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The aim of this study was to compare PET with O-(2-18F-fluoro-
ethyl)-L-tyrosine (18F-FET) and SPECT with 3-123I-iodo-�-methyl-
L-tyrosine (123I-IMT) in patients with brain tumors. Methods:
Twenty patients with a suspected brain tumor were investigated
by 18F-FET PET, 123I-IMT SPECT, and MRI within 3 wk. Region-
of-interest analyses were performed on coregistered PET/
SPECT/MRI images and the tumor-to-brain ratio (TBR), muscle-
to-brain ratio (MBR), cerebellum-to-brain ratio (CerBR), and
sinus-to-brain ratio (SBR) were calculated. In addition, the pres-
ence of tumor and the discrimination of anatomic structures on
18F-FET PET and 123I-IMT SPECT images were visually deter-
mined by 3 observers who were unaware of clinical data. Re-
sults: The TBR of 18F-FET and 123I-IMT uptake in cerebral tu-
mors showed a highly significant correlation (r � 0.96; P �
0.001). In the visual analysis for the presence or absence of
tumors, no differences for 123I-IMT SPECT and 18F-FET PET
were found in 19 of 20 patients; in one patient a low-grade
glioma was only identified on 18F-FET PET images but not on
123I-IMT SPECT images. The contrast between tumor and nor-
mal brain was significantly higher in 18F-FET PET (TBR, 2.0 �
0.9) than in 123I-IMT SPECT (TBR, 1.5 � 0.5). The discrimination
of anatomic structures yielded a significantly better score on
18F-FET PET images (rating score, 2.6 � 0.9) compared with
123I-IMT SPECT images (rating score, 1.7 � 0.9). The uptake of
18F-FET in the muscles was significantly higher compared with
123I-IMT (MBR 18F-FET, 1.4 � 0.3; MBR 123I-IMT, 0.6 � 0.2; P �
0.001) and 18F-FET demonstrated a significantly higher blood-
pool radioactivity than 123I-IMT (SBR 18F-FET, 1.3 � 0.2; SBR
123I-IMT, 0.8 � 0.2; P � 0.001). Conclusion: The significant
correlation of the TBRs of 18F-FET and 123I-IMT indicates that
clinical experiences of brain tumor diagnostics with 123I-IMT
SPECT might be valid for 18F-FET PET although substantial
differences of the physiologic behavior were identified in extra-
cerebral tissue. As 18F-FET PET allows improved discrimination
of anatomic structures and the tumor-to-brain contrast was
significantly superior compared with 123I-IMT SPECT scans, the
results are encouraging for further evaluation of 18F-FET for
imaging brain tumors.
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Metabolic imaging of brain tumors with radiolabeled
amino acids has been shown to be a valuable method to
improve the diagnostic accuracy in combination with ana-
tomic radiologic methods (1,2). So far, the most commonly
used amino acid tracers are11C-methyl-L-methionine (11C-
MET) for PET and 3-123I-iodo-�-methyl-L-tyrosine (123I-
IMT) for SPECT (2,3).

Several studies have demonstrated that11C-MET PET
allows a more accurate delineation of infiltrating gliomas
than CT and MRI and is a sensitive method for the detection
of tumor recurrences and for differentiation of brain tumors
from nonneoplastic lesions (4–8). However, the short phys-
ical half-life of 11C (20 min) necessitates an on-site cyclo-
tron for 11C-MET PET examinations and, therefore, the
method remains limited to a few centers despite convincing
scientific and clinical results.

SPECT with123I-IMT was introduced in neurooncology
in 1989 (9,10) and has attracted considerable interest as an
alternative to11C-MET PET for the investigation of cerebral
gliomas (3,11). Although radiosynthesis of123I-IMT is not
complex and SPECT facilities are widely available, the
method is encumbered by some disadvantages: The avail-
ability of 123I is limited in some countries, the labeling with
123I is rather costly, and the favorable spatial resolution of
PET cannot be achieved by SPECT.

To overcome the stated disadvantages of11C-MET PET
and 123I-IMT SPECT, several attempts have been under-
taken to introduce an18F-labeled amino acid (110-min half-
life) (12,13). Recently,18F-labeled amino acids have been
developed that can be synthesized with high radiochemical
yields, allowing large-scale production for clinical purposes
(14–16). A very promising18F-labeled amino acid tracer is
O-(2-18F-fluoroethyl)-L-tyrosine (18F-FET) (15,16). The first
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clinical studies using 18F-FET in brain tumors were encour-
aging (17,18). The initial comparison of 18F-FET and 11C-
MET imaging in patients with brain tumors showed a sig-
nificant correlation of tumor-to-brain ratios (TBRs) and
comparable intracerebral kinetics for both tracers (19). Sim-
ilar transport characteristics for 18F-FET and 11C-MET were
demonstrated in studies using F98 rat glioma cells (20).

Until now, a direct comparison of 123I-IMT and 18F-FET
has not been performed. On the one hand, some results
indicated a similar metabolic behavior for both tyrosine
derivatives (2) but, on the other hand, differences in the
biodistribution of these tracers in whole-body examinations
were apparent (21,22). It appears to be reasonable to clarify
whether the biologic distribution of 18F-FET is similar to
that of the established amino acid 123I-IMT in brain tumors.
In the case of comparable results, the rich clinical experi-
ence of 123I-IMT might be directly applicable to the inter-
pretation of 18F-FET PET results.

Thus, the purpose of this study was to directly compare
intratumoral, intracerebral, and extracerebral cranial accu-
mulation of 123I-IMT and 18F-FET in a series of patients
with brain tumors using state-of-the-art image fusion tech-
niques with MRI.

MATERIALS AND METHODS

Patients
In a prospective study, 20 patients (mean age, 53 � 11 y) with

suspected brain tumors underwent 18F-FET PET, 123I-IMT SPECT,
and MRI within 3 wk (mean, 6.3 � 7.1 d). The examinations were

performed before surgery or biopsy at the Department of Neuro-
surgery, University Hospital Düsseldorf. Except in one patient
with a suspected cavernoma, all diagnoses were proven by histol-
ogy. Individual data of the patients are given in Table 1. The
examinations were approved by the university ethics committee
and federal authorities. All subjects gave written informed consent
for participation in the study.

Radiosynthesis of 18F-FET and 123I-IMT
The amino acid derivative 18F-FET was produced via phase-

transfer–mediated nucleophilic 18F-fluorination of N-trityl-O-(2-
tosyloxyethyl)-L-tyrosine tert-butyl ester and subsequent depro-
tection with a specific radioactivity of �200 GBq/�mol by
optimizing the previously published method (15). The uncorrected
radiochemical yield was about 35% and the radiochemical purity
was �98%. The tracer was administered as an isotonic neutral
solution.

123I-IMT was prepared, as previously described, with a specific
activity of �170 GBq/�mol (23).

PET, SPECT, and MRI
All patients remained fasting for at least 12 h before the PET

and SPECT studies. PET studies were acquired 15–40 min after
intravenous injection of 200 MBq 18F-FET. The measurements
were performed on an ECAT EXACT HR� scanner (Siemens
Medical Systems, Inc.) in 3-dimensional (3D) mode (32 rings;
axial field of view, 15.5 cm). For attenuation correction, transmis-
sion scans with 3 68Ge/68Ga rotating line sources were measured.
After correction for random and scattered coincidences and dead
time, image data were obtained by filtered backprojection in Fou-
rier space as it is used in the ECAT 7.2 software (Direct inverse
Fourier Transformation [DiFT]; Shepp filter, 2.48 mm [full width

TABLE 1
Patient Data

Patient no. Age (y) Sex Diagnosis Pretreatment MRI*

1 37 F Oligoastrocytoma WHO III None Gd�
2 45 F Astrocytoma WHO II None Gd�
3 60 F Demyelinization None Gd�
4 70 M Oligodendroglioma WHO III Surgery Gd��; necrotic
5 33 M Oligoastrocytoma WHO III None Gd�
6 50 F Astrocytoma WHO III None Gd�
7 47 F Cavernoma None Gd��
8 48 M Astrocytoma WHO III Surgery Gd�
9 58 F Glioblastoma WHO IV None Gd��

10 61 F Astrogliosis Biopsy Gd�
11 57 F Astrocytoma WHO II None Gd�
12 66 M Astrocytoma WHO III None Gd��
13 54 M Glioblastoma WHO IV Surgery, irradiation Gd��; necrotic
14 56 F Oligodendroglioma WHO III None Gd�
15 49 F Glioblastoma WHO IV None Gd��; necrotic
16 36 M Oligodendroglioma WHO II Surgery Gd�
17 52 M Astrocytoma WHO II Surgery Gd�
18 50 F Astrogliosis None Gd�
19 74 F Astrocytoma WHO II None Gd�
20 57 F Oligodendroglioma WHO III None Gd�

*MRI shows no (Gd�), moderate (Gd�), or strong enhancement (Gd��) of gadolinium-labeled diethylenetriaminepentaacetic acid;
necrotic � tumor has necrotic or cystoid components.

WHO � World Health Organization grade.
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at half maximum]; pixel size, 2 	 2 	 2.4 mm3). The recon-
structed images were decay corrected; the reconstructed image
resolution was about 5.5 mm.

Thirty minutes before administration of the 123I-labeled amino
acid, patients received 900 mg sodium perchlorate to prevent
thyroidal uptake of free radioactive iodide. Fifteen to 40 min after
injection of 400-MBq 123I-IMT, SPECT data were acquired. The
SPECT studies were performed using a triple-head 
-camera sys-
tem (Triad 88; TRIONIX) equipped with ultra-high-resolution
fanbeam collimators. The SPECT data (axial field of view, 23 cm;
matrix, 64 	 64; pixel size, 3.56 	 3.56 mm) were reconstructed
by filtered backprojection using a Butterworth filter (0.35 high cut,
3.0 rolloff) and corrected for attenuation according to Chang (24)
(first order �, 0.1 cm�1) using a contour-finding procedure. The
resolution of the reconstructed images was approximately 14 mm.

MR images were obtained with a 1.5-T system (Sonata; Sie-
mens). For anatomic coregistration, a T1-weighted 3D Magneti-
zation-prepared Rapid Acquisition Gradient Echo (MPRAGE) se-
quence (axial field of view, 25 cm; matrix, 205 	 256; repetition
time, 11.4 s; echo time, 4.4 s; flip angle, 15°; number of slices,
128; slice thickness, 1.25 mm; number of averages, 1; time of
acquisition, 6:02 min) was used in all patients.

Data Analysis
For coregistration, 18F-FET PET, 123I-IMT SPECT, and MRI

data were transferred to the MPI-tool software package (version
3.28; ATV Advanced Tomo Vision), which was developed and
described in detail by Pietrzyk et al. (25).

For visual analysis, identically resliced 18F-FET PET and 123I-
IMT SPECT scans were independently evaluated by 3 observers
who were unaware of clinical data. The presence of a brain tumor
with abnormal tracer uptake was rated according to the following
scoring scale: 1, definitely not present; 2, probably not present; 3,
probably present; 4, definitely present. Additionally, the discrim-
ination of anatomic brain structures (brain stem, cerebellum, caput
nuclei caudate, thalamus, hippocampus, postcentral gyrus) on 18F-
FET PET and 123I-IMT SPECT images was rated by the observers
in a subjective manner using the following rating scale: 4, very
good; 3, good; 2, fair; 1, poor.

�-Statistics were used to measure the degree of agreement
among the observers. �-Values � 0 were considered to indicate
positive correlation; values between 0 and 0.3, positive but poor
correlation; values of 0.31–0.6, good correlation; values of 0.61–
0.9, very good correlation; and values � 0.9, excellent correlation.
For statistical comparison, the Wilcoxon signed rank test was
performed using the mean scores of the 3 observers for the dis-
crimination of anatomic structures and for the identification of
brain tumors.

For semiquantitative analysis, the reconstructed 18F-FET PET
scans were filtered by using a Gauss filter (�, 2.75 pixel), and the
resolution was adapted to that of the 123I-IMT SPECT scans.

Regions of interest (ROIs) were drawn manually over the brain
tumors and the contralateral brain on coregistered PET and SPECT
scans, avoiding cystic and necrotic tumor components according to
the corresponding MRI scan. For determination of the normal
brain activity, an ROI similar to the ROI of the brain lesion was
placed in the contralateral hemisphere, obviously not affected. The
TBR was calculated by dividing the mean activity of the ROI over
the brain tumor and that of the normal brain. Additionally, ROIs
were drawn over the superior sagittal sinus, the temporal muscle,
and the cerebellum on MRI scans, and the anatomically adapted

ROIs were transferred to the coregistered PET and SPECT scans
for tracer uptake quantifications. Mean values of the ROIs were
used for determination of the sinus-to-brain ratio (SBR), the cer-
ebellum-to-brain ratio (CerBR), and the muscle-to-brain ratio
(MBR).

Data were tested for normal distribution by the Kolmogorov–
Smirnov test, and differences between the 18F-FET and 123I-IMT
ratios were analyzed by the paired Student t test. Correlation
analyses were performed by using the Pearson correlation coeffi-
cients. All statistical tests were considered significant at P � 0.05.

RESULTS

Semiquantitative Comparison of 18F-FET and
123I-IMT Uptake

The accumulation of 18F-FET and 123I-IMT in cerebral
tumors demonstrated a close correlation (r � 0.96; P �
0.001) of the brain-to-brain ratios (TBR) (Fig. 1). The
contrast between tumor and normal brain was significantly
superior on 18F-FET PET scans as compared with 123I-IMT
SPECT scans; the TBR for 18F-FET was 2.0 � 0.9 and for
123I-IMT was 1.5 � 0.5 (P � 0.001). For both tracers, the
accumulation in the cerebellum was slightly higher than that
in the supratentorial brain (CerBR 18F-FET, 1.2 � 0.1;
CerBR 123I-IMT, 1.3 � 0.1).

In contrast to the findings in brain tumors, 18F-FET and
123I-IMT demonstrated obvious differences in extracerebral
tissues. On 18F-FET PET scans, the radioactivity in the
muscles and the blood was higher compared with that in the
normal brain. In contrast, on 123I-IMT SPECT images, the
radioactivity in the muscles and the blood was lower than
that in the brain.

Significant correlations of the 18F-FET and 123I-IMT ac-
cumulation were not identified for skeletal muscles (r �

FIGURE 1. Comparison of TBRs for 18F-FET PET and 123I-IMT
SPECT demonstrated a highly significant correlation (r � 0.96;
P � 0.001).
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�0.06; P � 0.76) or for blood-pool radioactivity (r � 0.08;
P � 0.80). The accumulation of 18F-FET in the temporal
muscle was significantly higher compared with that of 123I-
IMT (MBR 18F-FET, 1.4 � 0.3; MBR 123I-IMT, 0.6 � 0.2;
P � 0.001). Furthermore, radioactivity in the superior sag-
ittal sinus was significantly higher for 18F-FET than that for
123I-IMT (SBR 18F-FET, 1.3 � 0.2; SBR 123I-IMT, 0.8 �
0.2; P � 0.001). The data of the calculated ratios are given
in Table 2.

Visual Analysis of 18F-FET PET and 123I-IMT SPECT
for Tumor Detection

The visual analysis of 18F-FET PET and 123I-IMT SPECT
for the detection of brain tumors demonstrated a very good
agreement (�-value, 0.7 � 0.1) among the 3 observers who
were unaware of clinical data. The mean rating scores of the
readers are also given in Table 2. The results yielded no
substantial differences between 18F-FET PET and 123I-IMT
SPECT. Figure 2 illustrates the 18F-FET PET and 123I-IMT
SPECT scans of a 56-y-old woman with a malignant oligo-
dendroglioma (World Health Organization grade III). The
tumor was clearly identified on both 18F-FET PET and
123I-IMT SPECT and was rated as definitely present by all 3

observers. In 19 of 20 patients, results were consistent for
the presence of tumor on the 18F-FET PET scans and 123I-
IMT SPECT scans. No obvious discrepancies in the spread
and shape of the tracer-accumulating tumor area were noted.
Two of the patients with histologically proven brain tumors
demonstrated no abnormal tracer uptake on both 18F-FET
PET scans and 123I-IMT SPECT scans. Two other patients
had positive 18F-FET PET scans as well as positive 123I-IMT
SPECT scans, and subsequent histology revealed astroglio-
sis in one case; in the second patient, a biopsy was not
performed because of a suspected cavernoma.

In only one patient with a low-grade glioma was the
tumor identified on the 18F-FET PET scans but not on the
123I-IMT SPECT scans by the 3 observers (Fig. 3). The
corresponding semiquantitative analysis revealed a lower
contrast between tumor and normal brain on 123I-IMT
SPECT (TBR, 1.1) compared with 18F-FET PET (TBR, 1.8)
in this patient.

In the Wilcoxon signed rank test, no significant difference
was found for tumor detection comparing the rating scores
of 18F-FET PET (mean, 3.3 � 1.1) and 123I-IMT SPECT
(mean, 3.0 � 1.1).

TABLE 2
Rating Scores for Presence of Brain Tumors on 18F-FET PET and 123I-IMT SPECT and Calculated Ratios for 18F-FET and

123I-IMT Uptake in Brain Tumors, Superior Sagittal Sinus, Temporalis Muscle, and Cerebellum

Patient
no.

Mean rating score TBR SBR MBR CerBR
18F-FET 123I-IMT 18F-FET 123I-IMT 18F-FET 123I-IMT 18F-FET 123I-IMT 18F-FET 123I-IMT

1 4 3 2.2 1.5 1.5 1.0 1.9 0.7 1.3 1.3
2 4 3 2.2 1.7 1.0 0.9 1.3 0.9 1.2 1.3
3 1 1 0.8 0.7 1.5 0.8 1.7 0.9 1.2 1.4
4 4 4 4.2 2.4 1.4 1.0 1.2 0.5 1.2 1.3
5 4 3 1.5 1.2 1.5 0.7 1.6 0.5 1.3 1.3
6 1 2 0.9 0.8 1.3 0.9 1.1 0.6 1.2 1.4
7 3 3 1.4 1.4 1.1 0.8 1.3 0.5 1.2 1.4
8 4 4 2.6 2.0 1.1 1.1 1.2 0.7 1.0 1.2
9 4 4 3.2 2.5 1.0 0.4 1.3 0.4 1.0 1.2

10 3 3 1.6 1.2 1.7 0.7 1.5 0.6 1.2 1.4
11 4 1 1.8 1.1 1.0 0.9 1.0 0.9 1.1 1.4
12 4 4 2.3 1.6 1.0 0.7 1.3 0.4 1.2 1.2
13 2 2 1.4 1.3 1.2 0.6 1.5 0.8 1.3 1.3
14 4 4 3.4 2.2 1.3 0.8 1.7 0.7 1.3 1.3
15 4 3 1.9 1.2 1.3 0.8 1.3 0.7 1.1 1.2
16 4 4 2.6 1.9 1.2 0.8 1.1 0.5 1.4 1.4
17 1 1 0.7 0.7 1.1 0.7 1.3 0.6 1.2 1.3
18 2 2 1.2 1.2 1.2 1.1 1.0 0.6 1.2 1.3
19 4 4 1.7 1.5 1.5 0.8 1.8 0.5 1.3 1.4
20 4 4 3.2 1.9 1.4 0.7 1.3 0.5 1.1 1.2

Mean 3.3 3.0 2.0 1.5 1.3 0.8 1.4 0.6 1.2 1.3
SD 1.1 1.1 0.9 0.5 0.2 0.2 0.3 0.2 0.1 0.1

NS P � 0.001 P � 0.001 P � 0.001 P � 0.001

Pearson correlation coefficient r � 0.96 r � 0.08 r � �0.06 r � 0.55
P � 0.001 NS NS P � 0.02

NS � not significant.
Mean rating score: 1, definitely not present; 2, probably not present; 3, probably present; 4, definitely present.
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Visual Analysis of Anatomic Structures
The discrimination of the anatomic intracerebral struc-

tures (brain stem, cerebellum, caput nuclei caudate, thala-
mus, hippocampus, postcentral gyrus) was significantly su-
perior on 18F-FET PET scans as compared with that on the
123I-IMT SPECT scans. The mean scores for the 18F-FET
PET and 123I-IMT SPECT scans were 2.6 � 0.9 and 1.7 �
0.9, respectively (P � 0.001). On the 18F-FET PET scans,
the identification of the cerebellum, brain stem, caput nuclei
caudate, and thalamus was rated good to very good, the
discrimination of the hippocampus was rated fair, and that
of the postcentral gyrus was poor. In contrast, on 123I-IMT
SPECT scans, only the identification of the cerebellum was
rated good to very good. Detailed data are given in Table 3.
The observers demonstrated good agreement in the rating
scores (�-value, 0.34 � 0.15).

DISCUSSION

In this study the cranial distribution of 18F-FET and
123I-IMT uptake was directly compared in a series of pa-
tients with brain tumors.

Intratumoral tracer distribution was similar for 18F-FET
and 123I-IMT and a strong and significant correlation (r �
0.96) of the TBRs was found (Figs. 1 and 2). The mean
TBRs, however, were significantly higher for 18F-FET than
for 123I-IMT. A direct comparison of 18F-FET PET and

123I-IMT SPECT has not yet been performed, but our results
are in agreement with studies comparing 18F-FET and 11C-
MET uptake, on the one hand, and 123I-IMT and 11C-MET
uptake, on the other hand (19,26).

Comparing 18F-FET and 11C-MET, a close correlation
(r � 0.98) was reported in patients with brain tumors (19),
and the TBRs of both tracers were in the same range. This
observation was confirmed by dual-tracer autoradiography
in experimental rat gliomas (20).

Also, studies comparing 11C-MET PET and 123I-IMT
SPECT in patients with brain tumors as well as in experi-
mental animal studies demonstrated a significant correlation
of the TBRs of 11C-MET and 123I-IMT (26,27). In these
studies, consistently higher TBRs for 11C-MET than for
123I-IMT have been reported, which is in agreement with the
findings of the present study.

It was speculated that differences in the lipophilicity of
the tracers may account for this phenomenon (27). How-
ever, another factor that contributes to the lower TBRs in
123I-IMT SPECT is the faster washout of 123I-IMT from the
tumor tissue as compared with 11C-MET and 18F-FET, re-
spectively. This leads to a decrease of the TBRs of about
20% from 15 to 60 min after injection in 123I-IMT SPECT
(26). In contrast, the 18F-FET concentration in the tumor and
normal brain tissue remains rather constant within this pe-
riod of time (19).

Uptake of 18F-FET and 123I-IMT is mediated by specific
amino acid transporters, but both amino acids are not in-
corporated into proteins (3,19). Several studies have ana-
lyzed the transport mechanisms of 123I-IMT and demon-

FIGURE 3. Coregistered 18F-FET PET, 123I-IMT SPECT, and
MRI of 57-y-old woman with a low-grade astrocytoma (patient
11) in the posterior cingulum. The tumor was identified on
18F-FET PET but not on the 123I-IMT SPECT images by the 3
observers. The TBR was 1.8 for 18F-FET PET and was 1.1 for
123I-IMT SPECT. (A) 18F-FET PET. (B) MRI. (C) 123I-IMT SPECT.

FIGURE 2. Coregistered 18F-FET PET, 123I-IMT SPECT, and
MRI of 56-y-old woman with a malignant oligodendroglioma
(patient 14) in the right frontal lobe. The tumor was clearly
identified on 18F-FET PET and 123I-IMT SPECT and was rated as
definitely present by all 3 observers. The TBR was 3.4 for
18F-FET PET scans and was 2.2 for 123I-IMT SPECT scans. On
PET images, the accumulation of 18F-FET was higher in the
superior sagittal sinus (arrowhead) and in the temporal muscle
(arrows) compared with that on the 123I-IMT SPECT images. (A)
18F-FET PET. (B) MRI. (C) 123I-IMT SPECT.
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strated concordantly a specific transport dominated by
sodium-independent transport system L (3). The similarity
of the transport characteristics of 123I-IMT to those of 11C-
MET has been shown in human glioma cells (28). For
18F-FET, data on transport mechanisms are sparse. Initial
studies demonstrated a 24-fold higher uptake of L-FET
compared with the D-isomer in the brain of nude mice,
indicating stereoselective transport (16). A 70% reduction
of 18F-FET transport was observed in SW 707 colon carci-
noma cells using 2-aminobicyclo-2,2,1-heptane-2-carboxy-
lic acid as an inhibitor of system L amino acid transport, but
Na� dependence of transport was not evaluated (29). Trans-
port experiments with 18F-FET in F98 rat glioma cells
revealed a sodium-dependent transport via system B0,� in
addition to sodium-independent transport via system L, but
the transport characteristics of 18F-FET in this specific cell
line were nearly identical to those of 11C-MET (20). Thus,
the similarities of transport mechanisms for 123I-IMT and
11C-MET, on the one hand, and of 18F-FET and 11C-MET,
on the other hand, are well documented and are in agree-
ment with imaging results of cerebral gliomas.

The comparability of 18F-FET and 123I-IMT uptake in
brain tumors is further supported by the qualitative analysis
by the 3 independent observers. This additional visual anal-
ysis of 18F-FET PET and 123I-IMT SPECT images is rather
close to the clinical setup since diagnostic evaluation is
usually done by qualitative scan reading. Overall, a very
good agreement between the 3 observers was achieved.
18F-FET PET and 123I-IMT SPECT scans yielded consistent
results in 19 of 20 patients with regard to the presence or
absence of brain tumors. In one patient, the tumor was only
identified on the 18F-FET PET images. The lower contrast
between tumor and normal brain in 123I-IMT SPECT (TBR,
1.1) compared with the that in 18F-FET PET (TBR, 1.8) may
account for this difference (Fig. 3).

In general, the findings of our study and that of previous
studies (19,26) suggest that clinical experience with 123I-
IMT SPECT as well as with that of 11C-MET PET can be
used as a basis for the clinical interpretation of 18F-FET PET
studies in brain tumors.

The potential of radiolabeled amino acids for the diag-
nostic evaluation of brain tumors has been demonstrated in
numerous studies (2,3). One of the main advantages of
using amino acids appears to be the visualization of the true
tumor extent of gliomas (6,7,11). Although CT and MRI are
unsurpassed diagnostic modalities for the detection of ce-
rebral space-occupying lesions, the differentiation of tumor
tissue from nontumorous tissue, such as perifocal edema, is
difficult with these morphologic methods (30). Although
unspecific uptake of amino acids may not be excluded,
11C-MET and 123I-IMT uptake appears to be sensitive to
differentiate high-grade gliomas from nontumorous lesions
(8) and recurrences from scarring (7,31) and to monitor
therapeutic effects (32).

For 11C-MET it has been demonstrated that uptake within
the limit of the tumor is related to the local level of malig-
nancy as estimated histologically on stereotactic biopsies
(33). This is of importance considering the high level of
regional heterogeneity of gliomas and the potential benefit
of ensuring the resection or destruction of most malignant
components of the tumor when complete resection cannot
be performed without unacceptable morbidity. Such a met-
abolically guided resection has proved feasible using ste-
reotactic 11C-MET PET information to direct resection of
brain tumor under neuronavigation (34).

The role of radiolabeled amino acids for the determina-
tion of tumor grading of cerebral gliomas is controversial. In
a larger series of patients, a difference in 11C-MET uptake
between high-grade and low-grade gliomas was shown, but
the overlap of the 2 groups was too high to predict grading
precisely in individual tumors (8). For 123I-IMT, some au-
thors observed a high accuracy of 123I-IMT SPECT for the
separation of high-grade from low-grade gliomas, but others
could not identify such a difference and observed a wide
overlap of 123I-IMT uptake in different tumor grades (3).
Similarly, L-1-11C-tyrosine PET revealed no correlation be-
tween histologic grading and proliferative activity of human
brain tumors (35). With regard to 18F-FET PET, our data-
base is still too small to draw any conclusions. The meaning
of amino acid uptake in gliomas for the prediction of prog-

TABLE 3
Discrimination of Anatomic Structures on 18F-FET PET and 123I-IMT SPECT Scans (n � 20)

Anatomic structure

18F-FET PET 123I-IMT SPECT

1 2 3 4
Mean
score 1 2 3 4

Mean
score

Cerebellum 0/20 1/20 5/20 14/20 3.7 2/20 1/20 10/20 7/20 3.1
Brain stem 1/20 4/20 11/20 4/20 2.9 7/20 8/20 4/20 1/20 2.0
Caput nuclei caudate 1/20 4/20 12/20 3/20 2.9 15/20 4/20 1/20 0/20 1.3
Thalamus 1/20 3/20 11/20 5/20 3.0 10/20 8/20 2/20 0/20 1.5
Hippocampus 2/20 14/20 4/20 0/20 2.1 20/20 0/20 0/20 0/20 1.0
Gyrus postcentralis 14/20 6/20 0/20 0/20 1.4 20/20 0/20 0/20 0/20 1.0
Total 2.6 � 0.9 1.7 � 0.9

Mean scores of 3 observers were used: 4, very good; 3, good; 2, fair; 1, poor.
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nosis is still under investigation. One study reported signif-
icantly longer survival times for glioma patients with low
11C-MET uptake than for glioma patients with high 11C-
MET uptake (36). In low-grade gliomas, 11C-MET uptake
was a good prognostic indicator (37). 123I-IMT uptake ap-
pears not to be an indicator of survival time in patients with
gliomas (1), but the extent of the lesion on 123I-IMT SPECT
was an independent predictor of prognosis (38). Also, after
resection of primary brain tumors, significantly longer sur-
vival times in patients without 123I-IMT uptake than in
patients with residual 123I-IMT uptake were reported (39).
However, these data likely reflect the known influence of
total tumor resection on the prognosis of patients with
cerebral gliomas, rather than that they support the predictive
value of 123I-IMT uptake for individual prognosis. Thus,
these particular studies confirm the potential of amino acids
for the identification of residual tumor tissue. It appears that
imaging of gliomas with radiolabeled amino acids—11C-
MET, 123I-IMT, or 18F-FET—yields most benefit concern-
ing the identification of glioma tissue, which is helpful for
therapy planning (surgery, radiotherapy), detection of recur-
rence, identification of an optimal biopsy site, and therapy
control. Histologic grading of individual tumors or predic-
tion of survival time for 18F-FET PET needs further inves-
tigation but appears to be inferior to that of 18F-FDG PET.

Since PET provides a considerable higher spatial resolu-
tion than SPECT, the discrimination of anatomic brain
structures was significantly superior on 18F-FET PET scans
compared with that on the 123I-IMT SPECT scans. This is an
important advantage of 18F-FET PET that allows improved
description of the tumor location. Moreover, it facilitates
image coregistration with morphologic data such as MRI
and clinical acceptance. For both tracers the accumulation in
the cerebellum was slightly higher than that in the supra-
tentorial brain (CerBR 18F-FET, 1.2 � 0.1; CerBR 123I-IMT,
1.3 � 0.1) and a significant positive correlation of the TBRs
was identified for 18F-FET and 123I-IMT. This finding sup-
ports the hypothesis that the physiologic behavior of 18F-
FET and 123I-IMT is similar within the brain. SPECT is still
more widely available than PET but the 123I tracer are very
costly and disposability is not better than that of 18F tracers.
Since, for 123I-IMT studies, a relatively high tracer dose is
needed, the total costs of an 123I-IMT SPECT study are
similar to those of a 18F-FET PET study. Thus, 18F-FET PET
should become the method of choice when a PET scanner is
available while 123I-IMT SPECT remains a useful alterna-
tive in hospitals without a PET facility.

In contrast to the findings in brain tumors, 18F-FET and
123I-IMT demonstrated obvious differences concerning the
uptake in extracerebral tissues. The higher radioactivity of
18F-FET in the muscles and the blood compared with the
normal brain tissue was previously reported (22). The
blood-pool radioactivity of 18F-FET visualizes large cere-
bral vessels that may be a disadvantage of 18F-FET but can
be overcome by performing late 18F-PET scans. Since the
radioactivity increases in the normal brain over time, similar

levels of radioactivity in the blood and the brain are usually
reached on late scans 1 h after injection of 18F-FET (22).
The higher blood-pool radioactivity of 18F-FET may be
attributed to the low urinary excretion of 18F-FET, which is
only 22% of the injected activity after 5 h (22). This is
relatively low compared with 123I-IMT, which exhibited a
75% urinary excretion after 5 h (21).

The reasons for the different physiologic behavior and
transport characteristics of 18F-FET and 123I-IMT in extra-
cerebral tissues remain to be explored. In principle, it has
been shown that even minimal structural differences in
radioloabeled amino acids result in completely different
biokinetics (1). Recently, the transport selectivity of 123I-
IMT for the isoform of human L-type amino acid trans-
porter hLAT1 was detected while the natural parent
L-tyrosine was transported by hLAT1 and hLAT2 (40). The
emerging interest of molecular biologic sciences in nuclear
medicine may provide a more specific characterization of
new radiolabeled amino acids in the near future.

CONCLUSION
18F-FET and 123I-IMT demonstrated similar uptake in

brain tumors, and the TBRs of both tracers showed a sig-
nificant strong correlation in this initial evaluation with a
relatively limited number of patients. It is expected that the
clinical experience with 123I-IMT SPECT in the diagnosis
and follow-up of brain tumors will be valid for 18F-FET
PET. However, this must be addressed in a larger series of
patients with nonneoplastic lesions and patients who had
undergone previous therapy.

As 18F-FET PET allows improved discrimination of an-
atomic structures and the tumor-to-brain contrast was sig-
nificantly superior compared with 123I-IMT SPECT scans,
the results are encouraging for further evaluation of 18F-FET
for imaging brain tumors.
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