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Abstract
We describe the case of 74-year-old-male, previously treated with fronto-parietal craniotomy due to primary glioblastoma 
multiforme (GBM), followed by concurrent radiation therapy (RT) and temozolomide (TMZ) chemotherapy. Magnetic reso-
nance imaging (MRI) of the brain, at 1 month after completing RT + TMZ, depicted partial response. Three months later, the 
patient was submitted to a further brain MRI, that resulted doubtful for therapy induced changes (i.e., pseudoprogression).  
The patient, who had been previously treated with prostatectomy for prostate cancer (PC), underwent a positron emission 
tomography/computed tomography (PET/CT) scan with 18F-choline for PC biochemical recurrence. 18F-choline whole body 
PET/CT resulted negative for PC relapse, while segmental brain PET, co-registered with MRI, demonstrated increased tracer 
uptake corresponding to tumor boundaries. In order to solve differential diagnosis between pseudoprogression and GBM recur-
rence, brain PET/CT with 18F-L-dihydroxy-phenil-alanine (18F-DOPA) was subsequently performed: fused axial PET/MRI 
images showed increased 18F-DOPA incorporation in the peri-tumoral edema, but not in tumor boundaries, consistent with the 
suspicion of GBM pseudoprogression, as then confirmed by clinical and radiological follow-up.

Keywords  PET/CT · Radiolabeled amino acids · Choline · Gliomas · Brain tumors · Precision medicine · Neurooncology

Introduction

Over the years, the prognosis of glioblastoma multiforme 
(GBM), the most frequent and lethal primary brain tumor, 
has remained dismal, with a median survival from ini-
tial diagnosis of less than 15 months [1]. Brain magnetic 
resonance imaging (MRI) covers a primary role for GBM 
assessment both at pre-treatment and post-therapy phase 
[2]. However, recently introduced combined radiotherapy/
chemotherapy regimens have determined new challenges for 
the evaluation of GBM response to treatment, mainly due to 
the so-called pseudoprogression phenomenon, consisting of 
treatment-related clinico-radiologic changes mimicking true 
tumor progression [3]. In this scenario, molecular imaging 
with positron emission tomography/computed tomography 
(PET/CT) has been successfully exploited for the discrimi-
nation between progression and pseudoprogression, by uti-
lizing different radiopharmaceuticals [4]. Here, we report 
the different findings of PET-imaging carried out, respec-
tively, with 18F-choline and 18F-L-dihydroxy-phenyl-alanine 
(18F-DOPA) in a case of a GBM patient, with suspected 
pseudoprogression.
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Case Report

A 74-year-old man, who had been treated with prostatec-
tomy for prostate cancer (PC) (adenocarcinoma, Gleason 
score 7, pT2) 5 years ago, was diagnosed with isocitrate 
dehydrogenase (IDH) wild-type grade IV GBM, char-
acterized by O6-methylguanine-DNA-methyltransferase 
(MGMT) promoter methylated status, submitted to left 
fronto-parietal craniotomy. Surgical resection was planned 
to be as maximal as possible avoiding additional neuro-
logical morbidity; however, taking into account tumor pat-
tern of infiltration and patient’s overall performance status 
(pre-operatory Karnofsky Performance Score (KPS) = 70), 
gross total resection resulted unfeasible. Forty days after 
surgery, the patient underwent adjuvant concurrent radio-
therapy (RT) and chemotherapy. Radiotherapy was carried 
out through fractionated focal irradiation (i.e., dose = 2 Gy/
fraction) administered once daily 5 days per week during 
a period of 6 weeks, for a total dose of 60 Gy, while con-
comitant chemotherapy consisted of temozolomide (TMZ) 
administered at 75 mg/m2 for 42 days concurrently with 
focal radiotherapy. Brain magnetic resonance imaging 
(MRI) acquired before RT + TMZ (Fig. 1) demonstrated 
residual GBM, while MRI at 1-month post RT + TMZ 
revealed partial regression of the fronto-parietal lesion 
and the appearance of peri-tumoral edema (Fig. 2). After 
MRI execution, the patient started the 1st cycle of TMZ as 
monotherapy that was quickly discontinued due to hemato-
logical toxicity (platelets count = 50,000/µL). The patient 
was monitored through serial clinical and laboratory 

examinations for the following 3 months. A further MRI, 
performed at 4-month post RT + TMZ, demonstrated 
meaningfully enlarged peri-tumoral edema involving the 
left fronto-parietal and temporal regions with a polycyclic 
area of enhancement (Fig. 3), doubtful for therapy-induced 
changes (i.e., pseudoprogression).

Since a progressive increase of PSA value (i.e., 1.3 ng/
mL) has been registered, the patient was scheduled to per-
form a PET/CT with 18F-choline by his referring urologist. 
Two weeks after MRI PET/CT was performed 60 min after 
the intravenous (i.v.) injection of 3.7 MBq/kg of 18F-cho-
line: standard whole body (from proximal thigh to skull 
base) PET/CT scan was acquired with a digital Biograph 
Vision PET/CT system (Siemens Healthcare; Erlangen, 
Germany) and resulted negative for PC localizations. 
Immediately after standard whole body execution, brain 
PET/CT was acquired according to the following proce-
dure: a CT scan of the head was performed with slice thick-
ness of 1.0 mm, pitch factor 1, bone and soft tissue recon-
struction kernels and maximum of 120 keV and 90 mAs by 
applying CARE kV and CARE Dose; after CT scanning, 
brain PET was acquired with a scanning time of 20 min in 
3D (matrix: 440 × 440) with a zoom factor of 1.0. Recon-
struction was conducted with a TrueX + TOF algorithm and 
Gauss-filtered to a transaxial resolution of 2 mm at FWHM 
(full width at half maximum); attenuation correction was 
performed using the low dose non-enhanced computed 
tomography data. Axial PET images were co-registered, 
through a dedicated software (PET VCAR, Advantage 
Workstation 4.7; GE Healthcare, Milwaukee, USA), with 

Fig. 1   Brain magnetic reso-
nance imaging (MRI) acquired 
before RT + TMZ demonstrated 
a round-oval, homogeneous, 
well-demarcated, hyperintense 
lesion at T2-weighted images 
in left fronto-parietal region (a, 
yellow arrow), as a well as a 
central core of contrast enhance-
ment at T1-weighted image (b, 
yellow arrow), compatible with 
residual GBM
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the corresponding contrast-enhanced T1-weighted MRI: 
emissive PET and fused PET/MRI images demonstrated 
mildly increased tracer incorporation within brain tumor 
boundaries (Fig. 4) with a maximum standardized uptake 
value (SUVmax) of 2.4 while tumor-to-normal contralat-
eral cortex activity ratio (T/N ratio), indicating the ratio of 
SUVmax (measured on tumor) and SUVmean (measured 
on contralateral normal cortex) [5], resulted in 3.1, ris-
ing the suspicion of metabolically active GBM viable tis-
sue. The patient was scheduled for the execution of PET/

CT with 18F-DOPA to achieve the differential diagnosis 
between pseudoprogression versus GBM recurrence. Two 
weeks later, the patient underwent brain PET/CT with 
18F-DOPA, which was carried out 20 min after the admin-
istration of 200 MBq of the tracer, with a scanning time of 
20 min, by employing the same device and reconstruction 
parameters previously described for 18F-choline brain PET: 
emissive PET and fused PET/MRI axials showed increased 
tracer incorporation within the peri-tumoral edema located 
in the semioval centrum of the left fronto-parietal lobe 

Fig. 2   Brain MRI at 1-month 
post RT + TMZ revealed partial 
regression of the fronto-parietal 
lesion and the appearance of 
T2-hyperintense peri-tumoral 
edema (a, yellow arrow), 
while an irregular ring-like 
enhancement was evident at 
T1-weighted axial slice (b, yel-
low arrow)

Fig. 3   MRI, performed at 
4-month post RT + TMZ, 
demonstrated meaningfully 
enlarged peri-tumoral edema 
involving the left fronto-parietal 
and temporal regions as evident 
at T2-weighted image (a, yellow 
arrows) with a polycyclic area 
of enhancement at T1-weighted 
axial (b, yellow arrow), doubt-
ful for therapy-induced changes 
(i.e., pseudoprogression)
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(Fig. 5): semiquantitative parameters were calculated fol-
lowing international guidelines [6] with a SUVmax of 4.3, 
a T/N of 2.2, and tumor to striatum (T/S) of 1.4; notably, 
no meaningful increased tracer uptake was observed within 
tumor boundaries. The overall 18F-DOPA distribution was 
considered consistent with non-specific tracer incorpora-
tion within RT/TMZ-induced vasogenic edema and, after 
a multidisciplinary consensus meeting, also taking into 

account patient’s stable clinical status, he was submitted 
to steroid therapy with dexamethasone (12 mg daily) and 
to clinical and imaging monitoring.

A follow-up MRI performed after a 3-month interval 
depicted a meaningful reduction of the peri-tumoral edema, 
as well as the regression of the pathological polycyclic 
enhancement previously described (Fig. 6), thus confirm-
ing the diagnosis of pseudoprogression.

Fig. 4   18F-choline PET acquired a 4-month and 15  days post treat-
ment. Emissive PET (a), contrast-enhanced T1-weighted MRI (b), 
and fused PET/MRI axial images (c) demonstrated mildly increased 

tracer incorporation within brain tumor boundaries (black and white 
arrows, respectively), suggestive of viable tumor tissue

Fig. 5   18F-DOPA PET acquired 2 weeks later.18F-choline PET. Emis-
sive PET (a), contrast-enhanced T1-weighted MRI (b), and fused 
PET/MRI axial images (c) showed increased tracer incorporation 

within the peri-tumoral edema located in the semioval centrum of the 
left fronto-parietal lobe (black and white arrows, respectively), inter-
preted as vasogenic edema
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Discussion

Pseudoprogression represents a well-known phenomenon, 
occurring more often in the first 3 months after therapy com-
pletion in about the 50% of patients treated with concurrent 
RT + TMZ [7]. This phenomenon has been attributed to 
increased capillary permeability induced by RT and sub-
sequently enhanced by chemotherapy, leading to interstitial 
fluid transudation and brain edema. Several efforts have been 
made to develop innovative MRI techniques, with the aim of 
discriminating pseudoprogression from GBM recurrence [8]. 
In this scenario, PET-based approaches, employing several 
radiopharmaceuticals suitable for investigating pathological 
processes at a cellular and metabolic level, are warmly wel-
come. 18F-fluorodeoxyglucose ([18F]FDG), the most widely 
utilized tracer in clinical practice, has a limited role for the 
imaging of brain lesions due to the non-favorable tumor-
to-background ratio, although it has been demonstrated a 
correlation between its uptake and tumors’ cellularity and 
aggressiveness [9]. To overcome the limitations of [18F]FDG 
PET in neurooncology, other tracers have been introduced. 
11C- or 18F-choline, a surrogate biomarker of phospholipids’ 
synthesis, routinely used for the imaging of non-FDG avid 
tumors, such as prostate cancer and hepatocellular carci-
noma, proved useful for gliomas’ pre-surgical grading and 
evaluation after therapy [10, 11]. In a previously published 
meta-analysis [12], choline PET/CT presented high pooled 
sensitivity (i.e., 0.87) and specificity (i.e., 0.82) for the dis-
crimination between glioma recurrence and radionecrosis. 
As an alternative to choline PET, radiolabeled amino-acids, 
such as 11C-methionine (11C-MET), 18F-fluoroethyl-tyrosin 
(FET), and 18F-DOPA, have been utilized for the imaging of 
brain tumors through PET/CT [13].

A systematic review and meta-analysis performed by 
Treglia et al. compared the various tracers ([18F]FDG, radi-
olabeled choline and amino-acids) for PET/CT imaging 
of gliomas in different clinical settings (i.e., evaluation of 
suspicious brain lesions, glioma grading and delineation, 
diagnosis of recurrence, etc.) and found highest diagnos-
tic performance values for radiolabeled amino-acids with 
respect to the other radiopharmaceuticals [14]. Furthermore, 
several reports have underlined the prognostic impact of 
quantitative PET-derived indices, particularly T/N value, for 
discriminating recurrence from necrosis [15]. Few studies 
have compared choline and amino-acid PET for the imag-
ing of gliomas: as far as it concerns the differential diag-
nosis between radionecrosis (RN) and tumor, Bolcaen and 
coworkers compared three different tracers (i.e. [18F]FDG, 
18F-methylcholine and FET) in a GBM rat model and found 
that FET outperformed, especially at quantitative analysis, 
18F-methylcholine for the discrimination between viable 
GBM tumor and RN [16]. In our patient, both 18F-choline 
and 18F-DOPA brain PET showed increased tracer uptake 
with meaningful T/N value, although with a clearly different 
pattern of distribution among the 2 radiopharmaceuticals 
at co-registered PET/MRI. The discrepancy among choline 
and 18F-DOPA uptake in our patient might be explained 
by several reasons: firstly, the aforementioned tracers have 
distinct mechanisms of incorporation, since choline uptake 
is mediated by choline transporter-like 1 (CTL-1), which 
has been found up-regulated also in macrophages during 
inflammatory states [17], while 18F-DOPA enters into tumor 
cells through system L-amino-acid transporters (LAT) [18]. 
Secondly, preliminary reports indicate that amino-acid 
PET tracers’ uptake into brain tumors is less dependent 
from blood–brain barrier (BBB) breakdown with respect to 

Fig. 6   A follow-up MRI 
performed after a 3-month 
interval depicted a meaningful 
reduction of the peri-tumoral 
edema (T2-weighted, a, yellow 
arrow), as well as the regression 
of the pathological polycy-
clic enhancement previously 
described (T1-weighted, b, yel-
low arrow), thus confirming the 
diagnosis of pseudoprogression
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choline’s uptake [18]. Fused PET/MRI resulted particularly 
useful to precisely localize tracers’ incorporation in rela-
tion to MRI morphological findings: as a matter of fact, in 
our patient the pattern of 18F-choline’s distribution strictly 
resembled contrast-enhancement rim, thus being most likely 
attributable to non-specific uptake due to BBB-rupture and 
migrating macrophages to lesion’s boundaries. Furthermore, 
it has to be highlighted that in our patient a time gap of 
15 days passed between MRI scan suspected for pseudo-
progression and 18F-choline PET execution, and a further 
fifteen-day interval elapsed before 18F-DOPA scan, there-
fore we cannot exclude that this time-difference, although 
not particularly relevant, might have interfered with the 
results of the 2 distinct PET examinations. Worthy of note, 
pseudoprogression has been more often reported within the 
first 12 weeks after RT + CT completion, but some cases 
with later onset have been described; therefore, the optimal 
timing for performing PET/CT post therapy has still to be 
defined yet [13].

The case we describe suggests that a positive finding on 
18F-choline PET-imaging, when pseudoprogression is sus-
pected, should be cautiously interpreted. Amino-acid PET, 
especially when performed through hybrid PET/MRI tech-
nology, should be recommended as the first choice radio-
nuclide-imaging modality for the challenging differential 
diagnosis between tumor and pseudoprogression in GBM.

The introduction of novel combined therapeutic regimens 
(e.g., RT + TMZ, regorafenib, bevacizumab, etc.) are going 
to thoroughly change gliomas’ management, also entailing, 
as a less-welcomed counterpart, novel diagnostic dilemmas. 
In this perspective, the combined use of a highly performing 
diagnostic technique, such as hybrid PET/MRI with radi-
olabeled amino acids, holds the promise to move the field 
forward [19].
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