients
with parenchymal brain metastases from prostate cancer died by last follow-up performed in
January 2011. The median OS was 2.8 months (Fig 2). The 1-year OS rate was 9.5% (95%
Cl 1.6-26.1%). At the time of brain metastasis, 95% of the patients had concurrent osseous
metastasis, 86% had lymph node metastasis, and 76% had lung and/or liver metastasis.

Imaging Outcomes

Seventy-one percent of patients had multiple brain metastases and 29% had a solitary
metastasis. Forty-eight percent of patients (10 of 21) had supratentorial lesions only and
48% (10 of 21) had both supratentorial and infratentorial metastases. A single patient had
parenchymal disease confined to the posterior fossa. There was some indication that patients
who had disease in either the supratentorial or infratentorial compartment but not in both (n
= 11) experienced relatively longer OS compared to those with lesions in both compartments
(n=10; P =.07 by log-rank test), however this trend did not achieve statistical significance.

In 33% of patients (7 of 21), at least one hemorrhagic metastasis was identified (Fig 3),
while partially cystic or necrotic metastases were found in 19% (4 of 21) (Fig 4).
Intralesional restricted diffusion was present in 4 (19%) of the patients and ring
enhancement in 3 (14%). Ninety-one percent of the patients had at least some edema
invoked by their lesions. Only 2 patients with very small cortical metastases did not
demonstrate any associated brain edema. Concurrent leptomeningeal metastases were
identified in 2 patients (10%). The most common sites of parenchymal brain metastases
originating in prostate cancer were the frontal lobes, which were involved in 18 of 21 (86%)
patients.
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Discussion

The specific MRI characteristics of parenchymal brain metastases originating in prostate
cancer have not been well established in the literature. We found that these lesions have a
highly variable imaging appearance and may be difficult to differentiate from metastases
originating from other primary tumor sites. One-third of the patients we investigated had at
least one hemorrhagic brain metastasis from prostate cancer, similar to more classically
hemorrhagic metastases from melanoma, renal cell carcinoma, breast cancer, thyroid cancer,
and choriocarcinoma. The enhancement pattern seen in the metastases we studied varies
from purely solid, to mixed cystic and solid, to ring-like. As is commonly observed with
metastases from other types of primary tumors, the brain lesions from the prostate cancer
patients we studied were relatively well defined and surrounded by edema. The
nonhemorrhagic brain metastases were hyperintense on T2 weighted imaging and
hypointense on T1 weighted imaging.

The incidence of brain metastases from prostate cancer has been reported to range between .
2% and 2.0% in several prior studies.12-15 The most recent series of over 16,000 prostate
cancer patients at the MD Anderson Cancer Center (MDACC) between 1944 and 1998
yielded an incidence of .63%.16 We expected that the combination of increased survival of
prostate cancer patients, advances in anatomic imaging, and increased availability of MRI
over the past decade would produce a greater incidence in our 11-year retrospective review
extending from 2000 through 2010. The incidence of parenchymal brain metastases we
found was .16% in all prostate cancer patients and .38% in the subgroup with prostate cancer
metastases elsewhere in the body.

This low incidence rate should be viewed in the context that only 9 of our 13,547 patients
underwent an autopsy, none of which identified parenchymal brain metastases from the
prostate. In contrast, many of the previously published reports refer to brain metastases
identified postmortem. For example, in the MDACC study it was upon autopsy that at least
50 of their 103 patients with brain metastases were identified. Another possible reason that
we did not observe a greater incidence is that screening efforts have led to earlier detection
of prostate cancer patients, allowing the primary site to be treated more effectively, and
therefore decreasing the potential for extraprostatic spread.

As expected, the most common histologic subtype of brain metastasis from the prostate was
adenocarcinoma (n = 18), with 99.4% (13,470 of 13,547) of prostate cancer patients at our
institution from 2000 to 2010 carrying this diagnosis. Thus, in our overall cohort of prostate
cancer patients, .6% had non-adenocarcinoma histologies, but they constituted 14% (3 of 21)
of the patients with brain metastases. This supports previous observations that patients with
rare histologic subtypes of prostate cancer are more likely to develop brain metastases than
those with adenocarcinoma.13:16 The tendency of small cell prostatic carcinoma to behave
like small cell carcinomas from other primary sites has been documented in several small
case series.17-20

The median overall survival of our patients with brain metastases originating in prostate
cancer was 2.8 months after the diagnosis of brain metastases by imaging, with a 1 year
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overall survival rate of 9.5%. This is similar to the survival statistics documented in another
large series® and confirms that the outcome for these patients is poor. All except one of our
patients (95%) had evidence of bone metastases, 86% had nodal disease, and their initial
Gleason scores ranged from 6 to 9. The one patient without bone metastases had
osteosarcoma of the prostate. This suggests that prostate cancer patients without osseous
and/or lymph node metastases are highly unlikely to have brain lesions. Our data supports a
study of 29 autopsy patients in Japan with prostate cancer metastases to the brain, in which
all the patients had at least one additional site of extraprostatic tumor.21 Our study also
suggests that patients with Gleason scores below 6 are at lower risk than those with a score
of 6 or above. These findings about associated metastases and Gleason scores are potentially
important diagnostic insights and merit further research.

Seventy-one percent of the patients in our study had more than one parenchymal metastasis.
This differs from the previously mentioned study performed at the MDACC, where only
14% had more than one brain metastasis.18 Our results also contrast with a report from the
University of Minnesota Hospital and Clinic of 11 patients with metastases to the brain
originating in prostate cancer, where only 2 (18%) patients had multiple lesions.22 A
possible explanation for this divergence is that the MDACC study reviewed cases from 1944
to 1998 and the Minnesota study investigated patients diagnosed between 1973 and 1993,
and thus both those studies included many patients diagnosed only with autopsy and/or CT
imaging rather than MRI. It is feasible that many of the patients scanned before MRI
became widely available had undetected lesions.

A potential limitation of this investigation is that only one-third of the patients we studied
had brain lesions that were confirmed to be of prostatic origin by direct histopathologic
examination. Although histopathology is the gold standard, brain biopsy and/or resection
may be impractical, unnecessary, or unethical in some patients, especially those with poor
overall health associated with widely disseminated disease. The patients without direct
histopathologic examination had tissue confirmation of other metastatic sites (n = 11) or
imaging (n = 3) that confirmed advanced prostate carcinoma with widespread metastases,
which enabled the confident clinical diagnosis of brain metastasis. All patients with a second
primary malignancy in addition to prostate cancer were excluded from the study, thereby
minimizing the possibility that the brain lesions not biopsied or resected were from another
source. Our study is also limited by the possibility that patients with asymptomatic brain
metastases from prostate cancer may have remained undetected because routine screening
with brain imaging is not typically performed in this population. Also, the retrospective
identification of patients with brain metastases utilizing ICD-9 and CPT codes is imperfect
and may have missed some cases. The actual number of patients inadvertently excluded
from our study is minimized by our Clinical Information Center, which performs the
individual chart reviews from which the codes are derived. Another potential limitation is
that the findings are from a tertiary care cancer center and do not necessarily reflect the
general prostate cancer population at risk in the United States. In addition, the overall
decreased number of autopsies being performed almost certainly leads to an underestimation
of the true incidence of brain metastases associated with prostate cancer.23 However, this
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study does provide a reasonably accurate estimate of the premortem incidence of prostate
cancer metastasis to the brain at a tertiary care cancer center.

Conclusions

Brain metastasis originating in prostate cancer is a rare phenomenon that frequently occurs
in the setting of disseminated bone and soft tissue disease. Prostate cancer metastases to the
brain have a highly variable MRI appearance and cannot be readily differentiated from
metastases originating from other primary sites based on conventional imaging alone. Our
findings suggest that prostate cancer patients without osseous and/or lymph node metastases
are highly unlikely to have brain lesions and that patients with Gleason scores below 6 are at
lower risk than those with a score of 6 or above. Although limited by the small number of
patients, our study indicates that patients with nonadenocarcinoma prostate cancer subtypes
are more likely to develop brain metastases than patients with adenocarcinoma. Increased
suspicion may be warranted when these patients present with neurological symptoms and
further studies are warranted to assess the cost effectiveness of screening these patients for
early detection. Additional work is also necessary to identify specific molecular features of
the disease or treatment that may be associated with brain metastases.
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Fig 1.

Flow diagram summarizing patient selection.
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Fig 2.
Kaplan-Meier overall survival curve.
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Fig 3.

Ti?e precontrast T1-weighted image (A) demonstrates small hyperintense blood products
within the right parietal-occipital mass that correspond to hypointensities on the GRE image
(B). The mass enhances heterogeneously on the postcontrast T1-weighted image (C). The
mass was resected and confirmed pathologically as partially hemorrhagic metastasis
originating in prostatic adenocarcinoma. Hematoxylin and eosin stained sections of both the
primary (D) and metastatic (E) tumor exhibit similar abortive glandular architecture.
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Fig 4.

Ti?e precontrast T1-weighted (A), T2-weighted (B), and postcontrast T1-weighted images
(C) demonstrate a large predominantly cystic/necrotic right frontal mass with a
heterogeneously enhancing solid component. Two smaller ring-enhancing lesions are
present in the posterior right frontal lobe and superficial left frontal lobe. The dominant mass
has been resected and exhibits confirmation from pathology findings as originating in
prostatic adenocarcinoma. Hematoxylin and eosin stained sections of both the primary (D)
and metastatic (E) tumor exhibit similar cribriform architecture. Immunostaining for prostate
specific antigen (PSA) is positive in the metastasis (F).
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