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Diagnosis of Recurrent Glioma with SPECT and
Iodine-123-a-Methyl Tyrosine
Torsten Kuweit, Burkhard Woesler, Carlo Morgenroth, Hartmut Lerch, Michael SchÃ¤fers,Stefan Palkovic, Peter Matheja,
Wolfgang Brandau, Hansdetlef Wassmann and Otmar Schober
Departments of Nuclear Medicine and Neurosurgery, WestfÃ¤lische Wilhelms-UniversitÃ¤t, MÃ¼nster,Germany

lodine-123-a-methyl tyrosine (IMT) allows the investigation of amino
acid transport rate in brain neoplasms. It was the aim of this study to
evaluate the potential of IMT-SPECT to diagnose the recurrence of
gliomas after primary therapy. Methods: Using a triple-headed
SPECT camera, the cerebral uptake of IMT was determined in 27
patients 22 mo, on average, after surgical removal of a primary brain
tumor. Eighteen patients had suffered from high-grade gliomas, and
nine had suffered from low-grade tumors. Four patients were
examined before and after surgical revision of a presumed tumor
recurrence. A total of 31 studies were evaluated. The final diagnosis
was based on prospective clinicopathological follow-up. Recur
rence was diagnosed in 23 cases, with marked clinical deterioration
occurring 3.1 mo, on average, after SPECT, and was confirmed by
histopathology in 14 instances. Eight cases were free of recurrence,
as evidenced by inconspicuous clinical follow-up, ranging from 6 mo
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to 17 mo after SPECT in seven cases, and by clinical course and
histopathology in the remaining subject. Results: Patients with
recurrence had significantly higher ratios of IMT uptake in the tumor
area to that in a background region than did patients without
recurrence (2.27 Â±0.59 compared to 1.47 Â±0.29; p < 0.002). The
best cutoff level of the IMT uptake ratio in the differentiation between
recurrence and benign posttherapeutic lesion was 1.8. Using this
study-specific discrimination threshold, the sensitivity and specific
ity of IMT-SPECT for detecting glioma recurrence were 18 of 23

(78%) and 8 of 8 (100%), respectively. The area under the binormal
receiver operating characteristic curve, fitted to the data, was 0.90 Â±
0.06. Conclusion: lodine-123-a-methyl tyrosine-SPECT is a prom
ising new tool in the follow-up of patients with gliomas after primary

therapy.
Key Words: SPECT; iodine-123-a-methyl tyrosine; amino acids;

brain neoplasms; gliomas
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TABLE 1
Patient Clinical Data

Patientno.123A3B4567891011A11B121314151617181920212223A23B2425A25B2627Age(yr)70344747515253515326513536504872505838633466586256564849495158SexMFFFMMMFFMMMMMFFFMMFMFMMFFFMMMMInitialhistologyOligo

IIAstrocytoma
IIRadionecrosisEpendymoma

IIIAstrooligo
IIIAstrocytoma
IIIAstrocytoma
IVAstrocytoma
IVOligo
IIOligo
IIOligo
IIOligo
IIOligoastro
IIOligoastro
IIAstrooligo
IIAstrocytoma
IIOligo
NIAstrooligo
IIIAstrocytoma
IIIAstrocytoma
IIIAstrocytoma
IIIAstrocytoma
IIIAstrocytoma
IIIAstrocytoma
IVAstrocytoma
IVAstrocytoma
IVAstrocytoma
IVAstrocytoma
IVAstrocytoma
IVAstrocytoma
IVAstrocytoma

IVTime

between
initial surgery

Radiotherapy and SPECT
(Gy)(mo)NoneNone60

+lORT60
+IORT6060

+IORT60
+IORT40
+IORT56None60NoneNone60NoneNone6030

+ 60 +IORT50
+IORT6020

+Brachy6060606060

+IORT605660

+IORT60
+IORT604234201294821612784712148116791724106371171210365Diagnosis

(mo)NNNNNNNNRRRRRRRRRRRRRRRRRRRRRRRMethod
verification

(mo)'Follow-up

(10)Follow-up
(6)Follow-up
(6)Surgery

(1)Follow-up
(13)Follow-up
(17)Follow-up
(7)Follow-up
(13)Surgery

(10)Surgery
(2)Follow-up
(3)Surgery

(1)Surgery
(1)Follow-up
(13)Follow-up
(3)Surgery

(1)Follow-up
(10)Surgery

(1)Surgery
(1)Surgery
(1)Surgery
(1)Surgery
(1)Follow-up
(4)Surgery

(1)Surgery
(1)Follow-up
(5)Surgery

(2)Surgery
(1)Follow-up
(3)Follow-up
(5)Follow-up

(1)MRI/CTCNOCCNCCCCNCMCCCCCNCCCCCCCCCCCCCCCCCIMT-SPECT

uptakeT1.490.881.701.751.651.231.551.492.631.443.242.572.542.862.603.232.452.681.582.152.711.831.651.992.871.582.242.641.880.981.88

"Number in parentheses defines the time between IMT-SPECT and surgery or month of follow-up, respectively.

f!MT uptake in the tumor area divided by that in a background region.

M = male; F = female; Oligo = oligodendroglioma; Astrooligo = astrooligodendroglioma; Oligoastro = oligoastrocytoma; IORT = intraoperative
radiotherapy (20 Gy); Brachy = brachytherapy; N = no recurrence; R = recurrence; C = contrast enhancement; NC = no contrast enhancement.

J.he primary therapy of gliomas consists of surgery and a
combination of radiotherapy and chemotherapy (/). On follow-
up, the differential diagnosis between recurrence or regrowth of
residual tumor on one hand and benign post-therapeutic lesions
on the other presents particular problems because x-irradiation
CT and magnetic resonance imaging (MRI) frequently fail to
differentiate between these two conditions (2-4). Therefore, the
use of radionuclide imaging has been advocated for this
purpose; in particular, PET with '8F-fluorodeoxyglucose (FDG)

has been shown to be useful in this regard (5,6).
However, PET is extremely expensive and is of only limited

availability. Therefore, research has concentrated on developing
conventional radiopharmaceuticals that are capable of imaging
variables that are associated with tumor metabolism. Recently,
the radioactively labeled amino acid 123I-a-methyl tyrosine

(IMT) has been introduced for the investigation of amino acid
transport rate in gliomas with SPECT (7-10). The first clinical

studies with this radiopharmaceutical have demonstrated that
IMT-SPECT is suitable for grading gliomas in an analogous
manner to FDG-PET and may help in the differential diagnosis
between non-neoplastic lesions and high-grade gliomas (11,12).

This study evaluates the potential of IMT-SPECT to diagnose
the recurrence of brain tumors after primary therapy.

MATERIALS AND METHODS

Patients
Twenty-seven patients were entered into the study after primary

therapy for gliomas over a period of 28 mo. Informed consent was
obtained from every subject. The study protocol had been approved
by the Ethical Committee of the WestfÃ¤lischeWilhelms-Univer-
sitÃ¤t(MÃ¼nster,Germany).

Clinical and demographic data are detailed in Table 1. The group
studied included 10 patients with an initial tumor grade of II,
according to the revised classification scheme of the World Health
Organization (WHO) (13), and 17 patients with an initial diagnosis
of a glioma III or IV. Three patients with high-grade gliomas
(Patients 3, 23 and 25) and one patient with a low-grade glioma
(Patient 11) were examined before and after surgical revision of a
presumed tumor recurrence. A total of 31 studies were evaluated.

The final diagnosis was based on prospective clinicopathological
follow-up, evaluated by two board-certified neurological surgeons,
independently of the IMT-SPECT data. Eight cases were free of
recurrence, as evidenced by inconspicuous clinical follow-up,
ranging from 6-17 mo after SPECT. In one of these (Patient 3A),

surgical reintervention was performed in spite of her unremarkable
clinical follow-up due to marked enlargement of the contrast-
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enhancing zone on MR; histopathology was that of a radionecrosis.
Recurrence was diagnosed in 23 cases, with marked clinical
deterioration occurring 3.1 mo, on average, after SPECT, with a
range of 1-13 mo. In 14 of these cases, open surgery (12 cases) or

stereotactic biopsy (2 cases) confirming this diagnosis was per
formed 37 days, on average, after SPECT, encompassing a range of
1-302 days (Table 1).

In all patients, contrast-enhanced MRI or CT (Patients 3A, 8, 15,
24, 25B and 26) was performed 14.5 days, on average, within
IMT-SPECT before any therapeutic reintervention (range, 2-40
days). Contrast enhancement was noted in 20 of 23 cases with a
clinical diagnosis of recurrence and in 6 of 8 instances with
unremarkable clinical course (Table 1).

SPECT Data Acquisition
Details of the performance of IMT-SPECT in our laboratory

have been described and discussed previously (11,12) so that only
a brief description need be given here.

The patients fasted at least 4 hr before IMT injection. SPECT
was performed using the triple-headed camera MULTISPECT 3
(Siemens Gammasonics), equipped with medium-energy collima-
tors (14). Imaging was started 10 min after intravenous injection of
110 MBq-130 MBq of IMT, synthesized and purified as reported
previously (15,16); 96 views (3 X 32; 3.75Â°/step),each registered

over 60 sec, were recorded into a 128 X 128 matrix format that
corresponded to a pixel dimension of 3.56 X 3.56 mm on a 360Â°
rotation. Transaxial tomograms were reconstructed without prefil-
tering using filtered backprojection. Attenuation correction was
first-order, applying the method of Chang (17). In-plane resolution
of the reconstructed images was 14 mm FWHM, and slice
thickness was approximately 7 mm.

Data Analysis
Without knowledge of the clinical and histopathological data,

regions of interest (ROIs) were manually defined on the two
transaxial tomograms with the highest uptake of the lesion under
study. As described and discussed in more detail previously
(11,12), the ROIs placed on the lesions encompassed all pixels
within that lesion with uptake values greater than 90% of the
maximum uptake in that slice. This approach to measuring regional
radiotracer uptake was introduced by Rottenberg et al. (18) and is
also used by other groups to quantify the uptake of radiolabeled
amino acids by brain tumors (79). In three patients (Patients 2, 5
and 26), there were no pixels with an IMT uptake greater than 90%
of the slice's maximum within the lesionai area; in these subjects,

the ROI was placed with close reference to CT or MRI. The further
analysis resided on the average counting rate in each ROI. Mean
ROI size was 6.0 cm2, with a median of 4.6 cm2 and a range from
3.1 cm2-19.1 cm2. There was no significant difference between

patients with and without recurrence, with regard to ROI size (p =
0.11 using the Mann-Whitney U-test).

Values of reference were obtained on the inferior one of the two
tomograms selected. For this purpose, we determined the mean
IMT uptake by the hemispherical half that was not affected by the
tumor or, when the tumor had crossed the midline, by the anterior
or posterior half of that brain slice. Pooling of the IMT uptake data,
obtained using these different regions as reference, is possible
because hemispherical, anterior or posterior halves of slices of IMT
uptake do not differ significantly with regard to this variable (12).

Relative IMT uptake in the lesions was then determined by
calculating ratios between the mean uptake in the two lesion ROIs
and that in the reference ROI.

Because of the semiautomated nature of this approach, the intra-
and interobserver reproducibility of this method of regional anal
ysis has been shown to be very high, with correlation coefficients
higher than 0.98 when relative uptake values determined by two

FIGURE 1. Minor IMT uptake in the contrast-enhancing rim of a postsurgical
defect (A; transaxial) presented together with the corresponding postgado-
linium T1-weighted MRI scan (B) in a patient without clinical deterioration
during 13 mo of follow-up after surgery for a glioma IV (Patient 7; IMT uptake
ratio = 1.49). The SPECT image is calibrated to its own maximum, with white
and red indicating the highest values.

different observers or by the same observer on two different days
are compared (12).

Relative IMT uptake values did not correlate significantly with
ROI size (Spearman's correlation coefficient r = â€”0.1;p > 0.5).

All values are provided as mean Â±s.d. P values of less than 0.05
were considered significant. The distribution of the IMT uptake
values was compatible with normalcy, as assessed using Kolmo-
gorov-Smirnoff one-sample tests. The significance of the differ
ence in means of IMT uptake between the two groups was tested
using the two-tailed Student's t-test (20).

We iteratively determined the threshold of discrimination be
tween patients with and without recurrence that yielded the highest
accuracy value (21). Sensitivity and specificity values were then
calculated using standard formulas. Furthermore, using the soft
ware LABROC1, provided by Prof. C. Metz (Department of
Radiology, University of Chicago, Chicago, IL), we fitted a
binormal receiver operating characteristic (ROC) curve to our data
(22-24).

RESULTS
The individual IMT uptake values are given in Table 1.

Magnetic resonance imaging and IMT-SPECT scans of two
representative patients are presented in Figures 1 and 2. Patients
with recurrence had significantly higher ratios of IMT uptake in
the tumor area to that in a background region than did patients
without recurrence (2.27 Â±0.59 compared to 1.47 Â±0.29; p <
0.002).

FIGURE 2. Marked IMT uptake in the contrast-enhancing rim of a postsur
gical defect (A; transaxial) presented together with the corresponding T1-

weighted postgadolinium MRI scan (B) in a patient with recurrence of a
glioma IV (Patient 24; IMT uptake ratio = 2.24).
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FIGURE 3. (A) Scatter diagram of relative IMT uptake in patients with and
without glioma recurrence. The line denotes the discrimination threshold
between these two groups. (B) Receiver operating characteristic curve for
discrimination between patients with and without glioma recurrence.

The best cutoff level of the IMT uptake ratio in the dif
ferentiation between recurrence and benign posttherapeutic
lesion was 1.8 (Fig. 3A). Using this threshold, the overall
sensitivity and specificity for detecting glioma recurrence were
78% and 100%, respectively (Fig. 3A). The ROC curve is given
in Figure 3B. The area under this curve, which is a commonly
used figure of merit to evaluate the quality of a diagnostic test
independently of an arbitrarily chosen threshold of discrimina
tion, was 0.90 Â±0.06 (Fig. 3B).

DISCUSSION
The therapy of gliomas typically consists of a combination of

surgery and radiation therapy (7). Therapeutic response is
usually monitored with CT or MRI. However, CT and MRI
have significant limitations when they are used to differentiate
recurrent brain tumor from non-neoplastic abnormalities after
treatment (2-4)', in particular, with these techniques, it is

difficult to differentiate between tumor recurrence and radiation
necrosis because both these conditions may exhibit contrast
enhancement and edema. Furthermore, brain regions already
infiltrated by tumor cells may show no contrast enhancement on
MRI or CT scans (25).

Using the recently introduced SPECT radiopharmaceutical
IMT, we evaluated 31 studies from 27 patients on follow-up
after surgery for gliomas. In our hands, the sensitivity and
specificity of this method to differentiate recurrence from
non-neoplastic posttherapeutic tissue abnormalities were 18 of
23 (78%) and 8 of 8 (100%), respectively.

Amino acid uptake can also be investigated with PET using
amino acids labeled with positron-emitting isotopes (26). These
PET amino acids and, in particular, [nC]methionine have been

widely used to study amino acid metabolism in brain tumors.
The experience with these PET amino acids with regard to
diagnosing brain tumor recurrence is limited (27,28). However,
our data confirm results reported by Guth-Tougelides et al. (29)
who used IMT-SPECT in a group of 16 patients after therapy
for gliomas and correctly identified 14 of 17 recurrences and all
three benign post-therapeutic lesions studied.

Various other radiopharmaceuticals are also being used in the
follow-up of patients treated for brain tumors. Among these,
FDG has been most extensively studied. The first results
obtained using FDG-PET were indeed encouraging: Di Ghiro et
al. (5), who pioneered the use of FDG-PET in brain tumors,
reported a nearly 100% accuracy of this method in a group of 95
patients studied after primary therapy of gliomas. Recent
studies, however, have found lower sensitivity and specificity
values for FDG-PET in this regard: Kahn et al. (30), for
example, correctly identified only 11 of 16 tumor recurrences
and 2 of 5 radiation necroses, corresponding to an 81%
sensitivity and a 40% specificity. A possible interpretation of
this discrepancy in results may be the introduction of more
aggressive radiotherapy in these patients, leading to metaboli-
cally more active necrotic reactions in the brain or other
differences in patient selection between these studies (31).

Other well-established radiopharmaceuticals that are suitable
for differentiating between brain tumor recurrence and benign
post-therapeutic lesions are 20IT1and the isonitriles labeled with
99mTc, such as 99mTc-sestamibi (32-35). The sensitivity and

specificity values for these two substances published in the
literature are also in the range of those reported for FDG (30).

Presently, it is difficult to decide which of the different
radiopharmaceuticals available is best-suited for diagnosing
brain tumor recurrence. Although FDG and 201T1 are well-

established for this purpose, radioactively labeled amino acids
may offer distinct advantages because they also accumulate, at
least to some extent, in low-grade tumors (12,36) and in regions
of the brain without contrast enhancement (25,37). Our results
encourage further studies directly comparing the diagnostic
utility of the different radiopharmaceuticals for this clinically
important task.

One important issue in evaluating the diagnostic utility of
radionuclide imaging for the diagnosis of brain tumor recur
rence is the definition of the gold standard. First, some
reservation should be applied to what is generally considered
glioma recurrence because, in most cases, microscopic or even
macroscopic remnants of the tumor remain within the brain
even after extensive surgery; in these patients, which have not
been cured by primary therapy, the question is when and not if
the growth of these remnants becomes clinically apparent.
Second, in an important subset of patients, a histological
diagnosis was not available, as was also the case in 16 of our 27
patients. The reason for this is that biopsy or reoperation cannot
be justified in all patients with brain tumor recurrence due to
possible side effects of these invasive procedures and absence
of therapeutic benefit. Furthermore, results from biopsy may be
inaccurate in approximately 10% due to sampling errors (38).
Therefore, in 16 of our patients and also in important subsets of
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patients presented in some other articles (6,30,31,35), a distinc
tion between recurrence and benign post-therapeutic lesions is
based on the clinical course after radionuclide imaging. Mostly,
a 6-mo follow-up is considered sufficient for this purpose
because gliomas are proliferating within the restricted space of
the skull. However, it cannot be excluded that particularly
aggressive necrotic reactions after high-dose radiotherapy are
mistaken for recurrences. Furthermore, an unremarkable 6-mo
follow-up does not necessarily exclude a relapse after this
period, particularly in low-grade neoplasms. Therefore, our data
and those from other studies that rely on clinical course as gold
standard should be interpreted with caution. However, our data
do allow the conclusion that patients exhibiting high IMT
uptake will deteriorate clinically within the near future. This
information may help in patient counseling and also in planning
biopsy and further therapeutic procedures.

CONCLUSION
IMT-SPECT is a promising new tool in the follow-up of

patients with gliomas after primary therapy. The results pre
sented encourage prospective studies comparing the value of
IMT-SPECT with that of 201T1-SPECT and FDG-PET with

regard to diagnosing recurrent glioma.
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