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Abstract
Purpose Since differentiation between low-grade glioma
(LGG) and high-grade glioma (HGG) remains challenging
according to MRI criteria alone, we investigated the discrim-
inative value of additional dynamic FET PET in patients with
MRI-suspected LGG.
Methods Included in this retrospective study were 127
patients with newly diagnosed MRI-suspected LGG and
dynamic FET PET prior to histopathological assessment.
FET PET lesions were visually classified as having reduced,
normal, or increased tracer uptake. Maximal tumour uptake
scaled to the mean background uptake (SUVmax/BG), mean
tumour uptake (SUVmean/BG), biological tumour volume
and kinetics were evaluated and correlated with individual
histopathological findings.

Results Histopathological analysis revealed 71 patients with
LGG, 47 patients with HGG (including 5 glioblastoma
multiforme), 2 patients with low-grade ganglioglioma and
7 patients with non-neoplastic lesions. Of the 127 patients,
97 had lesions with increased FET uptake, of which 93 were
neoplastic. Increased uptake was found in 49/71 LGG
(69 %) and 42/47 HGG (89 %). None of the conventional
uptake parameters differed significantly between the HGG
and LGG groups. Kinetic analysis reliably identified HGG
(sensitivity 95 %, specificity 72 %, PPV 74 %, NPV 95 %).
Normal tracer uptake was observed in 19 patients (15 with
LGG, 1 with HGG and 3 with non-neoplastic lesions)
and reduced uptake in 11 patients (7 with LGG and 4 with
HGG).
Conclusion Among the MRI-suspected LGG, kinetic but
not conventional analysis of FET uptake enabled remark-
ably high sensitivity for detection of HGG. This held true
even for lesions with low or diffuse tracer uptake. Lesions
with reduced tracer uptake must be interpreted with caution,
as they can also harbour HGG tissue.

Keywords Non-contrast-enhancing brain lesions . FET
PET . Kinetic analysis . Non-invasive grading

Introduction

The optimal clinical management of a newly diagnosed
glioma is highly dependent on accurate assessment of the
tumour malignancy. Initial differentiation between low-
grade glioma (LGG) and high-grade glioma (HGG) is usu-
ally based on MRI findings, especially on leakage of the
blood–brain barrier (BBB) as defined by the presence of
contrast enhancement. However, this diagnostic technique
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lacks accuracy in the non-invasive assessment of tumour
grading as about 40–45 % of non-enhancing MR lesions are
found subsequently to be malignant glioma [1–4].

In recent years, metabolic imaging by PET with the
amino acid analogue [18F]fluoroethyltyrosine (FET) has
gained increasing importance in the imaging of glioma.
FET PET is of proven utility in treatment planning and
therapy monitoring [5–8], and has furthermore been deemed
to be useful for tumour grading [9–11]. The latter, however,
is still a matter of controversy, and dynamic FET PET
analysis has been suggested to be superior to conventional
FET PET analysis. Although promising, the time-consuming
dynamic method is not yet widely used, and the observations
on tumour grading with dynamic FET PET were based on
relatively small cohorts, which furthermore included patients
with contrast-enhancing as well as non-contrast-enhancing
lesions [9, 10].

In another study focusing on patients with non-contrast-
enhancing brain lesions only, kinetic analysis of FET uptake
was correlated with histopathological findings and proved to
be particularly useful for the delineation of “hot spots”,
representing the most malignant parts of heterogeneous
gliomas [12], which are the optimal targets for stereotactic
biopsy. However, a systematic evaluation of dynamic FET
PET including lesions without or with only low FET uptake
for non-invasive prediction of malignancy in patients with
MRI-suspected LGG has not yet been performed.

The aim of this study was to determine the informative
value and reliability of dynamic FET PET in a large cohort
of patients presenting with non-contrast-enhancing MRI
lesions suspicious for LGG. We also intended to identify
key parameters for differentiation between LGG and HGG,
and to obtain a more detailed quantitative assessment of the
a priori reliability of dynamic FET PET for tumour detection
and grading than has hitherto been available.

Patients and methods

Inclusion criteria

For this retrospectively designed single-centre study all
patients who had received FET PET scans prior to neuro-
surgical intervention during the years 2005 to 2010 were
identified. Inclusion criteria consisted of diagnosis of a brain
lesion suspicious for LGG based on MRI findings (see
section Magnetic resonance imaging). Those patients who
had undergone previous interventions such as stereotactic
biopsy or microsurgery, as well as chemo- and/or radiother-
apy, were excluded from the study. MRI scans were per-
formed at the Department of Neuroradiology, FET PET
scans at the Department of Nuclear Medicine, neurosurgical
interventions at the Department of Neurological Surgery and

histopathological evaluation at the Institute of Neuropathol-
ogy of Ludwig-Maximilians University of Munich.

Magnetic resonance imaging

MRI scans were performed with either a 1.5-T (Magnetom
Symphony; Siemens, Erlangen, Germany) or a 3.0-T (Signa
HDx, 3T; GE Healthcare, Milwaukee, WI) magnet. The
MRI protocols for both scanners included acquisition of
axial T2-weighted sequences with a slice thickness of
2 mm, and 3-D T1-weighted sequences with a slice thick-
ness of 1 mm before and after intravenous administration of
0.1 mmol/kg gadobenate dimeglumine contrast agent (Gd-
BOPTA, MultiHance; BraccoImaging, Milan, Italy). Images
were interpreted by an experienced neuroradiologist using a
PACS workstation (Sienet Magic View 1000; Siemens). The
MRI-based criteria for World Health Organization (WHO)
grade II gliomas are (1) no contrast enhancement, (2)
hyperintense signal on T2-weighted sequences, (3) hypoin-
tense signal on T1-weighted sequences, and (4) no evidence
of haemorrhage or necrosis. The neuroradiologist was
blinded to the histopathological results in all cases.

FET PET image acquisition and assessment

In order to obtain standardized metabolic conditions, all
patients fasted for a minimum of 6 h prior to PET scanning.
PET data were acquired with a Siemens ECAT EXACT HR+
scanner. Following a 15-min transmission scan with a 68Ge
rotating rod source, approximately 180 MBq [18F]FET was
injected as a slow intravenous bolus. A 40-min dynamic
emission recording in 3-D mode consisting of 16 frames was
started on tracer injection. Images corrected for attenuation
and scatter were reconstructed by filtered back-projection
using a 5-mmHann filter. For further evaluation, images were
transferred to a Hermes workstation (Hermes Medical
Solutions, Stockholm, Sweden).

For conventional semiquantitative evaluation, the maxi-
mal FET uptake (SUVmax) in the tumour was determined on
a summation image (20–40 min after injection), and scaled
to the mean background uptake (SUVmax/BG) in a large
region of the healthy contralateral hemisphere. In a first
visual analysis, tumours were categorized as (1) lesions with
reduced uptake compared to that of healthy brain tissue, (2)
lesions with uptake equal to that of healthy brain tissue
(“normal” uptake), and (3) lesions with uptake exceeding
the cortical background (“FET-positive”). For further char-
acterization, the uptake pattern of FET-positive lesions was
classified visually as diffuse, focal/compact or inhomoge-
neous (mixed form with diffuse as well as focal elements).
The volume of increased FET uptake was determined by
means of a semiautomatic threshold-based calculation
(SUVmax/BG ≥1.8) in order to estimate the biological tumour
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volume (BTV). Finally, the mean FET uptake corrected for
BG (SUVmean/BG) within the BTV was calculated.

Dynamic PET data were evaluated as described previ-
ously [2]. In brief, a 90 % isocontour threshold region of
interest was automatically defined on each slice of the
summation image (10–30 min after injection) with suspi-
cious uptake. Each region of interest was applied to the
dynamic PET data in order to extract the time–activity
curves (TAC) for kinetic analysis.

Stereotactic biopsies, microsurgical resections
and histological evaluation

Collection of serial stereotactic biopsies was indicated in
patients with suspected de-novo glioma, a tumour located in
an eloquent brain region and significant comorbidities. In
brief, the biopsies were performed using a modified Riechert
head ring (Freiburg, Germany). A workstation capable of
multiplanar trajectory planning was employed to determine
the best trajectory for biopsy, based on coregistration of CT
(2-mm contrast-enhanced axial images), MRI (2-mm T1-
weighted gadolinium-enhanced and 2-mm T2-weighted axial
images) and FET PET data (i-plan stereotaxy; BrainLab,
Heimstetten, Germany). Microsurgical resections were per-
formed by experienced neurosurgeons using modern neuro-
surgical equipment including neuronavigation with MRI and
PET image fusion (BrainLab) and intraoperative ultrasound if
indicated. Histological classification and tumour grading were
performed according to the WHO guidelines current at the
respective date of histopathological assessment.

Statistical analysis

SPSS for Windows (version 17.0; SPSS, Chicago, IL) was
used for statistical calculations. Individual results for the PET
parameters described above were correlated with the histo-
pathological results using the Mann-Whitney-U-test. The chi-
squared test was used to evaluate the significance of differ-
ences in FET kinetics and uptake patterns. Continuous param-
eters are reported as means ± standard deviation and range.
Statistical significance was defined as p-values ≤0.05. Sensi-
tivity, specificity, positive predictive value (PPV) and negative
predictive value (NPV) were calculated for LGG and HGG.

Results

Study population

Included in this study were 127 patients (72 men) with MRI-
suspected de novo intracranial LGG. The mean age at the
time of PET scanning was 45.7±14.2 years. FET PET scans
and histopathological evaluation were successfully performed

in all patients, stereotactic biopsy was performed in 111
patients (87.4 %), and 16 patients (12.6 %) were referred for
surgical resection.

Histology and WHO grading

Histological analyses revealed 4 patients with a WHO grade I
tumour (3.1 %; 3 pilocytic astrocytoma, 1 ganglioglioma), 69
with a grade II tumour (54.3 %; 1 ganglioglioma, 52 diffuse
astrocytoma, 11 oligoastrocytoma, 5 oligodendroglioma), 42
with a grade III tumour (33.1 %; 35 anaplastic astrocytoma, 7
anaplastic oligoastrocytoma) and 5 with a grade IV tumour
(3.9 %; 5 glioblastoma multiforme). Of the 7 remaining
patients (5.5 %) in whom no tumour was detected, 5 received
a histopathological diagnosis of reactive astrocytosis or
gliosis, or cortical dysplasia (1 patient) and multiple sclerosis
(1 patient). These findings are summarized in Table 1.

FET PET evaluation

Of the entire group of 127 patients, 97 (76.4 %) presented
with FET uptake exceeding the cortical level (FET-positive
lesion), 19 (14.9 %) had normal tracer uptake and 11 (8.7 %)
showed reduced uptake (Table 2).

Lesions with normal FET uptake

Among the 19 patients with normal FET uptake, histopatho-
logical analysis showed 15with LGG (14 diffuse astrocytoma,
1 oligoastrocytoma), 1 with HGG (anaplastic oligoastrocy-
toma) and 3 without proof of tumour tissue. Here, the histo-
pathological diagnoses were cortical dysplasia (1 patient) and
reactive changes of brain tissue without signs of neoplasia (2
patients). The NPV of normal FET PET in this setting was
15.8 % (Table 2).

Lesions with altered (reduced or increased) FET uptake

Among the 11 patients with reduced FET uptake, histopath-
ological analysis revealed neoplastic lesions in all patients
(7 diffuse astrocytoma, 4 anaplastic astrocytoma). Among
the 97 patients with increased FET uptake, histopathological
analysis revealed 51 with low-grade tumours, 42 with high-
grade tumours and 4 with nontumoral lesions (3 reactive
astrocytosis, 1 multiple sclerosis). Overall, in 104 of 108
patients with altered uptake, the uptake was associated with
a neoplastic lesion. The PPV of pathological FET PET was
96.3 % (Table 2).

FET uptake in low-grade gliomas

FET PET was positive in 49 of 71 patients (69.0 %) with
LGG. The proportion of FET-positive LGG was notably
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higher among patients with oligodendroglial tumours (15/
16; 93.8 %) compared to that among patients with pure
astrocytoma (34/55; 61.8 %). Of the 71 patients with
LGG, 15 (21.1 %) showed normal uptake, and 7 (9.9 %)
showed reduced uptake (Table 2). FET PET had a sensitivity
of 78.9 % for the detection of LGG when considering the
pathological FET findings together (increased and reduced
uptake), as compared to 69.0 % for positive findings only.

FET uptake in high-grade gliomas

Among the patients with HGG, FET PETwas positive in all 5
with glioblastoma and in 37 of 42 with anaplastic glioma
(88.1 %) (Table 2). Among the remaining patients with ana-
plastic glioma, four showed reduced FET uptake, and a single
patient showed normal FETuptake. FET PET had a sensitivity
of 97.9 % for the detection of HGG when considering the
pathological FET findings together (increased and reduced
uptake), as compared to 89.4 % for positive findings only.

Comparison of FET-positive LGG and HGG

Detailed PET characteristics in the different WHO groups
are shown in Table 2. Of the 97 FET-positive lesions, 27
showed diffuse uptake, 51 showed focal uptake, and 19
showed inhomogeneous uptake including diffuse and fo-
cal components. No significant differences in FET uptake
pattern were found between LGG and HGG. Mean up-
take parameters for HGG tended to exceed those for
LGG, specifically 3.1 vs. 2.7 for SUVmax/BG, 12.1 ml
vs. 7.2 ml for BTV, and 2.2 vs. 2.1 for SUVmean/BG, but
these differences were not statistically significant. The
interindividual variability in SUVmax/BG by WHO group
was very high, ranging from 1.4 to 5.4 in LGG and from
1.6 to 7.0 in HGG (Fig. 1), such that no reliable cut-off
value could be identified. Interestingly, upon excluding
the oligodendroglial tumours, the difference between as-
trocytic HGG and LGG reached statistical significance
(3.1 vs. 2.4, p<0.05).

Table 1 Histopathological results of the MRI-suspected LGG are presented with the respective proportion of FET-positive lesions, the SUVmax/BG
(mean ± standard deviation and range), and number of patients with increasing or decreasing TACs of FET-positive lesions

All, n FET-positive, n (%) SUVmax/BG, mean ± SD (range) TACs

Increasing Decreasing Not available

Low-grade tumours 73 51 (70) 2.7±1.0 (1.4–5.4) 34 14 3

Astrocytoma grade I 3 3 (100) 2.0±0.4 (1.7–2.4) 1 – 2

Ganglioglioma grade I 1 1 (100) 3.6a – 1 –

Ganglioglioma grade II 1 1 (100) 3.5a 1 – –

Astrocytoma grade II 52 31 (60) 2.5±0.9 (1.4–5.4) 24 6 1

Oligoastrocytoma grade II 11 10 (91) 3.3±1.0 (2.0–4.7) 7 3 –

Oligodendroglioma grade II 5 5 (100) 3.0±1.3 (1.7–5.2) 1 4 –

High-grade tumours 47 42 (89) 3.1±1.2 (1.6–7.0) 2 40 –

Astrocytoma grade III 35 31 (89) 2.9±1.0 (1.6–5.3) 2 29 –

Oligoastrocytoma grade III 7 6 (86) 3.2±0.8 (2.3–4.6) – 6 –

Glioblastoma grade IV 5 5 (100) 3.8±2.1 (2.1–7.0) – 5 –

Other 7 4 (57) 1.7±0.3 (1.5–2.1) 2 – 2

Reactive astrogliosis 5 3 (60) 1.8±0.3 (1.5–2.1) 2 – 1

Cortical dysplasia 1 0 (0) – – – –

Multiple sclerosis 1 1 (100) 1.5a – – 1

a Standard deviation and range not available (n01).

Table 2 Overview of the
FET PET uptake pattern in
relation to tumour grade
(low- or high-grade tumours
or non-neoplastic lesions)

Uptake pattern All Low-grade tumours High-grade tumours Non-neoplastic lesions

Normal 19 15 1 3

Reduced 11 7 4 –

Increased 97 51 42 4

Diffuse 27 15 9 3

Focal 51 27 23 1

Inhomogeneous 19 9 10 –
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Kinetic analysis of FET-positive gliomas revealed de-
creasing TACs in 40 of 42 HGG (95.2 %; Figs. 2 and 3)
and increasing TACs in 33 of 46 LGG (71.7 %). Among
the 49 patients with FET-positive LGG, 13 (26.5 %) of
the tumours (6 diffuse astrocytoma, 4 oligodendroglioma
and 3 mixed oligoastrocytoma) exhibited decreasing
TACs, despite their low-grade status. Thus, the occur-
rence of decreasing TACs had a PPV of only 74.1 %
for detecting HGG, whereas the occurrence of increasing
TACs had a NPV of 94.7 %. Among the 13 patients with
false-positive FET PET findings, 9 showed a focal up-
take pattern and two each showed a diffuse or inhomo-
geneous pattern. The two false-negative lesions exhibited
focal uptake.

Discussion

In recent years, metabolic imaging with positron-emitting
amino acid derivatives has emerged as a powerful comple-
mentary tool for the detection and treatment of gliomas
[13–23]. Whereas the use of [methyl-11C]-L-methionine
has a relatively long history [24], its widespread clinical
use is hindered by the requirement for an on-site cyclotron,
and it has consequently been largely supplanted by FET and
other 18F-labelled amino acids [25–28]. Indeed, FET PET
has been reported to be useful in diverse clinical oncology
settings, notably for biopsy planning [12, 17, 29], treatment
planning [8, 30–32], treatment monitoring, and for differen-
tiation between benign therapy-induced changes and tumour
recurrence [5–7, 33–35].

In addition, FET PET also provides clinically useful
information for differential diagnosis of newly detected
brain lesions, for prognostic evaluation, and for noninvasive
tumour grading [10, 11, 36–39]. Whereas most studies have
focused on the analysis of static FET uptake images, an
additional analysis of FET kinetics has enabled more accu-
rate tumour grading of newly diagnosed as well as recurrent
gliomas in individual patients [9, 10]. This approach has
been extended further in a study of FET hot spots which
represent the most malignant regions of heterogeneous gli-
omas, and which are delineated with high accuracy through
dynamic FET PET kinetic analysis [12]. These findings
emphasize the value of dynamic FET PET for optimal target
selection in the planning of stereotactic biopsy.

However, in this latter setting of MRI-suspected LGG,
the value of dynamic FET PET might not be limited to
planning of stereotactic biopsy, which is not performed at
all neurosurgical centres. Especially in this setting, a reliable
tool for noninvasive tumour grading would be of the utmost
utility, since a notable percentage of brain lesions suspicious

Fig. 1 SUVmax/BG values in HGG and LGG. There is considerable
overlap between the two groups so that no discriminative cut-off value
could be found

Fig. 2 Representative a contrast-enhanced T1-weighted and b T2-
weighted MR images suggest the presence of a LGG in the right
temporal lobe. While the coregistered conventional PET image c shows

diffuse FET uptake typical of LGG tissue, the kinetic analysis of FET-
washout d indicates high-grade tumour tissue. Subsequent histopatho-
logical evaluation revealed a glioblastoma multiforme
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for LGG according to MRI criteria prove to be malignant
upon histological examination [1–4], and early knowledge
of malignancy is extremely helpful in achieving optimized
patient management. However, previous studies showing
superior predictive value of FET kinetics in tumour grading
were conducted in relatively small groups of patients with
both contrast-enhancing and non-enhancing lesions [9, 10],
or focused on the relationship between FET kinetics and
histological results in order to evaluate the distribution
of kinetic and histopathological landscapes without fur-
ther information on the FET uptake values or the uptake
patterns [12].

Therefore, we elected to assess the informative value of
dynamic FET PET and the reliability of kinetic analysis for
tumour grading in a larger group of patients with MRI-
suspected LGG, with the aim of estimating a priori proba-
bilities for the presence of HGG. We also sought to deter-
mine the utility of FET kinetics in the interpretation of
lesions with low or diffuse uptake, which can be formally
ambiguous unless the full dynamics of tracer uptake and
washout are known.

In the present study, more than one-third of our
patients proved to have HGG, despite the lack of contrast
enhancement on MRI, as also reported in several previous
studies [1, 3]. More surprisingly, five of our patients
were diagnosed with glioblastoma multiforme, thus
stressing that evaluation of MRI alone is not sufficient
for accurate tumour grading. We found that the neoplastic
lesions in the great majority patients in this study showed
positive FET uptake, although in 13 % of the patients the
lesions showed normal uptake and in 9 % the lesions
actually had reduced uptake. Interestingly, the lesions
with reduced uptake were invariably associated with neo-
plastic histology, including both diffuse and anaplastic
astrocytomas. However, the regions of reduced uptake

were not associated with necrosis; any finding of necrosis
on MRI had been an exclusion criterion, and there were
in fact no histologically verified findings of necrotic
tissue in the lesions with reduced FET uptake. Thus,
the pathophysiological mechanisms leading to decreased
FET uptake in certain gliomas remain to be explained,
and further molecular and histological investigations
would seem to be justified. For the present, we can
conclude that not only increased but also reduced FET
uptake, i.e. below background, must be considered a
pathological finding, and indicates a considerable risk
that high-grade tumour tissue is present.

In more than four-fifths of our patients (16/19) with a
lesion showing normal FET uptake, the presence of neo-
plasia was proven through histology. Of all but 1 of these
16 patients, the lesion was graded as LGG. Our conven-
tional PET analysis found increased FET uptake in the
tumours of only 69 % of the entire group of 71 patients
with LGG, a proportion nearly identical to that reported in
an earlier FET PET study from another research group
[39]. Notably, we found that almost two-thirds of pure
astrocytic LGG showed FET uptake above background,
whereas nearly every oligodendroglial LGG had increased
uptake. Hence, this study revealed that the sensitivity of
FET PET for detecting LGG, although considerably
higher than that reported for FDG PET [40], still falls
short of providing definitive exclusion of glioma tissue,
especially in astrocytic LGG.

FET PET uptake was pathologically increased in 42/47
patients (89 %) with HGG. Although the values of
SUVmax/BG, BTV and SUVmean/BG were all higher in
HGG than in FET-positive LGG, there were no significant
differences between the mean HGG and LGG values for the
three parameters derived from static FET images. Upon
excluding the oligodendroglial tumours, the differences

Fig. 3 Representative a contrast-enhanced T1-weighted and b T2-
weighted MR images show the absence of contrast enhancement (a)
and a hyperintense lesion (b) in the left frontal cortex. While the
coregistered conventional PET image c shows high focal FET uptake,

suggesting malignant glioma, increasing TAC in the kinetic analysis d
indicates low-grade tumour tissue. Subsequent histopathological eval-
uation revealed a WHO grade II glioma
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between astrocytic LGG and HGG reached statistical sig-
nificance. However, this latter finding does not enable non-
invasive tumour grading in the individual patient without
knowledge of the histopathological classification. Fur-
thermore, tumour grading by conventional PET analysis
was doubtlessly hampered by the occurrence of high
interindividual variability in FET uptake and a large
overlap between the appearance of FET PET images in
LGG and HGG. This phenomenon has also been noted
in previous FET PET studies of newly diagnosed glio-
mas with and without contrast enhancement [10, 11].
Surprisingly, we failed to find different incidences of
diffuse, focal or heterogeneous uptake in the LGG and
HGG, and therefore could not accurately predict tumour
grading on the basis of visual assessment.

The most important factor for the differentiation of LGG
and HGG proved to be the analysis of FET kinetics. We
have previously described this approach in smaller patient
cohorts with untreated or recurrent glioma [9, 10], which
included patients with contrast enhancing lesions suspicious
for HGG. In the earlier reports of FET kinetics we found
increasing TACs in LGG patients, whereas HGG patients
were characterized by decreasing TACs. The pathophysio-
logical mechanisms resulting in different kinetic behaviours
of LGG and HGG are still not fully clarified. Phenomena
such as higher regional blood volume due to hypervascula-
rization, increased angiogenesis and higher intratumoral
microvessel density as well as the facilitated bidirectional
amino acid transport have been suggested to influence the
TACs as a result of high FET uptake in the early scan phase
and rapid wash-out of intracellularly accumulated unmetab-
olized FET in HGG [9, 10]. In addition, disruption of the
BBB has been considered a factor in the faster decrease in
the TACs in HGG since it eases the passive back-diffusion
of unbound FET [11]. Interestingly, in the present study with
a focus on non-contrast-enhancing lesions, we found the
same high sensitivity for detecting HGG as in the previous
studies of cohorts with largely contrast-enhancing lesions.
Since the BBB is disrupted only in patients with contrast-
enhancing lesions, we can conclude that the slope of the
FET TACs must be dependent on factors other than BBB
integrity.

On the basis of decreasing TACs, our kinetic analysis
identified HGG with a sensitivity of 95 %. It is a matter of
particular interest that this very high sensitivity applied
equally to the lesions with only low or diffuse uptake
patterns in static images (Figs. 2 and 3). Consequently, we
stress that FET kinetics can identify as HGG lesions that
might otherwise not have been suspected of harbouring
malignant tumour tissue. On the other hand, the presence
of increasing TACs indicated LGG with high accuracy.
Specifically, the NPV for identifying lesions with increasing
TACs as HGG was 95 %. In contrast, the corresponding

PPV for identifying lesions with a decreasing TACs as HGG
was only 74 %. Here, it should be noted that half of the
false-positive lesions histologically showed oligodendrogli-
al components, in agreement with findings of another ongo-
ing FET PET investigation, in which we observed a high
false-positive rate in oligoastrocytomas and oligodendro-
gliomas. The rapid FET washout seen in many in oligoden-
drogliomas could be due to effects of blood flow, which
tends to be higher in this tumour type than in astrocytomas
[41, 42]. Considering the other false-positive lesions in our
study, one patient progressed from diffuse astrocytoma to
glioblastoma multiforme in only 10 months, and another
patient showed remarkably high proliferative activity by
Ki67 histology of 8 % despite a diagnosis of WHO grade
II astrocytoma. Also, one of the patients with ganglioglioma
(WHO grade I) and decreasing TACs progressed to ganglio-
sarcoma (WHO grade IV) within 1.5 years. These findings
imply that decreasing FET kinetics in low-grade tumours
might represent an unfavourable prognostic factor, an in-
triguing notion which remains to be investigated in future
prospective studies.

Notwithstanding the very high sensitivity of FET for
detecting HGG, we do note that 4 of 97 FET-positive lesions
were found to be non-neoplastic, indicating that increased
FET uptake is not absolutely specific for neoplasia. Al-
though FET generally exhibits only low uptake in most
inflammatory cell types [43, 44], FET uptake may be en-
hanced in the presence of activated microglia and/or reactive
astrocytes. This association is evident through the increased
uptake seen in demyelinating lesions, brain abscesses, and
ischaemic lesions [36, 39, 45, 46].

Conclusion

In the setting of newly diagnosed MRI-suspected LGG,
positive FET PET provides an admirably high PPV (96 %)
for the detection of neoplastic lesions. Whereas convention-
al FET PET analysis (uptake values and uptake pattern)
failed to differentiate accurately between LGG and HGG,
kinetic analysis showed that lesions with increasing TACs
are most likely nonmalignant (NPV 95 %), and lesions with
decreasing TACs are usually HGG (PPV 74 %). The sensi-
tivity of kinetic analysis for identification of HGG (95 %)
was equally high in lesions with only low or diffuse tracer
uptake. Lesions with reduced tracer uptake must be inter-
preted with caution, as they can even be HGG, whereas a
normal FET PET scan seems to bear the lowest risk for
presence of HGG.
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