Journal of Neurology (2021) 268:1266-1275
https://doi.org/10.1007/500415-020-10269-9

ORIGINAL COMMUNICATION q

Check for
updates

8E_.FDOPA-PET in pseudotumoral brain lesions

Dimitri Renard’ - Laurent Collombier? - Sabine Laurent-Chabalier® - Thibault Mura® - Anne Le Floch' -
Hassan El Fertit* - Eric Thouvenot'” - Jean Sebastien Guillamo'

Received: 29 June 2020 / Revised: 8 October 2020 / Accepted: 10 October 2020 / Published online: 21 October 2020
© Springer-Verlag GmbH Germany, part of Springer Nature 2020

Abstract

Introduction 3,4-Dihydroxy-6-['®F]-fluoro-L-phenylalanine (FDOPA) positron emission tomography (PET) is sensitive for
identifying primary brain tumors. However, increased FDOPA uptake has been reported in pseudotumoral brain lesions.
Our aim was to analyse FDOPA-PET in patients with pseudotumoral brain lesions and to compare them with patients with
brain tumors.

Methods We retrospectively analysed consecutively recruited patients with suspected primary brain tumor (based on clinical
and magnetic resonance imaging findings) referred for FDOPA-PET in our centre between November 2013 and June 2019
(n="74). FDOPA-PET parameters (maximum and mean lesion standardised uptake values [SUV] and ratios comparing lesion
with different background uptake SUV) and thresholds were evaluated to determine which offered optimal discrimination
between pseudotumoral and tumoral lesions.

Results Overlapping PET values were observed between pseudotumoral (n=26) and tumoral (n=48) lesion, particularly for
low-grade tumors. Based on receiver operating characteristic (ROC) analyses, the optimal PET parameters to discriminate
pseudotumoral from tumoral lesions were SUV .. lesion/basal ganglia, SUV _ lesion/grey matter, SUV .. lesion/grey
matter, and SUV . lesion/mirror area in contralateral hemisphere (all ratios showing area under the curve [AUC] 0.85, 95%
CI). The narrowest 95% sensitivity—95% specificity window was observed for SUV_,, lesion/basal ganglia ratio, with ratio
values of 0.79 and 1.35 corresponding to 95% sensitivity and 95% specificity, respectively.

Conclusion FDOPA-PET uptake should be interpreted with caution in patients with suspected primary brain tumor, especially
in patients showing low or intermediate SUV values and ratios.

Clinical Trial Registration-URL https://www.clinicaltrials.gov. Unique identifier: NCT04306484
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supplementary material, which is available to authorized users. Amino acid tracers present several advantages over “F-2-

fluoro-2-deoxy-p-glucose for positron emission tomography
(PET) imaging of brain tumors (especially in low-grade
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tumors due to the lower background uptake of amino acid
tracers compared with!8F-2-fluoro-2-deoxy-p-glucose).
They are now considered as the tracers of choice for initial
and progression diagnosis and for evaluation of treatment
response [1]. Amino acid PET tracers include !'C-methyl-
L-methionine (MET), 0-(2-[18F]fluoroethyl)-L-tyrosine
(FET), and 3,4-dihydroxy-6-['®F]-fluoro-L-phenylalanine
(FDOPA). The uptake of radiolabelled amino acids is based
on the expression of the Na*-independent large neutral
amino acid transporters (LAT1 and LAT?2) on the cell sur-
face of tumor cells, which are relatively independent from
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blood-brain barrier permeability allowing these tracers to
depict non contrast-enhancing brain tumor regions [2]. MET
and FDOPA uptake is thought to be largely due to LAT1,
while FET is transported by both LAT1 and LAT2. No rel-
evant differences have been shown between available radi-
olabelled amino acids in terms of tumor to brain contrast,
although differences exist concerning tracer biodistribution
in the brain and the time-activity curves of tracer uptake
[3-5]. In general, higher uptake is observed in patients with
a high-grade tumor compared with those with a low-grade
tumor, with the exception of oligodendroglioma which
sometimes show higher uptake than high-grade astrocy-
tomas, likely due to their increased cellular and vascular
density in this glioma subtype [6—12]. FDOPA is a substrate
for the enzyme aromatic amino acid decarboxylase in dopa-
minergic neurons, explaining the prominent physiological
uptake by the basal ganglia (BG). Although amino acid
PET shows high accuracy for the detection of brain tumors,
increased uptake has been reported in numerous pseudo-
tumoral brain lesions (including inflammatory, infectious,
vascular, seizure-related, and brain developmental lesions).
[8,9, 13-22].

The largest amino acid PET study analysing pseudotu-
moral lesions used FET tracer. In that retrospective study
of a large unselected patient population (n =393), one-third
of the 87 patients with a pseudotumoral lesion showed
increased uptake reflecting the low specificity of 68% (but
relatively high sensitivity of 87%) for brain tumor diagnosis,
with uptake values in pseudotumoral lesions in the same
range as low-grade brain tumors [9].

For FDOPA-PET, only case reports and small series of
pseudotumoral lesions showing increased uptake have been
reported [14-16, 19-22].

In studies reporting on amino acid PET in pseudotumoral
and tumoral lesions, different PET parameters and standard-
ised uptake value (SUV) cut-offs were used to determine the
presence of increased uptake and so-called PET positivity.
A minority of studies assessed optimal discriminating SUV
thresholds (i.e. optimal combined sensitivity and specificity,
or analyses favouring higher sensitivity or specificity).

Our aims were to compare FDOPA-PET performed in
patients with pseudotumoral and (low- and high-grade)
tumoral brain lesions, and to determine optimal PET param-
eters and thresholds to discriminate both lesion types.

Methods
Patient population
We retrospectively analysed consecutive patients referred

for FDOPA-PET in our centre (Nfmes University Hospi-
tal, France) between November 2013 and June 2019 for

suspected primary brain tumor based on clinical and mag-
netic resonance imaging (MRI) findings. Inclusion criteria
were presence of defined tumor (histologically confirmed) or
pseudotumor (diagnosed by histological or other analyses)
diagnosis, clinical and MRI follow-up of > 24 months, and
FDOPA-PET scan < 2 months before surgery or stereotactic
biopsy (if performed).

We screened 184 FDOPA-PET scans performed in 166
different patients with suspected primary brain tumor. In
patients with several FDOPA-PET scans performed, only the
initial scan was taken into account. We excluded 75 tumor
patients in whom FDOPA-PET was performed after initial
surgery or biopsy. In addition, 17 patients were excluded
who did not conform to the inclusion criteria (i.e. no definite
tumor or pseudotumor diagnosis could be made or follow-
up was <24 months), resulting in 74 patients for analysis
including 26 pseudotumor and 48 tumor patients. Flowchart
of patient selection is shown in Fig. 1.

Patients with a tumoral lesion were classified according
to the WHO 2016 grading system into low-grade (i.e. grade I
and II glioma) or high-grade (i.e. grade III and IV glioma, or
other high-grade non-glioma). Genetic analyses in search for
isocitrate dehydrogenase mutation and 1p/19q co-deletion
were performed in grade II and III gliomas and integrated
in the WHO 2016 grading system used in our study. For
patients with a pseudotumoral lesion, final diagnosis was
based on histology, MRI, additional blood/cerebrospinal
fluid, or follow-up analyses.

FDOPA-PET imaging and data analysis

PET-CT was performed on a GE Discovery 710 Elite system
(GE Healthcare). Patients were asked to fast for at least 4 h
before image acquisition. The patients were placed in supine
position on the examination table, infused with a catheter,
with head immobilized in a headrest. The imaging sequence
started 6 min after intravenous administration of FDOPA
(2 MBg/kg), with a scout view (90° angle of view, 120 kV,
30 mAs). CT scan was performed for attenuation correc-
tion (120 kV, SmAs, pitch 0.531, slice thickness 3.75 mm,
slice increment 3.27 mm, QAC filter, DFOV 25). Finally, the
PET was acquired in static 3D mode for 20 min, 8 min after
FDOPA injection (axial field of view 25, matrix 256 X 256).
After ordered subset expectation maximization (OSEM)
reconstruction using 6 iterations and 24 subsets, with attenu-
ation, scattering and point-spread-function (PSF) correction,
and 4 mm full width at half maximum (FWHM) of Gaussian
filter, 47 joined axial sections of 3.26 mm were obtained.
FDOPA-PET/CT images were co-registered with MRI
images, based on fluid-attenuated inversion recovery and
gadolinium-enhanced T1 sequences using "Integrated
Registration" software (GE Healthcare’s). Using the PET-
MRI fusion images, a volume of interest (VOI) was placed
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Screening

FDOPA-PET performed for suspected brain tumor (n=184)

.| Excluded: Follow-up FDOPA-PET (n=18) |

Initial FDOPA-PET performed for suspected brain tumor (n=166)

| Excluded: Initial FDOPA-PET performed after initial
surgery or biopsy (n=75)

Initial FDOPA-PET performed for suspected brain tumor before surgery/biopsy (n=91)

Excluded for absence of inclusion criteria, i.e. absence of definite
tumor or pseudotumor diagnosis or follow-up <24 months

Inclusion

Analysed FDOPA-PET for suspected brain tumor (n=74)

Pseudotumor patients(n=26)

Tumor patients (n=48)

Fig. 1 Flow chart of patient selection

directly on the lesion in case of increased FDOPA uptake
by checking for congruence with the signal abnormality on
the MRI corresponding to the lesion. In absence of obvious
FDOPA uptake, the VOI was positioned over the MRI signal
abnormality and transposed to the FDOPA-PET. For lesion
F-DOPA uptake, a threshold of 42% of the maximum was
used. Background reference FDOPA uptake was assessed
using VOIs positioned on the contralateral basal ganglia
(BG), the contralateral hemispheric grey matter (i.e. a non-
spherical VOI involving the cortical area showing the most
intense F-DOPA uptake on axial slices), the contralateral
hemispheric white matter (i.e. a spherical VOI placed in the
centrum semiovale), and the homologous mirror brain area
in the contralateral hemisphere. These FDOPA-PET analy-
ses resulted in ten quantitative parameters used in our study:
SUV,.« and SUV . of the lesion and eight lesion-to-
background ratios (i.e. SUV_,, lesion/SUV_,. BG, SUV ..
lesion/SUV_,, grey matter, SUV .. lesion/SUV  _ white
matter, SUV .. lesion/SUV . mirror area in contralateral
hemisphere, SUV_ .. lesion/SUV ... BG, SUV .. lesion/
SUV_can grey matter, SUV_ ... lesion/SUV ... white mat-
ter, SUV, .., lesion/SUV_ .. mirror area in contralateral
hemisphere).

Lesion size (maximum diameter; volume) of tumoral and
pseudotumoral lesions were calculated based on the MRI,

max
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using both gadolinium-enhancement T1-weighted imag-
ing and FLAIR sequence (especially for lesions or part of
lesions lacking gadolinium-enhancement) and by excluding
signal changes corresponding to perilesional oedema, per-
formed preceding the PET scan.

Statistical analysis

The patients’ characteristics and SUV parameters were
described according to the presence of tumoral or pseu-
dotumoral brain lesion using frequency for categorical
variables and median and interquartile range (IQR) for
continuous variables. The performance of the different
FDOPA-PET parameters for discriminating pseudotu-
moral from tumoral lesions, was analysed using receiver
operating curve (ROC) analysis [23]. The area under the
curve (AUC) value of each SUV parameter was compared
to the AUC of the other SUV parameters using the non-
parametric method described by DeLong et al. [24]. We
applied three cut-offs for the SUV parameters with the best
AUC: (1) the cut-off that maximized the Youden’s J-index
(sensitivity + specificity-1), (2) the best cut-off that maxi-
mized specificity (specificity >95%), and the best cut-off
that maximized sensitivity (sensitivity >95%). Analyses
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were performed with a bilateral alpha level of 0.05 using Results
SAS software, version 9.4 (SAS Institute, Cary, NC, USA).
Ethics approval was obtained according to local A total of 74 FDOPA-PET scans from 74 patients were

regulations.

analysed: 26 patients with pseudotumoral and 48 patients
with tumoral brain lesion. Patient characteristics and

Table 1 Patients characteristics, and lesion, background, and lesion/background SUV of the pseudotumor and tumor patients

Non-Tumor Tumor Low grade Tumor High grade Tumor
n=26 n=48 n=8 n=40
Sex
M/F 12/14 25/23 4/4 21/19
Age
Median; (Q1;Q3) 50.5; (38-66) 58.5; (24-84) 42.5; (37-73.5) 60; (50.5-66.5)
SUV Lesion max

Median; (Q1;Q3)
SUYV Lesion mean
Median; (Q1;Q3)
SUV BG max
Median; (Q1;Q3)
SUV BG mean
Median; (Q1;Q3)
SUV GM max
Median; (Q1;Q3)
SUV GM mean
Median; (Q1;Q3)
SUV WM max
Median; (Q1;Q3)
SUV WM mean
Median; (Q1;Q3)
SUV Mirror area max
Median; (Q1;Q3)
SUV Mirror area mean
Median; (Q1;Q3)
SUV Lesion/BG max
Median; (Q1;Q3)
SUV Lesion/BG mean
Median; (Q1;Q3)
SUV Lesion/GM max
Median; (Q1;Q3)
SUV Lesion/GM mean
Median; (Q1;Q3)
SUV Lesion/WM max
Median; (Q1:;Q3)
SUV Lesion/WM mean
Median; (Q1:;Q3)
SUV Lesion/Mirror area max
Median; (Q1:;Q3)
SUV Lesion/Mirror area mean
Median; (Q1;Q3)

2.09; (1.69-2.6)

1.33; (0.99-1.81)

2.55; (2.05-2.9)

1.84; (1.53-2.21)

1.72; (1.52-1.96)

1.16; (1-1.42)

1.09; (0.91-1.29)

0.69; (0.63-0.84)

1.77; (1.43-1.96)

1.04; (0.89-1.24)

0.79; (0.69-1.02)

0.76; (0.6-0.9)

1.12; (0.97-1.51)

1.01; (0.86-1.31)

1.84; (1.44-2.26)

1.73; (1.6-1.98)

1.21; (1.02-1.39)

1.19; (0.99-1.58)

1.99; (1.8-2.74)

1.2; (1.04-2.02)

2.26; (2.15-2.77)

1.59; (1.55-1.96)

1.59; (1.45-2.01)

1.12; (1-1.41)

1.1; (0.91-1.27)

0.6; (0.53-0.94)

1.63; (1.49-2.11)

1.01; (0.89-1.41)

0.86; (0.82-0.96)

0.81; (0.67-0.97)

1.23; (1.19-1.33)

1.08; (0.95-1.3)

2.01; (1.68-2.43)

2.25;(1.73-2.4)

1.21; (1.04-1.43)

1.26; (1.05-1.51)

4.11; (3.07-5.07)

2.34; (1.94-2.97)

2.36; (2.15-2.87)

1.76; (1.44-2.06)

1.71; (1.47-2.03)

1.1; (0.96-1.23)

1.15; (1-1.25)

0.68; (0.56-0.79)

1.79; (1.61-2.2)

1.09; (0.96-1.21)

1.76; (1.24-2.01)

1.44; (1.16-1.58)

2.58; (1.97-2.95)

2.34; (1.64-2.58)

3.53; (2.77-4.72)

3.78; (2.8-4.41)

2.29; (1.75-2.79)

2.38; (1.77-2.77)

3.01; (2.05-4.33)

1.99; (1.29-2.49)

2.4; (2.12-2.87)

1.76; (1.52-2.11)

1.7; (1.48-1.99)

1.12; (0.98-1.3)

1.13; (0.97-1.25)

0.67; (0.57-0.82)

1.77; (1.53-2.11)

1.08; (0.91-1.24)

1.12; (0.85-1.82)

1.08; (0.76-1.5)

1.73; (1.19-2.63)

1.62; (1.05-2.39)

2.67; (1.84-3.75)

2.79; (1.82-4.06)

1.58; (1.21-2.44)

1.72; (1.16-2.5)

M male, F female, SUV standardised uptake value, SD standard deviation, BG basal ganglia, GM grey matter, WM white matter
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FDOPA-PET data of the different groups are shown in
Table 1. Age did not differ significantly between both
tumoral and pseudotumoral patients (median 58.5 vs.
50.5 years, p=0.16).

The 48 tumor patients included 8 low-grade (grade II
glioma, n="7; grade II ependymoma, n=1), and 40 high-
grade (grade III glioma, n=12; grade IV glioma, n=25,
primary cerebral lymphoma, n=1; medulloblastoma, n=1,
and metastatic cerebral breast cancer, n=1) tumors. Histol-
ogy was available for all tumor patients.

The pseudotumor group included patients with an inflam-
matory lesion (n=11), lobar primary intracerebral haem-
orrhage (n=3), cortical dysplasia (n=23), infectious lesion
(n=2, both toxoplasmosis), cerebral cavernomatous malfor-
mation (n=1), seronegative autoimmune limbic encepha-
litis (n=1), deep venous sinus thrombosis-related oedema
(n=1), brain infarction (n=1), chronic posttraumatic brain
lesion (n=1), radionecrosis after radiation therapy for arte-
riovenous malformation (n=1), and mixed inflammatory/
infectious lesion (n=1). The 11 patients with an inflam-
matory lesion included patients with multiple sclerosis
(n=06), isolated inflammatory lesion (n=3), solitary scle-
rosis (n=1), and chronic lymphocytic inflammation with
pontine perivascular enhancement responsive to steroids
(CLIPPERS) (n=1). Six pseudotumor patients had histo-
logical analysis (multiple sclerosis, n=2; isolated inflam-
matory lesion, n=2; and infectious lesion, n=2). Demo-
graphic, diagnostic, histological, MRI and FDOPA-PET data
of pseudotumoral patients are shown in Table 2.

Lesion diameter differed significantly between tumoral
and pseudotumoral lesions (mean 39.3 mm vs. 27.1 mm,
p=0.0032), whereas lesion volume did not differed signifi-
cantly (mean 27.8 cm? vs. 17.9 cm?, p =0.18). Tumoral and
pseudotumoral patients included no and one patient with
lesion diameter < 10 mm, and two and three patients with
lesion diameter < 12 mm, respectively.

Using ROC analyses, SUV_,, lesion/BG, SUV .. lesion/
grey matter, SUV ., lesion/grey matter, and SUV ,, lesion/
mirror area in contralateral hemisphere ratios showed the
highest AUC values (all AUC 0.85, 95% CI) for discriminat-
ing pseudotumoral from tumoral lesions (Fig. 2). Thresholds
for optimal combined sensitivity/specificity, 95% sensitivity,
and 95% specificity for SUV . lesion/BG, SUV . lesion/
grey matter, SUV_ . lesion/grey matter, and SUV .. lesion/
mirror area in contralateral hemisphere ratios are shown in
Table 3.

SUV ..« lesion/basal ganglia ratio showed thresholds
with the narrowest 95% sensitivity (SUV,,, lesion/basal
ganglia ratio value of 0.79) and 95% specificity (SUV .,
lesion/basal ganglia ratio value of 1.35) window. Box-and-
whisker diagrams for the SUV . lesion/basal ganglia ratio
values comparing the different groups and subgroups are
shown in Fig. 3. Box-and-whisker diagrams for the three

@ Springer

other parameters are shown in Supplemental Fig. 1. This
SUV ..« lesion/basal ganglia 0.79—1.35 window included 16
(33%) tumor patients and 13 (50%) pseudotumor patients.
Two tumor patients showed a value of <0.79 value (i.e. 0.67
in a grade IV astrocytoma, and 0.76 in a grade II glioma)
and one pseudotumor patient showed a value of > 1.35 (i.e.
2.02 in a patient with radionecrosis after radiation therapy
for arteriovenous malformation). The pseudotumor patients
with a SUV . lesion/basal ganglia ratio value between 1.00
(corresponding to the cut-off value often used in the litera-
ture to consider uptake as increased) and 1.35 (correspond-
ing to the cut-off value associated with 95% specificity in
our study) were: one patient with an infectious lesion (value
of 1.01), three patients with an inflammatory lesion (two
multiple sclerosis patients with values of 1.02 and 1.06,
and one patient with an isolated inflammatory lesion with
a value of 1.16), one patient with a mixed inflammatory/
infectious lesion (value of 1.22), and one patient with a lobar
cerebral amyloid angiopathy-related intracerebral haemor-
rhage (value of 1.34).

There was no statistical difference in lesion FDOPA-
PET activity between pseudotumor patients with or without
biopsy (p=0.4 for SUV .. lesion/BG).

Discussion

SUV .« lesion/BG, SUV, . lesion/grey matter, SUV ..
lesion/grey matter, and SUV_,, lesion/mirror area in con-
tralateral hemisphere ratios were the optimal parameters to
best discriminate pseudotumoral from tumoral lesions with
relatively high overlap in SUV values between both groups.
Optimal discriminating thresholds depended on whether
sensitivity or specificity was privileged. SUV .. lesion/basal
ganglia showed the narrowest 95% sensitivity—95% specific-
ity window, with one low-grade and one high-grade tumor
showing SUV__ lesion/basal ganglia ratio values below the
value corresponding to the 95% sensitivity cut-off and one
patient with radionecrosis after radiation therapy for arte-
riovenous malformation above the value corresponding the
95% specificity cut off.

The patient with radionecrosis (with symptom onset
related to intracranial hypertension four years after radia-
tion therapy, and FDOPA-PET performed 2 years later)
showed very high FDOPA uptake (SUV ., lesion/BG ratio
value of 2.02). Earlier reports analysing FDOPA-PET use for
differentiating progressive brain tumor from radionecrosis
(after radiation therapy for brain tumor) showed relative high
sensitivity (i.e. 81% and 90%) and specificity (i.e. 84% and
92%) [19, 20, 25]. In our patient, however, radiation therapy
was given for arteriovenous malformation, in the absence of
brain tumor.

max
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ROC Curves for Comparisons
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SUVmax Lesion/GM 0.84 0.78 0.76 0.51 0.43 0.39 0.11
SUVmax Lesion/BG 0.88 0.88 0.62 0.41 0.42 0.12
SUVmax Lesion/Mirror area 0.96 0.79 0.55 0.54 0.14
SUVmean Lesion/GM 0.85 0.38 0.37 0.07
SUVmax Lesion/WM 0.61 0.55 0.25
SUVmean Lesion/BG 0.98 0.50
SUVmean Lesion/WM 0.47
SUVmean Lesion/Mirror area

Fig.2 p-value for comparison of AUC (area under the curve) of ROC (receiver operating characteristic) curves between the different FDOPA-
PET parameters A vs B. BG basal ganglia, GM grey matter, WM white matter

In earlier reports, different amino acid PET tracers
showed high sensitivity for detecting tumoral lesions and
tumor recurrence, in contrast with only moderate specificity
[9, 10]. Several of these studies reporting on sensitivity and
specificity of amino acid PET tracers used a threshold SUV
lesion/background ratio value of 1, probably favouring sensi-
tivity due to the relative high proportion of slightly elevated
uptake in pseudotumor patients [9, 19]. The non-specific
increased uptake of pseudotumoral lesions is an important
issue since aggressive diagnostic and therapeutic procedures
(i.e. stereotactic biopsy or surgery) may be proposed in these
pseudotumoral patients based on PET data only.

Amino acid PET uptake in tumoral lesions probably
reflects both tumor and vascular cells of biologically active
tumor tissue together with passive tracer influx due to
enhanced blood-brain barrier permeability (since tracer
accumulation is associated with contrast enhancement on
MRI) [8]. Therefore, enhanced blood—brain barrier per-
meability may play a role in the increased tracer uptake
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sometimes observed in active contrast-enhancing pseudo-
tumoral lesions. Amino acid tracer uptake has also been
observed in brain areas showing reactive astrogliosis near
gliomas, hematomas, infarction, inflammatory and infectious
lesions [26-31]. In some of these reported lesions, increased
LAT1/2 expression has been observed, probably explaining
increased amino acid tracer uptake [29]. Increased LAT1/2
expression related to reactive astrogliosis may therefore
also explain the increased uptake in some of these pseudo-
tumoral, sometimes non-contrast-enhancing lesions.

In our study, all tumor patients had histology (required
for inclusion), whereas less than one third of pseudotumor
patients had histology, possibly creating a verification bias
(i.e. PET results may have influenced the decision to biopsy
or surgery) and study limitation.

Recently, reconstructed PET images using PSF cor-
rection has been shown to be non-quantitative for small
lesions (< 10-12 mm), since recovery coefficients are non-
monotonic as a function of lesion size, less reproducible,
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Table 3 Cut-offs for the different FDOPA-PET parameters for discriminating pseudotumor vs. tumor: cut-off for optimal combined sensitivity/specificity, for >95% specificity, and for>95%

sensitivity

Associated
Specifity

(%)

Cut-off Associated Cut-off

Specificity (%)

Sensitivity (%)

Cut-off SUV for optimal com-

AUC

p-value*

Variable

SUV for
>95%

Sensitivity (%)

SUV for
>95%

bined sensitivity/specificity**

sensitivity

specificity

50

0.79
1.11
0.99
1.02

62.5

1.35
2.02
2.25
1.78

96.2

62.5

1.35
1.72
1.11
1.67

0.851

0.0001
<.0001
<.0001

0.0002

74
74
74
74

SUVmax Lesion/BG
SUVmax Lesion/GM

46.2

58.3

88.5

72.9

0.855

45.8 46.2

69.2

87.5

0.846
0.848

SUVmean Lesion/GM

64.6 26.9

93.2

68.8

SUVmax Lesion/Mirror area

AUC area under the curve, SUV standardised uptake value, BG basal ganglia, GM grey matter

*p-value for Chi-square test of logistic regression

**Cut-off which maximize the Youden index, i.e. (sensitivity + specificity — 1)

and more slowly converging [32]. This non-linearity may
lead to a disproportionate increase of activity of small
lesions [32]. Therefore, PSF correction was not recom-
mended by the joint EANM/EANO/RANO practice guide-
lines/SNMMI procedure standards (published online at the
end of 2018) for PET imaging of gliomas [33]. PET scans
in our patients were performed between 2013 and 2019,
with PSF correction in the vast majority of patients. This
may have affected both tumor and reference region activ-
ity (and calculated cut-off levels) in our study patients.
Therefore, cut-off levels may not be directly comparable
to the values in the literature of studies using PET imaging
without PSF correction. The effect of PET analysis with
PSF correction in our study probably had only a minimal
impact on the results since only a very small minority of
patients presented with small lesions.

For FDOPA-PET, the BG is the background reference
area most frequently used in the literature (and therefore
also used in our study). However, since BG uptake is age
dependent, uptake ratios (and the corresponding calculated
cut-off values) using BG may have been impacted by the
age of the included patients [34]. The age-dependant BG
uptake was probably not a major study limitation since
the age did not differed significantly between tumoral and
pseudotumoral patients, and since similar PET results
were observed when using other (i.e. than BG) reference
areas in our study (although age-related uptake differences
might not be excluded in those other areas neither).

Conclusion

FDOPA-PET uptake should be interpreted with caution
in patients with suspected brain tumor based on clinical
and brain imaging findings, especially in patients show-
ing low or intermediate SUV values and ratios. FDOPA-
PET lesion uptake must be interpreted taking into account
all clinical, radiological, and biological data to decide if
other complementary analyses are needed to determine
the underlying pseudotumoral cause or if aggressive diag-
nostic and therapeutic procedures are required in case of
brain tumor. FDOPA has to be compared with other amino
acid tracers to identify the PET tracer yielding optimal
discriminating properties for tumoral and pseudotumoral
lesions.
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Fig.3 Box-and-whisker diagrams presented as medians and inter-
quartile ranges of lesion/BG max by comparing pseudotumor vs.
tumor, pseudotumor vs. low-grade tumor vs. high-grade tumor, and
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