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Abstract

Purpose Positron emission tomography (PET) using
0-(2-'®F-fluoroethyl)-L-tyrosine ('*F-FET) is a well-
established method for the diagnostics of brain tumors. This
study investigates reproducibility of '*F-FET uptake kinetics
in rat gliomas and the influence of the frequently used dexa-
methasone (Dex) therapy.

Methods F98 glioma or 9L gliosarcoma cells were implanted
into the striatum of 31 Fischer rats. After 10-11 days of tumor
growth, the animals underwent dynamic PET after injection of
'"E_FET (baseline). Thereafter, animals were divided into a
control group and a group receiving Dex injections, and all
animals were reinvestigated 2 days later. Tumor-to-brain ratios
(TBR) of '"®F-FET uptake (18-61 min p.i.) and the slope of the
time-activity-curves (TAC) (18—61 min p.i.) were evaluated
using a Volume-of-Interest (VOI) analysis. Data were
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analyzed by two-way repeated measures ANOVA and repro-
ducibility by the intraclass correlation coefficient (ICC).
Results The slope of the tumor TACs showed high reproduc-
ibility with an ICC of 0.93. A systematic increase of the TBR
in the repeated scans was noted (3.7£2.8 %; p<0.01), and
appeared to be related to tumor growth as indicated by a sig-
nificant correlation of TBR and tumor volume (=0.77; p<
0.0001). After correction for tumor growth TBR showed high
longitudinal stability with an ICC of 0.84. Dex treatment in-
duced a significant decrease of the TBR (—8.2+6.1 %; p<
0.03), but did not influence the slope of the tumor TAC.
Conclusion TBR of '"®F-FET uptake and tracer kinetics in
brain tumors showed high longitudinal stability. Dex therapy
may induce a minor decrease of the TBR; this needs further
investigation.

Keywords PET - Brain tumors -
O-(2-["*F]fluoroethyl)-L-tyrosine (FET) - Reproducibility -
Dexamethasone treatment - Rat glioma model

Introduction

Positron emission tomography (PET) using the amino acid
O-(2-'®F-fluoroethyl)-L-tyrosine ('*F-FET) is a rapidly
spreading method for brain tumor diagnostics due to logistic
advantages of F-18 labelling (half-life 109.8 min) compared
with L-[methyl-''C]-methionine (''C-MET) PET [1-4].
Multiple studies have proven the clinical value of '*F-FET
PET to determine the extent of cerebral gliomas for treatment
planning, biopsy guidance, detection of tumor recurrences,
prognosis, and treatment monitoring [5—11]. Furthermore, dy-
namic 'F-FET PET may provide additional information
about the grading of gliomas [12—15]. Thus, continuously
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increasing '*F-FET uptake is a typical finding in low-grade
gliomas, while kinetics with an early peak of '*F-FET uptake
within the first 20 min after injection followed by a washout
indicates a high-grade glioma.

Data on the reproducibility of radiolabeled amino acid up-
take in tumors are rare. A recent study demonstrated accept-
able reproducibility of anti-1-amino-3-'*F-fluorocyclobutane-
1-carboxylic acid uptake in prostate cancer, but the time inter-
val between the studies in that retrospective study was variable
[16]. Using the tyrosine analogue '*I-iodo-x-methyltyrosine,
a maximal deviation of the tumor-to-brain ratio (TBR) of 5 %
has been observed in repeated studies before and after infusion
of competing amino acids, indicating that the TBR of amino
acid uptake in gliomas is a rather stable parameter [17].
Previous studies have assumed changes of the TBR of '°F-
FET uptake during therapy monitoring of more than 10 % as
significant [18]. Up to now, the reproducibility of '*F-FET
kinetics, however, has not yet been assessed.

Another important aspect in repeated '*F-FET PET scans of
brain tumors is the potential influence of dexamethasone (Dex)
treatment on tracer uptake. Dex treatment is the current stan-
dard therapy for patients suffering from brain edema, as it rap-
idly restores brain homeostasis and the integrity of the blood-
brain barrier (BBB), and thus reduces symptoms [19, 20]. A
previous study reported that corticosteroid treatment moderate-
ly reduced "'C-MET uptake in high-grade gliomas [21].

The purpose of this experimental study was to investigate
the reproducibility of '*F-FET uptake and tracer kinetics in
two different rat glioma models, and in addition, to explore the
influence of Dex therapy.

Materials and methods
Animals

Thirty-one male Fischer-344 rats (Charles River Laboratories),
weighing between 250 and 310 g were included in this study.
The animals were kept under standard housing conditions with
free access to food and water. In all animals, the presence of a
brain tumor was verified by histological staining after comple-
tion of the PET studies. All animal experiments were carried
out in conformance with the German Protection of Animals Act
and with a permit from the local Animal Protection Committee.

Cell culture and tumor inoculation

F98 cells (ATCC® # CRL-2397™; LGC Standards GmbH) were
cultured as described previously [22]. 9L cells (ECACC GS-9L)
were cultured in minimum essential medium Eagle (MEM) sup-
plemented with 10 % FCS, Pen/Strep, glutamate and 1 % non-
essential amino acids (NEAA). At confluence of ~95 %, cells
were prepared for inoculation: cells were washed twice with PBS
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and detached by incubating with trypsin/EDTA for ~5 min. F98
and 9L cells were resolved in growth medium to a concentration
of 30,000 cells/5 pl and 65,000 cells/S wl, respectively.

F98 and 9L rat glioma cells were stereotactically implanted
into the right basal ganglia under anesthesia as described pre-
viously [23]. F98 tumors were allowed to grow for 11 days (d)
and 9L tumors for 10 days prior to the first PET scan. This
period was found to be optimal for the respective tumor model
in order to obtain sufficient tumor size for PET measurements
without the animals suffering from major neurological deficits.

Grouping and Dex treatment

Rats were grouped to test the stability of '*F-FET accumula-
tion (F98 glioma: n=10; 9L gliosarcoma: n=8) on the one
hand, and influence of Dex treatment (F98: n=6; 9L: n=7)
on the other. For testing reproducibility or longitudinal stabil-
ity, respectively, rats underwent baseline and control FET PET
scans in intervals of 48 h without intermediate treatment. To
test the influence of treatment with Dex, rats were injected
intraperitoneally (i.p.) with a dose of 8 mg/kg Dex (Dexa
8 mg inject, Jenapharm®, mibe GmbH). Dosage of Dex was
based on previous literature [24]. Dex was applied immedi-
ately after baseline '*F-FET PET, followed by two further
injections of 4 mg/kg Dex i.p. after 24 and 48 h. Control
"E_FET PET was done 90 min after the last Dex application.

PET studies

At the time of the PET scans, the rats had fasted for at least 12—
16 h. After isoflurane anaesthetization, a venous catheter was
inserted into one tail vein and fixed to the rat’s tail with super-
glue. The rats were positioned in the field-of-view of the small
animal Siemens INVEON scanner (Siemens-CTI) [25]. Body
temperature was maintained at 37.8+£0.3 °C with an infrared
lamp. Breathing rate was controlled with a pressure sensitive
pad positioned under the rats and was regulated between 48
and 55 bpm. '"®F-FET was synthesized in-house as described
elsewhere with a specific radioactivity of >200 GBq/umol
[26]. After a transmission scan (10-20 min), dynamic data
acquisition was performed in three-dimensional (3D) list
mode for 61 min starting with injection of 40+3 MBq '°F-
FET in saline into the tail vein (bolus injection of 0.5 ml in
1 min). Emission data were framed into a dynamic sequence
of 6x10s,5%60s, 5%3 min, 10x4 min frames. Filtered back-
projection (Ramp filter, cutoff=0.5) was applied to reconstruct
159 slices with an image voxel size of 0.7764%0.7764 x
0.796 mm® (matrix size: 128x128x159). Images were
corrected for random coincidences, scatter radiation and atten-
uation. After the second PET scan, rats were sacrificed, brains
were removed, quickly frozen in liquid isopentane (=50 °C)
and cut into 20 pwm thick slices with a cryostat. Presence of a
brain tumor was verified by fluorescence staining with 40,6-
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Coronal

Sagittal

Fig. 1 Summed PET images (18-61 min p.i.) of '"®F-FET uptake in a 9L gliosarcoma (transversal slice on the leff, coronal slice in the center and sagittal
slice on the right). The black lines indicate the tumor VOI and the reference VOI in the contralateral hemisphere

diamidino-2-phenylindole dihydrochloride (DAPI; nuclear
stain).

In order to test the effect of Dex treatment on the perme-
ability of the blood-tumor barrier, two rats of each subgroup
were injected i.v. with 500 ul/kg 2 % Evans blue in NaCl
30 min prior to sacrifice. Evans blue fluorescence in the tumor
bearing brain slices was evaluated quantitatively using an
Aida Image Analyzer (AIDA Version 4.50; Raytest-Fuji).

Data analysis

Analysis of PET data was performed with Pmod Version 3.4
(PMOD Technologies Ltd). "*F-FET uptake in the tissue was
expressed as standardized uptake value (SUV) by dividing the
radioactivity (kBg/ml) in the tissue by the radioactivity injected
per gram of body weight. Summed PET images (18—61 min
p.i.) were used for volume of interest (VOIs) analysis. The
tumor VOI on '®F-FET PET scans was determined by a 3D
autocontouring process using a cutoff for the TBR of '*F-FET
uptake of>1.7 yielding a tumor size similar to that in autoradi-
ography for 9L gliomas. '*F-FET uptake in the unaffected brain
tissue was determined by a larger VOI placed in the contralat-
eral hemisphere in an area of normal brain tissue including

A B

Time (min)

Fig. 2 Longitudinal test for stability: Time-activity curves of '*F-FET
uptake in tumor and brain of F98 glioma (a) and 9L glioma bearing rats
(b). The blue curves represent the baseline scan and the red curves the
control scan (mean values£=SD; one-sided SD for better illustration).
There is a significantly higher '®*F-FET uptake in the tumors in the

white and gray matter (250 voxels, 120 mm®). An example of
VOI positioning in a 9L gliosarcoma is shown in Fig. 1. After
Dex treatment, an elevated '*F-FET uptake in the normal brain
tissue was noted, resulting in falsely too small tumor VOIs. In
order to overcome this systematical error, the autocontouring
process after Dex treatment was based on '*F-FET brain uptake
in the baseline scan using a cutoff of>1.7, which yielded cor-
rect tumor sizes compared with autoradiography. TBR was
calculated by dividing the mean VOI value (Bg/ml) of the
tumor by the mean VOI value of normal brain tissue. Time-
activity curves (TACs) were generated by application of these
VOlIs to the entire dynamic data set. In order to quantify the
slope of the curve in the late phase of '*F-FET uptake, a linear
regression line was fitted to the late phase of the curves (18—
60 min p.i.).

Statistics

Descriptive statistics are provided as mean and standard devi-
ation (SD). Two-way repeated measures (TW RM) ANOVAs
were performed to detect differences in the longitudinal test
for stability, in the Dex treatment study, and between the dif-
ferent tumor models without correction for multiple testing.

—— Baseline tumor
Control tumor
Baseline brain
Control brain

n=8

20 40 60
Time (min)
control scans due to tumor growth, but the shape of the curves remains
identical. Brain TACs show perfect overlay in both tumor models. Note
that F98 and 9L gliomas exhibit essentially different '®F-FET kinetic
patterns indicating tumor type specific '*F-FET transport
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Table 1 Results of longitudinal
test for stability

Parameter Baseline Control p value

F98 Glioma (n=10)
SUV Tumor (18-61 min p.i.) 1.50+0.08 1.58+0.15 n.s. (0.09)
SUV Brain (18-61 min p.i.) 0.76+0.05 0.77+0.08 n.s. (0.32)
Tumor/ Brain (18-61 min p.i.) 1.98+0.07 2.04+0.06 0.002
Slope Tumor [SUV/h] 0.76+0.10 0.72+0.11 n.s. (0.30)
Slope Brain [SUV/h] 0.33+0.05 0.33+0.05 n.s. (0.43)
Tumor Volume [mm”] 55.61+£25.32 109.06+44.54 <0.001

9L Gliosarcoma (n=28)
SUV Tumor (18-61 min p.i.) 1.36+0.12 1.46+0.13 0.037
SUV Brain (18-61 min p.i.) 0.73+0.07 0.75+0.08 n.s. (0.32)
Tumor/ Brain (18—61 min p.i.) 1.87+0.07 1.95+0.09 <0.001
Slope Tumor 0.17+0.12 0.17+0.13 n.s. (0.90)
Slope Brain 0.29+0.03 0.32+0.04 n.s. (0.43)
Tumor Volume [mm?] 22.79+10.21 49.24+2.19 0.004

The reliability of PET parameters, i.e. TBR and tumor slope,
was tested by computing Pearson’s correlation coefficients
and interclass correlation coefficients (ICCs). We considered
values between 0.80 and 1.00 as very high correlation.
Furthermore, Bland-Altman analysis was used for evaluation
of the differences in TBR and tumor slope in the stability
study. p values of 0.05 or less were considered significant.
Systematic divergence of parameters from perfect stability in
the 2 days longitudinal setup were analyzed by least squares
regression analysis in which the slope and intercept can be
used to determine agreement [27]. The amount of y-intercept
different from zero indicates a constant systematic error be-
tween baseline and control study. Statistical analysis was per-
formed using SigmaPlot for Windows, Version 12.0 and, for
the ICC, IBM SPSS Statistics for Windows, Version 22.

Results
Reproducibility

TACs of "SF-FET uptake in tumor and brain of F98 glioma
and 9L glioma bearing rats in baseline and control PET studies
are shown in Fig. 2. '®F-FET uptake in the F98 and 9L tumors
was significantly higher in the control scan than in the baseline
scan (TBR F98: 2.04+0.06 vs. 1.98+0.07, n=10, p=0.002;
TBR 9L: 1.95+0.09 vs. 1.87£0.07, n=8, p<0.001) (Table 1).
There was a significant correlation between TBR and tumor
volume (Fig. 3, =0.77; p<0.0001) indicating that the rising
TBR was related to tumor growth during the 2-day interval
(Fig. 3). Accordingly, TBR of both tumor models in baseline
and control studies showed a significant correlation but a sys-
tematic deviation from the line of unity (»=0.81, p<0.0001,
n=18, Fig. 4a). Least square correlation analysis yielded a
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slope close to unity (0.78) with a y-axis intercept of 0.48
indicating a systematic error induced by tumor growth during
the 2 days interval [27].

Therefore, for calculation of the ICC, TBR values of con-
trol studies were corrected for tumor growth by subtracting the
mean increase of TBR between baseline and control study
from that of the control study, which yielded an ICC of 0.84,
indicating a high longitudinal stability of TBR in this experi-
mental setup (Fig. 5a).

The shape and slope of the TACs of both tumor models
were highly reproducible, as they showed no significant dif-
ference between baseline and control PET studies. Also, the
TACs of "®F-FET uptake in the normal brain revealed excel-
lent overlay in both tumor models in baseline and control PET
studies and SUV of '*F-FET uptake, and the slope of the TAC

2.3
2.2 1
2.1
e
m 2.0
I_
1.9 ®
Ov ® 9L baseline
18]e O 9L control
’ ° v F98 baseline
17 ' . A F9§ control
0 50 100 150 200

PET tumor volume (mm?)

Fig. 3 Correlation of TBR of FET uptake and tumor volume as
determined by PET at baseline (black symbols) and at control (white
symbols). Data of 9L gliomas are indicated by circles and data of 9L
gliomas by triangles. There is significant increase of TBR with
increasing tumor volume
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in the brain exhibited no significant differences between base-
line and control PET studies. The slope of both tumor models
in baseline and control studies showed a significant correla-
tion (Fig. 4b) (r=0.93, p<0.00001, n=18). The ICC was 0.93,
indicating very high reproducibility of slope (Fig. 5).

When comparing the TAC of '®F-FET uptake in the differ-
ent tumor models, significant differences were noted (Fig. 2).
Thus, '®F-FET uptake in F98 and 9L rat gliomas showed
significant differences for tumor SUV (1.54+0.03 vs. 1.41+
0.04, p=0.014), TBR (2.01£0.02 vs. 1.91+0.02, p=0.005)
and tumor slope (0.74+0.03 vs. 0.17+0.03, p<0.001), indi-
cating a tumor type specific transport of '*F-FET.

Dexamethasone treatment

The TACs of '*F-FET uptake in tumor and brain of F98 glio-
ma and 9L glioma-bearing rats in the baseline and control
scans after Dex treatment are shown in Fig. 6. After Dex
treatment, a slight increase of the SUV of '*F-FET uptake in
the brain was observed, leading to a significant decrease of the
TBR in both models (Table 2). Dex treatment induced a de-
crease of the TBR of '®F-FET uptake of - 4.6+6.1 % in F98
gliomas (p=0.03) and of - 11.3+4.2 % in 9L gliomas
(P<0.001). All other parameters were not significantly

TBR baseline

Slope baseline

influenced by Dex treatment. The TBR and slope of '°F-
FET uptake in both tumor models in baseline and control
studies after Dex treatment showed a significant correlation
(Fig. 7) (r=0.94; p<0.00001 and »=0.87, p<0.0001; n=13).
Representative pictures demonstrating the effectiveness of
Dex treatment on Evans blue extravasation in the different
tumor models are presented in Fig. 8. In F98 gliomas of Dex
treated rats, Evans blue fluorescence was approximately 50 %
lower than in tumors of untreated rats indicating a significant
effect of Dex treatment on the permeability of the blood-tumor
barrier. In 9L gliomas, the effect was even more pronounced,
leading to a reduction of Evans blue fluorescence of approx-
imately 90 % in comparison to 9L gliomas of untreated rats

(Fig. 8).

Discussion

The purpose of this study was to evaluate the reproducibility
of "*F-FET uptake and kinetics in brain tumors. '*F-FET PET
has been used in several studies to assess response to treatment
in humans [5, 18, 28-31] and also in animal models [32, 33].
These studies were based mainly on the evaluation of the TBR
of '8FET uptake, but recent studies have also highlighted the

Fig. 5 Bland- Altman plots of A B
TBR (after correction for tumor 03 S 06
growth) (a) and slope of the TAC o ' ICC = 0.84 £ ’ ICC =0.93
in tumors (b). Lines show £ 02 3 0.4
combined mean and 95 % g v o
confidence interval. The ICC ® 01 Mean + 1.96SD % 0.2 Mean + 1.96SD
showed high values indicating = : ° v @ : O
very high stability 2 LN o po o ° o
5 00— 0 — £ 00- a_° hd :_.Msan_
i o ©® : ° 2 v . .
~ Q ° hd
o 0.1 Mo TO55D ] g -0.24 o
e @ Mea® - 1.96SD
2 02 $ .04+
% . E B
a L
-0.3 T T T 5 06 T . x
1.8 1.9 2.0 2.1 -0.2 0.1 0.4 0.7 1.0

Average of TBR baseline and control

Average of slope tumor baseline and control
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Suv

0 20 40 60
Time (min)

Fig. 6 Dex study: Time-activity curves of '®F-FET uptake in tumor and
brain of F98 glioma (a) and 9L glioma bearing rats (b). The blue curves
represent the baseline scan and the red curves the control scan after Dex
treatment (mean values+SD; one-sided SD for better illustration). After
Dex treatment, a slight increase of '*F-FET uptake in the brain was

role of altered '*F-FET kinetics during follow-up to identify
malignant transformation of low-grade gliomas or during
brachytherapy of recurrent glioblastoma to detect tumor re-
sponse [34, 35]. For the definition of objective criteria by
which an alteration can be considered significant, the within-
patient reproducibility of the TBR and curve pattern of 18p.
FET uptake must be known and up to date, this issue has not
yet been addressed adequately.

The results of this experimental study demonstrated a sig-
nificant correlation of TBR in the baseline and control study,
but there was a slight but significant increase of the TBR in the
control study in both tumor models. The regression line
showed a positive parallel shift in comparison to the line of
unity, suggesting a systematic error (Fig. 4a). The analysis of
the relationship between TBR and tumor volume in PET

Baseline tumor
Dex tumor

20

Suv

n=7

0.0 T T :
0 20 40 60
Time (min)
Baseline brain
Dex brain

observed, leading to a significant decrease of the TBR in both models.
'E_FET kinetics in the tumors is not significantly influenced by Dex
treatment. Again, F98 and 9L gliomas exhibit essentially different '3F-
FET kinetics, indicating tumor-type-specific '*F-FET transport

showed a significant correlation, indicating that the rising
TBR was related to tumor growth during the 2-day interval
(Fig. 3). One possible explanation for the increase of the TBR
is an increase in metabolic activity in the tumors within the
interval of 2 days, but the difference can also be explained by
technical reasons in this experimental setup. Since the spatial
resolution of the animal PET is relatively poor in relation to
tumor size, the apparent increase in tumor uptake may also be
caused by a decreasing influence of the partial volume effect
with increasing tumor size, which leads to higher tumor
values. Regardless of the cause of the systematic error, after
correction for tumor growth, TBR between baseline and con-
trol study yielded an ICC of 0.84, indicating a high longitudi-
nal stability of TBR. Even without correction, the deviation of
TBR between baseline and control was only 4.4+2.0 %. Thus,

Table 2 Results of
dexamethasone study

Parameter Baseline Dex® p value

F98 Glioma (n=6) Dex vs. baseline
SUV Tumor (18-61 min p.i.) 1.44+0.06 1.55+0.08 n.s. (0.14)
SUV Brain (18-61 min p.i.) 0.73+0.04 0.78+0.03 n.s. (0.13)
Tumor/ Brain (18-61 min p.i.) 1.99+0.10 1.89+0.15 0.03
Slope Tumor [SUV/h] 0.69+0.08 0.78+0.08 n.s. (0.51)
Slope Brain [SUV/h] 0.33+0.02 0.37+0.04 n.s. (0.27)
Volume [mm?] 69.33+£38.98 117.07+58.07 <0.001

9L Gliosarcoma (n=7)
SUV Tumor (18-61 min p.i.) 1.32+0.14 1.50+0.10 n.s. (0.11)
SUV Brain (18-61 min p.i.) 0.71+0.08 0.82+0.06 <0.001
Tumor/ Brain (18-61 min p.i.) 1.86+0.03 1.65+0.08 <0.001
Slope Tumor 0.22+0.11 0.19+0.03 n.s. (0.66)
Slope Brain 0.33+0.03 0.35+0.03 n.s. (0.35)
Volume [mm3] 21.59+11.79 46.68+23.04 0.002

#Tumor VOIs based on an auto-contouring process using SUV brain of the baseline scan for cutoff >1.7
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Fig. 7 Correlation of TBR (a) A B
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a threshold of 10 %, which was used in former studies to
identify tumor response, would be sufficient to rule out phys-
iological and methodological variation [18].

The comparison of curve patterns and '*FET-uptake in the
tumors in the baseline and control study showed high repro-
ducibility, with a significant correlation of slopes and an ICC
0f 0.93 (Figs. 2, 4b, and 5b).

Another interesting finding in this study is the different
shape of the TAC of '®F-FET uptake in the F98 glioma com-
pared with the 9 L gliosarcoma model, which showed high
reproducibility in the longitudinal test for stability and after
Dex treatment (Figs. 2 and 6). This finding supports the hy-
pothesis that the shape of the TAC of '®F-FET uptake is in fact
a parameter characterizing the biological properties of a tu-
mor. As outlined above, '*F-FET kinetics may provide inter-
esting additional information on tumor grade and may change
during malignant transformation and after therapy [11-15, 34,
35]. A recent study has shown that '®F-FET is trapped within
human glioblastoma cells due to the asymmetry of its intra-
and extracellular recognition by the system L transporter

Fig. 8 Representative coronal rat
brain slices of 9L gliosarcoma-
bearing rats without treatment (a)
and after Dex treatment (b).
Histological DAPI staining is
shown on the left and Evans blue
fluorescence on the right. In the
untreated animal, there is
considerable Evans blue
extravasation into the tumor,
indicating a disturbed blood- B
tumor barrier (a). In contrast, after

Dex treatment, Evans blue

staining is considerably reduced,

indicating reduced blood-tumor

barrier permeability and

effectiveness of Dex treatment

LATI [36]. It is tempting to speculate that differences of
"E_FET transport asymmetry in the two tumor models are
responsible for the different uptake curves.

The second important aspect of this study was to investi-
gate the effect of corticosteroid treatment on '*F-FET uptake
and kinetics in brain tumors. As already mentioned above,
Dex treatment is the current standard therapy for patients suf-
fering from brain edema and is frequently used in brain tumor
patients during the course of disease. Therefore, it can happen
that a patient at repeated investigations by '*F-FET PET is
once treated with Dex and once not. The results of this study
demonstrate that the effect of Dex treatment on '*F-FET up-
take and kinetics in gliomas is small. A mean decrease of the
TBR of '"®F-FET uptake of 8.2+6.1 % was noted in both
tumor models, which, however, appeared to be caused by a
slightly increasing '*F-FET uptake in the normal brain tissue.
Possibly, the lower TBR of ''C-MET uptake in high-grade
gliomas under corticosteroid treatment reported in a previous
study was caused by higher ''C-MET uptake in the brain
tissue, rather than lower ''C-MET uptake in the tumor [21].
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The mechanism for the increased '*F-FET uptake in the
normal brain during Dex treatment remains unclear and needs
further investigation. The catabolic effects of Dex can lead to
an increase of amino acid levels in the blood, which could
have a stimulatory effect on amino acid uptake [37]. We con-
sider this explanation unlikely since we observed no major
effect of amino acid preloading on '*F-FET uptake in the brain
in additional experiments (data not shown). Another explana-
tion may be a direct influence of Dex treatment on System L
amino acid transport, which is responsible for '*F-FET uptake.
This hypothesis seems also unlikely, because previous exper-
imental studies showed no significant effect of Dex on system
L amino acid transport [38].

The dosage of Dex used in this experimental study is at least
4-8-fold higher than initial doses for patients with brain edema.
Therefore, the observed effect of Dex on '*F-FET uptake in the
normal brain should be less pronounced in humans.

The effectiveness of Dex treatment in our experimental study
was confirmed by the observation that Evans blue extravasation
was considerably reduced in both tumor models (Fig. 8). '*F-
FET uptake in tumors, however, remained unchanged, despite
altered BBB permeability. This finding supports the hypothesis
that "®F-FET uptake is not influenced by the permeability of the
BBB. This aspect is still a matter of controversy although BBB
disruption per se as shown by the fact that contrast enhancement
in MRI, e.g. in abscesses or radionecroses, does not lead to
significant '*F-FET uptake [39, 40].

The results of this study are limited by the fact that animal
models may not be representative for human gliomas.
Furthermore, small animal PET has limitations in evaluating
the tumor area, due to the finite resolution in relation to tumor
size [41]. Therefore, the results need to be considered with
caution, and a confirmation in human tumors is necessary.

Conclusion

The results of this experimental study indicate that TBR and
the curve pattern of '*F-FET uptake in gliomas are highly
stable in longitudinal tests. Dex treatment induced a minor
decrease of the TBR, which appears to be caused by increased
'"8F_FET uptake in brain tissue. Tumor SUV remained con-
stant despite a strong effect of Dex on blood-tumor barrier
permeability. The results need to be confirmed in humans,
but it appears that '*F-FET uptake and kinetics are reliable
indicators of the biological properties of cerebral gliomas,
and may be helpful diagnostic parameters for monitoring of
brain tumors in the course of disease.
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