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ABSTRACT
Background: Brain metastases (BMETS) from prostate cancer are rare. Hence, brain imaging in neurologically asymptomatic

patients with advanced prostate cancer (aPC) is not routinely performed. Prostate‐specific membrane antigen (PSMA) PET/CT

uses a radiotracer that binds to prostate cancer epithelial cells and is FDA‐approved for initial staging for high‐risk prostate

cancer, detecting prostate cancer recurrence, and determining eligibility for radionuclide therapy.

Methods: We report six patients with asymptomatic BMETS from aPC found on staging PSMA PET/CT or MRI. Along with

cranial MRI, PSMA PET/CT may be useful for detecting asymptomatic intracranial metastasis in select patients with prostate

cancer.

Results: Brain metastases were diagnosed in four patients by staging PSMA PET/CT scan—three after systemic disease pro-

gression and one during routine surveillance. In two other patients, BMETS were detected using MRI despite negative PSMA PET/

CT for brain lesions. All were neurologically asymptomatic. Three patients had undetectable serum prostate‐specific antigen (PSA)

concentrations; one had neuroendocrine differentiation on histology.

Conclusion: In patients with poorly differentiated or neuroendocrine aPC, BMETS may occur without neurologic symptoms

and stable PSA. PSMA PET/CT may complement brain MRI for identifying BMETS in these patients.

1 | Introduction

In the United States, prostate cancer is the most common non‐
cutaneous malignancy in males [1]. Distant metastasis is
present in 4%–25% of prostate cancer patients [2], but intra-
cranial metastases are rare (0.6%–2.9%) and involve the
meninges (66%) more commonly than the parenchyma (33%)
[3]. Advanced prostate cancer (aPC) with small cell and

neuroendocrine‐transformed types are more frequently asso-
ciated with intraparenchymal brain metastases (BMETS) [4].

Prostate‐specific membrane antigen (PSMA) is a type II trans-
membrane glycoprotein overexpressed in > 90% of prostate cancer.
PSMA is an imaging biomarker for identifying locoregional and
distant metastatic disease in patients with prostate cancer using
small molecule PET radiopharmaceuticals [5]. FDA‐approved PET
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agents that bind to PSMA are Ga68 PSMA11, F18 Piflufolastat, and
F18 Flotufolastat [6]. Unlike F18‐FDG, PSMA PET/CT shows
minimal background brain parenchymal uptake that improves
lesion detection [7]. Additionally, PSMA serves as a therapeutic
target. Recently, FDA‐approved lutetium (Lu177) labeled PSMA‐
617 vipivotide tetraxetan (Lu177‐PSMA), a peptide receptor radio-
nuclide therapy (PRRT), has been shown to prolong progression‐
free and overall survival in metastatic castration‐resistant prostate
cancer disease (mCRPC) [8].

Advances in systemic therapeutic options, particularly the
introduction of doublet androgen deprivation therapy (ADT),
have shown improved survival for patients with metastatic
prostate cancer [9]. However, the impact of more prolonged
survival in the apparent increased incidence of BMETS has not
been definitively established [10]. BMETS detection may have
improved because of advanced imaging techniques [11–13], but
intrinsic tumor characteristics may also predispose to organ‐
specific metastasis [14–17]. Early detection and treatment of
BMETS may also be associated with improved survival out-
comes [18–20]. We report a series of neurologically asympto-
matic patients where BMETS from prostate cancer were
identified by staging PSMA PET/CT and brain MRI.

2 | Case Series

Between January 2017 and June 2024, there were 18 patients
diagnosed with brain metastasis from prostate cancer at the Uni-
versity of Virginia (UVA). Six patients were included in this series
(Table 1). They were referred within 6 months (January 2024 to
June 2024) for incidental brain lesions in the setting of progressive
metastatic prostate cancer. Presenting symptoms for prostate
cancer were variable. Case 2 experienced vague chronic abdominal
pain and imaging showed enlarged prostate and lymph nodes and
bone abnormalities. Case 6 presented with prolonged non‐specific
thigh pain. The rest had obstructive urinary symptoms with ele-
vated prostate‐specific antigen (PSA). Gleason scores ranged
between 7 and 9 with a histopathologic diagnosis of high‐grade
adenocarcinoma (Figure 1). Cases 4 and 6 had repeat biopsies
during progression. Systemic metastatic disease was present on
initial diagnosis for Cases 2, 4, 5, and 6. Cases 1 and 3 presented
with limited locoregional spread. Most were treated with upfront
GnRH (gonadotropin‐releasing hormone) analog as primary ADT,
with docetaxel as intensification. Disease progression for mCRPC
was treated either with an androgen‐receptor pathway inhibitor,
dendritic cell vaccine, PRRT with Lu177‐PSMA, or salvage
chemotherapy. These treatment modalities were utilized before
the diagnosis of BMETS. For Cases 1 and 4 who received Lu177‐
PSMA before BMETS diagnosis, no brain lesions were identified
on immediate post‐therapy PSMA PET. None of the Lu177‐PSMA‐
treatead patients developed any neurologic symptoms. Focal
radiation therapy to the prostate, lymph nodes, and bone metas-
tases was used for palliative purposes.

PSMA PET/CT was pursued as a staging modality for systemic
recurrence after prior salvage therapies, except for Case 6 for
which PSMA PET/CT was done as part of surveillance. At the
time of presumed BMETS diagnosis, these patients presented
with constitutional symptoms suspicious of clinical progression
but without neurologic symptoms. Cases 2 (0.2 ng/mL), 4

( < 0.10 ng/mL), 5 (1.3 ng/mL), and 6 (2.8 ng/mL) had stable
PSA before BMETS diagnosis. Cases 1 and 3 had PSA concen-
trations of 13.73 ng/mL and 6.35 ng/mL before BMETS diag-
nosis. Five patients had concurrent progressive disease based on
systemic PSMA PET/CT during the time of BMETS diagnosis.
Only one patient (Case 6) had good systemic disease control
when intracranial spread was noted. They all had a good
functional status as determined by Eastern Cooperative
Oncology Group (ECOG) scores and all were in the Updated
Recursive Partitioning Analysis (U‐RPA) Class 2A [21]. Two
patients had short intervals between initial diagnosis of prostate
cancer and detection of BMETS ( < 12 months in Cases 2 and 5),
while the rest had prolonged intervals (36 to 288 months). Five
cases had germline and somatic mutational analysis without
evidence of actionable mutations [22].

BMETS were diagnosed for Cases 2 (Figure 2), 3, and 5
(Figure 3) through PSMA PET/CT. Brain MRI identified addi-
tional enhancing lesions without avid uptake in PSMA PET/CT
for Cases 2 and 5. Initial PSMA PET/CT detected systemic
progression without BMETS for Cases 1 and 4. PSMA PET/CT
is theoretically unable to detect lesions less than 2mm, which
may explain the absence of avidity in PSMA PET/CT [23].
BMETS were diagnosed with screening cranial MRI after pro-
gressing on radionuclide therapy as a screening prerequisite for
a clinical trial. The protocol varied—Cases 1, 3, and 5 only had a
PET/CT scan starting from the skull base, while in Cases 2, 4,
and 6 the imaging started from the vertex. Because the PSMA
avid lesions in Cases 3 and 5 were located in the posterior and
inferior intracranial areas, a PET/CT scan identified these
lesions despite only starting from the base of the skull. The
number of intraparenchymal brain metastases ranged from 1 to
15. Brain MRIs showed enhancing lesions with perilesional
edema and no significant diffusion restriction or bleeding.

Five patients were treated with stereotactic radiosurgery (SRS)
using Gamma‐Knife Radiosurgery (GKRS) to target the individual
lesions in the brain. The multicentricity, location, and relatively
small size of the lesions with progressive extracranial disease
precluded surgical excision to establish a histologic diagnosis for
these patients [24, 25]. One patient (Case 6) had surgery
(Figure 4) because the solitary lesion had a diameter of 4 cm, with
significant edema, and was amenable to maximal safe resection
with a low risk of causing neurological deficits [26]. Furthermore,
MRI findings were atypical for BMETS including central necrosis
with indistinct heterogenous borders that invaded the periven-
tricular area, which is more commonly associated with diffuse
infiltrative gliomas [27]. Two of the patients expired from non‐
neurologic complications of their cancer—both 4 months after
diagnosis of BMETS, but more than 10 years from initial diagnosis
of prostate cancer. The other four patients are alive and continue
systemic medical treatment with surveillance central nervous
system (CNS) imaging.

3 | Discussion

The identification of BMETS from prostate cancer may be
increasing due to improved imaging [28, 29]. However, under-
reporting could remain an issue because current staging strat-
egies do not routinely include CNS imaging without neurologic
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symptoms [30]. Conversely, despite an estimated post‐mortem
BMETS diagnosis frequency of 1%–6% from an autopsy series
[31], it is unlikely that the presence of undiagnosed occult
BMETS is an unidentified risk factor for mortality in aPC [5].
Although the median survival remains poor at 2.8–4.5 months
[19], early detection of BMETS in neurologically asymptomatic
high‐risk prostate cancer patients may improve prognosis [32].
In this series, we report clinical characteristics and outcomes of
six patients with asymptomatic intraparenchymal BMETS from
prostate cancer diagnosed on staging studies.

PSMA PET/CT is considered appropriate for initial staging in
patients with newly diagnosed unfavorable intermediate, high,
or very‐high‐risk prostate cancer, for evaluating recurrence, and
for assessing eligibility for PRRT [33, 34]. However, the role of
PSMA PET/CT in diagnosing BMETS in patients with bio-
chemical progression is uncertain. Previously reported cases of
asymptomatic BMETS were diagnosed in the background of
increasing PSA [35]. In addition to three case reports of BMETS
diagnosed using PSMA PET/CT in neurologically asymptomatic
patients who had increasing PSA [6, 35, 36], a retrospective
study showed newly diagnosed BMETS on PSMA PET/CT, for
workup for increasing PSA, in 5 of 2763 neurologically
asymptomatic patients with prostate cancer [5]. Retrospective
data have also suggested the possibility of using PSMA PET/CT
scans for earlier detection of previously unknown BMETS
without systemic disease progression [5, 37].

Unique to our series is that PSMA PET/CT or brain MRI were
used to diagnose BMETS from prostate cancer with
undetectable PSA in neurologically asymptomatic patients.
Screening for BMETS in all patients with aPC would not be
cost‐efficient given its rarity. However, it may be reasonable
to consider including brain imaging in cases of poorly dif-
ferentiated (Cases 1 and 3) or neuroendocrine (Case 4) aPC
during progression because these histologic subtypes seem to
have a greater tendency to metastasize to the brain [38, 39]. A
possible explanation for low PSA in progressive prostate
cancer is the presence of visceral metastases with a high
proportion of lytic bone disease (Case 2) [40] and histology of
poorly differentiated or neuroendocrine differentiation
(Cases 3, 4, and 5) [41]. Despite the non‐elevated PSA con-
centration, disease progression, conceivably including to the
brain, in the setting of aPC is still possible [42]; thus, the
likelihood of the CNS lesions being non‐metastatic, in our
cases without pathologic confirmation, is low.

Concerning genetic alterations, two patients had mutations in
TP53 (Cases 3 and 6) and one patient (Case 3) had an ATM
mutation, genes that have been associated with prostate cancer
brain metastasis (PCBM) [43, 44]. Moreover, PTEN loss was
also present in two patients (Cases 4 and 5), as well as BRCA2,
MSH2, and NF1 mutations in 3 patients in the UVA PCBM
cohort. PTEN [45] and MSH2 [46] are common mutations in
prostate cancer, while BRCA2 [43] may have some association
with PCBM. In a small study of 7 patients with neuroendocrine
pathology, they reported gene amplification of AURKA and
MYCN in 40% of the patients [47]. None of the patients in our
cohort had these mutations. From the above findings, neuro-
logically asymptomatic patients with aPC and poorly differen-
tiated histology with an upward PSA trend, neuroendocrineT
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FIGURE 1 | Histopathologic findings for Case 6. Low power view (100× objective) of hematoxylin and eosin (H&E) stained section (A), illustrating

compact, solid growth pattern. High power view (400×) of H&E section (B), illustrating pleomorphic epithelioid cells with vacuolated cytoplasm and

prominent nucleoli. High power view (400×) of positive keratin cocktail stain (C). High powered view (400×) of positive staining for NKX3.1 (D) in a subset

of tumor cell nuclei. No staining for synaptophysin (E) or chromogranin (F). Scale bar: 200 µM in (A), 50 µM in (B–F). [Color figure can be viewed at

wileyonlinelibrary.com]

FIGURE 2 | Radiologic findings for Case 2. A 68‐year‐old man with metastatic prostate cancer. (A) Axial PSMA PET, and (B) Axial fused PET/CT

revealed a 1.5 cm focus of mild uptake (SUV max 6.1) in the left parietal lobe (arrows). (C and D) Axial post‐contrast T1WI from a follow‐up MRI

shows a heterogeneous enhancing lesion in the left parietal lobe (two arrows). An additional punctate enhancing lesion is seen in the left centrum

semiovale (single arrow) without a corresponding radiotracer avid focus on the previous PSMA PET. This is likely due to background noise. However,

this focus was identified in subsequent PSMA PET (not shown). [Color figure can be viewed at wileyonlinelibrary.com]
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histology with stable PSA, or tumor‐harboring mutations with
increased risk for intracranial spread may benefit from BMETS
screening.

Joint procedure guidelines from the Society of Nuclear Medi-
cine and Molecular Imaging (SNMMI) and the European

Association of Nuclear Medicine (EANM) for PSMA PET/CT,
recommend coverage from the vertex to mid‐thigh [33]. Some of
our cases were scanned from the skull base to the thighs, which
may have affected BMETS detection. On the other hand, PSMA
uptake may also be seen in highly vascular primary CNS tumors
like GBM [48, 49]. For this reason, surgical resection for Case 6

FIGURE 3 | Radiologic findings for Case 5. A 67‐year‐old man with castration‐resistant metastatic prostatic carcinoma. (A and B) Axial PSMA

PET, and (C and D) Corresponding axial fused PET/CT (coverage was from skull base to upper thighs) show radiotracer avid lesions (red arrows) in

the left posterior temporal lobe (1 cm size, SUV max 5.4, intermediate PSMA expression) and right cerebellum (5mm size, SUV max 2.5, low PSMA

expression) consistent with prostate cancer metastasis. (E–H) Axial post‐contrast T1WI done 2 weeks after the PSMA PET/CT shows corresponding

enhancing lesions (red arrows). However, there are additional enhancing < 5mm size metastatic lesions in the left cerebellum and left parietal

parasagittal cortex. This discrepancy is likely due to the limited resolution of these small lesions on PSMA PET/CT and the lack of coverage of the left

parietal lesion. [Color figure can be viewed at wileyonlinelibrary.com]

FIGURE 4 | Radiologic findings for Case 6. A 62‐year‐old man with metastatic prostatic carcinoma screened for brain metastasis as part of surveillance.

(A and B) Axial PET, and fused PET/CT showing an incidental 4 cm left parietal lobe mass (arrows) with significant PSMA expression (SUV max 7.8).

(C) Axial post‐contrast T1WI showing a corresponding enhancing mass (arrow). [Color figure can be viewed at wileyonlinelibrary.com]
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was recommended to achieve tissue diagnosis and locoregional
control. The sensitivity and specificity of PSMA PET/CT for
BMETS diagnosis are unknown. In patients undergoing PSMA
PET/CT, it could be reasonable to image from the vertex to mid‐
thigh to include the entire CNS. This may facilitate early
detection and treatment of BMETS, potentially improving
prognosis [11].

PSMA PET/CT outperforms MRI to identify disease activity in
lymph nodes and bone, but the modalities are complementary
when interpreted in conjunction [50]. We are unaware of
reports comparing PSMA PET/CT versus MRI to diagnose
PCBM. Although difficult to ascertain due to the time interval
between the two imaging modalities, Cases 2 and 5 demonstrate
the possibility of increasing the accuracy of detecting the
number of BMETS by combining both PSMA PET/CT and MRI.
Interestingly, despite including the whole brain for the PSMA
PET/CT done for Case 2, the left centrum semiovale lesion was
only detected via MRI. On the other hand, in Case 5, PSMA
PET/CT was from the skull base and hence could not assess
brain lesions seen on MRI.

In Cases 1 and 4, the BMETS were diagnosed using brain
MRI during systemic disease progression despite being
on Lu177‐PSMA PRRT. Although selective intra‐arterial
administration had a 15‐fold higher uptake of PSMA radi-
oligand in brain tumors compared to the intravenous route, a
false negative PSMA PET/CT of the brain is rare [51]. It is
possible that BMETS developed simultaneously with sys-
temic disease progression despite PRRT, especially in cases
with high Gleason scores [52]. Additionally, PSMA avidity in
the brain can decrease while on PRRT and serve as a sur-
rogate to monitor treatment response [6]. Hence, cranial
MRI in conjunction with PSMA PET/CT may be reasonable
for the surveillance of progressive disease and monitoring of
treatment response.

Thus, the treating oncologist may opt to include the brain in
the scanned field once PSMA PET is being considered for
systemic metastatic screening for aPC. Ideally, this would be
regardless of the presence of neurologic symptoms. Since
most PSMA PET protocols do not image the brain unless
specified, the addition of imaging the cranial vault should
theoretically be a minor issue of extending the scanning
field. Imaging frequency will depend on clinical status and
response to therapy, but may reasonably adapt standard
surveillance imaging in metastatic disease, which is usually
every 2 to 3 months. In cases where accessibility and cost
may be issues, limiting CNS screening to those with poorly
differentiated or neuroendocrine aPC may be reasonable.
Pursuing additional brain MRI in cases of a negative PSMA
PET may be reserved for clinical trials for now until more
robust data can support the use of combined imaging.

The small number of patients and the absence of histologic
confirmation in most cases are the main limitations of this
report. We recognize that this small case series provides limited
data to formulate a compelling rationale for BMETS screening
studies in aPC. Our findings lack statistical robustness for
generalizability and are insufficient to provide evidence to
support clinical guidelines. However, we want to call attention

to the fact that patients in our series were diagnosed within
6 months mostly for screening after progressing on salvage
therapy. Furthermore, since CNS imaging in neurologically
asymptomatic prostate cancer patients may pose a unique
constraint regarding cost‐effectiveness, wherein universal clin-
ical application may not be feasible. We also recognize the
importance of tissue diagnosis in patients who are good surgical
candidates before treating a potentially lethal disease. More-
over, non‐prostatic tumors like gliomas, meningiomas, and
other systemic cancers (e.g., lung and renal cell carcinoma) are
possible false‐positive avid lesions on PSMA PET/CT [53, 54].
Brain metastases from prostate cancer have also been mis-
diagnosed as abscesses, subdural hematomas, meningiomas,
and schwannomas based on MRI [28, 55]. This highlights the
importance of considering more common differential diagnoses
before treating a PSMA PET avid brain lesion in the setting of
aPC. Based on our best clinical judgment, considering the
characteristics of CNS lesions in the setting of aPC, and the 2021
joint guidelines by the American Society of Clinical Oncology,
Society of Neuro‐Oncology, and American Society of Radiation
Oncology [24], surgery was not indicated to confirm the path-
ologic diagnosis of brain metastases. However, we do recognize
and still recommend the need for biopsy confirmation for sur-
gically accessible lesions to account for false‐positive PSMA PET
avid lesions.

4 | Conclusion

Although data from large prospective randomized studies
are lacking to make strong recommendations to include
CNS imaging in the standard screening and surveillance,
our study supports the need to improve the detection rate of
BMETS in patients with high‐risk prostate cancer. Our
series may provide additional rationale for prospective trials
investigating the sensitivity and specificity of PSMA PET/CT
and MRI as a staging imaging modality in a BMETS high‐
risk subpopulation of aPC. PSMA PET/CT that images the
whole brain may detect BMETS without neurologic symp-
toms and increasing PSA. Obtaining a cranial MRI In pa-
tients with positive PSMA uptake may identify additional
occult CNS disease in the setting of oligometastatic prostate
cancer. If combining both imaging modalities improves the
BMETS detection rates, there is still a need to prove that
early detection will improve the outcomes of patients
with aPC.
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