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Abstract. Single photon emission computed tomography 
(SPECT) is widely used in the evaluation of glioma patients and 
has been demonstrated to correlate with glioma malignancy and 
proliferation indexes. The aim of this study was to evaluate the 
association between perioperative technetium‑99m-methoxy-
isobutylisonitrile (99mTc-MIBI) uptake on SPECT scans and 
survival of malignant glioma patients. A total of 17 patients 
(11  males and 6  women; mean age, 62.2±8.4  years) with 
histologically confirmed malignant gliomas (16 glioblastoma 
multiforme and 1 gliosarcoma) underwent 99mTc-MIBI SPECT 
scans 2.8±1.9  days before surgery and 9.8±1.5  days after 
surgery. The total intensity index (TII) that corresponds to the 
area and intensity of tracer uptake was calculated before and 
after surgery. In addition, the change of TII before versus after 
surgery (Δ TII) was calculated. The overall survival (OS) was 
defined as the period between the date of surgery and the date 
of death. The median overall survival time was 12.4 months, 
ranging from 1.4 to 88 months; there were nine (45%) 12-month 
survivors. In univariate analyses using a log-rank test, worse 
OS was significantly associated with higher preoperative TII 
(≥12), higher postoperative TII (≥6), lower Δ TII (<50%) and 
higher number of neurological symptoms prior to surgery (≥4). 
In multivariate analyses, higher postoperative TII, a greater 
number of neurological symptoms and female gender were 
found to be factors with independent prognostic value of OS. 
Patients who survived more than 12 months following surgery 
had a significantly lower postoperative TII, higher Δ TII and 
greater rate of gross total resection compared to patients who 
survived less than 12 months following surgery. Higher peri-
operative tracer uptake and lower decrease of tracer uptake 
following surgery (suggesting less radical resection) were 
associated with worse OS of malignant glioma patients. Our 

results suggest that SPECT may be used to predict survival 
of malignant glioma patients; however, further studies using 
larger samples are required. 

Introduction

Glioblastoma multiforme (GBM) is the most common malig-
nant glioma in adults (1,2). Despite recent advancements in 
treatment modalities that currently consist of maximally safe 
surgical resection followed by radiation therapy plus concomi-
tant and adjuvant temozolomide, GBM remains an incurable 
and devastating disease with the median survival time rarely 
exceeding 14 months following diagnosis and with less than 
5% of GBM patients surviving more than 3 years following 
diagnosis (3-5). Gliosarcoma is a rare variant of malignant 
glioma that is very similar to GBM in terms of genetic changes, 
clinical presentation and poor prognosis (6,7).

Precise and timely determination of individual prognosis 
of malignant glioma patients is critical. To date, a number of 
clinical, therapeutic and genetic prognostic markers of malig-
nant glioma patients have been identified. For example, in 
GBM patients, O6-methylguanine methyltransferase (MGMT) 
promoter methylation, good initial functional status, more 
radical resection and treatment with radiation therapy and 
chemotherapy have been demonstrated to be associated with 
better prognosis; while more advanced age and worse initial 
neurological status have been revealed to be associated with 
poor prognosis (8,9). In addition, a new generation of genetic 
and biological prognostic markers is emerging, although these 
are not routinely used in clinical practice (3,8,10). Therefore, 
there remains a requirement for new, reliable and widely avail-
able prognostic markers of malignant glioma. 

Functional imaging methods, including positron emission 
tomography (PET) and single photon emission computed 
tomography (SPECT) play an important role in the initial 
diagnosis of gliomas and in the follow-up of malignant glioma 
patients following surgical treatment or radiotherapy when 
surrounding edema and gliosis make it difficult to identify 
remaining glioma tissue using only magnetic resonance 
imaging (MRI). In contrast to PET, which remains a highly 
expensive diagnostic modality, SPECT is widely available and 
routinely used, even in less developed countries. In previous 
studies, higher tracer uptake by glioma on SPECT was shown 
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to be associated with higher grade and decreased response to 
chemotherapy of gliomas (11-14). In addition, higher techne-
tium-99m-methoxyisobutylisonitrile (99mTc-MIBI) uptake was 
demonstrated to correlate with higher proliferative potential of 
gliomas and with worse survival (15-19). However, to the best 
of our knowledge, previous studies employed SPECT scans 
only once during the treatment period and currently there are 
no studies evaluating the association of repeated SPECT scans 
during perioperative periods with the prognosis of malignant 
glioma patients. We have recently demonstrated that changes 
in the bulk of malignant gliomas following surgery and 
radiation therapy can be reliably evaluated using SPECT (20). 
Changes in the bulk of malignant glioma tissue following 
surgery evaluated by SPECT may possibly serve as a novel 
prognostic marker of malignant glioma.

Therefore, in this study we aimed to evaluate the asso-
ciation of overall survival in malignant glioma patients with 
uptake of 99mTc-MIBI before and after surgery along with 
changes in 99mTc-MIBI uptake after surgery. 

Patients and methods 

Patients and protocol. Seventeen patients (11 males and 
6 females; aged 62.2±8.4 years; range, 39 to 75 years) who 
underwent resection or biopsy for histologically confirmed 
grade IV glioma according to WHO classification the at the 
Department of Neurosurgery, Clinic of Lithuanian University 
of Health Sciences, Kaunas, Lithuania, were prospectively 
included in this study. GBM was diagnosed in 16 (94%) 
patients and gliosarcoma was diagnosed in 1 (6%) patient. 

All patients underwent preoperative 99mTc-MIBI SPECT 
scans 2.8±1.9 days prior to surgery or biopsy (range, 1 to 7 days). 
Clinical severity of the disease was evaluated by assessing the 
number of neurological symptoms prior to surgery or biopsy. 
Resection was described by a neurosurgeon as gross total 
(more than 90% of microscopically viable glioma removed) in 
11 (65%) patients or as subtotal (less than 90% of microscopi-
cally viable glioma removed) in 5 (29%) patients. Biopsy was 
performed in one (9%) patient. A postoperative 99mTc‑MIBI 
SPECT scan was performed 9.8±1.5 days after surgery or biopsy 
(range, 7 to 12 days). Following surgery, all patients received 
standard external beam radiation treatment that consisted of 
a total dose of 60 Gy that was administered in 30 fractions of 
2 Gy. None of the patients received chemotherapy with temo-
zolomide since at the time of the study temozolomide was not 
available in Lithuania. Survival data were obtained from the 
Residents' Register Service of Lithuania. Overall survival (OS) 
following surgery was defined as the period between the date 
of surgery and the date of mortality.

The study and its consent procedures were approved by 
the Ethics Committee of the Lithuanian University of Health 
Sciences, Kaunas, Lithuania, and are in agreement with 
Helsinki Declaration standards as well as the International 
Conference on Harmonization - Good Clinical Practice. All 
patients provided signed written informed consent. 

99mTc-MIBI SPECT data acquisition. Radiopharmaceutical 
99mTc-MIBI was used in all cases. 99mTc-MIBI is routinely 
used at our clinic for the evaluation of glioma patients since 
it is intensively uptaken by highly mitotic tumors, including 

high‑grade, but not low-grade gliomas, normal brain tissue, 
necrotic tissue and fibrotic tissue  (21,22). During image 
acquisition, patients were placed in a supine position with an 
appropriate headpiece to avoid head movement and detec-
tors placed as close as possible to the patients' heads. Images 
were captured 30 to 45 min after intravenous (i.v.) injection 
of 500 MBq of 99mTc-MIBI using a Siemens, E. Cam dual-
headed gamma camera (Siemens, Malvern, PA, USA). The 
matrix was set at 64x64 pixels due to the relatively small doses 
of 99mTc‑MIBI used in the study as patients were exposed to 
repeated SPECT scans. The tomographic imaging parameters 
consisted of a 360˚ rotation angle and an acquisition time 
of 30 sec per frame with a zoom factor of 1.78. For image 
reconstruction, Filtered Back Projection was used and the 
Butterworth filter was applied with a cut-off of 0.6 and an 
order of 7.0. Chang's attenuation correction was applied with 
an attenuation coefficient of 0.12/cm. Raw image data axial 
plane reconstructions of SPECT were analyzed. 

All SPECT scan results were evaluated by means of the 
semi-quantitative total intensity index (TII). We have recently 
demonstrated that TII was markedly correlated with the 
grade of gliomas and was a reliable index in discriminating 
high-grade versus low-grade gliomas (20). In grade IV glioma 
patients, TII was used for the semi-quantitative evaluation 
of changes in viable glioma tissue following surgery and 
radiation treatment (20). In order to calculate TII, SPECT and 
diagnostic CT images were matched according to anatomical 
features observed on SPECT images including the scalp, upper 
parts of orbits, upper parts of frontal sinuses and the choroid 
plexus. Four axial slices of each CT and SPECT scan were 
included in the final protocol: a) at the level of the most cranial 
part of the choroid plexus; b) at the level of the third ventricle; 
c) at the level of the body of the lateral ventricles; d) at the level 
of the most caudal part of the choroid plexus. First, two axial 
slices (a and b) of the CT and SPECT images were divided into 
four segments each and the last two axial slices (c and d) of 
CT and SPECT images were divided into six segments each. 
Thus, each CT and SPECT scan was divided into a total of 
20 segments.

The TII was calculated by evaluating the intensity of 
pathological 99mTc-MIBI uptake by malignant glioma tissue, 
separately in all 20 segments of SPECT scans, using a 
four‑point scale according to the intensity of the tracer uptake, 
ranging from three (the highest intensity of visible tracer 
uptake) to zero (no visible tracer uptake). Specifically, 3, 2 and 
1 points were assigned to the segment when the intensity of 
pathological 99mTc-MIBI uptake in that segment was higher, 
equal or lower (but more than background) than the intensity 
of 99mTc-MIBI uptake in the choroid plexus, respectively. Zero 
points were assigned to the segment when 99mTc-MIBI uptake 
was not evident. TII was calculated by adding the scores of all 
20 segments with a possible range from 0 to 60 points. 

Preoperative TII, postoperative TII and percentage change 
in postoperative TII when compared with preoperative TII 
(Δ TII) were calculated for all patients. 

Statistical analysis. PASW Statistics for Windows 18.0 (IBM 
Corporation, Chicago, IL, USA) was used for data analyses. 
All continuous data are presented as the mean ± standard 
deviation, and all categorical data as a number and percentage. 
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P<0.05 was considered to indicate a statistically significant 
result. 

First, univariate differences in OS were tested for statis-
tical significance using a log-rank test with respect to gender 
(male versus female), age (≥60 years versus <60 years), extent 
of surgery (gross total versus subtotal or biopsy), number of 
preoperative symptoms (≥4 symptoms versus <4 symptoms), 
preoperative TII (≥12 versus <12), postoperative TII (≥6 versus 
<6) and Δ TII (≥50% versus <50%). Survival curves were 
calculated using the Kaplan-Meier method in patients with 
preoperative TII of <12 versus preoperative TII of ≥12 and in 
patients with Δ TII of <50% versus Δ TII of ≥50%.

Next, a multivariate Cox regression analysis was used 
to analyze possible independent prognostic factors of OS. 
The forward-stepwise model selection procedure was used 
(P-value of likelihood-ratio test <0.05 as inclusion criterion 
and >0.10 as exclusion criterion) to define the final model. 
The following variables were entered to the model: gender, 
age at the time of surgery, number of symptoms prior to 
surgery, extent of resection, preoperative TII, postoperative 
TII and Δ TII. 

Finally, patients who survived 12 months or more following 
surgery were compared to patients who survived less than 
12 months following surgery in terms of age at the time of 
surgery, gender, number of symptoms prior to surgery, preop-
erative TII, postoperative TII and Δ TII using an independent 
samples t-test for continuous data and two-sided Fisher's exact 
test for categorical data. 

Results

The mean preoperative TII was 8.8±2.6, ranging from 4 to 12. 
Following surgery, TII decreased in 16 patients and increased 
in 1 patient. The mean postoperative TII was 4.0±3.1, ranging 
from 0 to 13, and the mean Δ TII was 55.9±27.9%, ranging 
from a TII increase of 8.3% to a TII decrease of 100%. The 
mean OS time was 18.9±23.7 months and the median OS time 
was 12.4 months, ranging from 1.4 to 88 months. There were 
nine (45%) 1-year survivors and three (15%) 2-year survivors. 

In univariate analyses using the log-rank test, we identifed 
that a greater number of preoperative neurological symptoms, 
higher preoperative TII, higher postoperative TII and lower 
Δ TII were associated with OS (Table I). Specifically, worse 
OS survival was associated with a preoperative TII of ≥12 
when compared to a preoperative TII of <12 (3.1±1.5 months 
versus 22.3±6.4 months, respectively; p<0.001; Fig. 1), with 
a postoperative TII of ≥6 when compared to a postoperative 
TII of <6 (3.7±2.2 months versus 22.2±6.4 months, respec-
tively; p=0.001) and with a Δ TII of <50% when compared 
to a Δ TII of ≥50% (6.0±2.1 months versus 24.3±7.3 months, 
respectively; p=0.004; Fig.  2). Also, patients with ≥4 
neurological symptoms prior to surgery had a worse OS 
when compared to patients with <4 preoperative neuro-
logical symptoms (7.9±2.2 months versus 23.5±7.5 months,  
respectively, p=0.004). 

In multivariate analyses, postoperative TII (p=0.008; 95% 
confidence interval, 1.12-2.13%), number of preoperative 

Table I. Univariate analysis of the effect of prognostic factors on survival in 17 malignant glioma patients.

Variable	 Number of cases	 Mean survival (months)	 Univariate analysis P-value (log-rank)

Gender
  Male 	 11	 10.9±2.5	 0.194
  Female	 6	 33.5±13.3	
Age (years)
  ≥60	 10	 14.2±6.4	 0.151
  <60	 7	 25.7±9.8	
Resection
  Gross total 	 11	 19.4±5.3	 0.372
  Subtotal or biopsy	 6	 17.9±12.8	
Number of symptoms
  ≥4	 5	 7.9±2.2	 0.044
  <4	 12	 23.5±7.5	
Preoperative TII
  ≥12	 3	 3.1±1.5	 <0.001
  <12	 14	 22.3±6.4	
Postoperative TII 
  ≥6	 3	 3.7±2.2	 0.001
  <6	 14	 22.2±6.4	
Decrease of TII ≥50% after surgery
  Yes	 12	 24.3±7.3	 0.004
  No	 5	 6.0±2.1	

In bold, p<0.05. TII, total intensity index.
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neurological symptoms (p=0.02; 95% confidence interval, 
1.19-5.90%) and gender (p=0.03; 95% confidence interval, 
1.21-15.98%) were found to be factors with independent prog-
nostic value.

Patients who survived more than 12 months following 
surgery had significantly higher rates of gross total resec-
tion (n=8/9 (89%) versus n=3/8 (38%), respectively; p=0.05), 
lower postoperative TII (2.3±1.7 versus 5.9±3.4, respectively; 
p=0.01) and greater Δ TII (70.0±21.7 versus 40.1±26.4, respec-
tively; p=0.02) when compared to patients who survived less 
than 12 months following surgery (Table III).

Discussion

The main finding of the present study was that a higher tracer 
uptake on SPECT scans was associated with a worse survival in 
malignant glioma patients. Specifically, we identified that higher 
postoperative 99mTc-MIBI uptake was an independent predictor 
of worse survival in malignant glioma patients. In univariate 

analyses, worse OS was associated with higher preoperative 
and postoperative 99mTc-MIBI uptake as well as with a smaller 
decrease in 99mTc-MIBI uptake following surgery. Finally, 
patients who survived one year or more following surgery had 
a significantly lower postoperative 99mTc-MIBI uptake and a 
higher decrease in 99mTc-MIBI uptake following surgery. 

To the best of our knowledge, this is the first study 
evaluating the association of preoperative and postoperative 
99mTc-MIBI uptake as well as changes in 99mTc-MIBI uptake 
following surgery with survival in the same cohort of malig-
nant glioma patients. It is also the first study evaluating the 
association between 99mTc-MIBI uptake assessed using the 
semi-quantitative TII method and survival of malignant glioma 
patients. The main findings were that higher 99mTc‑MIBI uptake 
following surgery was independently associated with worse OS 
of malignant glioma patients after adjusting for age, gender, 
extent of surgery and clinical disease severity prior to surgery 
(number of neurological symptoms). In addition, in univariate 
analyses, higher 99mTc-MIBI uptake before surgery (TII≥12), 

Figure 1. Kaplan-Meier estimate of overall survival for patients with a total 
intensity index (TII) lower than 12 points and for patients with a TII equal to 
or greater than 12 points.

Figure 2. Kaplan-Meier estimate of overall survival for patients with a 
decrease in postoperative total intensity index (TII) when compared to a 
preoperative TII of less than 50% and of 50% or more.

Table II. Comparison of patients with overall survival of 12 months or more and less than 12 months following surgery. 

	 Overall survival
	 ----------------------------------------------------------------------------------------
	 12 months or more	 Less than 12 months	 P-value

Age, mean ± SD, years	 59.6±9.4	 65.3±6.3	 0.17
Gender, male/female	 5/4	 6/2	 0.40
Number of preoperative symptoms, mean ± SD	 2.7±0.9	 3.1±1.0	 0.33
Resection, total/subtotal or biopsy	 8/9	 3/8	 0.05
Preoperative TII, mean ± SD	 8.0±2.6	 9.6±2.6	 0.21
Postoperative TII, mean ± SD	 2.3±1.7	 5.9±3.4	 0.01
Percentage change in TII following surgery, mean ± SD	 70.0±21.7	 40.1±26.4	 0.02

In bold, p≤0.05. TII, total intensity index.
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after surgery (TII<6) and a smaller decrease in 99mTc‑MIBI 
uptake after surgery were all found to be associated with 
worse survival. Finally, patients who survived more than a year 
following surgery had significantly lower postoperative TII and 
a more pronounced decrease in 99mTc-MIBI uptake following 
surgery. Together, our findings suggest that tracer uptake by 
malignant glioma on SPECT scans evaluated using a semi-
quantitative TII method may be valuable predictors of survival 
in malignant glioma patients. However, our findings remain to 
be replicated in larger samples of malignant glioma patients. 

Currently, there are a few studies evaluating the asso-
ciation between uptake of different tracers on SPECT 
scans and survival of glioma patients. In a recent study, 
Alexiou  et  al  (2010) evaluated the prognostic value of 
preoperative 99mTc‑tetrofosmin uptake in predicting the OS 
of 18 GBM patients and found that higher 99mTc-tetrofosmin 
uptake was associated with significantly worse survival (16). 
Another study reported that higher preoperative thalium-201 
uptake was associated with significantly worse survival in 
high grade glioma patients (23). However, in a subgroup of 
patients diagnosed with WHO grade IV gliomas there were 
no statistically significant differences in survival between the 
low lesion to normal tissue ratio (L/N) ratio group and the 
high L/N ratio group. Beauchesne et al (2004) reported that 
larger metabolic tumor volume assessed using the 99mTc-MIBI 
at the end of radiation therapy was associated with worse 
prognosis of malignant glioma patients (17). Another study 
by the same group demonstrated that a larger tumor volume 
and a higher L/N ratio were associated with worse prognosis 
of malignant glioma patients following treatment failure (18). 
To the best of our knowledge, we were the first to report on 
the association of a change in tracer uptake following surgery 
with survival of malignant glioma patients. Also, we were the 
first to report that higher preoperative 99mTc-MIBI uptake was 
correlated with worse survival. Higher uptake of fluorine-18 
(18F)-2‑deoxyglucose (FDG) on PET scans was reported to be 
a reliable predictor of worse survival in glioma patients (24,25). 
However, the use of PET remains limited due to its high cost, 
in contrast to SPECT, which is a cheaper and more widely 
available diagnostic modality even in less developed countries.

Malignant gliomas have increased metabolic needs, 
increased cellular mitochondrial content and maintain the 
negative mitochondrial transmembrane potential that is 
associated with the active diffusion of 99mTc-MIBI into the 
mitochondria (7,10). Higher 99mTc-MIBI uptake was demon-
strated to correlate with biological markers of malignancy of 
malignant gliomas, including aneuploidy level and percentage 
of cells in the S-phase fraction, and with proliferative activities 
of glioma as assessed by the means of Ki-67 (26,27). In the 
majority of previous studies, tracer uptake was evaluated using 
the L/N ratio; the most widely used index for semi‑quantitative 
evaluation of brain SPECT results. However, the L/N ratio 
corresponds to tracer uptake at the point of the brain tumor 
where tracer uptake is the highest, but does not include 
quantitative evaluation of the total tracer uptake area. TII is 
a semi-quantitative index that corresponds to tracer uptake in 
20 segments of brain SPECT and is an index of malignancy 
and size of glioma. TII is a highly sensitive and specific 
method for identifying high‑grade gliomas and may be used 
for the follow-up of grade  IV glioma patients following 

surgery and radiation treatment when surrounding edema 
prevents accurate interpretation of CT and MRI scans (20). 
We have recently revealed that higher 99mTc-MIBI uptake prior 
to surgery evaluated using TII was positively correlated with 
histological WHO glioma grade (r=0.64) (20). Therefore, TII 
may be used to supplement the L/N ratio for initial diagnosis 
and at follow-up. 

We found that more radical resection of high-grade 
gliomas as evaluated by the means of SPECT was associated 
with improved OS. Specifically, a decrease in TII of more than 
50% following surgery and a lower postoperative TII were 
associated with longer survival. Also, patients who survived 
more than a year following surgery had higher rates of total 
resection, lower postoperative tracer uptake and a higher 
decrease in TII following surgery when compared to patients 
who survived less than a year following surgery. Currently 
used multimodal treatment algorithms for malignant gliomas 
include maximally safe microsurgical resection followed by 
chemotherapy and radiotherapy. However, despite recent 
advances in chemotherapy and radiotherapy, maximally 
safe microsurgical resection remains the pivotal treatment 
modality of malignant glioma patients and more radical resec-
tion is associated with increased survival (28,29). 

We have also identifed that more preoperative neurologic 
symptoms were associated with worse OS, suggesting that 
preoperative neurological status is an important marker 
of disease severity and possesses an important prognostic 
value in malignant glioma patients. A recent study by 
Chaichana et al  has also reported that preoperative clinical 
symptoms, including motor and language deficit, were 
independent predictors of poor survival in GBM patients 
undergoing resection (9). 

Limitations of this study should be acknowledged. Firstly, 
standard chemotherapy with temozolomide was not available 
at the time of the study in Lithuania; therefore, the value of 
TII in predicting the survival of patients receiving combined 
radiotherapy and chemotherapy should be addressed in the 
future. Also, other clinical (e.g., functional status) and genetic 
(e.g., MGMT promoter methylation) prognostic markers were 
not systematically evaluated and therefore were not included 
in the analyses. Finally, due to the small sample size, our find-
ings need to be considered with caution until replicated in a 
larger sample of malignant glioma patients. Furthermore, more 
advanced nuclear medicine imaging modalities, including 
PET and SPECT/CT were not used at our institution at the 
time of the study.

It should be noted that GBM patients were considered 
together with one gliosarcoma patient, as it was previously 
shown that both types of tumors share substantial clinical and 
genetic similarities, have similar survival rates, and should 
therefore be considered together in terms of treatment and 
enrolment to research protocols (6,7). 

In conclusion, the results of this study suggest that 
higher 99mTc-MIBI uptake before and after surgery and less 
pronounced decrease of 99mTc-MIBI uptake after surgery are 
associated with worse survival of malignant glioma patients. 
Evaluation of tracer uptake by means of TII during periopera-
tive periods may be used as an additional prognostic factor of 
malignant glioma patients. However, further studies in larger 
samples are required.
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