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Abstract
The diagnostic value of SPECT has been evaluated using sensitivities and
specificities with arbitrary cut off values. The diagnostic ability of Tl-201 SPECT and
Tc-MIBI SPECT was directly compared for patients with an initial glioma using an receiver
operating characteristic (ROC) analysis. The study population included 59 patients with
gliomas. Tl and Tc-MIBI SPECT images were obtained 15 min (early) and 3 hours (delayed)
after the intravenous injection of 74 MBq of Tl chloride or 740 MBq of Tc-MIBI using a
multi-detector SPECT machine. The Regions of Interest were set on tumor and contra-lateral
normal white matter and Tumor/Normal ratios were calculated. The area z-score (Az) values
were calculated from the areas under the ROC curves. All Az values were high and no
statistical difference was observed between each modality. Both Tl and MIBI SPECT are
considered to be useful imaging modalities for the evaluation of glioma malignancies.
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Introduction
Single photon emission computed tomography (SPECT) is a valuable diagnostic
modality for the evaluation of brain tumor malignancy and activity. Thallium-201 (Tl) SPECT
and Technetium-99m methoxyisobutylisonitrile (Tc-MIBI) SPECT were clinically used to
evaluate brain tumor malignancy and activity. In addition, both early and delayed images
were taken depending on the preference of each institute. The results of SPECT examinations
always include some false positive or false negative findings. The diagnostic value of brain
tumor SPECT has been evaluated using sensitivities and specificities with arbitrary cut off
values (1-8). These arbitrary cut off values depend on the measurement methods used by each
institute, as a result, studies using these arbitrary cut off values are not useful for evaluating
tumor malignancy at other institutes.
A receiver operating characteristic (ROC) analysis is useful for evaluating the
diagnostic ability of different examinations that include some errors (9, 10). In order to
investigate the ability of each SPECT modality to evaluate tumor malignancy, each SPECT
modality was directly compared for the patients with an initial glioma using an ROC analysis.
The hypothesis is that the one SPECT modality is superior to any other modalities for grading
glioma.
Patients and Methods
The study population included 59 patients with glioma who were admitted to

Tsukuba University hospital between 1999 and 2005 and who underwent SPECT imaging.
None of the patients had received any previous radiation therapy to the brain and recurrent
cases were excluded. Tl and Tc-MIBI SPECT images were taken before surgery, radiation or
chemotherapy in most patients. The SPECT images were taken after surgery but before
radiation or chemotherapy in one patient (Case 2). All pathological diagnoses were confirmed
after the surgical removal of the tumor. The benign group included low grade astrocytomas
(n=23) and a central neurocytoma (n=1) while the malignant group included anaplastic
astrocytomas (n=10) and glioblastomas (n=25). The benign group included 13 men and 11
women, ranging from 3 to 59 years of age and the median age was 32 years old. The
malignant group included 17 men and 18 women, ranging from from 7 to 79 years of age and
the median age was 55 years old.
Tl SPECT and Tc-MIBI SPECT images were obtained 15 min (early) and 3 hr
(delayed) after the intravenous injection of 74 MBq of Tl chloride or 740 MBq of Tc-MIBI
using a multi-detector SPECT machine (E.CAM, Siemens Medical, Malvern, PA) and a high
resolution collimator (LEHR, Siemens Medical, Malvern, PA). The Butterworth
pre-correction filter and the Chang method were used for pre and post attenuation corrections.
The Ramp filter was used for reconstruction. The image matrixes for Tl and MIBI SPECT
were 64x64 and 128x128. The pixel sizes for Tl and MIBI SPECT were 6.61mm and 3.31mm.
The slice thickness both of Tl and MIBI SPECT was 6.61mm.

The Regions of Interest (ROI) were set on tumor and contra-lateral normal white matter in
reconstructed SPECT images. The ROIs were customized for each patient. In the cases with a
hot tracer uptake into the tumor, the ROIs were placed at homogeneously high uptake areas.
In cases with no tracer uptake, the ROIs were placed at suspected tumor areas using the MRI
findings as references. All ROIs were selected by independent radiology technologists.
Tumor/Normal (T/N) ratios were calculated as the ratios of radioactivity in the ROIs. The
diagnostic abilities of the T/N ratios for malignancy were analyzed by an ROC analysis using
the ROCKIT1.1B2 Beta and PlotROC.xls software programs (University of Chicago). The
area z-score (Az) values were calculated from the areas under the ROC curves and the
diagnostic accuracy was compared between each imaging modality. Any differences in the Az
values were analyzed using the bivariate x2 test.
Case 1
An eighteen-year-old male was admitted into the hospital complaining of a headache.
An MRI showed a well demarcated intraventricular enhanced tumor (Figure 1). Early and
delayed Tl SPECT demonstrated hot uptake at the tumor. The early and delayed Tl indices
were 3.3 and 2.8. No uptake was seen in the early and delayed Tc-MIBI SPECT. Early and
delayed MIBI index were 1.1 and 1.0. The tumor was surgically removed and the pathological
diagnosis was confirmed as a central neurocytoma. Tumor recurrence has not been observed
for several years without any additional therapy.

Case 2
A thirty-three-year-old male was admitted to the hospital complaining of a headache.
An MRI revealed a well enhanced left frontal tumor. The tumor was surgically removed and
the pathological diagnosis was glioblastoma. The post-operative MRI showed a small residual
enhanced tumor detected at the corpus callosum (Figure 2). Both of early and delayed Tl and
Tc-MIBI SPECT showed hot uptake at the residual tumor. Tc-MIBI SPECT demonstrated a
more localized tumor, on the other hand Tl SPECT showed a larger tumor volume than that of
the enhanced MRI. The early and delayed Tl indices were 3.1 and 3.5. Early and the delayed
MIBI indices were 50 and 58, so the MIBI index were higher than Tl index. Although the
patient was treated with radiation therapy and chemotherapy, the tumor progressed rapidly
and he died about 1 year after the initial diagnosis.
Results
Figure 3 shows the ROC curves. The vertical axis is the true positive fraction (TPF)
that means sensitivity and the horizontal axis is the false positive fraction (FPF) that is same
value of 1-specificity. The ROC curve of the early MIBI shifted to upper right and the
sensitivity was better than the other in the high FPF area, however the sensitivity was low in
the low FPF area. The ROC curve of the delayed MIBI shifted to the upper left and showed
well balanced high sensitivity and specificity. The ROC curves of the early and delayed Tl
were almost same and showed lower sensitivity and specificity than that of the delayed MIBI

in most areas.
The Az values for the early Tl, delayed Tl, early MIBI, delayed MIBI were 0.90, 0.91,
0.87, and 0.93, respectively. All Az values were high and no statistical difference was
observed between each modality. The delayed MIBI had the highest Az while the early MIBI
had the lowest Az. The delayed Az values were higher than the early Az values for both the Tl
and MIBI SPECT. This tendency was dominant in MIBI SPECT although the difference was
not statistically significant.
Discussion
Tl SPECT
Tl SPECT is useful for identifying the presence of a tumor (11), tumor malignancy (1,
6, 12) and for making a differential diagnosis to distinguish tumor recurrence from radiation
necrosis (6, 12, 13). The Tl index, the ratio of radioactivity of ROI at the lesion and normal
brain, was used to differentiate low and high grade glioma (1), recurrence and radiation
necrosis (2, 3). The dynamic Tl SPECT is reported to be useful to evaluate tumor vascularity,
histology and malignancy (14, 15). However there are some false positive and false negative
cases reported (6, 7, 12, 16, 17). Inflammation after surgery or radiation is a major cause of
false positive Tl uptake. The causes of false negative findings may include small tumor size,
histological heterogeneity, cystic or necrotic components, or a low threshold of the detector or
imaging (18, 19). Both of central neurocytoma and ganglioglioma are benign glioma. High

Tl uptake in a central neurocytoma and ganglioglioma were reported (20, 21). High cell
density and high metabolic rate are thought to explain the high Tl uptake in these low
proliferative tumors. In the present series, one patient with a central neurocytoma showed
high Tl uptake and no MIBI uptake (Figure 1). In this case, MIBI SPECT was more accurate
than Tl SPECT to evaluate tumor malignancy, because central neurocytoma is a benign tumor.
Pilocytic astrocytoma is one of the most benign gliomas and the Tl SPECT findings of a
pilocytic astrocytoma are reported to show a variable uptake (8).
Tc-MIBI SPECT
Tc-MIBI SPECT is reported to be useful to diagnose brain tumor recurrence (22, 23),
high S-phase fraction and aneuploidy (24), tumor volume and survival (25, 26), and,
differential diagnosis of radiation necrosis (27). The Tc-MIBI index, the ratio of radioactivity
of the ROI at the lesion and normal brain, was used to differentiate low and high grade
gliomas (28), recurrence and radiation necrosis (22) and the estimation of the prognosis (25,
26). However there are some false positive and false negative cases reported (23). Tc-MIBI is
concentrated in the mitochondria as the result of active diffusion due to increased metabolic
needs (22). Tc-MIBI uptake is determined by tumor malignancy, viability, density,
oxygenation, vascular supply, and blood brain barrier (BBB) disruption (29). These factors are
not linearly correlated, because glioblastoma, the most malignant form of glioma, is
pathologically heterogeneous including internal necrosis. False negative MIBI SPECT may

occur due to the lack of contrast uptake on MRI and masked by other normal tissue uptake.
This was seen in temporal and periventricular tumors (23), because Tc-MIBI is
physiologically taken into the orbita, nasopharyngeal tissues, pituitary, scalp and choroid
plexus (30). Some of the false positive results were due to recent radiation induced local
disruption of the BBB (23).
The pixel size of MIBI SPECT was smaller than that of Tl SPECT in this study.
Therefore, MIBI SPECT has a higher spatial resolution than Tl SPECT. This study
investigated the diagnostic ability of SPECT for glioma malignancy. Higher spatial resolution
might influence the diagnostic ability with small or heterogeneous tumors.

However, all of

the gliomas in this study were larger than the pixel size. In addition, most of the malignant
tumors in this study were highly heterogeneous in both of MRI and SPECT. Only the higher
spatial resolution of MIBI SPECT could not explain the slightly higher diagnostic ability of
MIBI SPECT than that of Tl SPECT. Some authors have reported that Tc-MIBI SPECT has
higher sensitivity and specificity than that of Tl SPECT for adult and childhood brain tumors
and differential diagnosis of recurrence and radiation necrosis (26, 27, 31). However, other
authors did not (32). This discrepancy may be caused by small and heterogeneous patient
populations and arbitrary selected cut off values. In Tl SPECT there is some normal brain
uptake, this makes T/N ratio low. Tc-MIBI has high photon energy level and higher
tumor/background ratio in comparison with Tl SPECT and yields clear SPECT images and

high sensitivity for malignant brain tumor (22, 27, 31).
P-glycoprotein is one of the drug efflux pumps in the cell membrane and it acts to
remove Tc-MIBI from tumor cells (33, 34). Other studies have suggested that p-glycoprotein
expression in malignant glioma is the cause of false negative with Tc-MIBI SPECT (35-37).
The effect of p-glycoprotein expression on clinical Tc-MIBI SPECT images has been
investigated, and this effect was negligible in the diagnosis of brain tumor malignancy (38).
Henze also reported that p-glycoprotein efflux does not contribute to false negative MIBI
SPECT, since MIBI washout did not occur between the early and late SPECT scans (39).
ROC analysis
Many facilities use a cut off value to evaluate tumor malignancy in Tl or MIBI
SPECT (1, 4-8). Serizawa reported that simple inter-institutional comparisons of Tl indices
are not possible because measurement methods are different in each institute (7).
Most diagnostic tests have some errors and the results are influenced by arbitrary
selected cut off values. ROC analysis is useful to evaluate the diagnostic values of each
examination that yield some false positive or false negative results (9, 10). Henze reported
that ROC analysis comparing I-123-iodo-α-methyl-L-tyrosine (IMT), MIBI SPECT and
F-18-fluorodeoxyglucose positron emission computed tomography (FDG PET) for detection
of tumor progression in irradiated low-grade astrocytoma demonstrated that IMT yielded best
diagnostic accuracy (29). ROC analysis has better diagnostic power than the arbitrary cut off

method and independent disease prevalence and decision-making threshold (29). ROC
analysis also provides adequate cut off value with appropriate sensitivity and specificity.
Because SPECT image accuracy is dependent on SPECT machine quality, acquisition
algorithm, and injected isotope dose, each facility should determine its own cut off value to
provide an adequate diagnosis from an ROC analysis of own data.
Some facilities omitted the acquisition of delayed images due to their limited
examination time. However, the current results demonstrated the superior diagnostic value of
delayed images in both of Tl and MIBI SPECT. These results revealed both Tl and MIBI
SPECT are useful for the diagnosis of gliomas. However, the SPECT study is not perfect,
there are still some false positive and false negative findings. Multi-modality imaging studies
may therefore help to diagnose brain tumors more correctly. If it is necessary to limit SPECT
examinations due to medical economical issues related to the health insurance policy, then
MIBI SPECT with a delayed acquisition is therefore considered to be the most reasonable
choice.
In conclusion, both Tl and MIBI SPECT are useful imaging modalities for the
evaluation of glioma malignancies. Delayed MIBI SPECT demonstrated a better diagnostic
value for the patients with gliomas based on an ROC analysis, although no statistical
significant difference was observed. The delayed images were better than the early images for
both the Tl and MIBI SPECT. If it is necessary to limit SPECT examinations due to medical

cost issues related to the health insurance policy, then MIBI SPECT with a delayed
acquisition is therefore considered to be the most reasonable choice.
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Legends of Figures
Figure 1
Upper left: T1 weighted MRI, Upper middle: Gadolinium-DTPA enhanced MRI, Upper right:
T2 weighted MRI
Lower left: early and delayed Tl SPECT, Lower right: early and delayed Tc-MIBI SPECT
Intraventricular enhanced tumor in MRI. Hot uptake in early and delayed Tl SPECT. No
uptake in early and delayed Tc-MIBI SPECT.
Figure 2
Upper left: T1 weighted MRI, Upper middle: Gadolinium-DTPA enhanced MRI, Upper right:
T2 weighted MRI
Lower left: early and delayed Tl SPECT, Lower right: early and delayed Tc-MIBI SPECT
Small residual enhanced tumor at corpus callosum. Both of early and delayed Tl and Tc-MIBI
SPECT showed hot uptake at residual tumor, however, MIBI index were higher than Tl index.
Figure3
ROC curves early and delayed Tl and Tc-MIBI SPECT. The vertical axis is true positive
fraction (TPF) that means sensitivity and the horizontal axis is false positive fraction (FPF)
that is the same value of 1-specificity.
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