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Abstract. Conventional MRI often fails to distinguish
between progressive tumour and radiation injury, be-
cause both appear as mass lesions with unspecific Gd-
DTPA enhancement. Furthermore, the sensitivity of FDG
PET for the evaluation of malignant lesions in the brain
is limited owing to high cortical uptake. The aim of this
study was to assess the potential of alternative SPET
tracers in the same group of patients. 35.2±20.1 months
after stereotactic radiotherapy (59.3±4.2 Gy) of low-
grade astrocytomas (median WHO II), 16 patients, pre-
senting 25 Gd-DTPA-enhancing lesions on MRI, were
examined by SPET. Lesions were classified as progres-
sive tumour (PT, n=17) or non-PT (nPT, n=8) based on
prospective follow-up (clinical examination, MRI, pro-
ton-MR spectroscopy) for 25.6±6.7 months after SPET.
SPET scans were performed 15 and 60 min after injec-
tion of 694±67 MBq hexakis(2-methoxyisobutylisoni-
trile)99mTc(I) (MIBI). 3-[123I]iodo-α-methyl-L-tyrosine
(IMT) SPET was acquired 15 min after injection of
291±58 MBq IMT. Lesion-to-normal tissue ratios (l/n)
for IMT (l/nIMT) and MIBI (l/nMIBI) were calculated us-
ing a reference region mirrored to the contralateral hemi-
sphere. Using IMT, significantly higher ratios (P<0.001)
were found in PT (1.7±0.4) than in nPT (1.1±0.1). For
MIBI, there was no statistically significant difference
(P=0.206) between PT (3.7±2.8) and nPT (1.8±1.8).
Sensitivities for MIBI and IMT were 53% and 94%, and
specificities 75% and 100%, respectively. Positive pre-
dictive values for MIBI and IMT respectively reached
80% and 100%, and negative predictive values were

46% and 90%. In conclusion, in contrast to MIBI, IMT
showed almost no overlap between the PT and the nPT
group. The sensitivity, specificity and predictive values
of IMT SPET were obviously higher than those of MIBI
SPET. IMT is considered to be a useful tracer for differ-
entiating PT from nPT in the follow-up of irradiated
low-grade astrocytomas.
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Introduction

In the 15- to 34-year age group, brain tumours are the
third most common cause of death due to cancer. In per-
sons older than 20 years, gliomas account for more than
90% of primary intracranial tumours. About 25% of all
gliomas are low-grade astrocytomas (LGAs) [1]. The
majority of LGAs are not amenable to complete resec-
tion. Radiotherapy is the most effective non-surgical
therapy, with a low risk of inducing radiation necrosis
when conventional techniques are used [2, 3]. Radiation
necrosis is a much more common consequence of more
aggressive, and now widely used, treatment protocols
that deliver high local doses to small volumes (e.g. ste-
reotactic radiotherapy or brachytherapy) [4]. However,
necrosis is mainly confined to white matter and remains
an idiosyncratic phenomenon that cannot be predicted. In
recurrent LGA, malignant progression to a high-grade
tumour with a median survival of only 10 months is very
common, occurring in about two-thirds of the patients
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[5]. This necessitates early detection and intervention in
cases of tumour progression, as new treatment approach-
es improve local control and patient survival.

The differentiation between tumour recurrence/pro-
gression and radiation injury/necrosis is one of the most
difficult tasks in oncological neuroradiology. Anatomical
distortion and scarring after therapy often impairs detec-
tion of residual or recurrent disease [6, 7]. In addition to
clinical findings, contrast-enhanced magnetic resonance
imaging (MRI) is currently used to measure therapy re-
sponse. Single conventional MRI scans often fail to dis-
tinguish recurrent tumour from radiation injury or necro-
sis, because both cause disturbances of the blood-brain
barrier (BBB), leading to unspecific contrast media en-
hancement. Moreover, corticosteroids have a profound
effect on the degree of Gd-DTPA enhancement, on the
peritumoural oedema and on the volume of enhancement
[8]. Even the biopsy of an oedematous or gliotic site is
often non-diagnostic, because both viable and necrotic
cells are found in tissue specimens.

An accurate indicator of tumour metabolism and vi-
tality is pivotal to the evaluation of the treatment in order
to avoid long-term follow-up and loss of time. Many au-
thors have reported that by measuring glucose metabo-
lism, 2-[18F]fluoro-2-deoxyglucose (FDG) positron
emission tomography (PET) is able to differentiate radia-
tion necrosis from recurrent tumour [9, 10, 11, 12]. How-
ever, FDG-PET has the drawbacks of high cost and lim-
ited sensitivity in detecting low-grade tumours due to the
high glucose consumption of the normal cortex and basal
ganglia. Labelled amino acids may overcome this prob-
lem because of their low uptake in normal brain [13].
Furthermore, they play a minor role in the metabolism of
inflammatory cells, resulting in a higher specificity as
compared with FDG [14]. Numerous studies support the

application of the SPET tracers 3-[123I]iodo-α-methyl-L-
tyrosine (IMT) and hexakis(2-methoxyisobutylisoni-
trile)99mTc(I) (MIBI) in untreated primary brain tumours,
but very few have investigated their use in patients with
previously irradiated brain tumours; furthermore, when
they have done so, most of the tumours have been of
higher grade. Transmembrane transport via the L-carrier
system for large neutral amino acids is thought to be the
main determinant of the IMT uptake in brain tumours
[15]. IMT is not incorporated into proteins, and after rap-
id uptake it reaches a plateau within 5 min after injection
and remains stable for at least 1 h before being slowly
washed out [16]. Studies directly comparing the diagnos-
tic utility of different tracers for this clinically important
task have been recommended [17]. However, it still re-
mains unclear which tracer gives more accurate informa-
tion on tumour progression or recurrence. Accordingly,
this prospective study evaluated the SPET tracers IMT
and MIBI in the same patient group to determine wheth-
er they allow the identification of progressive tumour in
previously irradiated LGAs.

Materials and methods

Patients. We examined 16 patients (10 male, 6 female, mean age
42.9±9.7 years, Table 1) initially suffering from histologically
proven LGAs (median WHO grade II). Patients were treated by
stereotactic radiotherapy (59.3±4.2 Gy). All patients gave their in-
formed consent prior to their inclusion. The study was approved
by the local ethical committee.

On average 35.2±20.1 months after radiotherapy, the patients
presented new Gd-DTPA-enhancing lesions (n=25) on MRI,
which did not allow differentiation between progressive tumour
(PT) and non-PT (nPT) at this point in time. MRI was closely fol-
lowed by SPET scans, as described below. Lesions were classified
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Table 1. Patient data
Patient Gender Age Radiation Period between Follow-up 
no. (yr) dose radiotherapy period after 

(Gy) and SPET (mo)

1 f 51 58 39 18
2 m 54 56 26 28
3 m 29 60 17 22
4 m 41 58 12 20
5 m 34 66 60 28
6 m 44 60 42 23
7 m 69 64 56 20
8 m 33 56 8 28
9 f 48 63 27 32

10 m 39 54 22 19
11 f 37 52 31 33
12 f 43 61 61 15
13 f 47 64 74 31
14 m 39 58 51 29
15 m 36 64 20 40
16 f 43 54 17 23

f, Female; m, male



high-energy photons: 2.4% between 440 and 625 keV and 0.15%
between 625 and 784 keV. Thus Dobbeleir et al. recommended the
use of medium-energy collimators when semiquantitative image
analysis is used [25]. Sixty-four 40-s projections were acquired
over 360° using a 64×64 matrix. The radius of rotation was indi-
vidually minimised, being limited by the patient’s shoulders. A
zoom factor of 1.78 was chosen. Images were reconstructed by fil-
tered back-projection using a Butterworth filter (fC=0.5 Nyquist,
order=8). First-order attenuation correction (0.12/cm) was per-
formed, using Chang’s method [21].

Data analysis. The images were analysed by calculating lesion to
normal tissue ratios (l/n). Areas of abnormal tracer uptake were
defined as focally increased uptake or as asymmetry in uptake in
comparison with the contralateral side. Uptake ratios were calcu-
lated using reference regions in the contralateral hemisphere, be-
cause of the limitations of obtaining absolute quantification with
SPET. Regions of interest (ROIs) were manually delineated on the
two transaxial slices with the highest tracer uptake in the lesion.
ROIs were placed over the lesions to include all pixels having at
least 70% of the maximum uptake of the lesion. Some patients
showed no elevated tracer uptake by the Gd-DTPA-enhancing le-
sion. In these patients the ROI placement was selected with refer-
ence to MRI scans. The number of average counts in each ROI
was determined for each SPET image. Semiquantitative measure-
ment of tracer uptake was obtained by calculating l/n ratios (l/nIMT
and l/nMIBI) for all Gd-DTPA-enhancing lesions using a reference
region mirrored to the contralateral hemisphere. Although the pos-
sibility that the contralateral hemisphere might exhibit reduced
metabolism due to interruption of association fibres between
hemispheres cannot be entirely excluded, it has been shown that
this effect is negligible [26].

For statistical analysis the SigmaStat V2.0 software (Jandel
Corporation San Rafael, Calif., USA) was used. Data were tested
for normality using the Kolmogorov-Smirnov test and for equal
variance using the Levene Median test. The Mann-Whitney rank
sum test was chosen for comparison between the PT and the nPT
group, because it has proven to be reliable in populations when
both assumptions for the unpaired t test are not met. Correlation
was calculated using the Spearman rank order test. The P<0.05
level was considered statistically significant.

Results were classified as true positive (TP) or false positive
(FP), and negative imaging results as true negative (TN) or false
negative (FN) for PT. Calculations of sensitivities, specificities
and predictive values were based on a cut-off value of l/n=1.3,
which allowed the best separation between patient groups for each
of the tracers studied. Sensitivity was calculated as
#TP/(#TP+#FN), specificity as #TN/(#TN+#FP), positive predic-
tive value (PPV) as #TP/(#TP+#FP) and negative predictive value
(NPV) as #TN/(#TN+#FN).

Results

MIBI SPET

For the whole population of patients the ratios ranged
between 1.0 and 8.6 (mean 3.0±2.6) for the early scan,
and between 1.0 and 7.7 (mean 3.0±2.6) for the delayed
scan. The paired t test failed to identify a significant dif-
ference in l/n ratios between early and delayed SPET
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as PT or nPT based on prospective follow-up (clinical examina-
tion, MRI, proton-MR spectroscopy) for 25.6±6.7 months after
SPET. The classification was not influenced by the results of the
SPET studies. MRI including multiplanar T1-weighted and T2-
weighted spin-echo imaging followed by multiplanar Gd-DTPA-
enhanced T1-weighted imaging was repeated every 3–6 months
using a 1.5-T MR scanner (Siemens AG, Erlangen, Germany). In-
tervals were shortened in the case of worsening of symptoms. Be-
cause repeated proton-MR spectroscopy was shown to improve
the differentiation between treatment-induced necrosis and residu-
al or recurrent brain tumour, it was included in the MRI protocol
in doubtful cases [18, 19, 20].

In the PT group (17 lesions), patients received 59.3±4.1 Gy.
The interval between radiotherapy and SPET was 37.8±21.4
months and lesions were followed up for an additional 24.5±5.7
months after SPET until final classification was made. The pa-
tients in the nPT group (eight lesions) received 58.3±5.7 Gy. In
this group, the interval between radiotherapy and SPET was
23.6±15.5 months and the follow-up was 30.9±7.2 months after
SPET.

MIBI SPET. MIBI (Sestamibi, DuPont Pharma S.A., Brussels,
Belgium) was prepared according to the manufacturer’s instruc-
tions. SPET scans were started 15 and 60 min after intravenous in-
jection of 694±67 MBq MIBI. Quality control was carried out ac-
cording to the manufacturer’s instructions. SPET was obtained us-
ing a dual-head gamma camera (Siemens MULTISPECT 2)
equipped with high-resolution collimators. Sixty-four projections
were obtained over 360°. The radius of rotation was individually
minimised, being limited by the patient’s shoulders. Data were
registered for 40 s in each projection and were recorded in a
64×64 matrix. The zoom factor was 1.78. Images were recon-
structed by filtered back-projection using a Butterworth filter
(fC=0.5 Nyquist, order=8). Attenuation correction (first-order,
0.12/cm) was performed using the post-reconstruction method of
Chang [21].

IMT SPET. Patients fasted overnight before tracer injection. In or-
der to prevent possible uptake of free iodine, the thyroid gland
was blocked with sodium perchlorate. IMT was essentially pre-
pared as described previously [22]. The physical purity of 123I
(Forschungszentrum Karlsruhe, Germany) was ≥99.65%. In short,
radioiodination of α-methyl-L-tyrosine was performed using the
KIO3/[123I]iodide method: 20 µl of a 10 mM (in 1 N HCl) solution
of α-methyl-L-tyrosine (Sigma-Aldrich) was mixed with 5 µl of
50 mM KIO3 (H2O) and 400–1,200 MBq [123I]iodide. After
10 min, the mixture was purified with an RP18-HPLC column us-
ing a gradient of methanol (0%–100% in 30 min) at a flow rate of
0.7 ml/min. The aqueous phase consisted of 0.9% TRIS buffer
(pH 2.6). Under these conditions the 123I-labelled α-methyl-L-ty-
rosine eluted after 18.2 min. The collected eluate was evaporated
to dryness, redissolved in 2 ml sterile 0.9% NaCl solution, neutral-
ized and sterile-filtered. The average radiochemical yield was
95%. Specific activities obtained were 300 GBq/µmol.

IMT accumulates in brain and tumour tissue, reaching a maxi-
mum after 15 min, with a washout of 20%–45% at 60 min post in-
jection [23, 24]. Therefore, we started imaging 10 min after intra-
venous injection of 291±58 MBq IMT. The same gamma camera
system (Siemens MULTISPECT 2) as in the sestamibi examina-
tion, equipped with medium-energy collimators, was used. The
presence of 2.5% high-energy photons in 123I-labelled radiotracers
causes image deterioration due to increased scatter and septal pen-
etration. Besides the 159-keV photons, even high-purity 123I emits



(P=0.63). A close correlation existed between early and
late MIBI scans (r=0.98; P<0.001), which indicated that
no relevant tracer washout had occurred.

In the nPT group, l/n ratios varied from 1.0 to 7.0
with a mean of 1.8 (±1.8 SD) (Table 2). Twenty-five per-
cent of the non-progressive lesions showed a false posi-
tive MIBI uptake (an example is shown in Fig. 1). L/n
ratios in the PT group ranged between 1.0 and 8.6 with a
mean of 3.7 (±2.8 SD) (Table 2). Forty-seven percent of
PTs did not show increased MIBI uptake. There was no
statistically significant difference (P=0.206) between the
PT and the nPT group (Table 2). For the detection of PTs
with MIBI, sensitivity was 53%, specificity 75%, NPV
46% and PPV 80% (Figs. 2, 3). 

123I-IMT SPET

In the PT group, only a single lesion located in the brain-
stem did not show increased IMT uptake and, therefore,
was classified as false negative. L/n ratios in the PT
group ranged between 1.2 and 2.8 with a mean of 1.7
(±0.4 SD) (Table 2). In the nPT group no lesion showed

a false positive accumulation of IMT. The l/n ratios in
this group varied from 1.0 to 1.3 with a mean of 1.1
(±0.1 SD). Significantly higher ratios were found in the
PT group than in the nPT group (P<0.001) (Table 2). For
the detection of PT, sensitivity was 94%, specificity
100%, NPV 90% and PPV 100% (Figs. 2, 3).
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Table 2. Semiquantitative l/n ratios (mean±SD) for IMT and MIBI

IMT SPET MIBI SPET

PT group: l/n (mean±SD) 1.7±0.4 3.7±2.8
nPT group: l/n (mean±SD) 1.1±0.1 1.8±1.8
P <0.001 0.206

Fig. 1A–C. Example of a male
patient with an LGA, which
was stereotactically irradiated
(64 Gy) 56 months before
SPET. He presented two con-
trast media-enhancing mass le-
sions on MRI follow-up (A).
Upper row: Radiation necrosis
(confirmed by biopsy and clini-
cal and MRI follow-up, ar-
rows): false positive MIBI up-
take (B). Correctly classified as
nPT by IMT (C). Lower row:
Progressive tumour (confirmed
by clinical and MRI follow-up,
arrows): correctly classified as
PT by MIBI (B; normal uptake
of the choroid plexus, arrow-
heads) and IMT (C)

Fig. 2. Sensitivity and specificity for MIBI and IMT



inner membrane has been demonstrated [32]. Stauden-
herz et al. were able to visualise 15 of 25 recurrent high-
grade brain tumours with both MIBI and 99mTc-per-
technetate (PTT). In the remaining ten patients, the tu-
mour was not detected with either of the tracers. They
concluded that retention of MIBI reflects no more than
damage to the BBB [33]. Within 5 years after initial di-
agnosis, at least 50% of LGAs undergo malignant trans-
formation and develop a BBB disruption [34]. However,
BBB disruption also occurs in radiation necrosis. Ac-
cordingly, Gd-DTPA enhancement on MRI indicated
damage of the BBB in all our patients as a prerequisite
for MIBI uptake.

We also found limited detectability of paraventricular
lesions, in accordance with previous reports [31, 35].
This was explained by the distribution pattern of MIBI,
as in normal controls uptake is observed in the choroid
plexus, the pituitary gland and the scalp [31].

In contrast to the initial MIBI uptake, MIBI washout
in delayed imaging (1–4 h p.i.) was related to the expres-
sion of the multidrug resistance pump P-glycoprotein
(Pgp) [36, 37]. Early imaging as performed in our study
offers the highest diagnostic yield and is not affected by
the multidrug resistant phenotype [38]. We have no evi-
dence that efflux contributed to the high rate of false
negative MIBI scans, since MIBI washout did not occur
between early and late SPET scans.

Furthermore, the low tumour detection rate of MIBI
as compared with IMT could not be explained by techni-
cal factors, given that the same camera system and ac-
quisition parameters were used for both SPET tracers,
with the exception of the collimators.

Using IMT, reliable distinction between PT and nPT
was possible among our patients, and in particular there
were no false positive results. Since IMT competes with
structurally related naturally occurring L-amino acids for
transport into brain and tumour, which could result in a
decrease in sensitivity [15], we examined all patients un-
der fasting conditions. With this procedure, only a single
PT lesion located in the brainstem did not show signifi-
cantly increased IMT uptake (l/n=1.2) and, therefore,
was classified as false negative. Unfortunately, at present
no commercial kit is available for the preparation of
IMT.

In contrast to 11C-tyrosine uptake, IMT uptake re-
flects amino acid transport rather than the protein syn-
thesis rate, because it is not incorporated into proteins.
Protein synthesis and amino acid transport are both ac-
celerated in high- as well as low-grade tumour tissue. In
addition to transmembrane tumour uptake, the L-carrier
system for large neutral amino acids mediates the trans-
port across the intact BBB [15, 39]. Because IMT is not
metabolised, it is washed out of the brain after reaching a
maximum uptake at 15 min p.i. [24, 39, 40]. However,
IMT has been shown to be a promising tool for evalua-
tion of the biological activity and delineation of the in-
tracerebral infiltration of gliomas [24, 41, 42].
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Discussion

Our multitracer studies in patients with irradiated LGAs
indicate that IMT SPET has a high sensitivity (94%) and
specificity (100%) for the detection of PT, while MIBI
appears to be less sensitive (53%) and specific (75%). In
contrast to IMT, MIBI did not allow exclusion of PT ow-
ing to its high rate of false negative results.

Although a comparison of different tracers for this
clinically relevant task has been proposed [17], no study
applying IMT and MIBI in the same population has been
published so far. Furthermore, studies using one of these
tracers have included only small numbers of irradiated
low-grade tumours.

Promising results were reported when MIBI was ap-
plied in pretreated high-grade gliomas, [27], whereas
studies examining miscellaneous tumour grades showed
sensitivities for detection of tumour relapse of between
73% and 88%. Specificities were 85%–91%, PPV
91%–98% and NPV 60%–63% [28, 29]. However, the
study reporting the highest values included only a small
percentage (27%) of low-grade tumours [28]. In contrast,
the lowest sensitivities and specificities were observed in
the study with the highest percentage (50%) of low-
grade gliomas, making it impossible to exclude tumour
recurrence in these patients [29]. In six previously irradi-
ated gliomas, solely of low grade, it was not possible to
differentiate with MIBI between tumour and three radia-
tion necroses [30]. MIBI uptake is determined by vascu-
lar supply, by the permeability of the BBB and by the
density and viability of the tumour cells [31]. Further-
more, a passive influx of MIBI due to the negative po-
tential of the plasma membrane and the mitochondrial

Fig. 3. Predictive values for MIBI and IMT



Most studies using IMT in the follow-up after treat-
ment of brain tumours include only a limited number
(n≤5) of low-grade tumours [43, 44]. In one of the larg-
est series, the cerebral uptake of IMT was determined in
27 patients, including nine with low-grade tumours, of
whom three underwent radiotherapy. The overall sensi-
tivity for detection of recurrences was 78%, and the
specificity 100% [17]. In another study, the sensitivity of
IMT for confirmation of low-grade recurrences (n=8)
proved to be superior to that of FDG [13].

Although cases of a high [11C]methyl-L-methionine
uptake in brain abscess [45] and radionecrosis [46] have
been described, we observed no false positive results
with IMT in our patients. Labelled amino acids play a
minor role in the metabolism of macrophages and other
inflammatory cells, resulting in a higher specificity as
compared with FDG [14]. Therefore, they were pre-
sumed to be more suitable for monitoring response to ra-
dio- or chemotherapy [47, 48].

As in most other studies, the classification of our pa-
tients relies on clinical follow-up and not on biopsy. Par-
ticularly after irradiation, gliomas are not homogeneous.
Even stereotactically guided biopsy is often inaccurate,
because samples may be taken from scarred or gliotic ar-
eas and do not necessarily represent total tumour viabili-
ty [49, 50]. Furthermore, the presence of morphological-
ly intact tumour cells does not indicate recurrence or
progression, since these cells may be unable to prolifer-
ate after therapy [51]. In our series of patients, lesions
were classified based on prospective clinical follow-up
including serial MRI and proton-MR spectroscopy for,
on average, 25.6 months. This procedure seems to be
more reliable as compared to studies using CT and fol-
low-up periods of 6 months [27, 28, 29].

Conclusion

While the results obtained with MIBI SPET in the diag-
nosis of primary and recurrent high-grade astrocytomas
have been encouraging, it appears of less value in the
follow-up of LGAs. In spite of the excellent physical
properties of MIBI, only IMT allowed reliable differenti-
ation between tumour progression and radiation-related
tissue alterations in such cases. Imaging of the amino ac-
id transport with IMT SPET is a valuable additional tool
in the follow-up of irradiated LGAs. Its inclusion in the
follow-up scheme would allow early non-invasive differ-
entiation of brain lesions exhibiting an ambiguous mor-
phology after radiotherapy. Metabolic imaging using
IMT might help to avoid a loss of time due to repeated
MRI scans. In cases of tumour progression, this would
facilitate earlier initiation of adequate further treatment.
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