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a b s t r a c t 

We present the case of a 47-year-old woman treated by radiochimotherapy for a glioblas- 

toma which underwent a [68Ga]Ga-PSMA-11-PET/CT to distinguish postradiation changes 

from an evolutionary process. This demonstrated a weak homogeneous uptake surrounding 

the lesion. There was a focal and moderate uptake of a pseudo lytic skull diploe lesion near 

to the glioblastoma, finally attributed to a calvaria hemangioma. Calvaria hemangiomas 

are less frequent than vertebral hemangiomas and may demonstrate a modest PSMA up- 

take that one should keep in mind so as not to misinterpret the examination in patients 

followed for glioblastomas. 

© 2020 The Authors. Published by Elsevier Inc. on behalf of University of Washington. 
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Introduction 

The [68Ga]Ga-PSMA-11 PET/CT holds an important and grow-
ing place in the management of patients followed for prostate
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cancers. This examination tends to replace [ 18 F]-Fluorocholine
positron emission tomography/computed tomography
(PET/CT) thanks to a better performance, particularly in
the exploration of biological recurrences with low PSA levels
[1–4] . PSMA is a transmembrane glycoprotein which is overex-
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Fig. 1 – Maximum intensity projection images with 

[ 68 Ga]Ga-PSMA-11 PET revealed a low and homogeneous 
uptake surrounding the lesion, and a focal mild uptake 
near to the glioblastoma. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

pressed in prostate adenocarcinomas. It is also overexpressed
by the endothelium of tumor-associated neovasculature such
as glioblastomas multiform, but neither in malignant tumors

cells themselves nor in normal vessels. A few articles have 

Fig. 2 – The axial [ 68 Ga]Ga-PSMA-11PET/CT fusion images showe
scanner) and a low and homogeneous uptake surrounding the le
highlighted the possible role of [68Ga]Ga-PSMA-11 in glioma
imaging [5 ,6] . We present here the case of an incidental discov-
ery of a skull vault hemangioma (SVH) in a patient explored
with [68Ga]Ga-PSMA-11 PET/CT for an irradiated glioblastoma.

Case report 

A 47-year-old woman was followed up for a nonoperated left
fronto parietal glioblastoma treated by radiochemotherapy.
The magnetic resonance imaging (MRI) performed 1 month
after the end of chemotherapy concluded in morphological
stability with a perilesional oedema enlargement. Clinically,
there was a difficulty in achieving cortisone withdrawal which
was associated with a symptoms recrudescence (paresthesias,
dysesthesias, and right hemicorps clonies). [68Ga]Ga-PSMA-11
PET/CT was performed to assess the therapeutic response af-
ter radiochemotherapy to confirm inflammatory changes and
to rule out an evolutionary process. [68Ga]Ga-PSMA-11 PET/CT
was conducted to assess these lesions, 1 hour after the intra-
venous injection of 98MBq of [68Ga]Ga-PSMA-11. The exami-
nation displayed a low and homogeneous uptake surround-
ing the lesion ( Figs. 1 and 2 ) concording with postradiation
changes. There was also a focal mild uptake of what seemed
like a parietal lytic skull diploe lesion ( Fig. 3 A) near to the
glioblastoma ( Figs. 1 and 2 ). This image was seen a posteriori
on the MRI follow-up, stable appearing in continuity with skull
vessels, demonstrating a hyperT2-FLAIR and homogenous en-
hancement ( Figs. 3 B and C). This was attributed to a SVH. The
patient underwent Avastin (bevacizumab) as a test treatment
for inflammatory changes, which was well tolerated, resulting
in a partial clinical and imaging improvement at 3 months. 
d a focal mild uptake near to the glioblastoma (A, bone 
sion (B, tissular scanner). 
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Fig. 3 – The axial morphological examinations displayed a parietal lytic skull diploe lesion on bone scanner (part A: CT) and 

homogeneous enhancement on the MRI (part B: MRI axial T1 postgadolinium; Part C: MRI T2 Flair). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Discussion 

This image was attributed to a SVH and not to a rare adjacent
calvarial destruction [7] . Several benign lesion PSMA positives
have been reported, such as splenic and vertebral heman-
giomas [8] , which are well described. SVH are lesions more
rarely observed. SVH accounts for about 0.2% of all bone tu-
mors and 10% of benign skull tumors. SVH consists of dilated
blood vessels separated by fibrous tissue. The pathogenesis
is not clearly elucidated [9] . Patients are rarely symptomatic
(pain, mass effect) [10] . On the CT, SVH usually presents a
well-delineated and limited intradiploid osteolytic lesion with
sharp edges with a "honeycomb" appearance. It can some-
times demonstrate an erosion of the tables. On the MRI, SVH
presents a hypersignal T2/FLAIR, a variable signal T1, and an
enhancement after gadolinium injection. To our knowledge,
this is the first PSMA-fixing SVH described. This case report
is interesting for 2 reasons. First of all it reminds us that any
bone lesion close to glioblastoma is not necessarily related to
a contiguous bone lesion but may be related to a benign le-
sion such as a SVH. Moreover this benign hemangiomatous
uptake could serve as a reference, to help defining the in-
tensities of benign uptake due to inflammatory remodeling
from pathological fixations related do recurrence. In our case,
glioblastoma (white arrow) was the site of a modest homoge-
neous uptake (SUVmax 3.2), about the same intensity as the
cranial vault hemangioma (SUVmax 3.3). Therefore, we con-
sidered the glioblastoma uptake as related to post radiation
changes. Many articles have stressed the potential role of 18F-
or 68Ga-radiolabeled PSMA in the evaluation of glioblastomas,
especially in discriminating recurrences from postradiations
changes [11] . But there is currently no threshold or validated
interpretation criterion to define relapse from postradiation
changes. Some authors have highlighted the over expression
of PSMA by endothelial cells of reparative neovasculature and
the moderate uptake of radionecrosis lesions [12 ,13] . Con-
versely, some authors have reported intense uptake of venous
variants [14] . Thus, the uptake of inflammatory remodeling
and benign vascular variants therefore appears to be variable.
The use of an uptake threshold based on vascular uptake to
interpret the examination (postradiation changes vs relapse)
seems contentious at this time. Other authors have used the
Tumor-to-Background Ratio in addition to visual analysis to
diagnose recurrences [15] . The interest of this ratio in explor-
ing recurrence versus postradiation changes has not been in-
vestigated. Larger prospective studies have to be conducted
in order to clarify the place of [68Ga]Ga-PSMA PET/CT in the
distinction between evolutivity versus inflammatory changes
and to better define the interpretation criteria. The therapeu-
tic role should also be evaluated [16] . 

In conclusion, this clinical case highlights the possibility of
false positives that can be encountered with [68Ga]Ga-PSMA-
11 PET/CT as well as with 18F-FDG. This fact must be taken
into consideration so as not to ignore possible rare and be-
nign lesions such as SVH and not to confuse them with bone
destruction due to contiguous glioblastoma, or with prostate
cancer bone metastases. More generally, when interpreting a
[68Ga]Ga-PSMA-11 PET/CT, one should keep in mind that every
malignant, and less frequently benign, vascularized lesions
may fix the tracer. This point may hinder the distinction be-
tween inflammatory post radiation changes and recurrences
in patients treated with radiotherapy for glioblastoma. 

Authors statement 

Written informed consent was obtained from the patient. This
clinical image is part of a Clinical trial: “Cohort study assessing
the feasibility of 68Ga-PSMA PET-CT and 18F-FDOPA PET-CT
for identification of early recurrence in patients treated with
radiotherapy for glioblastoma. EudraCT 2018-002271-17. Clin-
icalTrials.gov: NTC03903419 

Patient consent 

Written informed consent was obtained from the patient. 
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