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ARTICLE INFORMATION AIM: To evaluate the relative and combined utility of **™Tc-tetrofosmin (*°™Tc-TF) brain
single-photon-emission computed tomography (SPECT) and dynamic susceptibility contrast

Article history: (DSC) perfusion magnetic resonance imaging (MRI) in grading brain gliomas.

Received 14 November 2018 MATERIALS AND METHODS: Thirty-six patients with clinically suspected brain tumours

Accepted 22 March 2019 were assessed by 2™ Tc-TF SPECT and DSC-MRI. Brain tumour malignancy was confirmed in all

patients at histopathology. On both techniques brain lesions were evaluated via visual and
semi-quantitative analysis methods (deriving tetrofosmin index [T-index| and relative cerebral
blood volume [rCBV] ratios, respectively).

RESULTS: °™Tc-TF SPECT showed abnormally elevated tracer uptake in 31/36 patients
whereas MRI detected the brain tumour in all patients. Optimal cut-off values of each index for
discriminating between low- and high-grade gliomas were obtained through receiver oper-
ating characteristic (ROC) analyses. A T-index cut-off of 6.35 ensured 82% sensitivity and 71%
specificity for discriminating between high- and low-grade gliomas, whereas a relative rCBV
ratio cut-off of 1.80 achieved 91% sensitivity and 100% specificity. Requiring a positive result on
either technique to characterise a high-grade glioma was associated with similar specificity
and slightly increased sensitivity.

CONCLUSION: Both imaging techniques, %™TF SPECT and DSC MRI, may provide comple-
mentary indices of tumour grade and have an independent diagnostic value for high-risk
tumours.
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Introduction

Malignant brain and central nervous system (CNS) tu-
mours are the third most common cancer in adults and the
second most common cancer among children 0—14 years,
and the leading cause of cancer-related deaths in this age
group, outpacing even leukaemia according to a 2016
report.! Gliomas are the most common malignant brain
tumours according to the World Health Organization
(WHO) with the most aggressive type being glioma grade IV
or glioblastoma multiforme (GBM).”>

Accurate diagnosis, staging, and grading (a key deter-
minant of patient survival) are of great clinical importance
for patients with GBM. Despite recent advances in imaging
technology, accurate definition of brain tumours still re-
quires histopathological assessment, an invasive procedure
prone to inherent sampling errors, especially with stereo-
tactic biopsy.” A non-negligible rate of non-diagnostic his-
topathological results (28%) may be obtained due to the
regional heterogeneity of gliomas.® Therefore, advanced
non-invasive diagnostic techniques are very important for
optimal evaluation of brain tumours.

Imaging plays an important role providing information
about localisation, characterisation of the tumour, and post-
treatment surveillance.” Magnetic resonance imaging (MRI)
is considered as the reference standard imaging procedure
for the evaluation of brain tumours. Despite the excellent
soft-tissue visualisation of conventional MRI techniques,
abnormal contrast enhancement, perilesional oedema, and
mass effect, due to non-specific blood—brain barrier (BBB)
disruption in both neoplastic and non-neoplastic pathol-
ogies, limit the accurate grading of brain tumours.® ! More
advanced MRI techniques, such as perfusion MRI, have been
incorporated into clinical practice to offer better charac-
terisation of brain tumours, providing both structural and
functional information at the cellular level. Perfusion MRI
can provide crucial information regarding two indices of
tumour aggressiveness, tumour neovascularity and capil-
lary permeability, by using the dynamic susceptibility
contrast (DSC) and dynamic contrast enhanced (DCE)
perfusion techniques, respectively. Tumour neovascularity
is reflected in changes in cerebral blood volume (CBV),
expressed as rCBV (ratio of tumour CBV to contralateral
normal appearing white matter CBV) and has been widely
used in clinical practice for the diagnosis, differential
diagnosis, surgical planning, and prognosis of brain
gliomas.>'? 29

Nuclear medicine imaging techniques, namely single-
photon-emission = computed  tomography  (SPECT),
positron-emission tomography (PET), and hybrid imaging
SPECT and PET combined with computed tomography
(SPECT/CT, PET/CT), could offer additional information to
conventional imaging regarding tumour activity, cell pro-
liferation, and blood flow. Semi-quantitative SPECT analysis
showed high uptake of the radiotracer within the tumour
compared to the surrounding tissue (retention index) due
to the higher metabolic activity of the cells.* Several
studies showed that higher tracer uptake may be associated
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with higher-grade gliomas and higher mortality.>' >* There
has been a growing interest in the clinical value of %9™Tc-
tetrofosmin (°°™Tc-TF) SPECT scintigraphy for identifying
and grading brain malignant tumours in the last de-
cades.>> % Although ®°™Tc-TF does not cross the intact BBB
and does not accumulate in normal brain parenchyma, high
tracer concentrations are typically achieved within brain
tumours via passive transport driven by the negative po-
tential of the intact cell membrane.?’

Although the utility of ®*™Tc-TF SPECT and perfusion MRI
techniques has been studied separately, studies comparing
the two imaging techniques and assessing their combined
value for tumour grading are scarce. The aim of this pro-
spective study is to investigate the potential role of **™Tc-TF
SPECT and perfusion MRI in providing complementary,
clinically relevant information regarding tumour grading.

Materials and methods

Over a period of 6 years (2008—2014), 36 patients (20
males, 16 females) with clinically suspected brain tumours
were evaluated prospectively. The study was approved by
the ethics committee and all patients provided written
consent for participating in the study. All patients under-
went ?9™Tc-TF SPECT of the brain and perfusion MRI on two
consecutive days. Surgical excision of the brain lesion or
stereotactic biopsy in selected cases was performed within
the following week. The final diagnosis was based on
excised tissue histology as a reference standard. Informed
consent was received from all patients.

Demographic, clinical, and histopathological patient
characteristics are shown in Table 1. The sample included 22
patients with high-grade gliomas (15 Grade IV glioblas-
tomas and seven Grade III anaplastic astrocytomas), and 14
patients with low-grade gliomas (Grade II astrocytoma).
The two groups had similar proportions of women (45.5%
and 42.9%, respectively) and were comparable in average
age (62.184+13.7 versus 53.7+19.8 years, respectively,
p=0.14).

99MTe_TF SPECT brain scintigraphy

99MTC_TF (925 MBq [25mCi]; MyoviewTM, General Elec-
tric Healthcare, Buckinghamshire, UK) was given intrave-
nously. Tomographic images were acquired 20—30 minutes
after intravenous injection of the radiotracer using a dual-
head, tomographic y-camera (optima NX, GE Medical sys-
tems, Waukesha, WI, USA) equipped with a pair of low-
energy, high-resolution parallel-hole collimators (LEHR).
SPECT images have been reconstructed using filtered back
projection with a Butterworth filter. Chang’s method was
used for attenuation correction.

Qualitative and semi-quantitative analysis was per-
formed independently by two nuclear medicine physicians
(M.D., S.K.), using a Xeleris Version 3 Workstation. Quali-
tative analysis relied on visual analysis of radiotracer
accumulation in space-occupying lesions in all three axes
(transverse, coronal, and sagittal). Abnormally increased
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Table 1
Clinical, imaging, and demographic patient characteristics.

ID Age Gender T-index rCBV ratio Diagnosis® Histology/grading
1 51 Male 421 244 S Glioma G IV
2 53 Female 6.65 3.59 B Glioma G III
3 60 Female 8.75 2.59 B Glioma G IV
4 71 Male 10.9 1.75 S Glioma G IV
5 77 Female 6.39 19 S Glioma G III
6 57 Male 8.15 2.75 B Glioma G IV
7 50 Male 11.8 2.88 B Glioma G III
8 71 Male 10.07 2.95 B Glioma G IV
9 76 Male 7.16 2.64 N Glioma G IV
10 26 Female 10.7 1.87 S Glioma G III
11 64 Female 10.28 2.71 B Glioma G IV
12 40 Male = 1.61 B Glioma G III
13 57 Male 8.17 33 B Glioma G III
14 57 Female 4.75 2.18 B Glioma G IV
15 63 Female 7.48 1.5 B Glioma G IV
16 55 Male 412 1.78 B Glioma G III
17 67 Male 8.28 1.78 S Glioma G IV
18 73 Female 6.05 2.94 S Glioma G IV
19 86 Male 9.6 1.76 S Glioma G IV
20 72 Female 7 2.92 B Glioma G IV
21 63 Female 7.48 1.99 S Glioma G IV
22 79 Female 9.97 2.28 S Glioma G IV
23 27 Male P 1.03 S Glioma G II
24 25 Female —° 0.95 S Glioma G II
25 66 Female 6.2 1.52 B Glioma G II
26 65 Female 3.45 1.22 B Glioma G II
27 70 Male 4.65 1.68 B Glioma G II
28 59 Male 4.06 1.2 S Glioma G II
29 80 Male 2.8 1.61 B Glioma G II
30 67 Male P 1.15 B Glioma G II
31 52 Male 2.72 1.21 B Glioma G II
32 61 Male 6.09 1.26 B Glioma G II
33 53 Female 345 0.87 S Glioma G II
34 75 Female 3 141 B Glioma G II
35 23 Female —° 1.12 S Glioma G II
36 29 Female 2.85 1.56 B Glioma G II
G, grade.

2 Tumour grade based on histopathology of surgical sample (S) or sample
acquired through stereotactic biopsy (B).
b Tracer undetectable.

radiotracer uptake over the affected region within the brain
parenchyma compared to background was considered
indicative of tumour. Semi-quantitative analysis employed
circular regions of interest (ROIs) drawn manually on the
section traversing the area with the highest mean tracer
uptake. An identical ROI was drawn symmetrically (mirror)
on the contralateral side of the normal brain parenchyma in
the same section. TF index (T-index) values were calculated
by dividing the average counts in the tumour region (T) by
those in the contralateral normal region (N) for each pa-
tient. Inter-rater reliability of measurements (T-index
values) performed by two nuclear medicine physicians
(M.D. and S.K.) was excellent (intraclass correlation
coefficient=0.93).

MRI technique

All patients underwent brain MRI using a 1.5 T whole-
body MRI system (Vision/Sonata, Siemens, Erlangen, Ger-
many), equipped with high-performance gradients
(gradient strength: 40 mT/m, slew rate: 200 mT/m/ms) and
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a standard two-channel circularly polarised head-array coil.
The protocol for brain tumours comprised the following
sequences: (1) three dimensional (3D) T1-weighted (W)
ultrafast gradient echo (3D MPRAGE: TR=1,570 ms, TE=1.73
ms, 1 mm?, number of excitations (NEX)=1/160 axial slices),
(2) T2W turbo spin echo (TSE: TR=5,000 ms, TE=98 ms)
with 4-mm axial sections, and (3) TSE fluid-attenuated
inversion recovery (FLAIR) (TR=9,000 ms, TE=120 ms,
TI=2,600 ms) with 4-mm axial and sagittal sections.

The T2* DSC-MRI was performed utilising a two-
dimensional (2D) single-shot multisection gradient echo
(GRE) echo planar imaging (EPI) sequence (TR=1,500 ms,
TE=40 ms, flip angle=30°, bandwidth=2,442 Hz/pixel, echo
spacing=0.47 ms, EPI factor=64). A square field of view
(FOV) of 192x192 mm? and a reconstruction matrix of
64 x64 pixels were used. Twenty consecutive sections of 4
mm section thickness with a 1.5 mm intersection gap were
obtained in an oblique axial plane covering the whole brain.

The sequence was repeated every 1.5 seconds for a total
time of 1 minute 20 seconds, thus obtaining 50 dynamic
acquisitions (images) with 1.5 seconds temporal resolution
for each of the 20 anatomical sections. Immediately after
the end of the fifth dynamic acquisition, a bolus of 0.1
mmol/kg body weight of gadobutrol (Gadovist, Bayer, Lev-
erkusen, Germany) was injected through a catheter inserted
in the antecubital vein, at an injection rate of 4 ml/s,
immediately followed by a bolus injection of 15 ml saline at
the same rate. Contrast-enhanced 3D T1W images were
obtained after the acquisition of the perfusion data.

Post-processing of the perfusion data was performed
utilising standard software provided by the manufacturer.
The DSC-MRI perfusion technique was based on a standard
tracer kinetic model with arterial input function (AIF)
calculation and a deconvolution method based on a singular
value decomposition (SVD) algorithm. The AIF was calcu-
lated by manually defining a major artery (usually the major
cerebral artery [MCA]) and parametric maps of cerebral
blood volume (CBV) were automatically created. CBV values
were measured in ROIs located at the tumoural areas with
the highest vascularity and the contralateral normal-
appearing white matter (NAWM). In order to optimise
reproducibility, three CBV measurements were obtained
from each of tumoural and NAWM and areas, which were
then averaged. All ROIs were fixed in size (radius of 2 mm)
and were placed at the bolus peak of the GRE-EPI images,
which show the vessels to better advantage and thus
vascular structures were excluded. T2W images were also
used for co-registration with the GRE-EPI images to ensure
that white matter lesions were not included in the ROI.
From the GRE-EPI images, ROIs were automatically trans-
ferred to the CBV maps using dedicated software (MRIcro
medical analysis viewer). ROIs were placed at the same
cross-sectional positions and the same locations with those
of P*™TcTF SPECT, as described previously.

Perfusion measurements were carried out by three
experienced investigators (E.P,, D.K., and D.M.) who devel-
oped common criteria and procedures to ensure proper
placement of multiple ROIs. CBV measurements were con-
ducted independently by each investigator with excellent
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inter-rater reliability among them with respect to esti-
mating individual CBV ratios (intraclass correlation
coefficient=0.95).

Statistical analysis

T-index and rCBV ratio values did not vary significantly
with gender or age (within tumour grade groups; p>0.3).
Normality of the T-index and rCBV ratio values was assessed
using the Shapiro—Wilk test. Tumour grade group differ-
ences on each measure were evaluated with one-way anal-
ysis of variance (ANOVA,; effect size for the group difference
were also computed using Cohen’s d). Pearson correlation
coefficients were used to examine the relation between T-
index and rCBV ratio values, both across and within tumour
grade groups. Finally, receiver operating characteristic (ROC)
curve analyses were employed to identify cut-off values for
each index for optimal discrimination between tumour grade
groups. Due to the high clinical cost of missing a high-grade
tumour, inconclusive SPECT results were treated as positive
results to compute the final diagnostic value indices for each
test presented in Table 3.3% All statistical analyses were car-
ried out at the two-sided 5% level of significance using SPSS
(Armonk, NY: IBM Corp, USA).

Results

Based on qualitative analysis, SPECT imaging showed
variable tracer uptake ranging from faint to intense uptake.
99m Tc_TF SPECT showed abnormally intense uptake in 31/
36 patients with low- and high-grade gliomas (detection
rate 86.1%; Figs 1—4). False-negative results were observed
in 4/14 low-grade tumour cases (28.5%) and in 1/22 high-
grade tumour cases (4.5%) resulting in an overall clinical
yield of 86% (Figs 5 and 6). rCBV ratio and T-index value
distributions did not significantly deviate from normality
(Shapiro—Wilk test: p>0.1) and, as expected, varied signif-
icantly as a function of tumour grade. The T-index ranged
between 2.7 and 6.2 in low-grade gliomas (n=14) and be-
tween 4.12 and 11.8 in high-grade gliomas (F(1,29)=28.87,
p<0.001, Cohen’s d=1.48; Fig 7). Corresponding values for

Table 2
Frequency of positive, negative, and inconclusive SPECT and rCBV results
against histopathological diagnosis.

Biopsy
Low High
Low High Inconclusive Low  High Inconclusive
(TN)  (FP) (FN)  (TP)
rCBV 14 0 0 2 20 0
SPECT 10 0 4 4 17 1
rCBV or 14 0 - 1 21 -
SPECT
rCBV and 10 0 4 5 16 1
SPECT

rCBV, relative cerebral blood volume; SPECT, single-photon-emission
computed tomography; TN, true negative; FN, false negative; FP, false pos-
itive; TP, true positive.
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Table 3
Diagnostic accuracy indices for SPECT and rCBV.
Sensitivity (%)  Specificity (%) PPV (%) NPV (%)
rCBV 91 100 100 88
SPECT 82 71 82 71
rCBV or SPECT 95 100 100 93
rCBV and SPECT 76 100 100 67

Computed in the entire sample. Cut-off values; T-index=6.35, rCBV
ratio=1.80.

rCBV, relative cerebral blood volume; SPECT, single-photon-emission
computed tomography; PPV, positive predictive value; NPV, negative pre-
dictive value.

rCBV were 0.87—1.68 and 1.5 to 3.59, respectively (F(1,34)=
42.62, p<0.001, Cohen’s d=1.49).

Direct comparisons between rCBV ratios and T-index
values were restricted to cases where valid SPECT data were
obtained (n=31). Across tumour groups there was a modest
linear association between the two measures (r=0.51,
p<0.003), but closer inspection revealed that this associa-
tion was largely due to group differences in both measures
(Fig 8). Within each group, the correlation between the two
measures did not reach significance (r<0.1).

ROC analyses were conducted in order to derive optimal
cut-off values for rCBV ratio (n=36) and T-index values
(n=31 excluding inconclusive tests) in discriminating be-
tween patient groups (Fig 9). To ensure fair comparison
between the two methods, however, accuracy indices were
estimated on the entire sample (n=36). Due to the high
clinical cost of missing a high-grade tumour, inconclusive
SPECT results were treated as positive results to compute
the final diagnostic value indices for each test. Results
indicated that a T-index cut-off value of 6.35 ensured 82%
sensitivity and 71% specificity in discriminating between
low- and high-grade gliomas, whereas a cut-off rCBV ratio
of 1.80 achieved 91% sensitivity and 100% specificity
(Tables 2 and 3). Combining data from the two methods, so
that a positive (high grade) outcome required the above
cut-off values on either test, resulted in a slight improve-
ment in sensitivity (95%) without reduction in specificity
(100%).

Discussion

Gliomas are the most common primary neoplasms of the
brain, varying from low to high grade, with GBM having the
poorest prognosis. Discrimination between low- and high-
grade gliomas before surgical intervention is critical for
clinical management. In recent years, more advanced MRI
and nuclear medicine techniques have been employed to
differentiate malignant and non-neoplastic brain lesions
and contribute to the preoperative characterisation of
tumour grading.®*~*! Perfusion MRI measures CBV inside
the lesion relative to the contralateral healthy tissue (rCBV).
Increased rCBV reflects the degree of tumour neo-
vascularity—a pathophysiological process that is consid-
ered an index of tumour aggressiveness.”’ Nuclear medicine
techniques, i.e., PET, SPECT, and hybrid imaging techniques
PET/CT, SPECT/CT, have also been used for the evaluation of
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Figure 1 Imaging data from a 63-year-old woman with glioblastoma. (a) Post-gadolinium T1W MPRAGE sequence demonstrates an inhomo-
geneously enhancing space-occupying lesion in the right temporal lobe, with enhancing solid tissue and central necrotic areas. (b) Relative CBV
values are high in the solid tumoural tissue (red on the rCBV map) averaging 1.99 due to increased vascularity. (c) **™Tc-TF SPECT shows highly

increased uptake in the right temporal region with a T-index of 7.48.

brain lesions. Recently, %°™Tc-labelled compounds, **™Tc
methoxyisobutylisonitrile (MIBI) and %*™Tc-TF, are found to
be advantageous as compared to Thalium-201 due to lower
radiation exposure to patients and improved spatial reso-
lution.>® 9™Tc-TF, a marker of regional blood flow and cell
membrane activity, is a lipophilic tracer with no uptake in
normal brain due to its mechanism of uptake based on the
intact BBB.

In the present prospective study, the potential contri-
bution of TF in differentiating tumours with different bio-
logical behaviour, namely low- and high-grade gliomas, was
explored. Specifically, the clinical yield and accuracy of DSC
MRI and %°™Tc-TF SPECT were compared in differentiating
low-from high-grade gliomas against histopathological
diagnosis as the standard diagnostic tool. In the present
study °™Tc-TF SPECT had a lower detection rate compared
to MRI (86% versus 100%). The reason for the inability to
detect all 36 tumour lesions is not entirely clear. Possible
explanations causing inadequate TF uptake include tumour
location and size, atypically low tumour blood supply,
maintenance of cell membrane integrity, and failure of the
tumour to disrupt the BBB.>” These effects are more likely to
occur in the presence of low-grade tumours as in the

(b)

majority of inconclusive SPECT studies in the present pa-
tient series. False-negative results were obtained in four
patients with low-grade tumours and in one patient with
anaplastic glioma. In one patient with low-grade glioma,
there was a small lesion (<1 cm), which is below the spatial
resolution of the y camera); two patients with low-grade
glioma had lesions without gadolinium enhancement on
MRI (suggesting lack of disruption of the BBB). Finally, two
patients presented tumours (a low-grade glioma and an
anaplastic glioma) with extensive perilesional oedema on
conventional MRI that can affect tracer uptake. Petrovic
et al. using radionuclide angiography documented extensive
perfusion variability both across and within tumour grades,
showing that perfusion of low-grade gliomas was similar to
that of contralateral normal brain, in contrast to the
perfusion of high-grade tumours that was higher.*?
Regarding the capacity of perfusion MRI to discriminate
between high- and low-grade tumours, the present results
compare favourably with previous reports. In the present
study, rCBV ratio values ranged between 0.87 and 1.68 for
low-grade tumours and between 1.5 and 3.59 for high-
grade tumours. Based on ROC analyses, an optimised cut-
off value of 1.80 yielded sensitivity and specificity of 91%

(c)

Figure 2 Imaging data from a 66-year-old woman with a low-grade astrocytoma. (a) Post-gadolinium T1W MPRAGE sequence reveals a lobulate,
enhancing lesion in the left parietal lobe that compresses the trigone of the left lateral ventricle. (b) The average relative CBV value of the lesion
(blue shape on the rCBV map) is 1.52. (c) °™Tc-TF SPECT reveals increased uptake in the left occipitoparietal region, with a T-index of 6.2.
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Figure 3 Imaging data from a 70-year-old man with a low-grade astrocytoma. (a) Post-gadolinium T1W MPRAGE sequence reveals a space-
occupying lesion in the right occipital lobe, with a central cystic portion and peripheral enhancement compressing the right occipital horn.
(b) The average relative CBV value of the enhancing portion of the lesion (blue shape on the rCBV map) is 1.68. (c) **™Tc-TF SPECT reveals
increased uptake in the right occipital lobe with a T-index 4.65.

and 100%, respectively, for distinguishing high-from low- a rCBV cut-off of 1.75 was found to afford 95% sensitivity
grade tumours. Several studies report the utility of perfu- and 57% specificity in differentiating low-from high-grade
sion MRI and the value of the rCBV ratio in distinguishing gliomas’'??; however, other studies cast doubt on the

)

low-from high-grade brain tumours. In the earliest studies, utility of this technique, reporting highly variable sensitivity

(b) (c)

Figure 4 Imaging data from a 57-year-old woman with glioblastoma. (a) Post-gadolinium T1W MPRAGE sequence demonstrates a large, lobular,
inhomogeneously enhancing space-occupying lesion in the right frontal lobe, with enhancing solid tissue and small necrotic areas, surrounded
by extensive perilesional oedema, and deviation of middle-line structures to the left. (b) Relative CBV values are very high in the solid tumoural

tissue (red on the rCBV map) averaging 3.3 due to highly increased vascularity. (c) ®*™Tc-TF SPECT shows increased uptake in the right frontal
lobe with a T-index 8.17.

(b) (c)

Figure 5 Imaging data from a 27-year-old man with a low-grade astrocytoma. (a) Post-gadolinium T1W MPRAGE sequence demonstrates a
small, enhancing nodule located in the upper left temporal lobe. (b) The average relative CBV value of the lesion (blue shape on the rCBV map) is

1.03, indicative of low vascularity. (c) °*™Tc-TF SPECT showed normal uptake in the brain parenchyma, possibly due to the small size of the lesion
(<1 cm).
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(d)

Figure 6 Imaging data from a 40-year-old man with an anaplastic astrocytoma. (a) T2W TSE sequence reveals a space-occupying tumour in the
left frontal lobe, surrounded by extensive perilesional oedema, with deviation of middle-line structures to the right. (b) The lesion is charac-
terised by inhomogeneous enhancement on the post-gadolinium T1W MPRAGE sequence. (c) The tumour is apparent on the perfusion map with
an average relative CBV value of 1.61. (d) ®**™Tc-TF SPECT did not show pathological uptake possibly due to extensive oedema.

(ranging from 66% to 93%) and specificity (ranging from 9%
to 90%).'2 144243 According to a recent review summarising
results from 115 participants selected from published and
unpublished data sets, the average rCBV of 83 low-grade
and 32 high-grade gliomas were 1.29 (95% CI: 0.01 to
5.10) and 1.89 (95% CI: 0.30 to 6.51), respectively, with an
aggregate sensitivity of 83% and specificity of 48% (using the
rCBV cut-off of 1.75)."? The authors concluded that a larger
number of both high- and low-grade gliomas, use of a
standardised scanning approach, and an updated reference
standard incorporating molecular profiles, are required to
draw firm conclusions.

Adopting an optimised cut-off T-index value of 6.35, the
sensitivity of SPECT in the current study was comparable to
that obtained using perfusion MRI (82 versus 91%); how-
ever, the specificity of the former method was considerably
lower (71 versus 100%), mainly due to the treatment of
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inconclusive SPECT results as positive results in the ana-
lyses. Few studies have evaluated the potential contribution
of ®®™Tc-TF SPECT imaging in distinguishing low-from high-
grade tumours.®>>>% In the largest reported consecutive
patient series (n=106),> TF uptake was significantly
increased in high-grade gliomas (n=45; T-index=8.254-5.6)
versus low-grade gliomas (n=6; T-index=3.16+2.26). Using
ROC analysis, the optimal cut-off value of 2.8 achieved 91.3%
sensitivity and 83.3% specificity in distinguishing between
the two groups. Only one study has directly compared
99mTe_TF SPECT with perfusion MRI results. On a consecu-
tive series of 25 operated tumour patients, Alexiou et al.**
reported perfect sensitivity and specificity in distinguish-
ing 21 high-grade from only four low-grade gliomas (n=4;
using a T-index cut-off of 2.8). Corresponding values for an
rCBV ratio cut-off of 0.63 were 100% sensitivity and 94.4%
specificity. In the present patient series, a considerably

12,00

10,00

8,00

6,00

Relative SPECT Index

4,00

2,00

,00 T T
Low High

Tumor Grade

Figure 7 Box-plots of SPECT values (T-index; right-hand panel) and relative CBV values (left-hand panel) by tumour grade group. Boxes indicate
interquartile range of values. Overall, tumour group differences were similar across indices as reflected in effect sizes (Cohen’s d=1.48 and 1.49,

respectively).
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(n=31).

higher T-index cut-off was associated with optimal, yet
moderately successful, discrimination of histopathology-
based tumour grade. This apparent discrepancy may be
attributed to two main features of the data: (1) inconclusive
SPECT results were included in the analyses comparing the
two techniques by adopting a clinically oriented
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Figure 9 Comparison of ROC curves in discriminating between high-
and low-grade gliomas based on either relative rCBV ratios (area
under the curve [AUC]=0.982, SE=0.017, p<0.001) or T-index values
(AUC=0.952, SE=0.035, p<0.001).
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conservative approach of considering them as positive (i.e.,
potentially indicative of a high grade tumour); and (2) three
patients with high-grade gliomas on histopathology biopsy
were included in the analysis who displayed unusually low
TF uptake within the tumour tissue, probably due the
scarcity of viable cells inside the tumour.

The main limitations of the present study are the rela-
tively small number of patients and the unavailability of
SPECT/CT. Further studies with larger sample sizes are
required to reach firm conclusions regarding the optimal
preoperative approach to characterise brain malignancies.
Importantly, the validity of the cut-off values established
and tested in the current study for each imaging method
requires independent validation on a different sample of
patients comprising comparable numbers of tumour
grades.

In conclusion, employing *°™Tc-TF SPECT and perfusion
MRI as complementary indices of tumour grade (i.e., by
relying on positive findings of either technique for diag-
nosis) ensures the same specificity and positive predictive
value in comparison with perfusion MRI alone and slightly
increased sensitivity and negative predictive value; how-
ever, requiring converging classification of tumour grade by
both techniques was associated with significantly reduced
sensitivity and negative predictive value than perfusion
MRI. Both SPECT and perfusion MRI, may convey significant
clinical information regarding tumour grading and have an
independent diagnostic value for high-risk tumours.
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