Ross et al. EINMMI Research (2020) 10:108
https://doi.org/10.1186/s13550-020-00696-0

EJINMMI Research

CASE REPORT Open Access

Neurologically asymptomatic cerebral
oligometastatic prostate carcinoma

Check for
updates

metastasis identified on [Ga]Ga-THP-PSMA

PET/CT

M. I Ross', N. Bird?, I. A. Mendichovszky***"!

and Y. L. Rimmer’"

Abstract

using a PSMA-based radiopharmaceutical.

thighs.

Background: Brain metastases from prostate cancer are rare and usually only occur in the context of widespread
systemic disease. This is the first case report of a solitary brain oligometastasis, in a neurologically intact prostate
cancer patient with no other systemic disease, detected using [%®GalGa-THP-PSMA PET/CT and only the second one

Case presentation: We report the case of a prostate cancer patient presenting 5 years after robot-assisted
laparoscopic prostatectomy with biochemical recurrence, no neurological symptoms, and in the absence of
metastatic lesions in the body on conventional imaging. A solitary cerebral metastasis was detected using [*®Ga]Ga-
THP-PSMA PET/CT, surgically resected, leading to a drop in serum PSA and a good recovery.

Conclusion: In this case, [®®Ga]Ga-THP-PSMA PET/CT resulted in a major change in clinical management and
avoided additional morbidity associated with delayed diagnosis and treatment. This report demonstrates the
importance of considering the presence of metastatic disease outside the conventional locations of prostate cancer
spread, as well as the importance of ensuring comprehensive [**GalGa-PSMA PET/CT coverage from vertex to upper
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Background

Prostate cancer usually metastasises to the pelvic lymph
nodes and axial skeleton. Prostate cancer brain metasta-
ses mostly present in the late stages of disease and occur
in an estimated 0.63% of patients [1]. The incidence of
brain-only metastases in prostate cancer, in the absence
of widespread metastatic disease, has been estimated
from large cohorts of patients at 0.0061-0.2% [1-3].
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Due to the low incidence of cerebral metastatic disease,
cross-sectional neurological imaging is not routinely per-
formed in prostate cancer patients and PET/CTs using
PSMA-based radiopharmaceuticals are protocoled to
cover the body from skull base to proximal thighs [4, 5].
Twenty-one case reports of solitary brain metastases
from prostate cancer were found in the literature, sum-
marised in Table 1 [6-21], adapted from Barakat et al.
(2016) [17].

Case presentation

A 62-year old male patient had a robot-assisted laparo-
scopic prostatectomy in August 2014 for a Gleason 4 +
3 multifocal adenocarcinoma with tertiary grade 5
disease and extraprostatic extension (pT3aNOMx). The
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Table 1 Literature summary of intracranial metastatic prostate cancer case reports without systemic disease

Literature summary of intracranial metastatic prostate cancer case reports without systemic disease

Study (author, year) ~ Age Initial presentation

Number of brain Description, including size &

Treatment of brain

Functional status post-

Disease and survival outcomes

metastases location, of brain metastases metastases operatively
Rao et al., 1982 [6] 75 Headache, palsies of left cranial nerves Il, Ill, V and VI. Size not reported, located inthe  Craniotomy and resection. Loss of vision in left eye. Transurethral resection of the prostate,
1 left cavernous sinus, superior 2 years post operatively, alive and well 6
orbital fissure and posterior orbit. years from diagnosis.
Lynes et al., 1986 [7] 65 Headaches, memory loss, cerebellar ataxia, Scm diameter non enhancing right Craniotomy and resection, Almost total resolution  Alive and well 60 weeks post-
i following resection of the cerebellar lesion, with obstructive followed by external beam of {{ i with no ical,
prostate 3 months earlier, diffusely firm 15g prostate 1 hydrocephalus. irradiation to the whole symptoms. urological, or bone symptoms.
with hard 1cm nodule at the left base. brain and posterior fossa.
Kasabian et al., 1992 75 Gait disturbance, dizziness, personality change, left Enhancing lesion in the right Craniotomy and resection of with widesp
(8] i i i enlarged occipital lobe, size not reported.  with post-operative WBRT. 13 months post-operatively, treated
prostate without nodules and no intraluminal mass. 1 with diethylstilbestrol diphosphate and
radiation. Clinically stable 2 years and 9
months after craniotomy.
Kunkler et al., 1993 71 Not reported. Right parietal lobe. Craniotomy and resection.  Functioning normally Recurrent tumour treated with surgery
&) except for some residual at 4 months. Alive 2 years post-
1 spasticity in the left leg. operatively.
Gupta et al., 1994 55 Headache and tendency to "lean to the right", 1 year Enhancing mass on MRI, 2cm x Stereotactic biopsy and No residual neurological Alive 2 months post-external beam
(10] after radical prostatectomy and external beam 3cm, left pons/left cerebral palliative external beam symptoms, but non- radiation therapy.
radiation. 1 peduncle. radiation to whole brain specific gastrointestinal
and brain stem. symptoms.
Sutton et al., 1996 62 Nausea, vomiting, anorexia, 30lb weight loss over 2 3x4cm right posterior fossa mass, Biopsy, radiotherapy, Improved neurological  Alive with improved symptoms 4 week
(11) months, left sided weakness, chronic rhythmic in the right pons and cerebellar intravenous steroids. function. later. Long term outcome not reported.
shaking in left upper arm, mild ataxia. On exam, 1 peduncle.
tremor in left upper arm and weakness in left arm
and leg, mildly enlarged but smooth prostate.
McCutcheon et al., 60 Stage C1 prostate adenocarcinoma, treated with local Not reported. WBRT. Not reported. Survived 11 months after detection of
. 24 ‘
1999 (12] radiotherapy. brain metastases.
McCutcheon et al., 63 Stage A2 prostate adenocarcinoma, treated with 3 Not reported. WBRT. Not reported. Survived 1 month after detection of
1999 (12] y and local radi brain metastases.
McCutcheon et al., 64 Stage A2 prostate adenocarcinoma, treated with 1 Not reported. WBRT. Not reported. Survived 2 months after detection of
1999 (12]) prostatectomy. brain metastasis.
McCutcheon et al., 72 Stage C2 prostate adenocarcinoma, treated with Not reported. WBRT. Not reported. Survived 2 months after detection of
1999 [12] y and bilateral i “ brain metastases.
McCutcheon et al., 77 Stage Al prostate adenocarcinoma, treated with local 1 Not reported. Surgery and post-operative Not reported. Survived 2 months after detection of
1999 (12]) and cytotoxic WBRT. brain metastases.
McCutcheon et al., 80 Stage C1 prostate adenocarcinoma, treated with 2 Not reported. WBRT. Not reported. Survived 6 months after detection of
1999 (12) and local radi brain metastases.
Salvati et al., 2005 68 Not reported. 1 Temporal lobe. Craniotomy and resection, Not reported. Alive 20 months post-operatively.
(13] and WBRT.
Sweets et al.,, 2009 48 Gleason 4+5=9, treated with neoadjuvant 2x1x1cm enhancing lesion in left  Craniotomy and resection, Minor cognitive Alive 5 years post-resection (PSA
(14) h hi radical and parietal lobe. with local brachytherapy  sequelae, but able to <0.1ng/dL).
radiotherapy. Grand mal seizure four years after 1 (1251 seeds). work and perform daily

initial diagnosis.

Mithal et al., 2014 69 6 week history of left-sided weakness.
(15) parietal lobe.
Craig et al., 2015 [16] 79 Gleason 6 T2B, treated with radiotherapy and
adjuvant hormonal therapy. Asymptomatic
i i 9 years post-radi 1

Barakatetal, 2016 67 Gleason 4+4=8 T3a treated with radiothC19:C20erapy.
17 Dizziness, mild dysphagia and imbalance, 6 years

3.4cm enhancing lesion in right

3.5cm right frontal intra-axial
enhancing lesion.

Multi-lobulated intra-axial lesion
in the left frontal lobe.

3cm bilobed lesion in left frontal

4.5x6x6.5cm cystic lesion in the
right temporal lobe, 11mm lesion
in the left occipital lobe.

Craniotomy and resection
followed by WBRT.
Craniotomy and resection.

Craniotomy and resection
followed by {

activities without
assistance.

Not reported.

No post-operative
complications; no
neurocognitive problems,
headaches, or seizures.

Alive 3.5 years post-operatively, with no
evidence of metastatic disease.
Recurrence after 8 months, survived 19
months.

radiotherapy, ADT.

craniotomy and resection
followed by stereotactic
radiotherapy and ADT.

craniotomy and resection
of right temporal lobe
lesion, stereotactic
radiotherapy for left
occipital lobe lesion.

after initial presentation. 1
Campagna etal., 77 Unwitnessed fall, background of falls, memory
2018 [18] deficits, weight loss. 1 lobe.
Yin et al., 2019 [19] 66 Rise in PSA to 7.1ng/mL, 13 after radical

prostatectomy for Gleason 4+3=7 prostate

adenocarcinoma. 2
Ishizaki et al., 2019 63 Gleason 5+5 treated with ADT, chemotherapy, Multi-lobulated, i
[20] and radi with 1

dizziness 2 years 8 months after initial presentation.
Hafiz et al., 2019 [21] 59 Acute headache secondary to a fall. Background of

vision, lack of ion and difficulty
walking for one month. Also, decreased urinary i

frequency, and poor urinary stream for 6 months. On
exam, left-sided homonymous hemianopia, tandem
gait, enlarged prostate with no nodularity.

lesion in the right posterior
parietal-occipital region.

ial lesion and resection

in the right cerebellar hemisphere. followed by WBRT.

Craniotomy and resection
followed by WBRT.

[ ication-fi PSA and no evidence of
recovery at 17 months post
with no neurological radiotherapy.

deficits.
Not reported.

Not reported.

Not reported.

Recovered well
postoperatively.

Follow-up imaging demonstrates
development of suspected bone
metastases, long term outcome not
reported.

Alive and well 3 years post-operatively.

PSA undetectable and no evidence of
recurrent disease at 23 months.

PSA 3.31ng/ml after one year with no
evidence of recurrence or systemic
disease.

WBRT, whole brain radiation therapy; PSA, prostate specific antigen; CRPC, castration-resistant prostate cancer; ADT, androgen deprivation therapy

pre-operative PSA was 5.3 pg/L and the post-operative
PSA was unchanged at 5.63 pg/L, despite negative surgi-
cal margins (Fig. 1). The PSA, 6 months post-
operatively, had increased to 10.06 pg/L. Pelvic MRI
showed no local recurrence or residual prostatic tissue
and a bone scan was also negative. Androgen
deprivation therapy (ADT) was commenced with a sub-
sequent fall in PSA to < 0.02 pg/L, but it was discontin-
ued after a year due to side effects.

Serum PSA tests were undertaken regularly (Fig. 1).
4.5 years post-operatively, the PSA increased to 2.33 pg/

L and staging CT and whole-body bone scintigram
showed no evidence of metastatic disease.

Five years after prostatectomy, the PSA reached 10.6
ug/L, and the patient underwent a [**Ga]Ga-THP-PSMA
PET/CT using a cold kit PSMA formulation [22-25].
Sixty minutes after intravenous injection of 204 MBq of
tracer a [*®Ga]Ga-THP-PSMA PET/CT was acquired
from proximal thighs to skull base on a GE Discovery
690 PET-CT scanner (GE Healthcare, Chicago, USA) ac-
cording to current guidelines [5] (4 min per bed position
with 23% overlap and axial field of view of 16 cm). A
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Fig. 1 Serum PSA, with procedures, over time. Top: serum PSA (ug/L) over time (values of < 0.02 ug/L are plotted as 0 pg/L); bottom: procedures

low-dose unenhanced CT scan (120 kVp, 0.5 s rotation
time, 3.75 mm slices, Noise Index 45, 10-180 mA) was
performed for attenuation correction and localization
purposes. PET reconstructions included corrections for
radiotracer decay, attenuation, modeled scatter, randoms
and dead-time, both for time-of-flight (TOF ordered
subset expectation maximisation with 24 subsets and 2
iterations) and scatter-limit correction series. The PET/
CT showed increased focal uptake in the right mid-
cranial fossa, with no focal uptake in the rest of the
body. The differential considered at this point was a
meningioma, glioma or a prostate metastasis, all known
to express PSMA [26-29]. The patient had no neuro-
logical symptoms at the time of presentation.

A subsequent contrast-enhanced MRI head showed a
well-demarcated enhancing dural-based lesion in the
floor of the right middle cranial fossa, projecting into
the right temporal lobe, with surrounding T2 hyperin-
tense changes in the right temporal lobe, believed to be
extra-axial on MRL The lesion was thought initially to
represent a meningioma, both on the [**Ga]Ga-THP-
PSMA PET/CT (SUVpa TOF = 6.2) and contrast-
enhanced MRI, although the PET/CT had raised the
suspicion of a prostate cancer metastasis given its un-
usually intense uptake (Fig. 2).

As uncertainty remained between the two possible
diagnoses (meningioma or prostate cancer metastasis) in
the neuro-oncology multidisciplinary team meeting, the

patient was referred for a neurosurgical opinion, which
advised the lesion’s surgical resection and dexametha-
sone 4 mg bd, to reduce surrounding oedema. A second
MRI head, performed 1 month later for pre-surgical
planning, confirmed a 23 x 18 mm solitary tumour with
surrounding oedema in the anterior part of the right
inferior temporal gyrus. The tumour contained hetero-
geneous low and high areas of T2 signal, patchy hetero-
geneous contrast enhancement and dural extension to
the brain surface inferiorly. The second MRI suggested
that the lesion was intra-axial. The contrast-enhanced
post-operative MRI head showed complete resection of
the tumour with a reduction in serum PSA to 2.93 pg/L.
The histopathology report confirmed an intra-axial right
temporal lobe metastatic prostatic adenocarcinoma with
dural extension and intense PSA and PSAP staining.
Three months after neurosurgery the patient had recov-
ered well with only mild neurological deficit (left foot
drop). Surveillance MRI showed no intracranial mass or
abnormal contrast enhancement to indicate residual or
recurrent tumour and only expected post-operative
encephalomalacia in the anterior inferior part of the
right temporal lobe. The serum PSA remained elevated
(2.28 pg/l). Currently, the patient is followed up with 3-
monthly MRIs and PSA monitoring. ADT has not been
restarted. Although the post-operative MRI head showed
complete resection, the fact that histopathology docu-
mented dural involvement could explain the elevated
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Fig. 2 Selected images through the skull base from the [A68 Ga]Ga-
THP-PSMA PET/CT and subsequent MRI. Top left: axial fused PET/CT
image revealing focal uptake in the right middle cranial fossa;
bottom left: axial FLAIR MRI showing white matter oedema in the
right temporal lobe; top (axial) and bottom (coronal) right: post-
contrast enhanced T1-weighted MR images demonstrating an
enhancing lesion in the floor of the right middle cranial fossa in
close contact with the dura mater

PSA after surgery and potential presence of residual
microscopic meningeal disease. The patient is currently
asymptomatic, but he will undergo further PSMA PET/
CT if the PSA continues to rise.

Discussion

This is the first case report of a solitary brain oligome-
tastasis in a neurologically intact prostate cancer patient
with no other systemic disease using [**Ga]Ga-THP-
PSMA PET/CT and only the second one using a PSMA-
based radiopharmaceutical [19]. Current guidelines for
[*8Ga]Ga-PSMA PET in prostate cancer patients recom-
mend skull base to proximal thighs coverage [5], which
may result in brain or skull metastases located more cra-
nially remaining undetected. In our case, the solitary
brain metastasis was only seen on the most cranial PET
slices, and, left undiagnosed, would have further in-
creased in size until neurological symptoms became ap-
parent, resulting in delayed treatment and increased
morbidity. Our report illustrates the need to consider
the presence of metastatic disease outside the conven-
tional locations of prostate cancer in patients with per-
sistent or rising PSA and negative conventional imaging.
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The other case report, from Yin et al. (2019), describes
a clinical situation remarkably similar to ours [19]. Both
report asymptomatic patients who presented with a rise
in serum PSA, after having previously undergone radical
prostatectomy for Gleason grade 4 + 3 = 7 prostate
adenocarcinoma. Both patients were subsequently found
to have a cerebral metastasis in the right temporal lobe,
although the patient in Yin et al. (2019) also had a
smaller metastasis in the left occipital lobe.

The use of [*®Ga]Ga-PSMA PET/CT played a crucial
role in the management of these patients and led to de-
tection and treatment of their disease. A recent study
[30] found that in patients with biochemical recurrence
and in the absence of radiological evidence of metastatic
disease on CT or bone scan [®®Ga]Ga-PSMA PET/CT
may lead to a change in management for up to 96% of
patients. Although this study is limited by a small num-
ber (33) of patients, the results are nonetheless impres-
sive. For our patient, the [®Ga]Ga-THP-PSMA PET/CT
resulted in a major change in management (surgical re-
section) and prevented a delayed presentation with
neurological symptoms, systemic (including further
intracranial) metastatic disease, emergency neurosurgery
and increased morbidity.

Conclusion

This is the first documented case of a solitary cerebral
metastasis from prostate cancer in the absence of sys-
temic disease being diagnosed using [**Ga]Ga-THP-
PSMA PET/CT. It demonstrates the usefulness of this
relatively new imaging modality in the investigation and
staging of prostate cancer, as well as the importance of
ensuring comprehensive, vertex-to-thighs, coverage
when performing a [**Ga]Ga-PSMA PET study in pa-
tients with high suspicion of prostate cancer metastases.
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