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Assessment of residual tumor after resection of cerebral gliomas
can be difficult with MRI and may be improved by amino acid PET.
The aim of this experimental study was to investigate uptake of
2-18F-fluoroethyl-L-tyrosine ('8F-FET) and L-[methyl-3H]-methionine
(®H-MET) in residual tumor after surgery and possible false-positive
uptake in treatment-related changes. Methods: F98 or GS-9L rat
gliomas were implanted into the brain of 64 rats. Tumors were
resected after 1 wk of tumor growth, and sham surgery was per-
formed in an additional 10 animals. At different time points after
surgery (1, 2, 3, 7, and 14-16 d), rats underwent ex vivo dual-tracer
autoradiography using '8F-FET and 3H-MET. Histologic slices were
evaluated by immunostaining for cell density and astrogliosis.
Tracer uptake was quantified by lesion-to-brain ratios (L/B) at the
rim of the resection cavity (considered treatment-related uptake)
and in residual or recurrent tumor tissue. Four animals showing no
residual tumor underwent PET 3 d after surgery to examine time—
activity curves of 8F-FET uptake in treatment-related changes.
Results: Treatment-related uptake with a mean L/B of 2.0 + 0.3 for
18F-FET and a mean L/B of 1.7 + 0.2 for 3H-MET was noted at the rim of
the resection cavity in the first week after surgery, decreasing sig-
nificantly by 14-16 d (P < 0.01). Treatment-related tracer uptake
was significantly higher for '8F-FET than for 3H-MET (P < 0.001).
Tracer uptake in rat gliomas exceeded treatment-related tracer up-
take at all time points (P < 0.001), but the latter was in the range of
human gliomas. Reactive astrogliosis was noted near the resection
cavity from the second day after surgery. Time-activity curves of
18F-FET uptake in those areas revealed constantly increasing up-
take. Conclusion: Surgery may induce significant treatment-related
18F-FET and 3H-MET uptake near the resection cavity in the first
week after surgery, presumably caused by reactive astrogliosis.
Treatment-related tracer uptake was less pronounced for SH-MET,
indicating that "'C-MET may be better suited for assessing the
postoperative situation than '8F-FET. Assessment of residual tumor
after surgery by amino acid PET seems to be more reliable after an
interval of 14 d.
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N ext to meningiomas, gliomas are the most common primary
brain tumors of the central nervous system with an incidence of
5-6 per 100,000 person-years (/). Despite intensive multimodal treat-
ment strategies, most gliomas are associated with a poor prognosis (2).

Maximal cytoreductive surgery is a mainstay in the treatment of
malignant gliomas and correlates with the efficacy of adjuvant
treatment and prolonged survival (3-8). Therefore, a reliable iden-
tification and quantification of residual tumor after surgical resec-
tion are crucial to assess the success of tumor removal and patient
outcome. Furthermore, a precise definition and localization of re-
sidual tumor mass are important for subsequent treatment plan-
ning such as early reoperation or radiation therapy.

MRI is currently the gold standard for the diagnostic evaluation
of brain neoplasms because of its excellent soft-tissue contrast (9).
Postoperative contrast-enhanced MRI is recommended within 72 h
since later contrast-enhancing granulation tissue occurs at the
margins of the resection cavity that cannot be distinguished from
enhancing residual tumor parts (/0). A lack of contrast enhance-
ment, however, does not exclude residual tumor tissue, since a
considerable part of malignant gliomas is nonenhancing and tumor
tissue may extend beyond the area of contrast enhancement (/7).

PET using radiolabeled amino acids such as 2-!8F-fluoroethyl-
L-tyrosine (8F-FET) and the long established L-[methyl->H]-methionine
(M1C-MET) allows improved delineation of cerebral gliomas inde-
pendent of contrast enhancement in MRI and has been recom-
mended as an additional tool for brain tumor management (/2,13).

The potential of amino acid PET to determine the extent of glioma
resection has been addressed in several studies, which consistently
reported a diagnostic gain compared with conventional MRI (/4-18).
The time frame of PET examinations after surgery, however, varies
between studies, and so far no experimental study has investigated
this aspect systematically. Both 8F-FET and ''C-MET have been
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used to assess tumor resection in previous studies, though '8F-FET
is increasingly used in clinical practice because of the logistical
advantages of the longer half-life of '8F (9,19).

In an ongoing clinical PET study on tumor surgery, using !8F-
FET, new or increased tracer uptake near the tumor resection com-
pared with the preoperative state, decreasing over time, was
observed in a significant proportion of patients (20). This finding is
not unexpected, since transient non—tumor-related accumulations of
amino acid tracers have also been observed in other brain lesions
such as ischemias or hematomas (21,22).

The aim of this experimental study was to investigate the time
course and degree of treatment-related tracer uptake of '8F-FET
and H-MET (equivalent to !'C-MET) after brain tumor resection
in 2 different rat glioma models (F98 and GS-9L) using dual-
tracer autoradiography.

MATERIALS AND METHODS

Study Design

The cerebral uptake of '8F-FET and 3H-MET after tumor resection
was examined in 2 different rat glioma models (F98 and GS-9L). For
this purpose, tumor cells were implanted intracerebrally and the tumor
mass was resected after 1 wk. At different time points after tumor
resection (1, 2, 3, 7 or 14 d), animals were examined by ex vivo dual-
tracer autoradiography using '8F-FET and 3H-MET. Six animals per
time point and per tumor model were investigated. Additionally, 10
control animals (2 per time point at 1, 2, 3, 7, or 16 d) underwent
resection of normal brain tissue without previous tumor implantation.
The different timing of the animals being examined at 16 d instead of
14 d (Table 1) after surgery was due to logistical reasons and will be
subsequently referred to as 2 wk.

Furthermore, rat brain sections were examined by histo-
logic and immunofluorescence staining to evaluate the extent of

tumor resection and reactive astrogliosis. The results were corre-
lated with '8F-FET and 3H-MET accumulation gained by ex vivo
autoradiography.

Four additional animals (F98 model) underwent '8F-FET PET 3
d after tumor resection to gain information about the kinetic behavior
of 8F-FET in the area of resection.

Radiotracers

The amino acid O-(2-'8F-fluorethyl)-L-tyrosine ('8F-FET) was pro-
duced via nucleophilic '8F-fluorination with a molar radioactivity of
more than 18 TBq/mmol as described previously (23). 3H-MET was
obtained commercially with a molar activity of 3 GBg/mmol and a con-
centration of 37 MBg/mL (PerkinElmer).

Animal Experiments

Animal experiments were performed according to the German Law
on the Protection of Animals (LANUV NRW Recklinghausen/Germany
no. 84-02.04.2012.A447). The rats were housed under standard condi-
tions with free access to food and water.

Male Fischer 344 rats (~220-350 g; Charles River Wiga Deutsch-
land GmbH) were implanted with syngeneic F98 (n = 34) or GS-9L
(n = 30) tumor cells. Stereotactic tumor implantation was performed
as previously described with minor modifications (24). Briefly,
according to a stereotactic brain atlas (25), 50,000 F98 or GS-9L cells
(5 pL) were implanted intracerebrally (2 mm anterior and 3 mm lat-
eral [left] to bregma; depth, 1.5 mm). The animals received a mixture
of analgesics for 3 d after implantation (flunixin, 1 mg/kg of body
weight; tramadol, 40 mg/kg of body weight).

Tumors were resected 7 d after implantation with the aim of total
resection. For this purpose, animals were anesthetized with an in-
traperitoneal injection of a mixture of ketamine (100 mg/kg of body
weight) and xylazine (10 mg/kg of body weight). The head was
fixed in a stereotactic frame, and the skin of the skull was incised to
expose the cranial bone. Around the borehole of the previous tumor

TABLE 1
Data on L/B and T/B of '8F-FET and 3H-MET Uptake After Resection of F98 or GS-9L Gliomas or Normal Brain Tissue

Animal model Days after resection L/B "8F-FET T/B mean '8F-FET L/B 3H-MET T/B mean 3H-MET
F98 1 1.97 £ 0.20 4.19 + 1.00 1.71 £ 0.17 6.88 + 0.41
F98 2 1.74 £ 0.16 NA* 1.52 £ 0.12 NA*
Fo8 3 1.97 £ 0.11 4.77 + 0.34 1.62 £ 0.16 5.91 +1.20
Fo8 7 2.00 £ 0.29 5.43 + 0.39 1.563 £ 0.22 5.55 + 0.63
Fo8 14 1.77 £ 0.10 4.85 + 0.64 1.36 £ 0.08 4.66 + 0.80
GS-9L 1 1.95+0.16 4.40 + 0.30 1.59 + 0.11 7.36 £ 1.41
GS-9L 2 1.92 + 0.24 4.24 + 0.28 1.64 + 0.20 5.77 £ 2.60
GS-9L 3 2.14 £ 0.16 443 + 0.37 1.66 £ 0.16 7.06 £ 0.99
GS-9L 7 2.23+£0.22 4.89 + 0.68 1.71 £ 0.16 6.41 £ 0.17
GS-9L 14 1.80 + 0.20 4.62 + 0.52 1.40 £ 0.09 5.84 £ 1.95
Control 1 2.54 + 0.08 NAT 1.76 £ 0.08 NAT
Control 2 2.36 £ 0.30 NAT 2.05 +0.22 NAT
Control 3 1.99 £ 0.13 NAT 1.50 £ 0.19 NAT
Control 7 237 £ 017 NAT 1.81 £ 0.30 NAT
Control 16 1.38 £ 0.03 NAT 1.40 £ 0.01 NAT

*Residual tumor too small for evaluation.
TControl animals without tumor implantation.
NA = not available.
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implantation, a cranial bone fragment (~5 X 7 mm) was removed using
a microdrill and tweezers. The tumor was totally resected using micro-
surgical scissors as far as visually recognizable. After resection, the
cranial window was covered with hemostatic gauze to support hemo-
stasis and the incision was sutured. The animals received analgesics as
described above. Resection of normal brain tissue (control animals)
was performed in an analogous manner.

Dual-Tracer Autoradiography

At different time points after tumor resection (1, 2, 3, or 7 d or 2
wk), animals were sedated in a 2%-5% atmosphere of isoflurane. A
mixture of the radiotracers '8F-FET (~70 MBq) and 3H-MET (~11
MBq) was injected into the tail vein. The rats were killed 60 min after
injection by decapitation, and the brains were removed, frozen, cut in
coronal sections (20 wm) and placed on photo imager plates as de-
scribed previously (24). '8F-FET and 3H-MET autoradiograms were
generated and coregistered to parallel histologic slices by drawing
a circumference region of interest (ROI) along the borders of the
4' 6-diamidino-2-phenylindole dihydrochloride (DAPI)-stained his-
tologic slices (see below) and adapting the size of the corresponding
autoradiogram to that ROI. Autoradiograms and histologic slices
were compared visually by 3 experienced scientists in consensus.
The autoradiograms were semiquantitatively evaluated by ROIs using
commercial software (AIDA, version 4.50; raytest Isotopenmessgerate
GmbH). Circular ROIs (size, 1.3-1.5 mm?) were placed on tumor-
free areas with a maximum of abnormal '8F-FET uptake at the rim of
the resection cavity (considered treatment-related uptake) and in areas
of maximum tracer uptake in residual or recurrent tumor (ROI size,
0.7-1.5 mm?). A larger reference ROI was placed in the contralateral
hemisphere in unaffected brain tissue (ROI size, 3.4-3.5 mm?).
These ROIs were transferred to the corresponding 3H-MET autora-
diograms to ensure identical evaluation for both tracers. Maximum
lesion-to-brain ratio (L/B) or tumor-to-brain ratio (T/B) was calcu-
lated by dividing tracer uptake in these ROIs by tracer uptake in the
normal brain.

Small-Animal '8F-FET PET

Dynamic PET studies were acquired 3 d after resection of F98
gliomas in 4 animals under isoflurane anesthesia (1.5%-2.0%) up to
61 min after intravenous injection of approximately 35 MBq of '8F-
FET on an Inveon Scanner (Siemens Preclinical Solutions, Inc.) in 3-
dimensional mode (1.51 x 1.51 X 10 mm lutetium oxyorthosilicate
crystal elements; 16.1-cm ring diameter; 10-cm transaxial field of
view; 12.7-cm axial field of view). The emission data consisted of
26 time frames (6 X 105, 5 X 60 s, 5 X 180 s, 10 X 240 s). Data were
corrected for scattered coincidences, attenuation, decay, and dead time
and reconstructed using filtered backprojection, resulting in voxel
sizes of 0.7764 x 0.7764 x 0.796 mm. '8F-FET uptake in the tissue
was expressed as SUV by dividing the radioactivity in the tissue by the
injected tracer dose per gram of body weight (PMOD, version 3.4;
PMOD Technologies Ltd.). The volumes of interest were analyzed in
averaged time frames of 18-61 min after tracer injection. 'SF-FET
uptake in the unaffected brain tissue was determined by a volume of
interest (120 mm?) placed on the contralateral hemisphere in an area
of unaffected striatal brain tissue. Uptake in the area of resection was
determined by a 3-dimensional auto-contouring process using a thresh-
old of 1.4 above contralateral uptake. Time—activity curves were gen-
erated from SUV .., in the resection area and in the unaffected brain.
After PET acquisition, the animals were killed and cryosections of the
brains were produced for histologic staining to confirm total resection
of tumor.

I8F-FET PET in rats was performed 3 d after surgery, as the histo-
logic data show minimal tumor recurrence at this time point and thus
optimal tumor-free tracer uptake.

TRACER UPTAKE AFTER TUMOR RESECTION

Fluorescence Staining

Reactive astrocytes were detected by immunofluorescence staining
for glial fibrillary acidic protein (GFAP) using a rabbit antirat GFAP
polyclonal antibody (1:1,000; Abcam). As a secondary fluorochrome-
conjugated antibody, goat-antirabbit Alexa Fluor 488 (1:300; Invitro-
gen) was used. In all slices, cell nuclei were counterstained with DAPI
for histologic analysis of cell density.

Statistical Analysis

Each value of L/B or T/B is expressed as the mean = SD. Four to
6 brain sections of each tumor animal were analyzed to calculate the
mean L/B, and 2 brain sections were analyzed for T/B. In control
animals, 3 sections of each animal were used to determine the re-
spective L/B. ROIs for '8F-FET and 3H-MET were congruent. Ani-
mals with a minimal residual tumor extent (too small for ROI
placement) were not included in determination of T/Bs. A Pearson
correlation and a 3-way ANOVA with the factors “time after resec-
tion” (1, 2, 3, and 7 d; 2 wk), “model” (control, F98, 9L) and “tracer”
('8F-FET, *H-MET) were applied to assess differences in L/B with
respect to the 3 factors using the SigmaPlot software (version 12.5;
Systat Software Inc.). P values of less than 0.05 were considered to be
statistically significant.

RESULTS

Treatment-Related Tracer Uptake After
Surgical Intervention

The mean values of L/B and T/B at different time points after
tumor resection in the 2 tumor models and on brain resection in
control animals are given in Table 1. In both tumor models and
control animals, a diffuse but distinct treatment-related uptake was
noticed near the resection cavity within the first 7 d after resection,
with a mean L/B of 2.0 * 0.3 for 'F-FET and a mean L/B of 1.7 *
0.2 for 3H-MET. A representative example of a 9L glioma 2 d after
surgery is shown in Figure 1.

Overall, relevant residual or recurrent tumor tissue as identified
by DAPI staining on the histologic slices was present in 58% of
the animals, but this percentage varied depending on the interval
after surgery. Within the first 3 d after surgery, 61% of the animals
showed no or only minimal residual tumor, whereas after an
interval of 7 d or more the resection cavities were partially or com-
pletely overgrown by recurrent tumor in 88% of the animals (data not
shown).

Immunofluorescence staining against GFAP revealed reactive
astrocytes near the resection cavity, as well as residual tumors,
from the second day after surgery, which partly matched with
treatment-related '8F-FET and *H-MET uptake in autoradiograms
(Fig. 1).

The time course of treatment-related '8F-FET and *H-MET
uptake at different time points after normal brain tissue resection
is further illustrated in Figure 2. The figure demonstrates the re-
sults of 5 control animals to exclude an influence of residual
tumor. There is prominent treatment-related tracer accumulation
within the first 7 d after resection, especially for '8F-FET, decreas-
ing to low values at 2 wk after resection.

The quantified time course of treatment-related '3F-FET and
3H-MET uptake after brain surgery for both tumor models and
control animals is shown in Figure 3. There is increased tracer
uptake at the rim of the resection cavity for both tracers, decreas-
ing significantly at 2 wk after resection (P = 0.01). H-MET up-
take near the resection cavity was significantly lower than '8F-FET
uptake at each time point (P < 0.001).
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FIGURE 1. Coronal rat brain sections 2 d after resection of 9L glioma:
18F-FET (A) and 3H-MET (B) autoradiography, DAPI immunofluores-
cence staining (C), and magnified view of GFAP staining at rim of re-
section cavity (D). There is increased tracer uptake at rim of resection
cavity and reactive astrocytosis.

L/Bs of F98 and GS-9L differed significantly (P < 0.05) with
respect to the different tracers on days 2 and 7 after resection,
whereas the control animals differed (P < 0.01) from both tumor
models on days 1 and 2 after resection. Besides other differences
between the 3 models in L/Bs over the period of 14 d, in both
tumor models the treatment-related '8F-FET and 3H-MET uptake
decreased significantly (P < 0.05) from day 3 and 7 to 2 wk after
resection (Fig. 3). In the control group, treatment-related uptake of
both tracers was lowest at 2 wk but highest was on days 1 and 2
(Fig. 3; Table 1).

L/Bs of both tracers differed significantly from each other (P <
0.001) but positively correlated with each other (P < 0.0001, r =
0.67), with higher L/Bs in '8F-FET (Fig. 4).

On each day after surgery, treatment-related '®F-FET and 3H-
MET uptake was significantly lower near the resection area than in
F98 or GS-9L tumors (P < 0.001, Table 1), so that tumor tissue
could be differentiated from treatment-related tracer uptake in
both tumor models.

Day 1

Day 2

Day 3

Day 7

Day 16

FIGURE 2. Autoradiographic brain slices of 5 different control animals
at different time points after resection of normal brain tissue demonstrat-
ing time course of treatment-related '®F-FET and 3H-MET uptake near
resection cavity. There is prominent treatment-related tracer accumula-
tion within first 7 d after resection, especially for '®F-FET, which de-
creases to low level 16 d after resection.
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Dynamic 8F-FET PET

Figure 5 shows an example of '8F-FET PET 3 d after complete
resection of a F98 rat glioma, demonstrating treatment-related '3F-
FET uptake in the resection area. The time-activity curves of '3F-
FET uptake in the resection area and in normal brain tissue of 4
animals 3 d after resection of F98 gliomas showed a constantly
increasing '8F-FET uptake with a significantly higher SUV in the
area of resection than in normal brain tissue (P < 0.001). Histologic
staining of rat brain sections after PET acquisition confirmed no
solid residual tumor tissue (data not shown).

DISCUSSION

A precise evaluation of the extent of tumor resection is of great
importance in the prognosis and treatment strategy for cerebral
gliomas, which are routinely assessed only by conventional MRI,
with limited reliability, as outlined above. Some clinical reports
suggest that PET using radiolabeled amino acids can be helpful in
this matter. Pirotte et al. reported that PET using ''C-MET success-
fully detected residual tumor in 13 of 19 pediatric brain tumors,
which were confirmed by repeated surgery or tumor progress in all
cases (/6). The same group reported on the prognostic role of
residual tumor tissue by '"C-MET PET in a group of 43 adults
with high-grade glioma. Total tumor resection according to ''C-
MET PET correlated significantly with survival, whereas a total
removal of contrast enhancement on MRI did not (/7). In that
study, ''C-MET PET scans were performed in two thirds of pa-
tients within 8 d after surgery and in one third later than 6 wk
without a clear rationale for this procedure. Using '8F-FET PET,
2 studies with an overlapping patient population have so far
addressed the problem of brain tumor resection (/4,15). In those
studies, residual tumor tissue was observed more frequently with
I8F.FET PET than with MRI. However, the actual presence of
tumor tissue was confirmed histologically or by the further clinical
course in a few cases only, thus limiting the informative value of
the results from those studies. Furthermore, it was reported that
the timing of '8F-FET PET (<72 h vs. >72 h) had no influence on
PET imaging results, or only early timing (72 h) was available.
Considering that the presence of residual tumor tissue was not
evaluated in that patient population, the influence of timing of
amino acid PET in assessing residual tumor after surgery still
remains unclear.

The results of the present study indicate that surgical resection
of brain tumors may cause increased treatment-related uptake of
I8F-FET and 3H-MET at the level of human gliomas (26,27) within
the first week after resection and could therefore be misinterpreted
as residual tumor. Treatment-related uptake of both examined
tracers after surgery showed a significant correlation, but *H-
MET uptake was less pronounced than '8F-FET uptake, as is in
line with previous results (/7). This suggests that !'C-MET may
be better suited for assessing the postoperative situation than '8F-
FET. Nevertheless, because the uptake of both tracers is signifi-
cantly increased within the first week after resection, the determination
of residual tumor by amino acid PET seems to be more reliable after
an interval of 14 d.

The temporal pattern of treatment-related increased '8F-FET
uptake after surgical injury is similar to observations in experi-
mental ischemic lesions in the rat brain, which also decreased
significantly after 14 d (22). In ischemic lesions, the areas of
abnormal '8F-FET uptake were largely congruent with areas of
reactive astrogliosis, whereas in the present study GFAP staining
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expression of large amino acid trans-
porters. In addition to astrogliosis, other
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mechanisms for increased amino acid ac-
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brain barrier, increased perfusion, or edema
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Time after resection (d)
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must also be discussed. In different preclin-
ical and clinical studies (3/-35), however,
no significant influence of blood-brain barrier
disruption, microvessel density, perfusion,
or edema on '8F-FET uptake has been re-
ported. Furthermore, 8F-FET is not involved
in protein synthesis, but for *H-MET uptake,
an influence of protein incorporation can-
not be excluded. In previous studies with
experimental infarcts and abscesses, an in-
creased *H-MET accumulation was obser-

3 7 14/16
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ved in areas with macrophage infiltration
where '8F-FET was negative (22,36). This
pattern, however, was never observed in
—_—— the current study, which virtually excludes
_— a significant role of 3H-MET accumula-
tion due to increased protein synthesis in
macrophages.

Another aspect investigated in this study
is the kinetic pattern of '8F-FET uptake in
treatment-related changes after surgery.
Time-activity curves of abnormal '8F-FET

1.0 T T T T T 1.0 T T
1 2 3 7

Time after resection (d)

Time after resection (d)

uptake after total resection of F98 glio-
mas showed a constantly increasing uptake
curve, which is typical for benign lesions.

FIGURE 3.

present for all subgroups. *P = 0.05. *P = 0.01. **P = 0.001.

only partly matched abnormal '8F-FET uptake. Discrepancies be-
tween nonneoplastic '8F-FET uptake and reactive astrogliosis
have already been observed in experimental hematomas and
near irradiated F98 glio-
mas (21,28). These discrep-
ancies can be explained by
the fact that reactive astroglio-
sis does not represent an all-
or-nothing phenomenon but
a complex process regulated
in a context-dependent man-
ner underlying molecular,
cellular, and functional changes
in response to all forms and
severities of central nervous
system injury (29,30). It seems
that treatment-related up-
take of '8F-FET correlates
with the presence of reac-
tive astrogliosis only under
specific conditions possibly
depending on the physiologic
state of astrocytes and their

3.0

25 1

2.0 A

LB FET

1.0 15 20 25 3.0
LB MET

FIGURE 4. Comparison of L/B of
18F-FET and SH-MET uptake at rim
of resection cavity shows significant
positive correlation. Regression line
is shifted to left in relation to bisection
line, demonstrating that L/B of treat-
ment-related tracer accumulation is
higher for '8F-FET than for SH-MET.

TRACER UPTAKE AFTER TUMOR RESECTION

(A and B) Mean + SD of L/B of treatment-related '8F-FET (A) and 3H-MET (B) uptake
after resection of F98 gliomas, GS-9L tumors, and control animals. A and B show statistical
difference between different time points after resection when using average value of all sub-
groups. Tracer uptake at rim of resection cavity decreases for both tracers on 14/16 d after
resection. (C and D) Time course and statistical difference between individual subgroups (limited
to comparison of day 3 or day 7 vs. 14/16 d after resection), which demonstrates that effect is

It is tempting to speculate that this feature
could contribute to a distinction between
postsurgical changes and tumor residuals
of high-grade gliomas in humans as ob-
served for other treatment-related changes
in the further follow-up of gliomas (37—
39). However, kinetic analysis would not
be helpful in distinguishing between resid-
uals of low-grade glioma and treatment-induced changes.

This study had some limitations. It has to be considered that the
results of animal experiments may not be transferable to the
human situation for several reasons. First, only high-grade tumors
are available in the rat model, so that the results may not be
representative of the resection of low-grade gliomas in humans.
Brain tissue resection in control animals without tumors, however,
yielded similar results, indicating that the tissue responses do
not differ significantly in the resection of high- and low-grade
gliomas. Second, because the tissue reactions in rodents may be
faster and more pronounced than in humans, the results need
to be considered with caution. On the basis of preliminary ob-
servations in humans (20), however, similar phenomena appear
to be present in humans and further clinical studies are urgently
needed before amino acid PET can be used as a clinical tool to
assess brain tumor resection. Third, the spatial resolution of the
3H-MET autoradiograms is significantly higher than that of the
I8F_FET autoradiograms, and it cannot be ruled out that the L/Bs
of 3H-MET uptake are overestimated compared with '3F-FET.
Since tracer uptake was measured in identical ROIs with a rel-
atively large size compared with the spatial resolution, this
effect is likely to be of little importance. Finally, the autoradio-
graphic data were measured 1 h after tracer injection whereas
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FIGURE 5. Examples of coronal (A), sagittal (B), and transversal (C)
PET scans (18-61 min after injection) 3 d after resection of F98 rat
glioma showing treatment-related '8F-FET uptake near resection area.
Histology indicated no residual tumor tissue. Time-activity curves (SUV
+ SD, n = 4) show treatment-related '8F-FET uptake in resection area
compared with normal brain tissue of rats. Kinetic pattern shows con-
stantly increasing '8F-FET uptake in both regions.

PET examinations in humans are performed earlier, that is,
2040 min after injection for '®F-FET and 10-30 min after injection
for ''C-MET. Especially for '3F-FET, the blood pool is relatively
high in the first 30 min after injection, which could influence
the results in terms of even more pronounced treatment-related
changes.

CONCLUSION

The results of this experimental study demonstrate that
surgical resection of brain tumors may induce treatment-related
I8E-FET and *H-MET uptake in the first week after surgery,
presumably caused by reactive astrogliosis. Tracer uptake is
on the order of magnitude of human gliomas and therefore could
be misinterpreted as residual tumor. This treatment-related tracer
uptake was less pronounced for 3H-MET, indicating that ''C-
MET may be better suited for assessing the postoperative situa-
tion than '8F-FET. Assessment of residual tumor after surgery
by amino acid PET seems to be more reliable after an interval of
14 d.
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KEY POINTS

QUESTION: Does surgical removal of brain tumors cause a
treatment-related accumulation of '8F-FET and 3H-MET?

PERTINENT FINDINGS: '8F-FET and 3H-MET uptake was eval-
uated by dual-tracer autoradiography at different time points
after resection of intracerebral rat gliomas. Treatment-related
uptake with a mean L/B of 2.0 + 0.3 for '8F-FET and a mean L/B
of 1.7 £ 0.2 for 3H-MET was noted at the rim of the resection
cavity in the first week after surgery, which decreased signifi-
cantly by 14-16 d.

IMPLICATIONS FOR PATIENT CARE: Assessment of residual
tumor after surgery by amino acid PET seems to be more reliable
after an interval of 14 d.
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