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Abstract

Objective We aimed to evaluate the diagnostic potential of
dual-time-point imaging with positron emission tomography
(PET) using O-(2-['*F]fluoroethyl)-L-tyrosine (‘*F-FET) for
non-invasive grading of cerebral gliomas compared with a
dynamic approach.

Methods Thirty-six patients with histologically confirmed ce-
rebral gliomas (21 primary, 15 recurrent; 24 high-grade, 12
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low-grade) underwent dynamic PET from 0 to 50 min post-

injection (p.i.) of '"*F-FET, and additionally from 70 to 90 min

p.i. Mean tumour-to-brain ratios (TBR nean) of '*F-FET uptake

were determined in early (20—40 min p.i.) and late (70-90 min

p.i.) examinations. Time—activity curves (TAC) of the tumours

from 0 to 50 min after injection were assigned to different

patterns. The diagnostic accuracy of changes of '*F-FET up-

take between early and late examinations for tumour grading

was compared to that of curve pattern analysis from 0 to

50 min p.i. of "*F-FET.

Results The diagnostic accuracy of changes of the TBR,¢an 0f

'"E_FET PET uptake between early and late examinations for

the identification of HGG was 81 % (sensitivity 83 %; spec-

ificity 75 %; cutoff - 8 %; p<0.001), and 83 % for curve

pattern analysis (sensitivity 88 %; specificity 75 %; p<0.001).

Conclusion Dual-time-point imaging of '"*F-FET uptake in

gliomas achieves diagnostic accuracy for tumour grading that

is similar to the more time-consuming dynamic data acquisi-

tion protocol.

Key Points

* Dual-time-point imaging is equivalent to dynamic FET PET
for grading of gliomas.

* Dual-time-point imaging is less time consuming than dy-
namic FET PET.

* Costs can be reduced due to higher patient throughput.

* Reduced imaging time increases patient comfort and seda-
tion might be avoided.

* Quicker image interpretation is possible, as no curve evalu-
ation is necessary.

Keywords Cerebral glioma - FET PET - Tracer kinetics -
Dual-time-point imaging - Tumour grade

Abbreviations
"C-MET  L-[methyl-"'C]-methionine
"E.FDOPA 3 ,4-dihydroxy-6-['®F]fluoro-L-phenylalanine
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"BE_FET 0-(2-'*F-fluoroethyl)-L-tyrosine

AUC Area under receiver-operating-characteristic
curve

HGG High-grade glioma

LGG Low-grade glioma

OP-OSEM  Ordinary Poisson ordered subset
expectation maximisation

OSEM Ordered subset expectation maximisation

ROC Receiver-operating-characteristic

SUvV Standardised uptake value

SUV hean Mean standardised uptake value

TAC Time-activity curve

TBR Tumour-to-brain ratio

TBRean Mean tumour-to-brain ratio

TTP Time to peak

VOI Volume-of-interest

Introduction

Previous studies have shown that in addition to conventional
magnetic resonance imaging (MRI), positron emission to-
mography (PET) using radiolabelled amino acids provides
important diagnostic information in patients with cerebral gli-
oma [1]. Most PET studies of cerebral gliomas have been
performed with L-[methyl-''C]-methionine (''C-MET), but
the short half-life of carbon-11 (20.4 min) limits the use of
this tracer to PET centres with on-site radiotracer production.
In recent years, '*F-labelled amino acids, such as O-(2-'°F-
fluoroethyl)-L-tyrosine ('*F-FET) and 3,4-dihydroxy-
6-["®F]fluoro-L-phenylalanine ('*F-FDOPA), have been in-
creasingly used for PET in brain tumour patients due to the
logistical advantages of fluorine-18 (half-life, 109.8 min)
[2-5]. "8F-FET is at present the best evaluated '®F-labelled
amino acid for PET of brain tumours, and was approved by
the Swiss Agency for Therapeutic Products as radiopharma-
ceutical for brain imaging with PET in 2014 [6]. The clinical
impact of this tracer, especially to define the tumour volume
for treatment planning, diagnosis of tumour recurrence and
treatment monitoring, has been demonstrated [7-11].

Several studies have shown that tracer uptake kinetics of
"E_FET in gliomas are variable depending on the grade of
malignancy, a phenomenon that has not been observed with
""C-MET or '"®F-FDOPA [12, 13]. Time—activity curves of
'"F_FET uptake in patients with high-grade glioma (HGG)
are characterised by an early peak of tracer uptake followed
by a constant descent, whereas patients with low-grade glioma
(LGG) typically show a steadily increasing curve pattern [14].
One intrinsic property of gliomas is a pronounced heteroge-
neity of the tumour tissue [15] and regionally different '*F-
FET tracer uptake kinetics have been observed in heteroge-
neous gliomas during the first 50 min post-injection (p.i.),
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indicating different grades of malignancy [16]. Dynamic
'"8F-FET imaging, however, requires longer acquisition times,
reducing the number of patients that can be investigated with
one synthesis of '*F-FET. Thus far, the acquisition time using
"F_FET in brain tumours has been limited to 60 min and the
uptake behaviour in a phase later than 60 min p.i. has not yet
been investigated.

The aim of this study was to explore the diagnostic poten-
tial of dual-time-point "8E_FET PET imaging for tumour grad-
ing using a standard examination from 20 to 40 min p.i. and a
delayed scan from 70 to 90 min p.i. The advantages of dual-
time-point imaging are manifold, and include the following: a
shorter imaging time leading to higher patient throughput that,
of course, reduces costs (second patient injection after 30 in-
stead 60 min). Moreover, the shorter imaging time leads to
higher patient comfort / compliance (sedation may be
avoided) and a concomitant reduction of motion artefacts.
Finally, because of the fact that curve evaluation is not re-
quired, quicker image interpretation is facilitated. In this study,
the dual-time-point imaging approach was compared to the
results of dynamic '®F-FET PET during the first 50 min after
tracer injection.

Materials and methods
Patient population

From April 2011 to April 2014, 36 adult patients (mean age,
49+13y, age range 27-75 y, 17 female and 19 male subjects)
who were admitted for '*F-FET PET with suspicion of a ce-
rebral glioma or a recurrence of a previously treated glioma
were included in this prospective study. Twenty-one patients
had primary tumours and 15 had recurrent tumours. Histo-
pathological diagnosis was available in 33 patients from sub-
sequent surgery and in three patients with low-grade gliomas
and stable course from previous biopsies. Twelve patients had
LGG of World Health Organisation (WHO) grade [ and 11, and
24 patients had HGG of WHO grade III and IV. Detailed
information on the patient group is given in Table 1. The study
was approved by the university ethics committee and the rel-
evant federal authorities. All subjects gave prior written, in-
formed consent for their participation in the study.

"E_FET PET imaging and data analysis

The amino acid '"*F-FET was produced via nucleophilic '*F-
fluorination with a radiochemical purity of greater than 98 %,
a specific radioactivity greater than 200 GBg/pmol and a ra-
diochemical yield of about 60 %, as described previously [17].
All patients fasted for at least 4 h before the PET studies,
according to the German guidelines for brain tumour imaging
using labelled amino acid analogues [18].
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Table 1 Demographic, clinical and histopathological data of all patients

Pat.  Sex® Age® Prim/ Hist.® Treatment®  Loc.f Bp_FET 8E_FET Change TAC"  TTPin
No. Rec’ before PET TBRnean® (2040 min pi).  TBRmean® (70-90 min pi) TBRmean® (%) Pattern

1 F 31 Prim OIl None RP 2.39 2.11 -12 % 2 38
2 F 59 Prim  All Biopsy LF 1.76 1.86 6 % 1 50
3 M 53 Rec Ol OP/R/Ch LF 1.90 2.03 7 % 2 38
4 M 52 Rec GBM OP/R/Ch RP 2.25 1.80 -20 % 2 33
5 F 56 Prim GBM None LF 2.00 1.57 21 % 2 33
6 F 59 Prim OIII  None LF 3.18 2.87 -10 % 2 28
7 F 52 Rec AIll  Biopsy/R/Ch LF 1.72 1.80 5% 2 28
8 F 38 Prim OAIl Biopsy LF 237 2.50 5% 1 50
9 F 42 Prim OAIl Biopsy RP 1.99 1.85 1% 1 38
10 M 49 Rec  OAIl OP/R/Ch LF+RF 1.80 1.70 -6 % 1 50
11 F 37 Prim  OAIIl None FP 222 231 4% 1 50
12 M 45 Rec OAIl OPR LF 241 2.72 13 % 1 50
13 F 44 Rec  GBM OP/R/Ch LF 2.21 1.70 -23 % 2 28
14 F 46 Rec OIIl  OP/R/Ch LF 1.72 1.45 -16 % 1 50
15 M 34 Rec GBM OP/Ch LT 2.26 1.83 -19 % 2 50
16 M 27 Prim GGII None LT 1.82 1.72 -5 % 1 33
17 F 69 Rec EPII OP LP 2.13 2.23 5% 1 50
18 M 75 Prim GBM None RT 2.03 1.78 -12 % 1 38
19 M 58 Prim GBM None LF 2.67 235 -12 % 2 28
20 F 49 Prim GBM None LT 1.93 1.69 -12 % 2 28
21 F 32 Prim GBM None RT 2.95 242 -18 % 3 10
22 M 66 Prim GBM None LF 2.19 1.72 21 % 3 43
23 F 73 Prim GBM None RP 3.41 3.11 -9 % 2 43
24 M 34 Prim GBM None R P-O-T 2.07 2.14 3% 2 50
25 M 37 Rec GBM R/Ch RF 2.09 2.03 3% 2 43
26 F 64 Prim GBM None LP 2.01 1.61 20 % 3 19
27 M 64 Rec GBM OP/R/Ch RF 2.09 1.92 -8 % 2 50
28 M 34 Rec OII OP/Ch RT-F 2.29 1.97 -14 % 2 38
29 M 46 Rec AIll  OP/Ch LF 1.76 1.45 -18 % 2 33
30 M 46 Prim AIIl  None RF 2.28 1.48 -35% 3 7
31 M 57 Prim GBM None LT 242 1.67 31 % 3 16
32 M 46 Prim OIIl  None LF 232 1.92 -17 % 2 23
33 M 52 Rec GBM OP LF 2.98 2.52 -15% 2 33
34 F 63 Prim  AIl None RF 1.68 1.66 -1 % 1 50
35 M 36 Rec AIll  OP/R/Ch LF 2.01 1.80 -10 % 2 38
36 F 42 Rec Ol OP LF-T 1.98 1.75 -12 % 1 50
Mean 49 2.20 1.97 -9 % 37
SD 13 0.41 0.40 11 % 12

?Sex: F = female, M = male

® Age in years at the time of the PET study

¢ Prim = primary tumour, rec = recurrent tumour

4 Histological diagnosis after surgery or biopsy: A II = astrocytoma WHO grade II, EP II = ependymoma WHO grade II, GG Il = Ganglioglioma WHO
grade II, A 1II = anaplastic astrocytoma WHO grade 111, O II = oligodendroglioma WHO grade II, O III = anaplastic oligodendroglioma WHO grade III,
OA 1II = oligoastrocytoma WHO grade II, OA III = anaplastic oligoastrocytoma WHO grade I1I, GBM = glioblastoma

¢ Treatment before PET study: OP = tumour resection, R = radiation therapy, Ch = chemotherapy

"Localization of the tumour: L = left hemispheric, R = right hemispheric, F = frontal, P = parietal, O = occipital, T = temporal

€ TBRnean = ratio of mean '® F-FET uptake in the tumour divided by mean uptake in the brain

" TAC = time-activity curve; for definition of patterns, see text
I TTP = time-to-peak of the time-activity curve of '® F-FET uptake
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The dual imaging protocol in this prospective study was
part of the clinical validation of a 3T MR-BrainPET hybrid
system (Siemens Medical Systems, Inc.; 72 rings, axial field
of view 19.2 cm). Together with the MR component, the
BrainPET provides reliable quantitative data on tracer concen-
tration, as reported previously [19]. During the validation pe-
riod of this scanner, patients with cerebral gliomas first
underwent a dynamic PET from 0 to 50 min p.i. of approxi-
mately 250 MBq of "®F-FET in the 3T MR-BrainPET hybrid
system. Subsequently, patients were examined for another
20 minutes (70 to 90 min p.i.) in a conventional ECAT EX-
ACT HR+ scanner (Siemens Medical Systems, Inc.) in 3D
mode (32 rings, axial field of view 15.5 cm). Since the 3T
MR-BrainPET does not provide a transmission source, atten-
uation correction was performed by a template-based ap-
proach using MRI [19]. The image data were corrected for
random and scatter coincidences, and dead time prior to OP-
OSEM reconstruction provided by the manufacturer (2 sub-
sets, 32 iterations). The reconstructed dynamic data set
consisted of 16 time frames (5x 1 min; 5%3 min; 6 x5 min).

For the ECAT EXACT HR+ scanner, attenuation correc-
tion of the PET data was based on a transmission scan mea-
sured with three rotating line sources (**Ge/°®Ga). The data
were corrected for random and scattered coincidences, and
dead time prior to the iterative reconstruction using the OSEM
algorithm (16 subsets, 6 iterations). The reconstructed data of
the late scan (70 to 90 min p.i.) consisted of four time frames
(45 min).

Data analysis

After adjusting the BrainPET images to those of the ECAT
EXACT HR+ scanner by applying a 2.5 mm 3D Gaussian filter
(see supplementary data), images summed from 20 to 40 min
p.i. (early scan), and 70 to 90 min p.i. (late scan) were com-
pared. All images were motion-corrected and coregistered to
morphological T1-weighted MRI using PMOD (Version 3.4,
PMOD Technologies Ltd.). '"®F-FET uptake in the tissue was
expressed as standardised uptake value (SUV) by dividing the
radioactivity (kBg/mL) in the tissue by the radioactivity
injected per gram of body weight. Three-dimensional
volumes-of-interest (VOI) were used for analysis. A spherical
background VOI with a constant size was positioned in the
hemisphere contralateral to the lesion in healthy brain tissue
(volume of background VOI, 14.1 ml; 7220 voxels, 30 mm
diameter). The tumour volume was determined by a 3D auto-
contouring process using a tumour-to-brain ratio (TBR) of 1.6
or more in the early scan. This cutoff is based on a biopsy-
controlled study of cerebral gliomas, in which a lesion-to-
brain ratio of 1.6 best separated tumoral from peritumoral tissue
[9]. Mean TBR (TBR,ca) in both the early and late scan was
calculated by dividing the mean SUV of the tumour VOI by the
mean SUV of normal brain. Time—activity curves were
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generated by applying the tumour and brain VOISs to the entire
dynamic data set. Time to peak (TTP; time in minutes from the
beginning of the dynamic acquisition up to the maximum SUV
of the lesion) was determined. Furthermore, the time—activity
curves of the tumours from 0 to 50 min p.i. were assigned to
one of the following curve patterns: (I) constantly increasing
"8F_FET uptake, (II) '*F-FET uptake peaking between 20 and
40 min followed by a plateau, and (IIT) "*F-FET uptake peaking
early (TTP<20 min) followed by a constant descent [20]. The
diagnostic accuracy of changes of '®F-FET uptake between
early and late scans for tumour grading was compared to that
based on curve patterns from 0 to 50 min p.i. Furthermore, the
early and late PET images were visually evaluated for major
changes in tumour volume, '*F-FET uptake and regional dis-
tribution of '"*F-FET by three independent observers.

Statistical analysis

Descriptive statistics are provided as mean and SD or median
and range. To compare SUV and TBR,,c,, in the early and late
scans, the Student’s t paired test was used. The diagnostic per-
formance of TBR e, in the early scan, TTP and changes of
tumoral TBR ey, of '*F-FET uptake between the early and late
scan to identify HGG was assessed by receiver-operating-
characteristic (ROC) curve analyses using the histological con-
firmation as reference. Decision cutoff was considered optimal
when the product of paired values for sensitivity and specificity
reached its maximum. In addition, the area under the ROC
curve (AUCQC), its standard error, and level of significance were
determined as a measure of diagnostic quality. After the assign-
ment of TACs of "®F-FET uptake to the three curve patterns, the
Cohen’s k-test was used to measure the degree of agreement
among the raters (C.F., N.G., K.J.L); k values between 0 and
0.20 were considered to indicate a positive but slight correla-
tion; between 0.21 and 0.40, a fair correlation; between 0.41
and 0.60, a good correlation; between 0.61 and 0.80, a very
good correlation; and greater than 0.80, an excellent correlation.
The diagnostic performance of '*F-FET TAC patterns was eval-
uated by Fisher exact test for 2x2 contingency tables.

p values of 0.05 or less were considered significant. Statis-
tical analyses were performed using SigmaPlot software
(SigmaPlot Version 11.0, Systat Software Inc., San Jose,
CA, USA) and PASW Statistics software (Release 22.0.0,
SPSS Inc., Chicago, IL, USA).

Results

General comparison of '*F-FET uptake in the tumours in early
and late scans

On average, SUV can and TBR ¢, in the tumours in the early
scans were significantly higher than in the late scans (2.53+
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Table 2 Diagnostic performance

of different parameters in Identification of TBR jean>2.0" TTP<35 min® TAC patterns Early vs. late PET:
'8E_FET PET (n=36) high-grade glioma IT or 1I° change of TBRean<- 8 %
True positives 20 14 21 20
False positives 5 1 3 3
True negatives 7 11 9 9
ATBR,,.. = ratio of mean '* F- False. r.le.gatlves 4 10 3 4
FET uptake in the tumour divided Sensitivity 83 % 58 % 88 % 83 %
by mean uptake in the brain Specificity 58 % 92 % 75 % 75 %
P TTP = time-to-peak of the time-  Accuracy 75 % 69 % 83 % 81 %
activity curve of ""F-FET uptake  AUCSE 0.65£0.10 0.76£0.08 . 0.8520.06
‘TAC = time-activity curve; for 5, yalue 0.15 (n.s.) 0.01 <0.001 <0.001

definition of patterns, see text

0.80 versus 2.29+0.72, p=0.001 and 2.20+0.41 versus 1.97+
0.40; p=0.001, respectively). Evaluation of the TBR ,,¢q, Val-
ue in the early scan did not reach the level of significance as a
diagnostic test for the identification of HGG in ROC analysis
in this patient group (sensitivity 83 %; specificity 58 %; accu-
racy 75 %; optimal cutoff, 2.0; AUC 0.65+0.10; p=0.15).

Grading of gliomas using dynamic '*F-FET PET (0-50 min
p.i.)

The time—activity curves of the tumours from 0 to 50 min p.i.
were assigned to the above-described pattern of curves by
three independent observers (C.F., N.G., K.J.L.) blinded to
the clinical diagnosis of the patients. The inter-observer agree-
ment for the assignment of TACs to the three curve patterns
showed a very good agreement, with a mean k value of 0.74=+
0.06. The evaluation of curve patterns yielded a significant
result for the identification of HGG, i.e., the presence of curve
patterns II and III achieved an accuracy of 83 % for the iden-
tification of HGG (sensitivity, 88 %; specificity, 75 %;
p<0.001). The evaluation of TTP yielded a lower accuracy
of 69 % for the identification of HGG (sensitivity 58 %; spec-
ificity 92 %, cut-off, <35 min; AUC 0.76+0.06; p=0.01)
(Table 2).

Fig. 1 Patient with a recurrent
oligoastrocytoma of WHO grade
II (Pat. No. 12). Contrast-
enhanced T1-weighted MRI on
the left, early '*F-FET PET
(BrainPET, 2040 min p.i.) in the
middle, and late scan '*F-FET
PET (ECAT HR+ PET 70-90 min
p.i.) on the right. The tumour
shows an increasing tumour-to-
brain contrast in the late scan
(+13 %)

MRI-T1 (+ Gd)

Grading of gliomas using dual point '*F-FET PET

TBRcan decreased by -10+11 % between early and late
scans. Patients with HGG showed a significantly stronger de-
crease of the TBR,,can than patients with LGG (- 14£10 %
versus -2+9 %; p<0.01). The diagnostic accuracy of changes
of the TBR,can Of 8E_FET PET uptake for the identification
of HGG in ROC analysis was 81 % (sensitivity 83 %, speci-
ficity 75 %, cutoft, - 8 %, AUC, 0.85+0.06; p<0.001). Thus,
evaluation of "SF-FET PET uptake in the tumour between
early and late scans using a dual imaging protocol achieved
a similar accuracy as the evaluation of time—activity curves of
the tumours from 0 to 50 min p.i. (Table 2).

General visual comparison of early and late scans

The visual comparison of early and late scans by three inde-
pendent observers yielded a similar extent of tumour lesion in
most patients. In 15 cases, tumour-to-brain contrast of '*F-
FET uptake was rated as similar in early and late scans; in
13 cases, '®F-FET uptake was rated as decreasing in the late
scan; and in seven cases, 'SF-FET uptake was rated as increas-
ing. The inter-observer agreement for rating of '*F-FET up-
take showed a good agreement, with a mean k value of 0.57+

FET PET- early FET PET - late
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Fig. 2 Patient with a
glioblastoma (Pat. No. 22).
Contrast enhanced T1-weighted
MRI on the left, early '*F-FET
PET (BrainPET, 2040 min p.i.)
in the middle, and late scan '8F-
FET PET (ECAT HR+ PET 70—
90 min p.i.) on the right. The
tumour shows a decreasing
tumour-to-brain contrast
indicating a high-grade tumour
(-21 %)

MRI-T1 (+Gd)

0.02. An example of a patient with an increasing '*F-FET
uptake in the tumour in the late scan indicating a LGG is
shown in Fig. 1 (Pat. No. 12, recurrent oligoastrocytoma
WHO grade II), and an example with decreasing '*F-FET
uptake in the late scan indicating a HGG is shown in Fig. 2
(Patient No. 22, glioblastoma). In one patient with a recurrent
oligoastrocytoma WHO grade II (Patient No. 3), a different
intratumoral distribution pattern of '®F-FET in the early and
late scan was noted. Analysis of the different parts of the
tumour by smaller ROIs manually placed on the correspond-
ing tumour areas demonstrated variable intratumoral tracer
kinetics, as shown in Fig. 3.

Discussion

The aim of this study was to evaluate the diagnostic potential
of dual-time-point imaging in '*F-FET PET of cerebral glio-
mas. To the best of our knowledge, the uptake behaviour of
"F_FET in human brain tumours has not yet been evaluated at
later than 60 min after injection. Dual-time-point imaging has
been successfully used; for example, with '*F-FDG to

FET PET- early FET PET - late

improve brain tumour identification and delineation of high-
grade brain tumours [21, 22]. The median tumour volume
depicted with late '®F-FDG PET, however, was only 55.4 %
of that depicted in PET using ''C-MET. The discrepancies
were especially large for anaplastic gliomas that partly consist
of portions of low-grade glioma that generally exhibit low
"E_FDG uptake [22]. The influence of dual-time-point '*F-
FDG PET on grading of brain tumours has not yet been
investigated.

Our study demonstrates that two separate PET examina-
tions performed at 20 to 40 min and 70 to 90 min p.i. of '*F-
FET yield similar diagnostic information regarding tumour
grade as a dynamic scan during the first 50 min p.i.. Thus,
the decrease of the TBR eqn Of '*F-FET uptake between early
and late scans showed a diagnostic accuracy for the identifi-
cation of HGG that was similar to the evaluation of curve
patterns of '*F-FET uptake. This result needs to be confirmed
in a larger series of patients, but it appears that two separate
scans with a longer interval lead to a robust signal concerning
tumour grading.

In this study, the accuracy of dynamic '®F-FET PET in
differentiating high-grade and low-grade glioma is in the

suv
S

0.4 T

40

Time [min]

Fig. 3 Dynamic 'SF-FET-PET of a patient with a recurrent,
heterogeneous oligoastrocytoma of WHO grade II (Pat. No. 3). The
first 50 min were acquired in the BrainPET; the last 20 min were
acquired in the ECAT HR+ scanner. In this case, three different VOIs
were defined in the tumour area in order to illustrate regional differences
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in the tracer uptake kinetics, which can be identified by dynamic imaging,
but also by dual-point-imaging at 2040 min and 70-90 min. Positions of
the different tumour VOIs are indicated by arrows with corresponding
colours in the sagittal brain slice on the right
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Fig. 4 Dual imaging protocol.
Possible translation of early and
late "®F-FET PET into clinical
routine. Two interlaced

20 min

. Patient 1
35 min

35 min break

85 min

measurements allow shorter 18F1ET
overall scan time and increase injection Early Scan

patient compliance, thus reducing
motion artefacts

Patient 2
20 min

35 min 70 min

35 min break
8F-FET
Early Scan

Total scanner occupancy: 90 min

85 min

A
V.

range of 80 %, and thus, lower than that reported in earlier
studies that observed an accuracy of more than 90 % in both
primary and recurrent gliomas [20, 23, 24]. At present, it re-
mains unclear whether these differences are caused by varia-
tions in data evaluation or patient selection. A recent study,
however, showed that the specificity of dynamic '*F-FET
PET for identification of high-grade gliomas was only 72 %
[25], which is more consistent with the results in our study.

Dual-time-point imaging offers the possibility to identify
HGG and LGG by simple visual comparison of early and late
scans. Intensive tracer uptake in the early scan showing low
uptake in the late scan may be indicative of high-grade glioma
(Fig. 2). LGG that are characterised by an increasing '*F-FET
uptake may be better visualized in the late scan, which could
be helpful for planning of radiotherapy (Fig. 1). Owing to the
fact that curve evaluation is not required, quicker scan inter-
pretation is facilitated. Furthermore, it has been reported that
in LGG, heterogeneous intratumoral '*F-FET kinetics may
identify anaplastic foci [16, 25]. A hot spot in the early scan
that disappears in the late scan may be indicative of an ana-
plastic focus (Fig. 3).

Furthermore, the implementation of two separate short
scans may increase patient throughput and diminish the costs
of the investigation. As shown in Fig. 4, two separate scans of
15 min duration allow interlaced scanning of two patients and
reduce the interval between the two injections from 1 h to
30 min. This reduces the amount of radioactivity needed for
investigation of two patients. Moreover, the second scan could
be avoided if no pathological '*F-FET uptake can be identified
in the first scan, which makes the presence of metabolically
active tumour tissue unlikely. We assume that the actual time
interval between the early and late scan is not critical, which is
advantageous in routine clinical practice. Thus, '*F-FET up-
take in the tumours in the late scans at 70 to 90 min was on
average only 10 % lower than in the early scans, which also
allowed appropriate imaging at later times in most cases. This
may be of importance if a delay of imaging occurs due to

unforeseen events. Moreover, the shorter acquisition times
are more comfortable for patients and may reduce motion
artefacts, and in younger children, the necessity of sedation
or anaesthesia.

A limitation of this study is the heterogeneity of the patient
group, which contains primary as well as recurrent tumours.
Previous studies, however, have shown that the discriminatory
power of dynamic '®F-FET PET is similar for the grading of
primary and recurrent tumours [23, 24]. The aim of this study
was to compare the diagnostic performance of dynamic '°F-
FET PET and dual-time point imaging, and for this purpose, it
is not essential to evaluate primary and recurrent tumours
separately. Therefore, the results of this explorative study are
not compromised by this shortcoming. Furthermore, the use of
two different scanners may represent another shortcoming of
the study design. The presented data set was obtained within a
prospective study evaluating the performance of a novel 3T
MR-BrainPET hybrid imaging system that required an addi-
tional late scan on a clinically approved PET. The resolution
of the two different systems, however, was carefully adapted
using a series of phantom studies (see supplementary
material). Therefore, the data set should be adequate for the
intended purpose.

In conclusion, dual-point imaging of '*F-FET by an early
scan between 20 and 40 min and a late scan between 70 and
90 min p.i. may provide diagnostic information for tumour
grading that is similar to a dynamic scan over 50 min. The
results need to be confirmed in a larger series of patients, and
may also be applied to other important applications of this
method, such as the differentiation of recurrent metastases
and radionecrosis [26].
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