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Abstract

BACKGROUND: Early detection and diagnostic differentiation
of neoplastic tissue from necrotic changes and scars following
the treatment of cerebral gliomas is essential for determining
further therapy and prognosis. The primary technique used for
the diagnostics of recurrent neoplastic growth is the magnetic
resonance imaging (MRI), which in some cases, however, does
not allow one to identify the character of cerebral lesions. Re-
cently, MRI has been supplemented with single-photon emi-
ssion computed tomography (SPECT) or positron emission to-
mography (PET) employing radiolabelled amino acids. e.g. ty-
rosine or methionine. The aim of the project was to assess the
diagnostic potential of SPECT when iodine-131 alpha-methyl
tyrosine (IMT), a Polish make of radiopharmaceutical (OBRI
— POLATOM, Otwock-Swierk, Poland), was applied. The use
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of 1"l as a substitute for the more costly, imported iodine-123
has been justified in view of the nature and significance of the
diagnostic problem on the one hand, and the possibility of 131-io-
dine application on a larger scale in CEE countries, on the other.
MATERIAL AND METHODS: MRI and SPECT were performed
in 24 patients with a history of surgical treatment and radiother-
apy of cerebral glioma (WHO grade Il/IV). A SPECT was carried
out 15 min after an i.v. injection of 74-111 MBq IMT. The tomo-
grams were evaluated visually and in quantitative terms. The
fused SPET/MR images were also analyzed. The obtained re-
sults were verified against histopathological findings, control
MRI examinations and the clinical course of disease within
7-28 months of monitoring.

RESULTS: In 19 patients, an increased IMT uptake indicative of
a recurrent tumour was found, and the presence of the tumour
was confirmed. In five patients no hot spots were detected which
would indicate the neoplastic growth and verification did not pro-
vide any evidence for relapse.

CONCLUSIONS: The examination employing iodine-131 IMT
made it possible to confirm or exclude tumour recurrence in all
the subjects, also in the cases when the CT/MR images were
inconclusive. The MRI/SPECT fusion made it possible to more
accurately identify the location of tumour recurrence as well as
determine the area for spectroscopic MR analysis, for stereo-
tactic biopsy and radiotherapy.
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Introduction

In the adult population, tumours within CNS are rather rare;
they make up 9% of all cancer cases (they are more prevalent in
children, at 20%). Gliomas make up 40% of CNS tumours, refer
mainly to the male population, and their morbidity rate is estimat-
ed at 0.5-2/100,000 persons/year [1-3]. Combined treatment,
including surgery, radiotherapy and chemiotherapy is usually
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employed. Surgical resection of all, or almost all (more than 98%)
of the tumour has a favourable prognostic value and results in
a prolonged mean survival time. However, this treatment can be
applied only when the size, site and clearcut morphological delin-
eation of the tumour, based on CT/MR imaging, enable its com-
plete excision. In malignant gliomas, total surgery is often impos-
sible, and the treatment is supplemented with radiotherapy com-
bined with chemiotherapy. In some cases, when the size of the
tumour is less than 5 cm in diameter and the tumour is located far
from large vessels and major neuroanatomic structures, brachy-
therapy can also be applied consisting of the administration
of iodine, iridium or cesium [4] radioisotopes through the catheter
directly to the tumour. A promising method also seems to be ste-
reotactic surgery which consists of the precise dosing of ionizing
radiation with a linear accelarator or gamma knife [4, 5] during
surgery. Attempts have also been made at combining radiothera-
py with hyperthermia. Conventional chemiotherapy with nitroso-
ammonia derivatives may only to a slight extent prolong the patient’s
life. Great expectations lie with the more and more commonly used
complex chemotherapy in combination with intra-arterial or intra-tu-
mour administration of agents passing through the blood-brain barrier
as well as immunotherapy with interferon and the gene therapy [4-9].

Such aggressive treatment of the cerebral tissue results in
numerous reactive changes such as scarring and radionecrotic
foci within the brain and cerebrospinal meninges. The differentia-
tion between these changes and the remainder or recurrence of
the tumour is an important diagnostic problem. The non-invasive
methods used to this end include computed tomography (CT)
and magnetic resonance imaging (MRI). CT seems to be more
effective when applied shortly after surgery to detect postopera-
tive complications such as intracerebral bleeding and pathologi-
cal liquid or air residues. Later, after surgery, to differentiate tu-
mour remnants or recurrence from post-operative and post-radia-
tion changes, a two-stage MRI examination, before and after in-
jection of paramagnetic contrast medium, is usually performed
(sometimes repeatedly) [10-15].

However, in some cases, this diagnostic is insufficient to make
a definite diagnosis. Then, MRl is supplemented with a spectro-
scopic analysis of proton or phosphoric spectra of different me-
tabolites and their ratios. This analysis concerns the volume
of interest, the precise selection of which is fundamental for con-
firming the diagnosis of cancer [16, 17].

In cases which are difficult to diagnose, the radioisotope
diagnostics: single-photon emission topography (SPECT) and
positron emission topography (PET), are of great value as are
MRI auxiliary examinations.

For detecting glioma recurrence, the radiopharmaceuticals are
used; their accumulation reflecting an increased metabolism
of amino acids or glucose in the tumour. In the PET technique,
which is costly and still not often available, the essential com-
pounds are radiocarbon-labelled (''C) amino acids: methionine,
tyrosine and leucine, which have a low uptake in the healthy cerebral
tissue. Owing to the physiologically high level of glucose consump-
tion in the gray matter, glucose analogue, '®F-fluoro-deoxy-D-glu-
cose (FDG) is used for the assessment of malignancy diagnosed
using other methods rather than for tumour detection [18-20].

lodine-labelled (usually 23l) alpha-methyl-tyrosine is a radio-
pharmaceutical used in the SPECT examinations which are more
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easily available than the PET technique. In the diagnostics of re-
current brain tumours, a more and more frequently applied meth-
od is a combination of data elicited from imaging of the morpho-
logical changes (CT, MRI) and of the dysfunction, e.g. modified
metabolism, due to a given pathology (PET, SPET) [21-24].

This project was undertaken to assess the usefulness
of 3'-alpha-methyl-tyrosine, a radiopharmaceutical of Polish ori-
gin (POLATOM-OBRI, Otwock-Swierk, Poland) for the diagnos-
tics of recurrent gliomas as well as to evaluate the clinical useful-
ness of fused SPET-MRI images.

Material and methods

The subjects were 24 patients (14 males and 10 females),
aged 22-53 (mean 43) who received treatment for cerebral glio-
mas (WHO grade II/IV). All patients underwent surgery (five had it
performed twice); seven subjects had an external radiotherapy;
four had brachytherapy and another four, chemotherapy. The
decision whether or not a given patient should be classified for
MRI and SPECT employing '®'l-alpha-methyl-tyrosine was made
by a neurosurgeon after consulting a radiologist and nuclear me-
dicine specialist.

MRI examinations were made using 1.5 T SIEMENS Magne-
ton Vision Plus (Siemens, Erlangen, Germany), using a T1 and
T2-dependent time, before and after injection of Gd-DTPA con-
trast medium (using a head coil). The study protocol included
precise positioning against the orthogonal plane; the transaxial
plane was parallel to bicallosal line. Five days before scintigraphy
and five days after the examination, the subjects were adminis-
tered a Lugol solution at the dose of 20 drops, three times a day
for a temporary thyroid blockage. A brain scintigraphy was per-
formed 15 min. after an i.v. injection of 74-111 MBq '®*'l-alpha-
-methyl-tyrosine. A double-headed camera (Varicam, Elscint, Haifa,
Israel) with high-energy collimators was used for SPECT imaging.
The patient’s head was positioned in the same way as during the
MRI examination.

Acquisition consisted in recording 90 views, of 40 s each, within
the full angle of rotation, in the 64 X 64 matrix (which corresponds
to 8.8 x 8.8 mm? pixel). A transaxial reconstruction was made
using filtered back-projection (Hanning filter, 0.32, Nyquist). The
images were evaluated visually, the result was positive if a hot
focus, indicating a recurrent tumour, could be observed. A semi-
quantitative uptake analysis was carried out. Uptake indices were
calculated as the relative ratio of maximal tumour uptake to ave-
rage uptake in the reference region.

To locate the sites with increased lesional IMT uptake in the
brain structures, the data from MRI and SPECT diagnostics were
fused applying a 3D overlaying technique with the statistical Mu-
tual Information algorithm, using a software package for MRI func-
tional examinations [22-24].

SPECT results were verified based on the:

— histopathology in patients who had a stereotactic biopsy or
underwent re-operation;

— monitoring of the further course of the disease: the intensifi-
cation of clinical symptoms; the progression of changes in
control MRI or MRS examinations, the patient’'s death, or no
signs of disease progression, both clinically and in control MRI
and MRS examinations (observation period: 7-24 months).
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Table 1. The subject’s personal characteristics and diagnostic data
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No. Gender Age Histopathological MRI SPECT results SPECT results verification
(yrs) diagnosis WHO results Qualitative tumour/ Relapse (+)
classification evaluation /background No relapse (-)
ratio (Obs. time: months)
1 M 39 Astrocytoma fibryllarae [1/1ll (+/- ) 0.84 Clin. obs. () (7)
2 M 40 Astrocytoma fibryllarae II/1ll (+/-) ) 0.91 Clin. obs. (-) (24)
3 F 4 Glioblastoma multiforme (Ill) (+ (+) 1.40 Clin. obs. (+) T
4 F 34 Astrocytoma anaplasticum (IV) (+ (+) 1.50 Clin. obs. (+) T
5 M 53 Glioblastoma multiforme (IV) (+ (+) 1.70 Clin. obs. (+) t
6 M 30 Glioblastoma multiforme (IV) (+ (+) 1.23 Clin. obs. (+)
7 M 51 Astrocytoma anaplasticum (Ill) (+ (+) 2.45 Hist-pat (Astrocytoma)
8 M 44 Oligoastrocytoma (Ill) (+ (+) 2.05 Hist-pat (Astrocytoma)
9 M 42 Oligodendroglioma anaplasticum (Ill) (+/- (+) 1.58 Hist-pat (Oligodendroglioma)
10 F 31 Glioblastoma multiforme (IV) (+ (+) 1.47 Clin. obs. (+) T
11 F 25 Glioblastoma multiforme  (IV) (+/- (+) 1.43 Clin. obs. (+) t
12 M 52 Glioblastoma multiforme (IV) (+/~ (+) 1.55 Clin. obs. (+) t
13 F Glioblastoma multiforme (IV) (+/- (+) 1.54 Clin. obs. (+) t
14 F 42 Astrocytoma fibrillare (Il) (+/- ) 0.90 Clin. obs. (-) (17)
15 F 43 Glioblastoma multiforme (IV) (+/- (+) 2.02 Clin. obs. (+)
16 F 43 Glioblastoma multiforme (IV) (+) (+) 1.85 Clin. obs. (+) T
17 M 49 Glioblastoma multiforme (IV) (+/-) (+) 1.85 Clin. obs. (+)
18 F 51 Glioblastoma multiforme (IV) (+) (+) 2.40 Clin. obs. (+) T
19 M 51 Glioblastoma multiforme (IV) (+) (+) 1.22 Clin. obs. (+)
20 M 29 Astrocytoma anaplasticum (Ill) (+) (+) 1.43 Clin. obs. (+)
21 M 4 Astrocytoma anaplasticum (I1l) (+/- ) 0.95 Clin. obs. (-) (12
22 M 28 Astrocytoma fibrillare (1) (+/- -) 0.58 Clin. obs. (-) (12)
23 F 26 Oligoastrocytoma (I1) (+/- (+) 1.25 Clin. obs. (+)
24 M 37 Astrocytoma anaplasticum (Ill) (+ (+) 1.68 Hist-pat (Astrocytoma)

MRI and SPECT findings: (+) positive; (-) negative; (+/-) inconclusive. MRI/SPECT verification: (+) recurrent tumour-histopathological assessment in patients after stereotactic
biopsy or re-operation, or intensification of clinical symptoms, progression of changes in MRI, MRS examinations, or the patient's death; (-) no recurrent tumour — negative
diagnostic results, no clinical signs of recurrence; 1 deceased

Results

The data on histopathological findings after surgery and tu-

mour resection as well as MRl and SPECT results and their verifi-
cation are summarised in Table 1.

MRI results were as follows:

in 12 patients, MRI revealed a polymorphic focus, subject to con-
trast enhancement indicating a residual tumour or recurrent tumour;
in another 12 patients, the MRI results did not allow one to
diagnose a recurrent tumour due to post-operative and post-
radiation changes.

SPECT results were as follows:

in 12 patients with signs of recurrent tumour in MRI, the SPECT
revealed a focus of increased IMT uptake (Figure 1) (tumour/
/background — 1.22-2.45). Six of them had a rapid progres-
sion of glioma resulting in death. Two patients were subject to
re-operation; and tumour recurrence was confirmed by histo-
pathology. In four patients, the progression of the brain tu-
mour was confirmed clinically and in control examinations;

in seven patients with inconclusive MRI findings, a SPECT revealed
a focus of increased IMT uptake (tumour/background ratio 1.23—
—2.40): one patient out of this group underwent re-operation, one
had a stereotactic biopsy, two patients presented clinical signs
of tumour progression, and three patients died from brain tumours;

— in another five patients with inconclusive MRI results, SPECT
displayed no foci of an increased IMT uptake (Figure 2) (tu-
mour/background ratio 0.84-0.95), which was regarded as
a negative finding that did not provide grounds for diagnosing
a recurrent brain tumour. The clinical condition of these pa-
tients remains good (they have been monitored for 7-24 months)
and the control MRI/MRS examinations do not reveal any signs
of tumour progression.

Fused SPECT-MRI results:

For all the 24 patients, their fused SPECT and MR images
were evaluated. In 19 patients with recurrent tumours, the areas
showing an increased IMT uptake partially overlapped with con-
trast enhancement areas from MRI, including seven patients with
inconclusive findings with the sites interpreted as being suspected
of glioma proliferation (Figure 3). In the five cases with negative
SPECT results, in the fused images, the most suspected site within
the post-resection area did not reveal an increased IMT uptake.

Discussion

Contemporary diagnostic imaging offers methods that make
it possible to display both changes in tissue morphology (CT, MRI)
and a modified metabolism (SPECT, PET, MRS). The advance-
ment in diagnostic technologies over the last several years en-
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Tumour/background ratio = 2.02

Figure 1. Scintigraphic images from SPECT using '*'l-alpha-methyl-tyrosine in a patient with suspected recurrent cerebral glioma. The images show the
focus of increased IMT uptake in the right occipital lobe area. ROIS for calculating uptake indices: tumour and symmetrical semisphere for background.

u “
Figure 2. Scintigraphic images from SPECT using ''l-alpha-methyl-tyrosine in a patient with suspected recurrent cerebral glioma. The image does not
display the focus of increased IMT uptake, the decreased uptake area coincides with the post-resection site (arrow).
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Figure 3. Fused SPECT-MR image from a patient with recurrent cerebral glioma. The focus of the highest IMT uptake is located within the solid struc-

tures of the tumour.

ables one to make a complex interpretation of data of an anato-
mic and functional character. In highly developed countries, the
combined diagnostic imaging PET/CT or SPECT/CT (still unavaila-
ble in Poland) is a routine practice; however, no combination
with MRl is possible. As already reported, MRI exhibits a higher
sensitivity than CT in the diagnostics of brain tumours. Therefore,
developing the technique that would yield the fusion of MR and
SPECT images [21-25] has become an issue of vital importance.

In our study, "¥'I-labelled alpha-methyl-tyrosine of Polish ori-
gin was used, which made it possible to largely reduce the cost of
the examination. The application of this radiopharmaceutical at
an activity level as high as 100 MBq has been considered fully
justified in view of the significance of the diagnostic problem per
se; in addition, this method is essential in making decisions with
respect to the therapy and prognosis in patients with brain tu-
mour, a severe disease with a very high mortality rate.

lodine-labelled alpha-methyl-tyrosine has been used for brain
tumour diagnostics since 1989 [26]. This ligand is an L-tyrosine ana-
logue, it readily passes through the blood-brain barrier, is accumu-
lated in the brain tissue but not metabolized in its cells (not incorpo-
rated in the proteins) since the (bound) iodine molecule changes the
molecule size and makes it undetectable for transporting RNA (tRNA).
The tumour’s metabolism is generally increased compared to the
rate of metabolic processes in unaffected tissue, or that with necrotic
changes. This is reflected in an increased IMT uptake in the tumour,
what allows a differential diagnosis to be made [27-29].

In the present study, scintigraphy using 131 IMT, not only

helped to confirm glioma recurrence detected in control MR exa-
mination but also to precisely locate the part of the tumour where
the tissue exhibits an increased IMT uptake and hence the highest
metabolic activity. In all the cases of recurrent tumour, the areas
with increased IMT uptake were smaller than the contrast enhance-
ment sites in MR images. Also the sites interpreted as question-
able were characterised by an increased IMT uptake.

It seems that distinguishing within the tumour an area with the
highest metabolic rate makes it possible to precisely locate the
optimum site for:

— further MRS analysis (in three patients the spectral pattern for
the highest IMT activity area indicates the presence of neo-
plastic tissue;

— stereotactic biopsy (the material appropriate for histopatho-
logical assessment was obtained only from one patient);

— planning target radiotherapy. As reported by other authors [30,
31], an increased uptake of the tracer may indicate the pre-
sence of cells that may need higher radiation doses (biological
target volume) than other areas of the tumour.

In 12 patients treated for cerebral glioma, MRI yielded incon-
clusive results: in the post-resection site, regressive changes such
as post-radiation necrosis and liquid residues, prevailed. In seven
of these patients, a SPET with alpha-methyl-tyrosine revealed the
increased uptake of the tracer, which was interpreted as evidence
of a tumour recurrence. The fusion of SPECT-MR images made it
possible to precisely locate the focus of the increased IMT uptake
in the structures of the non-homogenous post-resection site. For
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five patients, SPECT did not display any sites with an increased
IMT uptake (negative result). Repeated check-ups, non-invasive
diagnostics (MRl and MRS) as well as the clinical examinations in
these patients do not show any signs of tumour progression (ob-
servation period: 8-27 months).

When '¥1|-labelled alpha-methyl-tyrosine was used as a radio-
pharmaceutical the quality of SPECT images obtained was found
to be slightly lower than when the imaging employed 123-iodine,
which is due to the physical properties of the 131-isotope. How-
ever, it was adequate for the visual assessment and proper inter-
pretation of the findings. Moreover, the fusion of the SPET image
with the morphological picture provided by MR, enabled one to
locate with highly accurate precision, the site within brain struc-
ture that showed the highest IMT activity. This may be useful for
determining the site for biopsy, spectroscopy or the installation of
a catheter with a radiation source for radiotherapy.

The visual assessment of scintigraphic images was supple-
mented with a semi-quantitative assessment of the tumour/back-
ground uptake ratio. The obtained values fall within the range of
(1.22-2.45) and are similar to those reported by other authors
who applied IMT labelled with 123-iodine [32, 33].

The application of 131-iodine may contribute to a more co-
mmon use of alpha-methyl-tyrosine that could replace the more
costly radiopharmaceuticals labeled with 123-iodine.

The effective doses of ionizing radiation in i.v. injections of
31-alpha-methyl-tyrosine were estimated based on the available
dosimetric data for '?3|-alpha-methyl-tyrosine as published by
Schmidt et al [34]. Their calculations were made with the use of
ICRP-recommended methodology [35, 36]. The effective dose as
calculated per activity unit of 123-iodine was 0.0073 mSv/MBq.

In our study, ¥'l-alpha-methyl-tyrosine was not subject to sig-
nificant accumulation in the body organs, except for the tumour
tissue, and was quickly eliminated in urine. According to IRCP
Publication no. 80, it can be shown that for iodine-labelled com-
pounds with similar properties, the effective dose per activity unit of
131-iodine is several to ten times higher than that for 123-iodine.

As the study group of patients with cerebral glioma were ad-
ministered '8'l-alpha-methyl-tyrosine with an activity of 74 to 111
MBaq, the effective dose was estimated as ranging between 5-8
mSy, i.e. a dose typical for nuclear medicine examinations. For
the calculation of the effective dose, an upper limit was deter-
mined for nuclide related increase in a dose of IMT labelled with
131-iodine, as compared to that labelled with 123-iodine. It should
be mentioned that the patients were given an blocking treatment
to prevent even a trace-level accumulation of 131-iodine in the
thyroid.

The effective doses and the related risk of potential cancer
induction are relatively small when compared to the side-effects
of radio- and chemotherapy of gliomas. Thus, the risk pertaining
to a scintigraphic examination should be considered in the con-
text of the diagnosed neoplastic disease and the significant de-
crease in the life expectancy of the patient.

Nuclear Medicine Review 2004, Vol. 7, No. 2

Conclusions

SPECT examinations with the use of '¥'l-labelled alpha-me-
thyl-tyrosine made it possible to obtain 100% diagnostic effec-
tiveness in confirming or excluding the presence of neoplastic
growth in the suspected site whenever MRI findings were incon-
clusive.

The fusion of SPECT-MR images makes it possible to pre-
cisely locate the site of tumour recurrence as well as the site for
MRS, stereotactic biopsy and radiotherapy

The scintigraphic images obtained from SPECT after the ad-
ministration of '3'l-alpha-methyl-tyrosine are clear enough and
enable proper interpretation for the diagnosis to be made.

The usefulness of ¥'l-alpha-methyl-tyrosine is so good that
it can be considered as a substitute for IMT labelled with
2-jodine.
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