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The high glucose utilization of normal gray matter limits the detection
of brain tumor tissue by PET using '®F-fluorodeoxyglucose (FDG).
The aim of this study was to evaluate whether the examination of
amino acid transport with the SPECT tracer '%%l-alpha-methyi-L-
tyrosine (IMT) allows better identification of tumor tissue than FDG-
PET. Methods: Nineteen patients (16 with gliomas, 3 with nontu-
morous lesions) were included in the study. Two independent
observers classified PET and SPECT images as positive or negative
for tumor tissue and defined the extent of tumor with regions of
interest. Tracer uptake of FDG and IMT was quantified by calculating
the tumor uptake relative to contralateral gray and white matter.
Results: SPECT studies were interpreted concordantly in 18 pa-
tients (kappa = 0.77) and all tumors were identified by both
observers. PET studies were interpreted discordantly in 4 patients
(kappa = 0.52) and only 10 tumors were identified by both observ-
ers. Interobserver variability in definition of tumor extent was signif-
icantly lower in the IMT-SPECT than in the FDG-PET studies (p =
0.03). Mean tumor uptake relative to gray and white matter was
1.93 + 0.42 and 2.25 *+ 0.46 for IMT and 0.93 + 0.32 and 1.61 *
0.52 for FDG. All tumor uptake ratios were significantly (p < 0.01)
higher for IMT than FDG, even when only glioblastomas were
analyzed. No significant correlation was observed between the
various uptake ratios of FDG and IMT. Conclusion: Despite the
lower resolution and lower sensitivity of SPECT compared with PET,
IMT-SPECT was clearly superior to FDG-PET in the detection and
delineation of tumor tissue.
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Aggressive neurosurgery, radiotherapy and chemotherapy are
the standard of care for most patients with primary brain tumors
(1). These combined therapeutic strategies can lead to consid-
erable side effects (2) and achieve long-term survival only in a
small percentage of patients (3). Therefore, reliable recognition
of viable tumor tissue and measurement of treatment effect are
of great importance. Several studies have demonstrated that CT
and MRI cannot reliably differentiate viable tumor tissue from
tumor-associated edema, postoperative changes or radiation
necrosis (4). Therefore, imaging methods that are based on specific
markers of tumor tissue and metabolism have been proposed as
alternatives to these techniques. Since 1982, PET using the glucose
analog '®F-fluor-deoxy-D-glucose (FDG) has been applied for
noninvasive tumor grading, differentiation of tumor recurrence
from radiation necrosis and determination of prognosis (5-8).
However, the high glucose utilization of gray matter complicates
the identification of tumor tissue by FDG-PET (9-11). Therefore,
difficulties in the visual interpretation of FDG-PET studies and the
quantification of FDG uptake were reported (9,/1). As protein
synthesis rate of normal brain tissue is several degrees of magni-
tude lower than its glucose utilization [about 0.5 nmol/g/min for
leucin versus 0.3 umol/100 g/min for glucose (/2)], amino acid
tracers have been proposed as an alternative to FDG in the
metabolic characterization of brain tumors (/3).
Iodine-123-alpha-methyl-L-tyrosine (IMT) is an amino acid
analog initially developed for imaging melanomas and the
adrenal medulla (/4). IMT has a similar affinity to the neutral
amino acid carrier at the blood-brain barrier as L-tyrosine but is
not further metabolized and not incorporated into proteins
(15,16). Its uptake in brain tumors can be saturated by natural
amino acids, indicating that IMT uptake in these tumors is due
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to a specific amino-acid transport system (/7). So far this tracer
has been shown to accumulate intensively in brain tumors of
different histologic types and grading, while the uptake in
normal brain is low (/5,18). In consideration of these results,
IMT appears to be a promising new agent for metabolic
imaging of brain tumors with SPECT. SPECT cameras for
123]_labeled tracers are, however, clearly inferior in terms of
sensitivity and resolution compared with current PET scanners.
It is unknown whether IMT-SPECT is superior to FDG-PET in
the detection and delineation of brain tumors. Therefore, the
aim of this study was to compare these two techniques in a
series of patients with suspected primary or recurrent brain
tumors to determine:

1. What is the contrast between normal brain and tumor
tissue in IMT-SPECT compared to FDG-PET?

2. Is the delineation of brain tumors from normal tissue more
reliable with IMT-SPECT than with FDG-PET?

3. What is the correlation between IMT and FDG uptake in
brain tumors?

METHODS

Patients

We studied patients who were referred from the departments of
radiotherapy and neurosurgery for an FDG-PET study because of
suspected recurrent tumor, differential diagnosis of intracerebral
lesions or determination of residual disease after debulking sur-
gery. An MR examination, including T1- and T2-weighted se-
quences and Tl-weighted sequences after administration of Gd-
DTPA, had to have been performed previously and interpreted as
compatible with tumor. FDG-PET and IMT-SPECT were per-
formed within 2 wk after the MR study. Exclusion criteria were
pregnancy and inability to give informed consent. Details of the
study were explained to the patients by a physician. The study was
approved by the university’s ethics committee.
Data Acquisition

FDG was produced by a standard technique of nucleophilic
fluorination (/9). PET examinations were performed on fasted
patients in a room with dimmed light, no conversation and low
ambient noise, primarily from the scanner gantry fans. The PET
tomograph had axial and transaxial resolutions, at FWHM, of about
5 and 8 mm, respectively. A 20-min static acquisition was
performed starting 40 min after injection of 270-370 MBq FDG.
Attenuation was corrected with the standard separate ellipse
algorithm provided in the scanner software. Images were recon-
structed by filtered backprojection using a Hanning filter with a
cutoff frequency of 0.8 Nyquist. The image pixel counts were
calibrated to activity concentrations (Bq/g), and standardized
uptake values (SUV) were calculated using the formula:

SUV =
(tissue concentration [Bg/g])/(injected dose [Bq}/body weight [g]).

IMT labeled with '?’I by direct electrophilic iodination using
Iodogen as an oxidant (20). Radiochemical yields were about 80%
and specific activities of approximately 160 TBg/mmol were
achieved. Patients were examined by IMT-SPECT after fasting for
at least 4 hr. The patients received 900 mg sodium perchlorate
before the IMT injection to minimize radioactive iodide uptake by
the thyroid. Data acquisition was started 30 min after intravenous
injection of 185-370 MBq IMT. Images (n = 120) of 45 sec
duration were acquired with a triple-head camera equipped with a
dedicated '?*I collimator (collimator thickness 60 mm, septal
thickness 0.5 mm) (27). With this collimator, the camera provides
an axial and transaxial resolution of about 11 mm FWHM. Images
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were reconstructed by filtered back-projection using a Butterworth
filter (10. order, cutoff frequency 0.4 Nyquist).

Visual Image Interpretation

For visual analysis of the PET studies, SUV images were
displayed on a computer monitor in the axial, coronal and sagittal
orientations using an inverted gray scale with normalization of the
images to a maximum SUV of 7.0. SPECT images were normal-
ized to the maximum uptake in the study and displayed in the same
way. Qualitative interpretation of PET and SPECT images was
performed by two independent observers (PB and HD) blinded to
the clinical data of the patient. PET and SPECT studies were
evaluated in conjunction with the corresponding MR images.
Studies were classified as positive or negative for the presence of
tumor tissue.

Quantitative Analysis

Regions of interest (ROIs) were placed manually over focal
FDG or IMT accumulations at the site of maximum tracer
accumulation by two observers (PB and WW). To determine the
percentage of overlap between the tumor areas A, and A, defined
by the two observers, the following parameter, I, was calculated:

_ (AjN Ay
(AJUAy)’

In addition, the mean tracer uptake values of ROIs A, and A, were
compared to each other. For further analysis, a ROI was defined by
consensus using the MR images as a reference. The maximum and
mean tracer uptake in these ROIs were determined and ratios were
calculated relative to the contralateral gray and white matter.
Contralateral gray and white matter (semiovale center) were
defined in consecutive slices in the PET and SPECT studies. MR
images were used as a reference to avoid inclusion of the
ventricular system in white matter ROIs and inclusion of white
matter in the gray matter ROIs. The volume of the reference ROIs
was at least 3 cm®.
Statistical Analysis

The interobserver variability in the qualitative evaluation of the
PET and SPECT studies was evaluated by kappa statistics (22).
Uptake ratios are presented as mean * s.d. The correlation between
tumor grading and FDG or IMT uptake was analyzed by the
Kruskal-Wallis test. Quantitative parameters obtained by the dif-
ferent imaging methods in individual patients were compared by a
two-tailed, paired t-test and by Pearson’s correlation coefficient.
All statistical tests were performed at the 5% level of significance.

RESULTS

Nineteen consecutive patients (14 men, 5 women) were
included into the study over an 11-mo period. Mean age was 54
yr (range 35-75 yr). Patient characteristics, tumor type, pre-
treatment and mode of diagnosis are summarized in Table 1.
Overall, 16 primary brain tumors and 3 nontumorous lesions
were studied. Ten patients were imaged for differential diagno-
sis of intracerebral lesions. These lesions were later confirmed
by open surgery or stereotactic biopsy. Three patients were
examined after debulking surgery for intracerebral tumors.
Macroscopic residual tumor was demonstrated by early (within
48 hr) postoperative MRI. The interval between surgery and
PET and SPECT imaging ranged between 1 and 4 wk. Six
patients were imaged for suspected tumor recurrency. In four of
these patients, recurrent tumors were verified by stereotactic
biopsy. The remaining two patients (Patients 18 and 19) with
suspected recurrent Grade II and III astrocytomas had negative
PET and SPECT findings and were not operated on for ethical
reasons. In these two patients, clinical follow-up for 6 mo in
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TABLE 1

Clinical Data
Patient Age max @ Mode of
no. Sex (V) Histology (cm) diagnosis Pretreatment
1 M 61 Glioblastoma 6.8 Biopsy Surgery*
2 F 42 Astrocytoma Il 49 Biopsy None
3 M 57 Glioblastoma 5.3 Surgery None
4 M 39 Mixed glioma II 75 Biopsy None
5 M 60 Glioblastoma 5.7 Surgery None
6 M 72 Glioblastoma 54 Surgery None
7 M 54 Glioblastoma 5.0 Surgery None
8 M 55 Glioblastoma 19 Surgery Surgery'
9 M 53 Glioblastoma 70 Biopsy None
10 F 37 Glioblastoma 55 Surgery Surgery + radiotherapy*
" F 75 Astrocytoma llI 6.8 Biopsy None
12 F 55 Astrocytoma lil 36 Biopsy None
13 M 46 Glioblastoma 1.5 Surgery Surgery'
14 M 57 Glioblastoma 15 Biopsy Surgery + radiotherapy*
15 F 49 Oligodendroglioma lil 3.8 Biopsy Surgery + radiotherapy*
16 M 60 Glioblastoma 1.8 Surgery Surgery'
17 M 61 Hematoma 25 Surgery None
18 M 61 na. 6.0 Follow-up Surgery + '%5|-seeds
19 M 35 na. 35 Follow-up Surgery
*Recurrent tumor.
Residual tumor after surgery.

Patient 18 and 3 mo in Patient 19 showed no signs of disease
progression and a presumptive diagnosis of radiation necrosis
and persistent postoperative edema was made.

Visual Image i

Eighteen of the 19 IMT studies were interpreted concordantly
by the two observers. There was disagreement only in one case
of intracerebral hematoma that was considered by one observer
to cause pathological IMT accumulation (kappa = 0.77). All of
the 16 histologically confirmed tumors were identified as focal
IMT accumulations by both observers. Despite the lower
resolution of the SPECT camera compared with the PET
scanner, four small tumors with a diameter of less than 2 cm
were clearly identified by IMT-SPECT. Two of these tumors
were interpreted discordantly by the two observers on the
FDG-PET images because they were adjacent to normal cortical
structures (Table 2).

Fourteen of the 16 tumors were identified on the FDG-PET
images by at least one of the two observers. However, only 10
tumors were identified by both observers. The two cases of
presumptive radiation necrosis and postoperative edema were
correctly identified by both observers, whereas the intracerebral
hematoma was considered as positive for tumor by both
observers. Two low-grade astrocytomas were not detected by
either observer and two recurrent and two residual tumors after
partial resection of a glioblastoma were not considered by one
observer to cause pathologically increased FDG uptake (Table
2). Overall, the kappa value between the two observers was 0.52
(Table 2). As an example for the difficulties in the visual
interpretation of FDG-PET, Figure 1 shows the PET and SPECT
studies of a patient with a recurrent glioblastoma (Patient 10).

Regions of interest (ROIs) defined by the two observers in
the IMT images showed a high correspondence. The mean
value of the parameter I determining the overlap of the tumor
areas was 0.76 = 0.07 (Fig. 2). For FDG-PET, ROIs were only
analyzed when both observers had identified pathological FDG
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accumulations. The I value for these tumors was 0.55 = 0.31,
thus being significantly (p = 0.03) lower than with IMT-
SPECT (Fig. 2). The mean IMT uptake in the ROIs defined by
the two observers showed a high correlation (r = 0.999, p =
0.0001, Fig. 3A). The correlation between mean FDG uptake
showed considerable more scatter (r = 0.84, p = 0.002, Fig. 3B).

The values of the mean and maximum uptake ratios based on
the consensus ROIs for IMT and FDG are shown in Table 2 and
Figure 4. With FDG-PET, all tumors except a Grade II
astrocytoma were hypermetabolic compared to normal white
matter. Since uptake of normal gray matter was about twice the
uptake of normal white matter, only four tumors (all glioblas-
tomas) were hypermetabolic compared with normal gray mat-
ter. The mean SUV of the tumors was significantly higher than
the mean SUV of the normal white matter (p = 0.001) but not
significantly different from normal gray matter (p = 0.188).
The results were similar when only glioblastomas were ana-
lyzed (p = 0.002 and p = 0.73, respectively).

With IMT, all tumors were hypermetabolic compared to
normal white and gray matter. Due to the low uptake of IMT in
normal gray matter, tumor-to-gray-matter ratios were only 17%
lower than tumor-to-white-matter ratios. All uptake ratios were
significantly (p < 0.001) higher for IMT than for FDG, even
when only glioblastomas were analyzed (p < 0.01). The mean
and maximum uptake ratios relative to white matter for IMT
were 1.4-fold higher than for FDG. The mean and maximum
uptake ratios relative to gray matter for IMT were 2.1-fold
higher than for FDG.

For FDG, significant correlations between the maximum and
mean tumor uptake and histological grading were found (p =
0.015 and p = 0.029). No significant correlation was found
between any of the uptake ratios of IMT and the histological
grading. Although a tendency for higher IMT uptake in tumors
with high FDG uptake was observed, no significant correlation
between any of the uptake ratios of FDG and IMT was found.
As an example, the correlation between the maximum FDG and
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TABLE 2
IMT and FDG Uptake Relative to Normal White and Gray Matter

Visual
Patient IMTWM IMT/GM FDG/WM FDG/GM interpretation*
no. mean max mean max mean max mean max PET SPECT
Brain tumors
1 2.59 3.28 2.00 253 222 2.7 1.49 1.81 P P
2 1.75 222 1.90 2.41 1.19 1.43 0.69 0.83 n P
3 2.61 3.54 2.53 344 2.18 257 153 1.81 P P
4 3.31 4.1 2.63 3.34 1.00 1.38 0.55 0.77 n P
5 242 293 1.87 227 213 2,65 1.37 1.7 P P
6 2.80 3.22 221 2.54 1.09 1.81 0.59 0.99 P P
7 1.68 2.18 144 1.86 1.37 1.70 0.82 1.02 P [}
8 2.07 237 1.69 193 147 1.59 0.76 0.82 d P
9 2.74 3.84 2.65 3.7 2.01 2.59 1.05 1.36 P o]
10 1.75 225 1.58 2.03 1.19 153 0.59 0.76 d P
1 1.85 240 1.37 1.78 1.34 1.83 0.67 0.91 P P
12 217 255 197 231 1.75 1.93 0.94 1.04 p p
13 225 2.76 217 2.66 1.59 1.81 0.96 1.09 P p
14 2.05 2.52 184 2.26 2.32 3.03 120 157 P P
15 1.83 2.42 1.43 1.88 1.38 1.70 0.66 0.82 d P
16 2.16 2.77 1.60 2.06 1.59 1.88 1.04 1.22 d o]
Mean 225 284 1.93 244 1.61 2.01 0.93 1.16
s.d. 0.46 0.61 0.42 0.59 0.44 0.52 0.32 0.38
Nontumorous lesions
17 1.69 205 143 1.73 1.84 234 0.89 1.13 P d
18 1.65 1.65 1.31 1.31 1.54 1.91 0.77 0.95 n n
19 1.06 1.88 091 1.61 1.38 2.06 0.66 0.98 n n
Mean 1.47 1.86 1.22 1.55 1.59 2.10 0.77 1.02
s.d. 0.35 0.20 0.27 0.22 0.23 0.22 0.12 0.10

*Overall, the kappa for the agreement between the two observers is 0.77 for IMT-SPECT and 0.52 for FDG-PET. p = positive; n = negative; d = discordant

study interpretation.

IMT uptake relative to white matter is shown in Figure S (r =
0.29, p = 0.27).

DISCUSSION

In this comparison of IMT-SPECT and FDG-PET imaging in
the evaluation of intracerebral tumors, 16 consecutive gliomas
showed a 2.1-fold higher mean tumor uptake of IMT than FDG
relative to normal gray matter. The high tumor-to-background
ratio with IMT-SPECT resulted in easy detection of all tumors
and high correspondence in defining tumor extent by the two
observers. FDG-PET images showed only low contrast between
tumor tissue and normal gray matter. A limited consensus in the
interpretation of FDG-PET studies by two observers was
achieved. In cases where both a observers found pathological
FDG accumulation, differences in the definition of tumor extent
by a ROI were large.

The low uptake ratios of FDG in brain tumors in this study
are in good agreement with the values reported by Debelke et al.
(23) in a group of 38 gliomas. Difficulties in the qualitative and
quantitative evaluation of brain tumors due to low contrast of
FDG images have been reported by several authors since the
introduction of the method (6,9,/0). Quantification of tumor
metabolism is hampered by the low contrast of FDG images in
two ways: First, as shown in our study, interobserver variability
in definition of ROIs for semiquantitative analysis is consider-
able. Second, spillover from normal cortical tissue may be a
major source of the measured activity in the tumor. Because of
the low uptake in normal brain, tracers of amino-acid metabo-
lism may help to overcome these problems in the metabolic
evaluation of brain tumors. In this study, we could demonstrate
that IMT-SPECT allowed more reliable definition of tumor

FDG-PET anp IMT-SPECT ofF BraiN Tumors « Weber et al.

extent and quantification of tracer uptake, although SPECT is
principally inferior to PET with respect to image resolution and
quantitative analysis.

Ishizu et al. (24) suggested increasing the contrast of brain
tumors in FDG-PET studies by infusion of glucose to decrease
FDG uptake in normal gray matter. In their study, the tumor-
to-cortex ratio increased from 0.89 to 1.15 (26 * 5.7%) in 10
patients with various intracranial tumors by rising the blood
glucose level from 107 = 19 to 242 * 43 mg/dl. These data
show that the contrast between gray matter and tumor tissue
remains low, even with glucose loading. In addition, glucose
loading further complicates the PET procedure since it requires
intravenous infusion of glucose and repeated testing of the blood
glucose concentration to avoid excessive hyperglycemia (24).

Carbon-11-methionine is the most intensively studied agent
for evaluation of amino-acid metabolism of brain tumors
(13,25-28). Preliminary studies showed that ''C-methionine
may be superior to FDG in definition of tumor extent and
detection of tumor recurrence (25). However, the short half-life
of ''C-methionine and other ''C-labeled amino acids restricts
the use of these tracers to PET centers with onsite cyclotrons. In
contrast, IMT-SPECT offers widespread application of amino
acid studies, in that SPECT cameras are generally available and
relatively inexpensive. Fluoridinated amino acid analogs, such
as fluor-tyrosine, which would allow labeling with '®F (T,,, 110
min) have not gained widespread acceptance because of the low
radiochemical yield (29).

Both amino-acid and glucose uptake increase markedly after
malignant transformation of cells in vitro (30). However,
variable quantitative relations between uptake of amino-acids
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FIGURE 1. T1-weighted MR image before and after administration of
Gd-DTPA (first row), FDG-PET (second row), IMT-SPECT (third row) and
overlay images of Patient 10 with a recurrent glioblastoma of the left frontal
pole. IMT-SPECT shows intense focal IMT uptake at the site of the recur-
rence. FDG uptake in the tumor is difficult to distinguish from normal gray
matter. PET and IMT studies were reorientated using a program developed

gy4l;’bﬁzyketal.(43)0vedayimageswaewsmctedbypixdmedeavm

and glucose were observed in different phases of cell growth
and in different cell lines (37). A few studies have compared
tracers of amino-acid and glucose metabolism in human glio-
mas: Ericson et al. (32) compared qualitatively the uptake of
"'C-glucose and ''C-methionine in 16 patients with supraten-
torial tumors. They found that six of nine Grade II astrocytomas
showed increased uptake of !'C-methionine compared with the
normal cortex, whereas none of them were visualized by FDG.
Ogawa et al. (25) noticed a high accumulation of !'C-methio-
nine in two recurrent astrocytomas III wile FDG uptake in these
lesions was low. Wienhard et al. (33) found a weak but still
significant correlation between the transport constant K1 of
FDG and '®F-fluorotyrosine in 15 patients with various brain
tumors. In our study, we found no significant correlation
between IMT and FDG uptake ratios in brain tumors. This may
be explained in part by technical differences in the measure-
ment of the tracer uptake (attenuation artifacts in SPECT
images and different resolutions of the PET and SPECT
scanners). The high uptake of IMT in the two low-grade tumors,
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FIGURE 2. Percentage of overlap between the ROIs defined in the IMT-

SPECT and FDG-PET studies by the two observers. The percentage of
overiap is significantly (p = 0.03) higher for IMT-SPECT than for FDG-PET.

as well as some high-grade tumors that showed only low FDG
uptake, suggests that despite these technical differences amino
acid transport and glucose metabolism in brain tumors are only
weakly correlated.

As already observed by the initial investigators of FDG-PET
in brain tumors (5,6), we found a significant correlation
between histological grading and FDG uptake. In contrast, no
correlation was observed between histological grading and IMT
uptake in our patients. Similar results were observed with PET
tracers of amino acid metabolism. Wienhard et al. (33) found
no significant correlation between tumor grading and the influx
rate of '3F-tyrosine in 15 patients with various brain tumors.
Pruim et al. (34) observed no significant correlation between
the protein synthesis rate determined by ''C-tyrosine and
histological grading in 22 patients. Nevertheless, in a larger
series of patients, a significant correlation between histological
grading and IMT uptake may be found. However, it seems
unlikely that the correlation would be close enough to allow
clinical application of IMT for noninvasive tumor grading.

The high contrast of low-grade as well as high-grade tumors
in IMT-SPECT can be advantageous with respect to other
possible applications. For low-grade tumors, the definition of
tumor extent by CT and MR is difficult due to lacking or only
slight contrast enhancement. It is, therefore, often impossible to
differentiate tumor tissue and associated edema (4). For these
patients, IMT-SPECT could be used for preoperative planning
of tumor resection or for defining the target volume for
radiotherapy.

The disruption of the blood-brain-barrier by high-grade
tumors can be easily visualized by contrast enhancement in CT
and MR. The area of enhancement corresponds to the part of the
tumor with the highest cell density with only sparse or no
intervening normal tissue (35). Increased signal intensities in
the T2-weighted MR images clearly delineate brain edema, but
tumor may extend beyond the edema. Conversely, not all
edematous tissue is infiltrated by tumor cells (35,36). Current
radiotherapy strategies therefore include all the edema visible
on the T2-weighted images in the radiation field with an
additional safety margin of 2 cm (37). In many patients, this
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results in large treatment fields, thus limiting the radiation dose
that can be administered without serious side effects (37). A
more exact definition of the tumor margins by IMT-SPECT
may contribute to improve radiotherapy of brain tumors. Pre-
liminary studies (38) showed that the distribution of IMT
uptake in brain tumors closely resembles !'C-methionine up-
take, which proved to provide better delineation of tumor
infiltration compared to MR and CT (26,27). While IMT-SPECT
alone does not provide enough topographical information for
planning radiation therapy or stereotactic biopsies, the use of
overlay images with CT or MR can make this approach feasible.

With respect to the potential of IMT-SPECT compared to
FDG in the differential diagnosis of brain tumors versus benign
conditions, the results of this study are clearly limited. Only
three patients with nontumorous lesions were investigated and
histological confirmation was not obtained in two of them.
Therefore, it is not possible to comment on the absolute
sensitivity and specificity of IMT-SPECT compared to FDG-
PET. However, since these patients had negative PET and
SPECT results, the comparison of the two methods is not
affected. Furthermore, it is interesting that no increased IMT
accumulation was observed, despite intensive contrast enhance-
ment in one patient (no. 18) with radiation necrosis.

Few data are currently available regarding IMT uptake in
benign tumors and during the postoperative period. Guth-
Tougelidis et al. (39) reported on three patients with suspected

(r = 0.84, p = 0.002).

tumor recurrence after surgery and negative IMT scans. In these
patients, clinical follow-up (6—24 mo) revealed no evidence of
tumor recurrence (39). In our study, a patient with a non-
neoplastic hematoma showed only weak, rim-like enhanced
IMT uptake. A similar result was obtained by Ogawa et al. (40)
who studied four patients with non-neoplastic hematoma with
"'C.methionine. The FDG-PET scan of our patient was consid-
ered as positive by both observers because of focal FDG
accumulation at the periphery of the lesion. Similar increased
FDG uptake at the periphery of intracerebral hematomas was
previously noted by Dethy et al. (47).

Wagner et al. (42) reported excellent sensitivity of IMT-
SPECT in the localization of residual tumor and tumor recur-
rence after surgery and intraoperative radiotherapy in 20 pa-
tients, but they do not give information about the specificity of
the method. In our experience, clear more intensive tracer
uptake was noted in the area of residual tumor in three patients
who had undergone surgery between 1 and 4 wk before
IMT-SPECT, whereas the other resection margins showed only
weak band-like tracer accumulation. However, these findings
have to be confirmed in a larger series of patients at various
intervals after surgery.

CONCLUSION
Despite the limited resolution and sensitivity of SPECT
compared with PET, IMT-SPECT was clearly superior to
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154 154 and FDG (triangles). (A) Mean and maxi-
: . mum tumor uptake relative to nomal
1.0 1.0 white matter. (B) Mean and maximum
tumor uptake relative to normal gray mat-
0.5+ 051 ter. All uptake ratios are significantly (p <
0.001) higher for IMT than for FDG. The
0.0 — 0.0 - i | difference between IMT and FDG re-
A mean maximum B mean maximum mains significant even when only glio-
blastomas were analyzed (p < 0.01).
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FIGURE 5. Correlation between maximum tumor uptake of FDG and IMT
relative to normal white matter (r = 0.29, p = 0.27).

FDG-PET in the detection and delineation of gliomas. In
contrast to FDG-PET, IMT-SPECT seems not to be suitable for
noninvasive tumor grading. The high contrast of IMT-SPECT
may be useful for planning surgical resections and radiotherapy
using overlay images with CT or MR. The specificity of the
method appears promising but requires further evaluation in a
larger series of patients with benign conditions.
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