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Comparison of F-18 FET-PET with F-18
FDG-PET for biopsy planning
of non-contrast-enhancing gliomas

Abstract
Objective: The management of non-
contrast-enhancing brain tumours
largely depends on biopsy, which
allows a differentiation of low-grade
gliomas (LGG) from high-grade glio-
mas (HGG). The aim of this study
was to compare positron emission
tomography using 2-[18F]-fluoro-2-
deoxy-D-glucose (FDG-PET) and
O-(2-[18F]-fluoroethyl)-L-tyrosine
(FET-PET) in terms of providing
target regions for biopsies. Materials
and methods: Fifteen consecutive
patients with newly diagnosed brain
tumours (n=11) or suspected recur-
rence of a known LGG (n=4), in
whom MRI demonstrated no contrast
enhancement, were studied by both
FET-PET and FDG-PET. FET-PET,
FDG-PET and MRI data were fused,

and then transferred to the neuro-
surgical navigation system, prior to
neurosurgical interventions. Results:
Histology showed HGG (WHO grade
III) in 6/15 and LGG (WHO grade II)
in 9/15 patients. FET-PET revealed an
increased intratumoural tracer uptake
in 8/9 LGG and in 5/6 HGG. FDG-
PET depicted hypermetabolic spots in
2/9 LGG and in 4/6 HGG. In 6
patients we observed an increased
intratumoural uptake of both tracers.
In 4 of them, the area of highest FET
accumulation in the tumour corre-
sponded to the focus of increased
FDG uptake. Conclusions: FET-PET
appears to be superior to FDG-PET
for biopsy planning in non-contrast-
enhancing brain tumours. FDG-PET
does not provide any additional
information in this issue.
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Introduction

The prognosis and further treatment of patients with
primary brain tumours depends on the grade of malig-
nancy. Because gliomas are heterogeneous and frequently
contain both anaplastic and low-grade parts, the correct
estimation of tumour grade by stereotactic biopsy can be
challenging. As the most malignant portion determines the
prognosis, it is fairly important not to miss a biopsy in this
part of the tumour. Final diagnosis and therapeutic

strategy is often misled when biopsy is taken from the
low-grade area [1, 2]. The current practice in glioma
surgery is that certain parts of the tumour are vaporized by
ultrasound aspirators. Thus, the histological diagnosis is
based on the investigation of specimens, selected by the
neurosurgeon, so that even in extensive tumours, only
small tissue fractions are available for neuropathological
review. Magnetic resonance imaging (MRI) using
enhancement with gadolinium-DTPA has evolved as the
standard diagnostic tool for assessing brain neoplasms due
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to its excellent soft tissue contrast [3]. However, MRI is of
limited value for tumour grading, for selection of a
representative biopsy site and for planning of tumour
resection [1, 4, 5]. From the clinical point of view,
planning of neurosurgical interventions is challenging,
especially in those patients who present with non-enhanc-
ing brain masses in the MRI, taking into consideration that
40 to 45% of these tumours contain anaplastic areas [6–9].

Positron emission tomography using 2-[18F]-fluoro-2-
deoxy-D-glucose (FDG-PET) was proposed as an alter-
native imaging method for targeting stereotactic biopsy
[10–13]. FDG-PET was shown to be useful in estimating
tumour grade and prognosis of gliomas, but has some
important limitations. The detection of hypo- or isometa-
bolic tumours is often hampered by the high glucose
metabolism in the cerebral cortex [14, 15]. Measures of
increasing the contrast between tumours and grey matter,
like delayed imaging [16] or scanning under hyper-
glycaemia [17], were proposed to improve the detect-
ability of gliomas by FDG-PET. However, the lack of
FDG accumulation in low-grade gliomas represents a
principal limitation of this tracer [14]. Moreover, our
previous study showed that 30% of malignant gliomas
fail to show an increased FDG uptake and some
oligodendrogliomas (WHO grade II) present with glucose
hypermetabolism [18]. PET using amino acid tracer 11С-
methionine (MET) was shown to be more useful than
FDG-PET for biopsy targeting of gliomas [14, 19–22].
The 11C-methionine, however, is of limited availability
due to the short physical half-life (20 min) of the 11C
isotope and can therefore be used only in a few PET
centres, equipped with a cyclotron. A synthetic amino acid
tracer O-(2-[18F]-fluoroethyl)-L-tyrosine (FET), which is
labelled with 18F (half-life, 110 min), represents a
reasonable alternative to 11C-MET [23, 24]. Although
FET is not incorporated into proteins, and its accumu-
lation only reflects amino acid transport, the uptake of
FET has been shown to be closely correlated with that of
11C-methionine [25]. A recent study by Pauleit et al.
showed a superior sensitivity of FET as compared to FDG
for providing biopsy targets in brain tumours [26]. From
the clinical point of view, planning of neurosurgical
interventions is especially challenging in those patients
who present with non-enhancing tumours in the MRI.
Therefore, in this prospective investigation we focused on
the comparative usefulness of FDG-PET and FET-PET for
biopsy guidance in these cases.

Material and methods

Patients

Included were 15 consecutive patients (nine females, six
males; mean age 44 years, range 26–65 years) with newly
diagnosed brain tumours (n=11) or suspected recurrence of
a known low-grade glioma after gross total resection (n=3)

or partial resection and radiotherapy (n=1), inwhom MRI
demonstrated no contrast enhancement. The inclusion
criterion was a Karnofsky index ≥70 (patients who at least
care for themselves, but are unable to perform normal
activity or active work). None of the patients received
steroid medication prior to surgery or had epileptic seizures
within 7 days prior to FDG-PET. Patient characteristics and
pretreatment data are given in Table 1. The institutional
ethics committee approved this study. Written informed
consent for the PET examinations was obtained from all
patients.

Methods

MR imaging

MR imaging of the skull was performed with the use of a
head coil at a 1.5-T system (1.5 T Signa, General
Electric, Milwaukee, USA, or 1.5 T Philips Gyroscan
ACS NT, Philips, Best, Holland) or a high-field MR
system at 3.0 T using the quadratic head coil (3.0 T
Signa, General Electric, Milwaukee, USA). T2-weighted
spin-echo sequences as well as T1-weighted magnet-
ization-prepared rapid-acquired gradient echoes
(MPRAGE) and fluid-attenuated inversion-recovery
sequences (FLAIR) were acquired. MPRAGE images
were obtained without and after intravenous application
of gadolinium-DTPA (Magnevist®, Schering AG, Berlin)
at a dose of 0.1 mmol/kg of body weight.

PET imaging

FDG- and FET-PETwere performed on separate days. The
time interval between the FET-PET and FDG-PET was
less than 4 weeks (less than 1 week in 8/15 cases). The
patients were on a low-protein diet for 12 h prior to FET-
PET investigation and fasted 12 h prior to FDG-PET.
Blood glucose levels on the day of FDG-PET were less
than 5.6 mmol/L in all cases. FDG-PET started after an
uptake phase of 60 min; FET-PET was performed 10 min
after tracer injection. For acquisition, the patients were
positioned in a dedicated positioning device for the head
with an additional cushion and bandages for fixation.

Five out of 15 FDG-PET investigations and 6/15 FET-
PET investigations were performed by using an ECAT-
EXACT 47 PET system (Siemens, Erlangen, Germany).
The administered activities of FDG and FET for mono-
PET measurements were 370 MBq and 250 MBq,
respectively. For attenuation correction, “hot” transmis-
sion data were measured for 10 min using a 68Ge/68 Ga
rod source. Thereafter, two-dimentional static emission
data were acquired for 30 min. PET images were
reconstructed by filtered back projection using a Hanning
filter (cut-off 0.4) into a 128×128 matrix using a zoom of
2. All subsequent PET data were obtained in three-
dimensional mode using a hybrid PET/CT system con-
sisting of a multislice CT and a full-ring PET system
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(Biograph 16 Siemens, Erlangen, Germany); the crystal
and block dimensions were equal to those of the ECAT-
EXACT detectors, but different detector materials were
used (LSO vs. BGO). Hence, intrinsic spatial resolution
can be expected to be comparable. The administered
activities of FDG and FET for PET/CT measurements
were 300 MBq and 200 MBq, respectively. An unen-
hanced CT image (detector collimation 16×1.5 mm; tube
current 100 mAs; tube voltage 120 kV; gantry rotation
time 0.8 s) covering the entire head was performed for
attenuation correction. Static PET data were acquired in
two bed positions (10 min per bed position) from the base
of the skull to the vertex. PET emission data were
reconstructed iteratively (OSEM algorithm, 6 iterations,
16 subsets) using a 128×128 matrix and a zoom of 2. For
both PET systems, reconstructed images were resliced to a
pixel slice of 2 mm and a plane separation of 2 mm.

Image fusion and data analysis

First, the 3D MRI data of each patient were transferred to
a Siemens LEONARDO workstation and fused with FET-
PET and FDG-PET data using the “3D volume viewer”.
The automatic fusion of PET and MRI data implemented
in this software package is based on rigid transformation
using normalized mutual information. The data analysis
and definition of biopsy target was performed by using
fused FET-PET, FDG-PET and MRI data. The region with
maximum FET and FDG uptake, the differences in FET
and FDG uptake, and relation of PET findings to signal
alterations in the MRI were estimated visually by an
experienced nuclear medicine physician (MP). In the case
of FET-PET, areas of abnormal FET uptake that was
higher than the surrounding non-tumour-affected brain
tissue were used for target selection. In the case of FDG-

PET, biopsy target was defined as the area of abnormal
FDG uptake that was higher than the surrounding white
matter or, in cortical or subcortical lesions, higher than the
adjacent grey matter. FET-PET was used for target
selection when there was no increased intratumoural
FDG uptake or when FDG uptake was not distinguishable
from the metabolic activity in the grey matter.

Stereotactic and neuronavigated biopsy

All surgery was performed by the same neurosurgeon
(FS). The target setting for biopsy took place in a
corporate setting (FS and MP). Tumour resection was
not indicated in five patients, so that serial stereotactic
biopsies from the area of maximum FET and/or FDG
uptake were performed by using the Riechert–Mundinger
head ring. For biopsy planning the MPRAGE and PET/
(PET/CT) data were transferred to the multiplanar trajec-
tory planning software and were fused with the CT or
MRI image (Stryker Stereotaxy, Kalamazoo, MI). The
frame-based stereotactic technique as used in our depart-
ment provides a high precision of less than 2-mm
deviation [27] resulting in a diagnostic accuracy of about
96% [28, 29].

Ten patients were candidates for primary tumour resec-
tion. MPRAGE MRI or CT data were fused with FDG- and
FET-PET data using the neuronavigation planning software
(Brainlab VectorVision2, Heimstätten, Germany). For target
setting, the region of maximum FDG and FET uptake was
marked and navigated biopsies were taken immediately after
opening of the dura in order to avoid brain shift after partial
tumour resection. The biopsy forceps (Decker Rongeurs,
Codman, Raynham, MA), providing 2×6 mm specimens,
were registered in the optical neuronavigation system as
previously described [30].

Table 1 Individual patient history and results of PET imaging

Patient
no.

Age
(years)

Sex Location Pretreatment FDG uptakea FET uptake Intervention Histology

1 32 F L FL Surgery + + TR O II
2 39 M R FL None − + TR A II
3 57 F L FL None − + TR A II
4 39 F L FL Surgery − + TR O II
5 30 F L FL/PL None + + TR A III
6 65 M R insula None − – TR A II
7 47 M L PL None + + Biopsy A III
8 29 F L FL None + + TR A III
9 46 M R insula and L FL None R insula and L FL − R insula and L FL + − Biopsy A III
10 54 F L FL None – + Biopsy A III
11 27 F L FL None – + TR O II
12 41 F R TL None – + Biopsy A II
13 55 M R FL/PL Ext rad – + Biopsy O II
14 42 M L FL Surgery – – TR A III
15 51 F R PL None + + TR A II

M male, F female, FL frontal lobe, TL temporal lobe, PL parietal lobe, OL occipital lobe, L left side, R right side, Ext rad external radiotherapy, R recurrence,
Chemo chemotherapy, TR neuronavigated tumour resection, A II astrocytoma WHO grade II, O II oligodendroglioma WHO grade II, A III anaplastic
astrocytoma WHO grade III, O III anaplastic oligodendroglioma WHO grade III
a FDG uptake is increased relative to the white matter
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In both the stereotactic and the neuronavigated proce-
dure, the neuropathologist performed frozen section
examinations of the specimens to ensure diagnostic
suitability of the material.

Finally, the remaining tumour bulk was investigated by
histology to assess whether any regions of increased
malignancy were present.

Results

PET-guided stereotactic biopsies were performed in five
patients and neuronavigated resections in 10 patients
(Figs. 1 and 2). Histology showed HGG (WHO grade
III) in 6/15 and LGG (WHO grade II) in 9/15 patients.
Investigation of the remaining tumour bulk did not reveal
any regions of higher malignancy. FET-PET showed an
increased intratumoural tracer uptake in 8/9 LGG and in 5/
6 HGG. FDG-PET depicted hypermetabolic foci in 2/9
LGG and in 4/6 HGG. Thus, FET-PET provided a biopsy
target in 13/15 patients (86%), whereas FDG-PET allowed
a target delineation in only 6/15 patients (40%). The
comparison of PET findings in relation to histology is
shown in Table 2. In six patients we observed an increased
intratumoural uptake of both tracers. In four of them, the

area of highest FET accumulation in the tumour corre-
sponded to the focus of increased FDG uptake. In another
patient with LGG, a focus of increased FDG uptake was
inside a more extensive area of a homogeneous FET
uptake. In one patient with HGG, FET-PET demonstrated
two tumour lesions (both detectable as “hot spots”), only
one of which showed an increased FDG uptake. Both
lesions were biopsied and verified as HGG by histology.
In two patients (one with LGG, another one with HGG),
neither FET-PET nor FDG-PET demonstrated an
increased tracer uptake. Tumours with increased FDG
uptake, but absent FET uptake were not observed.

Discussion

The feasibility of the FET-PET-guided stereotactic biopsy
or resection using FET-PET information was shown
previously [18, 23, 31, 32]. In the present study we
focused on non-contrast-enhancing brain tumours, since
biopsy targeting is particularly difficult in this subgroup
[5–7]. Our results showed that FET-PET is clearly
superior to FDG-PET for selecting of biopsy targets.
Indeed, in seven out of 15 studied patients the biopsy
targeting was based on the results of FET-PET only (FDG-

Fig. 1 A 29-year-old female patient (no. 8) with a non-contrast-
enhancing lesion in the left frontal lobe as shown by MRI (A). FET-
PET (C) and fused FET-PET/MRI images (B) demonstrate a focus
with increased amino acid uptake in the rostral part of the lesion (B,
C). On the FDG-PET image (E) and fused FDG-PET/MRI images

(D), a corresponding area of preserved intratumoural glucose
metabolism is detectable, although its differentiation from an
unaffected cortical area appears somewhat challenging. After PET-
guided tumour resection, an anaplastic astrocytoma (WHO grade
III) was diagnosed by histology

Fig. 2 A 39-year-old female patient (no. 4) presented with a recurrent
oligodendroglioma WHO grade II as a non-contrast-enhancing lesion
in the left frontal lobe on MRI (A). FET-PET (C) and fused FET-PET/
MRI images (B) show a circumscribed area of increased amino acid

uptake, whereas FDG-PET (E) detects a decreased glucose metabolism
in the lesion (D). FET-PET images were used for biopsy selection
during the neuronavigated tumour resection; histology confirmed an
oligodendroglioma WHO grade II
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PET was negative in all these cases, see Table 2).
Importantly, FDG-PET failed to detect a malignant area
in one of these seven patients. A low sensitivity of FDG-
PET for detection of malignant transformation of gliomas
was already demonstrated by our previous data [18]. As
shown by Pirotte et al. for MET [19], the areas with
highest FET and FDG uptake were concordant in tumours
(n=6), which showed an increased glucose metabolism
(Fig. 1). However, in one case (patient no. 9), FDG-PET
failed to detect the second tumour in another brain region.
Recently, Pauleit and co-workers [26] compared FDG-
PET and FET-PET in 52 patients with cerebral tumours. In
the subgroup of 43 glioma patients a focal maximum was
reported in 76% using FET and only 35% for FDG. These
findings are strongly in line with our results, with
diagnostic yield for FET and FDG of 86% and 40%,
respectively. In the subgroup of 28 non-enhancing brain
lesions the authors found nine high-grade gliomas of
WHO grade III or IV (32%), which again matches with
our observation of 40% high-grade gliomas. However,
some important differences between two studies are
noteworthy. First, in our setting FDG- and FET-PET
images were performed on separate days, which might be
advantageous from the theoretical point of view, as such a
study design excludes interference between the tracers.
The fact that our data confirm the results by Pauleit et al.
provides evidence that almost simultaneous images with
FDG and FET do not influence the results of each
individual tracer. The second and the most important
distinction is that in our investigation a strict protocol
implementing PET-guided stereotaxy or neuronavigation
ensured biopsies from regions with raised tracer uptake,
increasing the validity of our data. Finally, we could
confirm the previous data in a different institution, with a
different study protocol and patient set.

MET-PET has been evaluated for biopsy targeting more
thoroughly than FET-PET. Thus, Pirotte et al. showed that
integration of MET-PET in the procedure of stereotactic
biopsy allowed a PET-guided target selection in all 32
studied patients, whereas FDG-PET was of limited ability
to define a target, showing hypermetabolic lesions in only
14 patients of the same group [20]. Importantly, areas with
highest MET and FDG uptake were concordant in those
gliomas, which showed an increased glucose metabolism.
The value of MET-PET for targeting the biopsy is
supported by the results of Roessler et al. [33]: an
increased MET uptake was detected in 26 of 27 gliomas,

and allowed detection of anaplasia in five gliomas
showing no Gd enhancement in MRI. The uptake in
gliomas and the image contrast of FET appear to have
similarities to those of MET [25]. However, some differ-
ences between the tracers must be taken into consider-
ation. FET is not incorporated into proteins like MET and
its accumulation only reflects amino acid transport [24].
On the other hand, FET accumulates to a significantly
greater extent in tumour cells than in macrophages [34]
and, therefore, seems to reflect the tumour metabolism
more specifically than MET. Thus, the available data on
the clinical value of MET-PET for biopsy targeting in
gliomas cannot be transferred onto FET studies without
certain restrictions. In analogy to MET, FET exhibits a
variable uptake pattern in LGG, showing no increased
accumulation in approximately one-third of them [9].
Recently, we showed that FET uptake correlated with
vascular and tumour cell density in non-Gd-enhancing
gliomas [35]. Therefore, the FET-PET-based target setting
for biopsy may be impossible in tumours with low
cellularity and low neoangiogenesis rate, because of the
lack of intratumoural tracer uptake.

Use of membrane transport tracers [11C]-choline or
[18F]-choline represents an alternative approach for biopsy
targeting in brain tumours. Hara et al. evaluated feasibility
of using both tracers for PET-guided stereotactic biopsy
sampling and found an increased uptake of both tracers in
11/12 of histologically confirmed gliomas [36]. The
comparison of these tracers with FET and MET should
be a subject of further investigations. Other fluorinated
tracer compounds such as phenylalanine derivates 3-O-
methyl-6-[18F]-fluoro-DOPA (OMFD) and [18F]-dihy-
droxyphenylalanine (DOPA), cis-4-[18F]-fluoro-L-proline
(cis-FPro), nucleotide analogue 3′-deoxy-3′-[18F]-fluoro-
thymidine (FLT) or hypoxia tracer [18F]-fluoromisonida-
zole (FMISO) were proposed for brain tumour imaging
[37–41]. Until now, no data on their usefulness for the
biopsy planning were published. Out of these tracers,
phenylalanine derivates and FMISO seem promising and
worth being further evaluated. An important disadvantage
of cis-FPro and FLT is the dependence of their uptake on
blood–brain barrier (BBB) disruption, which limits its
utility for imaging of gliomas. Some authors advocate use
of SPECT with an unspecific tumour marker 201Tl for
biopsy planning in gliomas [42]. However, the value of
this method appears limited because of a low spatial
resolution of the SPECT technique and low specificity of
201Tl for tumour detection [43, 44].

Conclusion

FET-PET provides valuable complementary information
on metabolism of non-Gd-enhancing brain tumours,
allowing biopsy targeting in the majority of patients.
Because of a higher sensitivity in tumour detection, FET is
more suitable for target selection than FDG.

Table 2 Comparison of FDG-PET and FET-PET results

n=15 (9 LGG, 6 HGG) FDG + FDG −

FET + 2 LGG 6 LGG
4 HGGa 1 HGG

FET − _ 1 LGG
_ 1 HGG

The histological findings correspond to the maximum uptake. The specimens
were obtained either by neuronavigation or stereotactic biopsy
a One out of two foci FDG −
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