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Abstract
O-(2-[18F]fluoroethyl)-L-tyrosine positron-emission tomography/computed tomography (18F-FET PET/CT) is well known in brain
tumor management. Our study aimed to identify the prognostic value of 18F-FET PET/CT in high-grade gliomas (HGG) according the
current 2016 World Health Organization (WHO) classification.
Patients with histologically proven WHO 2016 HGG were prospectively included. A dynamic 18F-FET PET/CT was performed

allowing to obtain 2 static PET frames (static frame 1: 20–40minutes and static frame 2: 2–22minutes). We analyzed static
parameters (standard uptake value [SUV]max, SUVmean, SUVpeak, TBRmax, TBRmean, tumoral lesion glycolysis, and metabolic
tumoral volume) for various isocontours (from 10% to 90%). PET parameters, clinical features, and molecular biomarkers were
compared with progression-free survival (PFS) and overall survival (OS) in univariate and multivariate analysis.
Twenty-nine patients were included (grade III n=3, grade IV n=26). Mean PFS and OS were, respectively, 8.8 and 13.9 months.

According to univariate analysis, SUVmean, SUVpeak, TBRmax, and TBRmean were significantly correlated with OS. In static 1
analysis, TBRmax seemed to be the best OS prognostic parameter (P= .004). In static 2 analysis, TBRmean was the best parameter
(P= .01). In static 1 analysis, only SUVpeak was significant (P= .05) for PFS. Good performance status (PS<2; P< .0001) and extent
of resection (P= .019) identified the subgroup of patients with the best OS. Only TBRmax (P= .026) and extent of resection (P= .025)
remained significant parameters in multivariate analysis.
Our data suggested that high TBRmax seemed to be the most significant OS independent prognostic factor in patients with newly

diagnosed HGG.

Abbreviations: CNS = central nervous system, CT = computed tomography, CTV = clinical tumor volume, EANM = European
Association of Nuclear Medicine, EANO= European Association of Neuro-Oncology, EORTC= European Organisation for Research
and Treatment for Cancer, 18F-FET PET/CT = O-(2-[18F]fluoroethyl)-L-tyrosine positron-emission tomography/computed
tomography, FLAIR = fluid attenuation inversion recovery, GBM = glioblastoma, GTV = gross tumor volume, HGG = high-
grade glioma, IDH = isocitrate dehydrogenase, K2 = permeability estimation map, MGMT = O-6-methylguanine-DNA
methyltransferase, MRI =magnetic resonance imaging, MTV =metabolic tumor volume, OS = overall survival, PCV = procarbazine
lomustine vincristine, PFS = progression-free survival, PS = performance status, PTV = planning target volume, RANO = response
assessment in neuro-oncology, RCx = radiochemotherapy, RT = radiotherapy, SUV = standard uptake value, TBR = tumor
background ratio, TLG = total lesion glycolysis, TMZ = temozolomide, VOI = volume of interest, WHO =World Health Organization.
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1. Introduction

Glioblastomas (GBMs) are the 3rd most frequently reported
histology of primary brain and other central nervous system
(CNS) tumors and represent 56.6% of gliomas. Incidence rate is
3.21 per 100,000 population with a median age of diagnostic
about 65 years old and GBM are 1.58 times more common in
males.[1] Median survival of GBM is 16 months in patients
treated with maximum safe resection, radiotherapy (RT), and
temozolomide (TMZ).[2,3] Most of the studies have included
gliomas categorized according to theWorld Health Organization
(WHO) 2007 classification modified recently in 2016 and which
has implemented molecular features for gliomas subdivision.[4]

Prognostic value of molecular parameters is important for overall
survival (OS). For example, in a retrospective review of GBM
between 2006 and 2012 with 330 patients, OS of isocitrate
dehydrogenase 1 (IDH1)-muted GBM was 83 months vs 22
months for wild-type GBM (P= .0005).[5] This new molecular
profiling allowed to separate GBM into prognostic groups.
Magnetic resonance imaging (MRI) is the gold standard and
noninvasive method for GBM diagnostic. Although morphologic
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assessment by MRI is precise, it lacks specificity and does not
allow determining the tumor activity and metabolism.Moreover,
theMRI ability to evaluate a prognosis can depend of the contrast
enhancement of the tumor.[6,7] Nevertheless, recurrence can
occur at distance from the contrast-enhancing margin of the
initial tumor as highlighted by Wallner et al.[8]

Molecular imaging with positron-emission tomography/com-
puted tomography (PET/CT) allows information on tumor
metabolism, identifying zones of highest activity.[9] This imaging
test has already proven its value in brain tumor management
including grading,[10–12] tumor extent delineation,[13] and biopsy
guidance.[14,15] Radiolabeled amino tracers for PET has
constituted an innovative class of tumor-imaging agents.[16]

One of the most promising tracers is theO-(2-[18F]fluoroethyl)-L-
tyrosine (18F-FET), which has already showed its potential
interest for diagnosis.[13,17] The latest guidelines from European
Association of NuclearMedicine (EANM)/European Association
of Neuro-Oncology (EANO)/Response Assessment in Neuro-
Oncology (RANO) published in 2019 help nuclear medicine
practitioners in recommending, performing, interpreting, and
reporting the results of brain PET imaging. Prognostic value of
18F-FET PET/CT[18,19] was evaluated for gliomas categorized
according to the WHO 2007 classification. In this context, the
aim of this study was to investigate the prognostic value of
the 18F-FET PET/CT in high-grade gliomas (HGGs) according
the current WHO 2016 classification.

2. Materials and methods

2.1. Trial design

This was a prospective monocentric study (NTC03370926). The
study protocol was approved by the institutional review board.
There was no conflict with the Declaration of Helsinki. Written
informed consent for study participation was obtained from all
patients before initiation of PET investigations and the use of the
data for scientific evaluations.

2.2. Inclusion criteria

Patients were eligible if they were older than 18 years old, HGG
(grade 3 or 4 WHO 2016) diagnosed with histology proven by
stereotactic biopsy or open tumor resection.

2.3. Exclusion criteria

Performance status (PS)> 2, previous encephalic RT, pregnancy,
breast feeding, inability to undergo MRI or 18F-FET PET/CT for
any reason.
After histology confirmation, all patients were scheduled to

undergo radiochemotherapy (RCx) with TMZ according to the
Stupp protocol.[20]

We collected clinical data including age, sex, date of diagnosis,
PS, treatments, and tolerance. We also reported biologic and
genetic features: histology, MGMT (O-6-methylguanine-DNA
methyltransferase)promotermethylation status, IDH1/2mutation.

2.4. Magnetic resonance imaging

All patients underwent MRI using a 1.5MR scanner (Magnetom
Avanto Fit Siemens, Siemens healthineers, Erlangen, Germany;
31/5/2016).
The standardized sequence protocol comprised axial diffusion-

weighted, an axial T2-weighted, an axial fluid attenuation
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inversion recovery (FLAIR) sequence, 3D T1-weighted gradient-
echo enhanced by gadolinium-chelate contrast sequences, axial
T2∗. For dynamic susceptibility contrast gradient-echo planar
imaging, an echo time of 30 milliseconds, a repetition time of
2290milliseconds, and aflip angle of 90°were chosenbased onour
past experience with optimizing the perfusion sequence. Thirty
sections (5mm thick, 0 gap) were acquired over 100 times points.
Perfusion parameters processing was performed using Olea

Sphere software (v3.0 Olea Medical, la Ciotat, France) to
generate relative cerebral blood volume corrected for contrast
leakage and to generate a permeability estimation map (K2).
2.5. 18F-FET PET/CT imaging

According to the EANM/EANO/RANO practice guidelines for
brain tumor imaging, the radiolabeled amino acid 18F-FET was
produced by qualified personnel.[21] The radiopharmaceutical
was delivered ready to use. A minimum 4-hour fast was
recommended for all patients before PET acquisition. PET
imaging was performed on 2PET/CT systems (biograph mCT40
Flow and biograph mCT64; Siemens, Siemens Healthineers,
Knoxville, TN). For attenuation correction, a low-dose CT scan
was performed without injection of contrast product. CT
acquisition parameters were 16�1.2mm pitch 0.55 with
automatic kVp and mAs modulation. CT reconstruction
parameters were slice thickness 3/3mm, convolution kernel
H31s, field of view 500mm for attenuation correction, and slice
thickness 2/1.2mm, convolution kernel J30s, safire 3, field of
view 300mm for reading. After CT examination, the acquisition
was centered on the head and consisted of a 40-minute dynamic
acquisition after the intravenous injection of 3MBq/kg. PET
dynamic reconstructions were performed with 10�4minute
frames, the reconstruction algorithm was 3DOSEM + TOF+PSF
(TrueX) with 2002 matrix, zoom2, 2 iterations, 21 subsets,
Gaussian postfilter 2mm. A single static FET PET frame was
obtained by sum 20 to 40minutes (static frame 1) and an early
other static frame (static frame 2) by sum 2 to 22minutes.
2.6. Data analysis

Images were 1st analyzed visually by only 1 person. Upon
identification of the axial PET image slice displaying the
maximum tumor uptake, volume of interest (VOI) was selected.
This region was based on the summed PET data from 20 to 40
minutes after injection.
Static frame 1 (20–40minutes) and static frame 2 (2–22minutes)

images were transferred to a MIM workstation (MiM, software
Inc., v6.8.3, Cleveland, Ohio, USA) to calculate different PET/CT
parameters: Standard uptake value (SUV)mean, SUVmax, SUV-
peak, total lesion glycolysis (TLG). TLG was calculated by
multiplying the SUVmean by themetabolic tumor volume (MTV).
A 2nd region of reference (background activity) was selected in an
area of normal brain tissue including white and graymatter on the
contralateral hemisphere. It was defined by drawing a crescent-
shaped VOI (called “banana”) resulting from the summation of 6
subsequent region of interest 20 to 25mm in diameter.[22]

Therefore, mean and max tumor to background ratios (TBRmean
and TBRmax) were calculated by dividing the mean andmax SUV
of the tumor by the mean background.
The 18F-FET uptake in the tumor was determined by a 3-

dimensional auto-contouring process using several isocontours
between 10% and 90% (I10, I20, I30, I40, I50, I60, I70, I80, and



Figure 1. Various isocontours (from 10% to 90%) located on glioma and a 2nd
region of reference (background activity) in an area of normal brain tissue
including white and gray matter have been illustrated.

Table 1

Characteristics of patients.
Characteristics No. of patients (n=29)

Age 60±9.1 yr
Sex, male/female 17/12
PS
0 14 (48%)
1 12 (42%)
2 3 (10%)

WHO 2016 classification
III 3 (10%)
IV 26 (90%)

Contrast enhancement in MRI
Yes 29 (100%)
No 0 (0%)

IDH status
Mutant 2 (7%)
Wild type 27 (93%)

MGMT methylation
Methylated 16 (55%)
Nonmethylated 12 (41%)
Not known 1 (3%)

Codeletion 1p19q
Positive (=oligodendroglioma) 1 (3%)
Negative 2 (7%)
Not known 26 (90%)

Extent of resection
Biopsy 15 (52%)
Partial resection 3 (10%)
Subtotal resection 4 (14%)
Total resection 7 (24%)

Subsequent therapy
RCTx 27 (93%)
RTx alone 0
CTx alone 0
None 2 (7%)

Age is given in years as mean ± standard deviation.
CT= chemotherapy, IDH= isocitrate dehydrogenase, MGMT=O-6-methylguanine-DNA methyltrans-
ferase, MRI=magnetic resonance imaging, PS=performance status, RCx= radiochemotherapy,
RT= radiotherapy, WHO=World Health Organization.
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I90). These detailed parameters were calculated for various
isocontours (from 10% to 90%) as illustrated in Figure 1.

2.7. Histopathology, WHO classification, and molecular
genetic markers

All patients underwent either stereotactic biopsy or surgery for
histopathologic analysis. Histologic classification, molecular
genetic analysis, and tumor grading were accomplished by an
experienced neuropathologist.
All samples were histologically assessed and graded using

hematoxylin and eosin according to the 2016 WHO criteria.[4]

Immunohistochemistry for detection of the IDH1 R132H was
performed using monoclonal antibody. For IDH2 mutations,
pyrosequencing was performed. In addition, determination of
MGMT promoter methylation was performed using methyla-
tion-specific pyrosequencing.[23]

2.8. Treatment and follow-up

According to neurosurgical reports, 7 surgical interventions were
rated as total, 4 as subtotal, 3 as partial and 15 as simple biopsy.
Surgerywas followed byRTwith concomitant TMZ.RTplanning
was done using slices in thickness and spacing of 2.5mm acquired
throughout the entire head. Patients were simulated and treated in
the same immobilized thermoplastic mask system. Radiation
treatment planning was performed with Pinnacle TPS (Philips
Healthcare, Fitchburg, WI). Radiation therapy was prescribed to
60 Gy in 30 fractions, where the 95% isodose contour
encompassed the planning target volume (PTV) according to
EORTC guidelines.[20] The gross tumor volume (GTV) was
defined as the contrast enhanced tumor postcontrast T1 image on
the baseline MRI scan. The clinical target volume (CTV) was
defined as the GTV + 2cm margin. The PTV was defined as the
CTV + 0.4cm margin for patient setup inconsistencies.
3

2.9. Statistical analysis

Study endpoints were OS and progression-free survival (PFS). OS
wasdefinedas time fromthedateof surgery/biopsyuntil death. PFS
was defined as time from the date of surgery/biopsy until disease
progression. Disease progression was determined by 1 radiologist
on MRI according to RANO criteria. Seven 18F-FET PET/CT
parameters were recorded according to the 2 static frames (static
frames 1 and 2) acquisition (SUVmax, SUVmean, SUVpeak,
TBRmax, TBRmean, TLG, andMTV).Due to our little cohort, we
decided to take themedian for eachparameter to separate2groups.
Statistical analyses were performed using XLStat life software

(Addinsoft, Paris, France). OS or PFS were analyzed by the
Kaplan–Meir method. A P-value�.05 was considered statistically
significant. As general prognostic factors, the extent of resection,
MGMT status, PS, age, and sex were considered. Parameters
which were significant in univariate analysis (including clinical
data, PET parameters, treatments, immunohistochemistry, and
genetic molecular features) were included in multivariate models.
Indeed, we know that covariates can potentially affect patient
prognosis. For this multivariate analysis, we used Cox model
which is the most commonly used multivariate approach
for analysis survival time data in medical research. No correction
of P-values was applied to adjust for multiple test.

3. Results

3.1. Patients and treatments

Twenty-nine patients with newly diagnosed HGG and treated with
radiochemotherapy were included between November 2016 and
December2018.Patients’characteristics aresummarized inTable1.

http://www.md-journal.com


Figure 2. Comparison of O-(2-[18F]fluoroethyl)-L-tyrosine positron-emission tomography (18F-FET PET) and T2 fluid attenuation inversion recovery (FLAIR)
magnetic resonance images (MRIs) of 1 patient. (A) 18F-FET PET/computed tomography (CT) shows metabolically active bifrontal tumor mass. (B) MRI shows T2
FLAIR-hyperintense tumor and perifocal edema. (C) MRI and 18F-FET PET/CT image fusion reveal complementary information with inconsistent overlap of
hypersignal in T2 and 18F-FET uptake.
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Twenty-six were GBM and 3 grades III (2 anaplastic
astrocytoma and 1 anaplastic oligodendroglioma) according to
the WHO 2016 classification. PS was well preserved, with a
median PS=0.5. Mean follow-up time was 13.9 ± 7.2 months.
On the date of last follow-up, 13 patients died (12 GBM, 1 grade
III astrocytoma). All deaths were tumor associated. Nonewas lost
to follow-up. Sixteen patients are still alive whose 7 patients
without any tumor progression. Twenty-seven patients under-
went a complete course of RCx, 2 patients did not undergo RCx
because of clinical progression with rapid deterioration of the
general condition. Twenty patients have received adjuvant TMZ
whose 8 had 6 cycles at least and others had progression. Among
those who did not have adjuvant TMZ, it was due to grade III
hematologic toxicities, grade III cytolysis hepatic during the
concomitant protocol or disease progression.Many patients have
4

benefited from 2nd-line treatment as follows: 15 patients
benefited from Bevacizumab in 2nd line (Bevacizumab alone
[n=8], association with TMZ [n=1], with Irinotecan [n=5],
with Belustine [n=1]). The other patients were treated by TMZ
(n=1), carmustine implant with surgery (n=1), Depatuxizumab
Mafodotine with TMZ (n=1), association Procarbazine,
Lomustine, Vincristine (n=1).
Every patient had 18F-FET PET/CT according to the

standardized acquisition protocol after injection of 209 MBq
± 34 MBq of 18F-FET (Fig. 2). The median time between
surgery/biopsy and PET/CT was 34 days (range, 12–60 days).
Genomic status was available for most of the patients: MGMT
methylation (28 of 29 patients), IDHmutation (29/29), 1p19q (3/
29). The codeletion 1p19q was only obtained if the histology was
grade III. Mean PFS and OS (N=29) were 8.8 ± 5.5 months



Table 2

Univariate survival analysis according to clinical and biologic
factors.

PFS OS
Variable P-value

Age (<50 vs ≥50) .363 0.447
Sex .115 0.535
PS
<2 vs 2 .755 <0.0001

∗

MGMT methylation
(unmethylated vs methylated) .006

∗
0.309

Surgery
resection vs biopsy .186 0.019

∗

∗
Corresponding to a P value significant (P value� .05)

MGMT=O-6-methylguanine-DNA methyltransferase, OS= overall survival, PFS=progression-free
survival, PS=performance status.

Table 3

Univariate survival analysis for different 18F-FET PET-based paramet
Variable I10% I20%

PFS OS PFS OS
P-value P-value

SUVmean (<median vs ≥median)
Static frame 1 .26 .027

∗
.23 .038

∗

Static frame 2 .24 .11 .31 .27
SUVmax (< median vs ≥median)

Static frame 1 .59 .151 .59 .151
Static frame 2 .07 .09 .07 .09

SUVpeak (< median vs ≥median)
Static frame 1 .05

∗
.068 .05

∗
.04

∗

Static frame 2 .68 .26 .26 .13
TBRmax (<median vs ≥median)

Static frame 1 .87 .004
∗

.87 .004
∗

Static frame 2 .53 .29 .33 .41
TBRmean (<median vs ≥median)

Static frame 1 .44 .095 .255 .120
Static frame 2 .24 .15 .09 .01

∗

TLG (<median vs ≥median)
Static frame 1 .62 .583 .15 .821
Static frame 2 .34 .51 .46 .59

Volume (<median vs ≥median)
Static frame 1 .17 .95 .06 .674
Static frame 2 .12 .95 .07 .57

Variable I60% I70%
PFS OS PFS
P-value P-value

SUVmean (<median vs ≥median)
Static frame 1 .59 .151 .59
Static frame 2 .67 .236 .67

SUVmax (<median vs ≥median)
Static frame 1 .59 .151 .59
Static frame 2 .07 .09 .07

SUVpeak (<median vs ≥median)
Static frame 1 .05

∗
.068 .05

∗

Static frame 2 .67 .23 .67
TBRmax (<median vs ≥median)
Static frame 1 .87 .004

∗
.87

Static frame 2 .68 .29 .68
TBRmean (<median vs ≥median)
Static frame 1 .76 .068 .53
Static frame 2 .59 .09 .59

TLG (<median vs ≥median)
Static frame 1 .87 .71 .58
Static frame 2 .88 .71 .95

Volume (<median vs ≥median)
Static frame 1 .55 .456 .81
Static frame 2 .81 .82 .81

Static frame 1 = static frame 1 acquisition.
Static frame 2 = static frame 2 acquisition.
∗
Significant P value (� .05).

18F-FET PET = O-(2-[18F]fluoroethyl)-L-tyrosine positron-emission tomography, PFS progression-free su
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(median 6.5; range, 3–25.1) and 13.9 ± 7.2 months (median
12.2; range, 3–28.9), respectively. Prognostic factors such as
extent of surgery/biopsy and PS were associated with OS while
MGMT status was correlated with PFS (Table 2).

3.2. Univariate survival analysis according to 18F-FET PET/
CT parameters (OS and PFS) (Table 3)
3.2.1. Static frame 1 analysis of 18F-FET tracer uptake in
univariate analysis. According to the OS: OS were significantly
different between the 2 groups dichotomized according to the
median of SUVmean with I10 isocontour (median 1.98): mean ±
standard deviation [SD] 21.5±2.4m (95% confidence interval
[CI] 14–26) vs 14±2.1m (95% CI 10–18) (P= .027) and
I20 isocontour (median 2.2): mean±SD 21.5±2.4 (95% CI
16.7–26.3) vs 14.4±2 (95% CI 10.5–18.4) (P= .04).
ers.
I30% I40% I50%

PFS OS PFS OS PFS OS
P-value P-value P-value

.36 .086 .79 .12 .79 .12

.13 .04
∗

.13 .04
∗

.51 .236

.59 .151 .59 .151 .59 .151

.07 .09 .07 .09 .07 .09

.05
∗

.068 .07 .180 .08 .058
.19 .12 .51 .23 .51 .23

.87 .004
∗

.87 .004
∗

.87 .004
∗

.69 .34 .53 .29 .53 .29

.35 .038
∗

.26 .013
∗

.17 .042
∗

.2 .06 .17 .01
∗

.45 .09

.39 .91 .39 .914 .85 .855

.51 .51 .9 .63 .9 .71

.09 .67 .73 .587 .63 .933

.06 .67 .68 .87 .81 .93

I80% I90%
OS PFS OS PFS OS

P-value P-value

.121 .59 .121 .34 .121

.236 .67 .236 .67 .236

.151 .59 .151 .59 .151

.09 .07 .09 .07 .09

.068 .05
∗

.068 .05
∗

.068
.23 .67 .23 .13 .02

∗

.004
∗

.87 .004
∗

.87 .004
∗

.29 .86 .34 .86 .34

.066 .76 .068 .87 .024
∗

.09 .59 .09 .67 .5

.855 .23 .878 .26 .657

.56 .07 .27 .46 .85

.82 .16 .837 .39 .821

.82 .3 .72 .39 .88

rvival, OS = overall survival, SUV = standard uptake value, TLG = total lesion glycolysis.
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Figure 3. Cumulative overall survival according to TBRmax.
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The OS were significantly different between the 2 groups
dichotomized according to the median of SUVpeak with I20
isocontour (median 4.19): mean ± SD 20.5±2.3m (95% CI
15.9–25.13) vs 14±1.9 (95% CI 10.6–18.2) (P= .04).
The OS were significantly different between the 2 groups

dichotomized according to the median of TBRmax (median
5.03): mean±SD 22.4±1.79 (95% CI 19.0–25.8) vs 10.7±1.3
(95% CI 8.1–13.3) (P= .004) as illustrated in Figure 3.
The OS were significantly different between the 2 groups

dichotomized according to the median of TBRmean with I30
(median 2.26): mean ± SD 19.1±1.4 (95% CI 16.4–21.7) vs
13.2±1.9 (95% CI 9.3–17) (P= .0038), with I40 (median 2.66):
mean ± SD 19.8±1.3 (95%CI 17.3–22.4) vs 12.9±1.8 (95%CI
9.3–16.5) (P= .013), with I50 (median 3.04): mean ± SD 19.1±
1.4 (95% CI 16.4–21.8) vs 13.3±1.9 (95% CI 9.4–17.1)
(P= .042), with I90 (median 4.67): mean ± SD 19.9±1.4 (95%
CI 17.7–22.2) vs 13.8±2.4 (95% CI 9.1–18.6) (P= .02).
According to the PFS: PFSs were significantly different between

the 2 groups dichotomized according to the median of SUV peak
with I10, I20, I30, I60, I70, I80, I90 (median 4.21): mean ± SD
13.3±2.5 (95% CI 8.5–18.1) vs 8.1±1.5 (95% CI 5.3–11.1)
(P= .05).

3.2.2. Static frame 2 of 18F-FET tracer uptake in univariate
analysis. According to the OS: OS were significantly different
6

between the 2 groups dichotomized according to the median of
SUV mean with I30 (median 2.24): mean ± SD 21.5±2.4 (95%
CI 16.8–26.1) vs 14±1.9 (95% CI 10.2–17.9) (P= .04), with I40
(median 2.57): mean ± SD 21.5±2.3 (95% CI 16.8–26.1) vs 14
±1.9 (95% CI 10.2–17.9) (P= .04).
The OS were significantly different between the 2 groups

dichotomized according to the median of TBR mean with I20
(median 1.93): mean ± SD 19.9±1.2 (95% CI 17.4–22.3) vs 13
±1.8 (95% CI 9.5–16.6) (P= .01), with I40 (median 2.75): mean
± SD 20.1±0.9 (95%CI 18.1–22) vs 11±1.3 (95%CI 8.5–13.6)
(P= .01) (Fig. 4)
The OS were significantly different between the 2 groups

dichotomized according to the median of SUVpeak with I90
(median 3.44): mean ± SD 21.28±2.4 (95%CI 16.5–26) vs 14.2
±1.9 (95% CI 10.3–18) (P= .02)
The other parameters were not significant.
According to the PFS, no parameters were significant.

3.2.3. Multivariate survival analysis.Only clinical and 18F-FET
PET significant parameters according to the univariate analysis
were tested in multivariate analysis. Moreover, we selected I20
because it appeared the best isocontour in univariate analysis
(Table 4).
A TBRmax higher than median and surgery rather biopsy was

associated with longer OS. The other parameters were not



Figure 4. Cumulative overall survival according to TBRmean.
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significant. We did not practice multivariate analysis on PFS
because only SUV peak was significant.
4. Discussion

This current prospective study confirms that 18F-FET PET/CT is a
noninvasive read-out for prognostication in patients with newly
diagnosed HGG according to the current WHO 2016 classifica-
Table 4

Multivariate analysis for OS.

Parameters P-value Odds ratio 95% CI

SUVmean (I20) <median .563 0.58 0.09 3.65
SUVpeak (I20) <median .931 0.90 0.08 9.73
TBR max ≥ median .026

∗
16.51 1.39 195.29

Resection .025
∗

0.05 0.00 0.69
PS=2 .066 15.80 0.83 298.33
∗
Significant bold P-value (�.05).

CI= confidence interval, OS= overall survival, PS=performance status, SUV= standard uptake
value, TBR= tumor background ratio.
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tion for CNS tumors. Thanks to the new WHO 2016
classification, we already know that clinical factors, immunohis-
tochemistry analysis, and molecular parameters are good
prognostic factors.
As described in the literature, good PS and GBM resection

identified the subgroup of patients with the best OS. However,
the age was not correlated with OS or PFS. We noticed in the
subgroup with an age <50 years old (n=6) that population had
unfavorable characteristics like PS=2(1/6), biopsy (2/6), incom-
plete resection (1/6), and incomplete treatment (3/6). It could
explain why this subgroup had not better prognosis. MGMT
promoter methylation (N=16) was significantly associated with
longer PFS but not withOS. This result could be linked to patients
who did not benefit from adjuvant treatment by TMZ (5/16). In
Kertels trial, age and MGMT status were correlated with
outcome. Nevertheless, grade II gliomas were included unlike our
study. Moreover repartition of population according age is
unknown and more MGMT methylated patients were includ-
ed.[24] We could not test IDH status due to only 2 patients with
mutation (7%). However, this percentage is representative of
GBM repartition according WHO 2016 classification (90% of
GBMs are IDH wild type).[4]

http://www.md-journal.com


Dissaux et al. Medicine (2020) 99:5 Medicine
According to univariate analysis, we showed that SUVmean,
SUVpeak, TBRmax, and TBRmean were correlated with better
OS. In static 1 analysis, TBRmax seemed to be the best OS
prognostic parameter with P= .004 confirming findings of
previous studies.[18,25] In static 2 analysis, TBRmean appeared
to be the best parameter (TBRmean with I20 [P= .01] and with
I40 [P= .01]). To our knowledge, our study is the 1st one which
analyzed SUV, TBR, volume, and TLG on early acquisition to
evaluate various prognostic factors for 2 frames. For PFS, only
SUVpeak in static acquisition was significant (P= .005) for main
isocontours. Our population was not large enough to discrimi-
nate 1 isocontour better than the others. In OS analysis, I20
seemed to be slightly better with 3 significant different parameters
while in PFS analysis none showed at least 2 significant
parameters. In literature, the calculation of SUV and TBR was
based on 1 single isocontour.[26–29] This is the 1st study to our
knowledge assessing every isocontour trying to discover which
one was the best to determine the most efficient SUV and/or TBR.
Many little studies tried to demonstrate the prognostic interest

of 18F-FET in HGG. Hutterer et al showed that 18F-FET seemed
to be predictive for treatment failure[30] (N=11). Galldiks et al
demonstrated also that standard and kinetic imaging parameters
seemed to predict Bevacizumab treatment failure[31] (N=10).
Nevertheless, it is interesting to have as soon as possible a
maximum of prognostic data in particular with amino acid PET/
CT. Most of studies about 18F-FET in gliomas analyzed the
tumor grading, or tumor progression but this examination is still
not an ubiquitously diagnostic method, or follow-up imaging of
brain tumors. Therefore, there is few data about prognostic value
of 18F-FET PET/CT.
The results of our study are in the line with observations of

several studies that evaluated the role of amino acid PET using
18F-FET to find prognostic factors of newly diagnosed HGG.
Kertels et al showed in his small retrospective studywith 35 newly
diagnosed WHO 2016 grades II and III that negative 18F-FET
PET/CT inferred significantly better outcome in terms of PFS and
trended toward longer OS.[24] Gempt et al showed predictive
value of tracer uptake regarding survival but they did not find
significant cut-off value of TBR within the group of HGG.[32]

However, the following limitations need to be considered: firstly,
it was a monocentric study with a small cohort (N=29). Secondly,
delay between histologic assessment and 18F-FET PET/CT was a
quietly heterogenous (median 34 days; range 12–60 days).
Nevertheless, the population is quietly homogeneous (27/29
IDHwild-type patients) according to theWHO2016 classification.
Thirdly, 18F-FETPETparameters were analyzed by a single reader.

5. Conclusion

Our data suggested that 18F-FET PET/CT is a useful noninvasive
tool for prognosis. TBRmax, parameter which is independent
from isocontouring and operator, seems to be the most significant
OS independent prognostic factor for newly HGG. Future
multicenter trials are needed to validate our preliminary data.
It would be pertinent to elucidate whether PET parameters
are also associated with histo-molecular factors of GBMs.
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