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Abstract
Purpose 18F-FDopa PET imaging of gliomas is routinely interpreted with standardized uptake value (SUV)-derived indices. This
study aimed to determine the added value of dynamic 18F-FDopa PET parameters for predicting the molecular features of newly
diagnosed gliomas.
Methods We retrospectively included 58 patients having undergone an 18F-FDopa PET for establishing the initial diagnosis of
gliomas, whose molecular features were additionally characterized according to the WHO 2016 classification. Dynamic param-
eters, involving time-to-peak (TTP) values and curve slopes, were tested for the prediction of glioma types in addition to current
static parameters, i.e., tumor-to-normal brain or tumor-to-striatum SUV ratios and metabolic tumor volume (MTV).
Results There were 21 IDH mutant without 1p/19q co-deletion (IDH+/1p19q−) gliomas, 16 IDH mutants with 1p/19q co-
deletion (IDH+/1p19q+) gliomas, and 21 IDH wildtype (IDH−) gliomas. Dynamic parameters enabled differentiating the
gliomas according to these molecular features, whereas static parameters did not. In particular, a longer TTP was the single best
independent predictor for identifying (1) IDH mutation status (area under the curve (AUC) of 0.789, global accuracy of 74% for
the criterion of a TTP ≥ 5.4 min) and (2) 1p/19q co-deletion status (AUC of 0.679, global accuracy of 69% for the criterion of a
TTP ≥ 6.9 min). Moreover, the TTP from IDH− gliomas was significantly shorter than those from both IDH+/1p19q− and IDH+/
1p19q+ (p ≤ 0.007).
Conclusion Prediction of the molecular features of newly diagnosed gliomas with 18F-FDopa PETand especially of the presence
or not of an IDH mutation, may be obtained with dynamic but not with current static uptake parameters.
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Introduction

The radiolabeled amino acid positron emission tomography
(PET) imaging of gliomas is increasingly used for diagnostic
and prognostic purposes, both for treatment planning and for
tumor monitoring (whether under oncological treatment or
without any treatment), including the specific diagnosis of
glioma recurrence [1–5]. The Response Assessment in
Neuro-Oncology (RANO) working group has recommended
its use in these settings as a complement to standard magnetic
resonance imaging (MRI) [6].

Until now, studies with 6-[18F]fluoro-L-DOPA (18F-
FDopa), an amino acid PET radiotracer approved and current-
ly used in Europe for assessing recurrent brain tumors [7–10],
have been mainly performed using standard uptake value
(SUV)-derived indices such as tumor-to-brain or tumor-to-
striatum ratios [7–9, 11, 12]. Albeit less used in routine prac-
tice, the metabolic tumor volume (MTV) has also been shown
to be informative in this setting [13]. However, this standard
analysis does not take into account the dynamic information
previously shown to markedly improve the grading of glio-
mas, although this improvement was established for PET re-
corded with O-(2-[18F]fluoroethyl)-L-tyrosine (18F-FET), an-
other amino acid radiotracer extensively used in glioma imag-
ing [14, 15]. In these dynamic 18F-FET studies, low-grade
gliomas typically show a continuous increasing slope with a
late time-to-peak, as opposed to an early time-to-peak, follow-
ed by a steeper slope in high-grade gliomas [14, 15]. Dynamic
data of 18F-FDopa were previously analyzed in only a few
pilot studies [16–18], without considering the molecular char-
acteristics involved in the World Health Organization (WHO)
2016 classification of gliomas, and only by modeling tracer
kinetics with multi-compartmental models [19]. For routine
18F-FET PET imaging, it has however been shown that a
much more simple analysis of time-activity curves can pro-
vide key information for tumor characterization [14, 15].

In addition, theWHO classification of gliomas has recently
been upgraded with the introduction of molecular parameters
including IDH (isocitrate dehydrogenase enzyme isoform)
mutation and 1p/19q co-deletion, leading to improve the link
with patient prognosis [19]. In particular, the presence of an
IDH mutation at initial diagnosis is strongly associated with
an enhanced prognosis [19]. The correspondence with this
new glioma classification has since been analyzed for PET
performed with amino acids other than 18F-FDopa [20–23]
or more recently with 18F-FDopa PET using only static pa-
rameters and with inconclusive results [24]. Notwithstanding
the latter, the potential effect of IDH mutation on 18F-FDopa
uptake has been suggested in diffuse gliomas [25, 26].

In light with the above, this study aimed to determine the
added value of dynamic 18F-FDopa PET parameters for
predicting the molecular features of newly diagnosed gliomas
according to the WHO 2016 classification.

Material and methods

Patients

Consecutive patients in whom 18F-FDopa PET imaging was
performed for a newly diagnosed glioma were retrospectively
selected, and only those for whom the dynamic PET parame-
ters and the features of IDH mutation and 1p/19q co-deletion
status were available according to theWHO 2016 classification
[19], were included for the final analysis. In addition, the time
window between PET imaging and neuropathological confir-
mation was 56.0 (9.3; 109.0) days [8]. A flowchart describing
patient selection is provided in Supplemental Fig. 1. The local
ethics committee (Comité d’Ethique du CHRU de Nancy) ap-
proved the retrospective data evaluation on June 7, 2018, and
the CNIL (National Commission on Information Technology
and Liberties) number authorization was delivered on June 25,
2018 (R2018-11). This research complied with the principles of
the Declaration of Helsinki. Informed consent was obtained
from all individuals included in the study.

PET recording and reconstruction

18F-FDopa PET-computed tomography (CT) scans were obtain-
ed on a Biograph hybrid system involving a six-detector CT for
attenuation correction (Biograph 6 True Point, SIEMENS,
Erlangen, Germany). Patients were instructed to fast for at least
4 h and certain patients received Carbidopa administration 1 h
prior to their exam, the latter having been shown to increase
striatal dopaminergic activity [27], as well as brain tumor uptake
[16]. The CT scan was first recorded and immediately followed
by a 30-min 3D list-mode PET recording initiated during the
bolus injection of 3 MBq of 18F-FDopa per kilogram of body
weight. The static PET images were reconstructed with the list-
mode data acquired from 10 to 30-min post-injection [9, 28]
while the dynamic PET images involved 6 consecutive frames
of 20 s each followed by 28 frames of 1 min each [18].

All images were reconstructed with an OSEM 2D algo-
rithm (2 iterations, 21 subsets, 4-mm Gaussian post-
reconstruction filter), corrected for attenuation, scatter, and
radioactive decay, and displayed in a 256 × 256 matrix with
2.7 × 2.7 × 3.0 mm3 voxels.

Analyses of PET images

Different regions of interest (ROIs) were placed on the static
PET images using a dedicated software (Oasis, Nicesoft,
Paris, France). These consisted of two spherical ROIs of 2-
cm diameter each, the first of which was centered on the tumor
area of maximum uptake [17] for determining maximal and
mean standardized uptake values (SUVmax and SUVmean, re-
spectively) of the tumor, and the second on the contralateral
basal ganglia for the computing of tumor-to-striatum (TSR)
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ratios. An elliptic ROI (2 × 4 cm) was additionally positioned
on the semi-oval center of the unaffected contralateral hemi-
sphere, including white and gray matter [9], for the computing
of tumor-to-normal brain (TBR) ratios. TSR and TBR were
computed as SUVmean or SUVmax of the tumor divided by the
SUVmean of the striatum (TSRmean and TSRmax) or of normal
brain (TBRmean and TBRmax).

The tumor could not be detected on 18F-FDopa PET im-
ages (TBRmax < 1.6) in 10 cases where the tumor ROIs were
placed at the site of the MRI abnormalities with a fused dis-
play of PET and Fluid Attenuation Inversion Recovery
(FLAIR) MRI images [9].

As previously described, the metabolic tumor volume
(MTV) was obtained through a 3D auto-contouring process
with a threshold corresponding to the SUVmean of the contra-
lateral striatum [13].

In addition, given that TBR values are likely to be much less
influenced by Carbidopa premedication than SUV, time-activity
curves, representing the evolution of the TBRmean as a function
of time (TACratio), were extracted with the PLANET® Dose
software (DOSIsoft, Cachan, France) and with the ROIs previ-
ously placed on the static images (see above). Each dynamic
frame was previously registered on the CT images, to take into
account potential patient movements during acquisitions [29].
Two dynamic parameters were determined from fitted curves to
overcome noise effects, using a method already validated for
18F-FET in the same setting [30], namely (i) time-to-peak
(TTP), corresponding to the delay between the beginning of
the dynamic acquisition (time of tracer injection) and the time-
point of the maximal TBRmean value and (ii) the slope from the
10th minute of the TBRmean-based curve, calculated through
linear regressions applied on the 10th to 30th minute interval.

Pathological grading of gliomas

Glioma classification according to theWHO2016 standard was
obtained from tumor samples provided by surgery or stereotac-
tic biopsy [19]. IDH mutation status was assessed by immuno-
histochemistry with IDH1R132H protein expression (Dianova,
clone H09), or Sanger sequencing in case of ATRX immuno-
histochemical loss without IDH1 R132H staining [31]. Tumors
presenting oligodendroglial morphology or showing IDH mu-
tation without ATRX loss were additionally tested for 1p/19q
co-deletion using multiplex PCR fragment analysis (loss of
heterozygosity), or comparative genomic hybridization [26].

Statistical analysis

Categorical variables are expressed as percentages and contin-
uous variables as medians (first quartile, third quartile).
Intergroup comparisons were performed with Chi-squared
tests for categorical variables and Mann-Whitney tests or
Kruskal-Wallis tests for continuous variables. In the first step,

Mann-Whitney tests were performed between gliomas with
and without IDH mutation and additionally between gliomas
with and without a 1p/19q co-deletion. A multivariate model
including both static and dynamic parameters was applied for
parameters reaching a sufficiently high level of significance at
univariate analysis (probability value equal or less than 0.1).
In the second step, Kruskal-Wallis tests were performed be-
tween the three following glioma groups: IDHmutant without
1p/19q co-deleted gliomas, IDH mutant with 1p/19q co-
deleted gliomas, and IDH wildtype gliomas. Probability
values of less than 0.05 were considered significant.

Receiver-operating-characteristic (ROC) curves were also
tested for the prediction of molecular parameters (i.e., IDH
mutation and 1p/19q co-deletion) by static and dynamic PET
parameters. Optimal threshold values, extracted from the ROC
curves, were considered to be those associated with the maxi-
mal value of the product of sensitivity by specificity. Analyses
were performed with the SPSS (SPSS Statistics for Windows,
Version 20.0. Armonk, NY: IBM Corp) software package.

Results

Patients

Fifty-eight patients (44.8 (34.2, 59.4) years old, 20 women) were
retrospectively selected with histological diagnosis obtained by
surgery (n = 34) or biopsy (n = 24): 21 IDH mutant without 1p/
19 co-deletion (IDH+/1p19q−) gliomas, 16 IDHmutant with 1p/
19q co-deletion (IDH+/1p19q+) gliomas, and 21 with IDH
wildtype (IDH−) gliomas, according to the WHO 2016 classifi-
cation (Table 1). Contrast enhancement on T1-weighted gado-
linium-injected MRI was observed in 7 (33.3%) patients with
IDH+/1p19q− gliomas, 2 (12.5%) patients with IDH+/1p19q+
gliomas, and 10 (47.6%) patients with IDH− gliomas (Table 1).
The 10 tumors that could not be detected with 18F-FDopa PET
(TBRmax < 1.6) were only diffuse gliomas involving 5 IDH+/
1p19q− gliomas (23.8% of this population), 2 IDH+/1p19q +
gliomas (12.5% of this population) and 3 IDH− gliomas (14.3%
of this population) (Table 1). No significant difference in
Carbidopa premedication (p = 0.27) was noted among the 3 gli-
oma groups (i.e., (i) IDH+/1p19q−, (ii) IDH+/1p19q+, and (iii)
IDH− groups). All static and dynamic PET parameters did not
significantly differ between anaplastic (grade III WHO 2016)
and non-anaplastic gliomas (grade II WHO 2016) (p > 0.54).

Prediction of the IDH mutation and 1p/19q
co-deletion statuses

Results of univariate analyses are depicted in Table 2 and
ROC curves in Figs. 1 and 2. As detailed in Table 2, only
dynamic parameters (i.e., TTP and slope) were significant
univariate PET predictors of the IDH mutation status (for
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TTP p < 0.001, area under the curve (AUC) = 0.789, and for
slope p = 0.013 and AUC = 0.698) whereas TTP was the sole
significant predictor of the 1p/19q co-deletion status (p =
0.034 and AUC = 0.679). The global accuracies for predicting
the IDH mutation status reached 74% (sensitivity 76%, spec-
ificity 73%) when using the criterion of a TTP ≥ 5.4 min, and
62% (sensitivity 67%, specificity 59%) when using the crite-
rion of a slope ≥ − 0.39 h−1 (Fig. 1). For the prediction of the
1p/19q co-deletion status, a global diagnostic accuracy of 69%
(sensitivity 69%, specificity 69%) was achieved when using

the criterion of a TTP ≥ 6.9 min (Fig. 2). No static parameter
reached a sufficiently high level of significance at univariate
analysis (Table 2) to be tested in a multivariate model together
with the significant univariate dynamic parameters (Fig. 3).

Prediction of IDH+/1p19q− gliomas, IDH+/1p19q+
gliomas, and IDH− gliomas

Intergroup comparisons of PET parameters in each of the
three glioma groups are given in Table 3. TTP was the only

Table 1 Patient characteristics

Patients Age (years),
median (Q1, Q3)

Female
gender, n (%)

All (n = 58),
n (%)

TBRmax

< 1.6 (n = 10),
n (%)

CE on MRI
(n = 19), n (%)

IDH+/1p19q− astrocytomas 12 (20.7%) 3 (30.0%) 4 (21.1%) IDH+/1p19q− gliomas
(n = 21)

37.3 (30.2, 49.9) 7 (33.3%)
Anaplastic IDH+/1p19q− astrocytomas 8 (13.8%) 2 (20.0%) 2 (10.5%)

IDH+/1p19q− glioblastomas 1 (1.7%) 0 (0.0%) 1 (5.3%)

IDH+/1p19q+ oligodendrogliomas 7 (12.1%) 0 (0.0%) 1 (5.3%) IDH+/1p19q+ gliomas
(n = 16)

38.8 (34.9, 58.2) 5 (31.3%)
Anaplastic IDH+/1p19q+

oligodendrogliomas
9 (15.5%) 2 (20.0%) 1 (5.3%)

IDH− astrocytomas 6 (10.3%) 1 (10.0%) 0 (0.0%) IDH− gliomas (n = 21) 58.6 (40.8, 69.5)† 8 (38.1%)
Anaplastic IDH− astrocytomas 5 (8.6%) 2 (20.0%) 1 (5.3%)

IDH− glioblastomas 10 (17.2%) 0 (0.0%) 9 (47.4%)

p value 0.016* 0.901

*p < 0.05 for the global 3 groups comparisons

†p < 0.05 for comparison between IDH mutant and IDH wildtype gliomas

CE, contrast enhancement; IDH+/1p19q−, IDH mutant without 1p/19q co-deletion gliomas; IDH+/1p19+, IDH mutant with 1p/19q co-deletion
gliomas; IDH−, IDH wildtype gliomas; TBR, tumor-to-brain ratio

Table 2 Results of the univariate
analyses for predicting IDH
mutation and 1p/19q co-deletion
statuses with the considered static
and dynamic PET variables

Parameter p value AUC Cut-off Sensitivity Specificity Accuracy

IDH mutation status

TSRmean 0.704 NS – – – –

TSRmax 0.955 NS – – – –

TBRmean 0.523 NS – – – –

TBRmax 0.734 NS – – – –

MTV (mL) 0.740 NS – – – –

TTP (min) < 0.001* 0.789 ≥ 5.4 76% 73% 74%

Slope (h−1) 0.013* 0.698 ≥ − 0.39 67% 59% 62%

1p/19q co-deletion status

TSRmean 0.708 NS – – – –

TSRmax 0.429 NS – – – –

TBRmean 0.931 NS – – – –

TBRmax 0.774 NS – – – –

MTV (mL) 0.531 NS – – – –

TTP (min) 0.034* 0.679 ≥ 6.9 69% 69% 69%

Slope (h−1) 0.186 NS – – – –

*p value < 0.05; AUC, area under the curve;MTV, metabolic tumor volume; NS, non-significant; TBR, tumor-to-
brain ratio; TSR, tumor-to-striatum ratio; TTP, time-to-peak

Eur J Nucl Med Mol Imaging

Author's personal copy



significant univariate PET predictor of this 3-group compari-
son discriminating IDH− gliomas from IDH+/1p19q− glio-
mas (p = 0.007, AUC = 0.766, cut-off 5.1 min, accuracy
74%, sensitivity 76%, specificity 71%) as well as IDH+/
1p19q+ gliomas (p = 0.003, AUC = 0.818, cut-off 6.2 min,
accuracy 78%, sensitivity 75%, specificity 81%).

Discussion

The present study shows that the prediction of the molecular
features according to the WHO 2016 classification of newly
diagnosed gliomas with 18F-FDopa PET imaging and espe-
cially the assessment of IDH mutation is achieved owing ex-
clusively to dynamic parameters, and especially TTP.
Dynamic 18F-FDopa PET parameters were able to discrimi-
nate IDH wildtype gliomas from the IDH mutant gliomas
associated or not with a 1p/19q co-deletion, underlying the
more general information that IDH mutation can be predicted
non-invasively to a certain level by 18F-FDopa PET. The dy-
namic PET TTP parameter was additionally found to be a
predictor of the 1p/19q co-deletion status, although at a lower
level of significance.

To date, the characterization of gliomas with dynamic anal-
yses of 18F-FDopa PET has been reported in only a few stud-
ies, which were furthermore performed with compartmental
models and involved limited numbers of patients (16 to 37),
all of which had inconclusive or poorly conclusive results
[16–18]. These previous studies were moreover based on the
2007 WHO classification of gliomas [32], whereas the WHO
2016 classification, including molecular parameters, provides
a much more accurate characterization with regard to prog-
nostic and therapeutic outcomes [19]. This recent upgrade in
theWHO classification is mainly related to the introduction of
molecular parameters of high prognostic and therapeutic sig-
nificance, especially the presence or absence of IDH mutation
and 1p/19q co-deletion [19]. In addition, the use of dynamic
analysis with 18F-FDopa PET is not yet proposed in the recent
EANM guidelines for brain tumor imaging [28].

The present study proposes a simple approach for the dy-
namic analysis of 18F-FDopa PET, easily transposable to clin-
ical practice and comparable with that previously validated in
a similar setting for 18F-FET, another amino acid PET radio-
tracer [14, 15].

As a result, the use of the dynamic TTP parameter enabled
a non-invasive prediction of the IDHmutation status indepen-
dently of the presence or absence of an additional 1p/19q co-
deletion. The IDH wildtype gliomas exhibited a particularly
short TTP, a feature currently considered to characterize those
gliomas associated with a particularly poor outcome [33].
From a clinical standpoint, differentiating the group of IDH
wildtype gliomas from IDH mutant gliomas with a non-
invasive method is particularly useful, thereby favoring the

Fig. 1 ROC curves illustrating the sensitivity and specificity of TTP and
slope in predicting IDH mutation status. Optimal thresholds and its
associated accuracies are indicated

Fig. 2 ROC curves illustrating the sensitivity and specificity of TTP in
predicting 1p/19q co-deletion status. Optimal threshold and its associated
accuracy are indicated
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identification of patients for whom initiating treatment cannot
be delayed [34]. It is even more important when dealing with
IDH wildtype diffuse gliomas where searching for MRI con-
trast enhancement is unfortunately weakly contributive (only
one patient with IDH wildtype astrocytoma exhibited contrast
enhancement on MRI in the present study (see Table 1)). On
the other hand, predicting the IDH mutant gliomas conferring
a better prognosis [33] could benefit elderly patients present-
ing high rates of clinical deficit at initial diagnosis and for
whom biopsy or surgery is particularly at risk [35].

Moreover, our results suggest that TTP may also provide a
certain degree of prediction of the 1p/19q co-deletion status.
This prediction may be obtained with the criterion of a partic-
ularly long TTP, of at least 6.9 min, in contrast to the most
aggressive IDH wildtype entities. This additional observation
is also of particular importance since gliomas with both IDH
mutation and a 1p/19q co-deletion are currently characterized

by high amino acid uptakes, notably with 18F-FET and 11C-
methionine PET, which may lead to a difficult differentiation
from glioblastoma in static analyses [36–38].

In addition, one PET study performed with another amino
acid, 11C-methionine, had proposed to discriminate the oligo-
dendroglial component of gliomas through the criterion of a
lower slope at the late phase [39]. These results are clearly
different from those of the present 18F-FDopa study, confirming
that the kinetics information provided by the different amino
acid radiotracers is not comparable in this clinical setting [40].

The mechanisms leading to the tumor uptake of amino acid
radiotracers have mostly been analyzed for 18F-FET and still
remain to be fully understood, particularly for 18F-FDopa.
While it is generally considered that the uptake of 18F-
FDopa is carried out with the L-system amino acid trans-
porters and in particular, with the LAT1 transporters which
are over-expressed in gliomas, the intensity of 18F-FDopa up-
take is nonetheless not correlated with the level of LAT1 ex-
pression [41]. Indeed, the tumor uptake of amino acid tracers
is also correlated with cell proliferation and microvessel den-
sity, with a disruption of the blood brain barrier likely facili-
tating the initial tumor uptake of the tracers, as well as their
subsequent passive back diffusion [42]. It must nevertheless
be pointed out that the faster kinetics observed herein for
certain tumors is not solely explained by the breakdown of
the blood brain barrier. This is particularly the case for our
eleven IDHwildtype astrocytomas for which the kinetics were
in most of cases particularly fast, with short TTP and negative
slope, whereas the MRI contrast enhancement, which accom-
panies the breakdown of the blood brain barrier, was observed
in only one of these IDH wildtype astrocytomas (Table 1).

In high-grade tumors, the breakdown of the blood brain
barrier, but also microvessel density and LAT1 expression,
are particularly manifest [42], thereby explaining our observa-
tions of a faster uptake and a faster washout of 18F-FDopa
within the IDH wildtype gliomas. This consideration is

Table 3 Median (interquartile
range) of all considered static or
dynamic PET parameters in each
of the three glioma groups with
the results of intergroup
comparisons

Parameter IDH+/1p19q− (n = 21) IDH+/1p19q+ (n = 16) IDH−
(n = 21)

p value

TSRmean 1.04 (0.88, 1.29) 1.30 (0.95, 1.55) 1.16 (0.88, 1.49) 0.687

TSRmax 1.91 (1.30,2.42) 2.16 (1.45, 3.06) 2.38 (1.33, 3.32) 0.766

TBRmean 1.35 (1.24, 1.73) 1.58 (1.24, 2.01) 1.63 (1.23, 2.23) 0.832

TBRmax 2.54 (1.66, 3.39) 2.94 (1.88, 4.08) 3.33 (1.73, 4.81) 0.742

MTV (mL) 16.60 (2.34, 37.24) 25.97 (12.98, 42.40) 17.88 (2.58; 62.23) 0.642

TTP (min) 7.87 (4.81;30.00)† 10.85 (5.09, 30)† 4.09 (2.64, 5.69) 0.001*

Slope (h−1) − 0.12 (− 0.85, 0.13) − 0.29 (− 1.27, 0.29) − 0.65 (− 2.20, −0.14) 0.05

*p < 0.05 for intergroup comparison between 3 groups

†p < 0.05 for comparison with IDH− gliomas

IDH+/1p19q−, IDH mutant without 1p/19q co-deletion gliomas; IDH+/1p19+, IDH mutant with 1p/19q co-
deletion gliomas; IDH−, IDH wildtype gliomas;MTV, metabolic tumor volume; TBR, tumor-to-brain ratio; TSR,
tumor-to-striatum ratio; TTP, time-to-peak

�Fig. 3 Representative examples of metabolic tumor volume delineation
for each glioma group, performed on an axial slice of 18F-FDopa PET
(left column) with the dynamic TBRmean curve (middle column)
providing the time-to-peak delay-time (light blue line) and the 10 to
30 min slope (dark blue line), along with, for illustration purposes, the
same slice location recorded on contrast-enhanced T1-weighted MRI
(right column). a 27-year-old woman with an IDH mutant astrocytoma
with contrast enhancement on T1-weighted gadolinium-injected MRI
(TBRmean of 1.4, TBRmax of 2.7, TSRmean of 1, TSRmax of 2, MTV of
16.6 ml, TTP of 30 min, and slope of 0.21 h−1). b 79-year-old woman
with an IDH wildtype astrocytoma without contrast enhancement on T1-
weighted gadolinium-injected MRI (TBR mean of 1.3, TBRmax of 1.6,
TSRmean of 1, TSRmax of 1.2, MTV of 12.3 mL, TTP of 4.9 min, and
slope of − 0.07 h−1). c 57-year-old woman with an anaplastic IDHmutant
and 1p/19q co-deleted oligodendroglioma without contrast enhancement
on T1-weighted gadolinium-injected MRI (TBRmean of 1.7, TBR max of
2.8, TSRmean of 1.3, TSRmax of 2.2, MTVof 27.5 mL, TTP of 30 min,
and slope of 0.86 h−1). d 22-year-old woman with an IDH wildtype
glioblastoma with contrast enhancement on T1-weighted gadolinium-
injected MRI (TBRmean of 2.7, TBR max of 5.3, TSRmean of 2.2,
TSRmax of 4.2, MTVof 73 ml, TTP of 4.1 min, and slope of − 10.34 h−1)
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supported by previous kinetic modeling studies where high-
grade tumors, representing the most aggressive entities, were
found exhibiting the highest transport rate constant [16].

Up to now, no previous 18F-FDopa PET imaging study had
been conducted to discriminate the molecular features of gli-
omas according to the WHO 2016 classification in a popula-
tion including both diffuse gliomas and glioblastomas and
using dynamic parameters. A few studies [24–26] had already
attempted to characterize these molecular features with static
parameters and in populations including (i) both diffuse glio-
mas and glioblastomas but with inconclusive results with re-
gard to the discrimination of IDH mutation or 1p/19q co-
deletion [24] and (ii) only diffuse gliomas and with results
showing a significantly higher 18F-FDopa uptake in IDH mu-
tant gliomas comparatively with the IDH wildtype gliomas
[25, 26]. These findings are in accordance with those from
the present study in which no static parameter was able to
discriminate the molecular features of gliomas in our admixed
population of diffuse gliomas and glioblastomas. In addition,
we also found that the IDH wildtype diffuse gliomas (IDH
wildtype astrocytomas) showed a significantly lower MTV
than IDH mutant diffuse gliomas (IDH mutant astrocytomas
and IDH mutant and 1p/19q co-deleted oligodendrogliomas)
(see additional results in Supplemental Fig. 2). It should also
be pointed out that glioblastomas (grade IV gliomas) were
able to be discriminated herein from all other gliomas with
the dual criterion of a high MTV and short TTP (p < 0.01,
accuracy of 95%, see Supplemental Fig. 2).

Our retrospectively selected study population represents a
particular and highly selected group, even if the proportions of
the different glioma types fit well with data from epidemio-
logical studies [43]. Nevertheless, extrapolation to more gen-
eral populations should be carried out with caution, particu-
larly for the diagnostic thresholds and performances docu-
mented herein for the prediction of each glioma type with
18F-FDopa PET. It should additionally be pointed out that
the TAC ratios used in the present study likely allow overcom-
ing a possible interference of Carbidopa premedication taken
by certain patients [27], thereby rendering our results as inde-
pendent as possible of this premedication. Notwithstanding,
close results were documented when SUV values were used
instead of TBR for TAC in the present study, with dynamic
parameters being the sole predictors, namely (1) TTP and
slope for IDH mutation and (2) slope for 1p/19q co-deletion
(results not shown). Finally, it should also be kept in mind that
dynamic analyses could only be obtained with a dual analysis
of MRI images in instances of a very low tumor uptake of 18F-
FDopa PET. This was the case of 17% of our patients, a
proportion comparable with those previously documented in
other amino acid PET studies [44, 45].

Altogether, the present study highlights the significant
added value of including dynamic parameters for the routine
analysis of the 18F-FDopa PET imaging of gliomas. The latter

is indeed associated with a marked improvement in the char-
acterization of molecular features of newly diagnosed gliomas
according to the WHO 2016 classification, especially for the
non-invasive identification of IDH mutation status. These
findings need to be further confirmed in larger scale prospec-
tive trials involving additional clinical and MRI variables of
interest, in order to improve the non-invasive prediction of
glioma types as well as to optimize patient management.
Further clinical questions involving 18F-FDopa PET imaging
in gliomas such as recurrence or treatment monitoring could
also be assessed by integrating these dynamic parameters.
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