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Abstract
Objective: Thallium-201 chloride single-photon emission computed tomography ("' TIC1 SPECT) has been
widely used in brain tumor studies. This study aimed to estimate *”'TI abnormal uptake, frequency of abnormal
uptake, and retention indices with **' TICI SPECT for patients with gliomas.
Materials and Methods: Each patient was intravenously injected with 74—148 Mbgq of **'Tl-chloride, and
SPECT images were obtained
after 20 min (early imaging) and 4 h (delayed imaging). In the hospital system, 51 patients (54 cases) between
January 2015 and August 2019 were enrolled and grouped into three: low-grade glioma (grade II) in 11 patients
(12 cases), anaplastic (grade III) in 9 patients (9 cases), and grade IV in 31 patients (33 cases).
Grade classification was classified according to the 2016 World Heath Organization (WHO).
Radiologists placed the region of interest (ROI) on the abnormal uptake on early images, which were drawn on
corresponding areas on delayed images. This was evaluated using three different * T uptake and retention indi-
ces according to the previous report .
(1) average early *'Tl uptake=Avg.Le/Avg.BRe; (2) **'Tl retention A=Avg.Ld/Avg.Le; and (3) **'TI retention
B=(Avg.Ld/Avg.BRd)/(Avg.Le/Avg.BRe) where Avg.Le is the average count for lesions, Avg.BRe and Avg.
BRd are the average early and delayed counts for contralateral normal brains, and Avg.Ld is the average delayed
counts for lesions.
Results: Abnormal uptake was seen in 44/55 cases. Grade II were seen in 6/12, Grade III, were seen in 7/9
Grade IV was seen in 30/33. (Table 2) The average early "' Tl uptake of grade IV was higher than that of grade
II (P<0.05), The retention B of grade II was higher than that of grade I'V. (Table 3)
Conclusion: When there was abnormal uptake, high grade was likely.
In cases with abnormal uptake, if both average early and retention B were high, glioblastoma was considered. If
retention B was high, and average early was not, grade II may be considered based on anatomical images.
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brain, accounting for 30%—40% of human central
nervous system tumors. The World Health Organiza-
Glioma is the most familiar primary tumor in the tion (WHO) suggested classifying gliomas into four
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grades: grade I and II are low-grade glioma (LGG),
while grades III and IV are high-grade glioma
(HGG)”. There are major differences in their progno-
sis and treatment. Surgical resection is the recom-
mended treatment for LGGs, while adjuvant radio-
therapy and chemotherapy are required for treating
HGGs postoperatively”. Studies have shown that as
the tumor grade is higher, the postoperative recur-
rence rate is higher, and the survival rate is lower.”.
Hence, an accurate preoperative grading of gliomas is
critical 1 to guide the selection of treatment and im-
prove the prognosis of patients.

Magnetic resonance imaging (MRI) is consid-
ered the important imaging modality for primary
work and follow-up of patients with gliomas. Al-
though functional MRI and multiparameter imaging
have made tremendous progress in the diagnosis and
identification of glioma, their accuracy is still imper-
fect in judging tumor grading before surgery”.

Thallium-201 is a mono-valent radioisotope that
has biological characteristics similar to potassium.®”
Tl is a potassium analog with high avidity to sodium-
and potassium-activated adenosine triphosphatase
(Na'-K"* ATPase) pump. It was originally developed
for myocardial perfusion imaging. *' Tl casually ex-
hibits uptake in lung cancer, liver cancer, and thyroid
cancer, and these lesions could be visualized by its
uptake®. An extraordinary development of research
using **'T1 in different tumors took place during the
1990s. It is an excellent radiopharmaceutical for tu-
mor localization, and techniques using™'Tl in tumor
imaging were modified using single-photon emission
computed tomography (SPECT) and various tumor to
non-tumor uptake ratios” '”. Its usefulness in the di-
agnosis of cerebral lesions was also suggested'”. It
was used for intracranial tumor localization'*'?, tu-
mor grading" "
rence from radiation necrosis

More recently, with the approval of fluorine-18
fluorodeoxyglucose (FDG) positron emission tomog-
raphy (PET) for imaging, *’' Tl was given up due to
the better biological distribution and resolution of
FDG. However, FDG-PET is limited by high uptake
in a normal brain and low uptake in low-grade tu-
mors, restricting its usefulness in tumor visualization
and delineation®”. FDG PET was not found to be use-
ful regrading to the histologic grade of malignancy
compared with 201 TI scitigraphy™.

Other PET tracers, such as radio-labeled amino
acid and choline-labeled tracers, are being investigat-
ed for glioma grading. Some studies showed that

, and differentiation of tumor recur-
21)

"'C-methionine*” and '"*F-fluoro-ethyl-tyrosineare
("F-FET) can differentiate LGG from HGG with
high sensitivity and specificity*.

In Japan, only FDG was approved by health in-
surance programs, and other PET tracers are not
available clinically.

This study aimed to review the clinical useful-
ness of ' T1 SPECT, which is more easily accessible
and cheaper than PET imaging, and to set up the util-

ity of **' Tl scintigraphy again.
Materials and Methods

Image Acquisition

*'TIC1 SPECT scan was conducted using a
three-head rotating gamma camera (GCA-9300A/PI,
Canon-Medical Systems, Tokyo Japan) with low en-
ergy and super high resolution for beam collimators.

After the intravenous administration of 74-148
MBq TI, SPECT images were obtained after 20 min
(early images) and 4 h (delayed images).

The images were required in a 128x128-pixel
matrix in 71 Kev (20% window) photopeaks with 30
steps over 120°at 48-s view.

Reconstruction was achieved with a ramp-fil-
tered FBP method, and a low-pass filter (power factor
80, cut off 0.12 cycles/cm) was used in axial, coronal,
and sagittal projections with attenuation and no scan-
ner correction.

The full width at half-maximum of the system
was 8.77 mm at the center of rotation when the rota-
tion radius was set to 13.2cm.

Patients and Methods

This retrospective study was conducted under
the approval of the institutional review board. It was
approved by the clinical study subcommittee of the
bioethics committee of St. Marianna University
School of Medicine (approval number 4275).

In the hospital information system, 51 patients
(54 cases) between January 2015 and August 2019
were enrolled and grouped into three: LGG (grade II)
in 11 patients (12 cases: oligodendroglioma, 4 cases;
diffuse astrocytoma, 8 cases), anaplastic (grade III) in
9 patients (anaplastic oligodendroglioma, 6 cases; an-
aplastic astrocytoma, 3 cases), and grade IV in 31 pa-
tients (33 cases: glioblastoma). (Table 1)

Image Analysis

The *'TI uptake of tumors was evaluated using
qualitative and semiquantitative methods.

Abnormal uptake on early images was judged by
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Table 1.

Patient Characteristics (n=54) According to the Grade and Histology

Grade
Il
[
v

Number of Cases (Histology)
12 (OLI 6 and DA 6)
9 (AOD 6 and AA 3)
33 (glioblastoma 33)

OLI: oligodendroglioma, DA: diffuse astrocytomoa,

AA: anaplastic astrocytoma, AOD: anaplastic oligodendroglioma

Table 2. Frequency of Abnormal Uptake

Grade Frequency Histology

I 6/12 (50.0%) OLI 2/4(50.0%)and DA 4/8 (50%)

Il 719 (77.8%) AOD 5/6 (83.3%) and AA 2/3 (66.7%)

\Y 30/33 (90.9%) glioblasotma 30/33 (90.9%)

Table 3. Index According to the Grade
Grade/Index Average early Retension A Retention B

Il 1.92+0.82 1.29+0.27 1.10+0.22
I 3.15+1.88 1.16+0.42 0.85+0.34
v 3.88 £1/92 1.04+0.16 0.84+0.16

experienced radiologists (HN and SO) by comparing
it with anatomical MRI images visually because there
is no physiological accumulation. ROI was placed in
a 9—20-mm diameter. The ROI on early images was
consistent with that on delayed images.

When there was an abnormal uptake, it was
evaluated using three different **'T1 uptake and reten-
tion indices according to the previous report”: (1) av-
erage early "' Tl uptake=Avg.Le/Avg.BRe; (2) **'Tl
retention A = Avg.Ld/Avg.Le; and (3) *"'Tl retention
B=(Avg.Ld/Av.BRd) / (Avg.Le/Avg.BRe) where Avg.
Le is the average count for lesions, Avg.BRe and Avg.
BRd are the average early and delayed counts for
contralateral normal brains, and Avg.Ld is the average
delayed counts for lesions.

Statistics

Chi-square test was used for calculating the fre-
quency of abnormal uptake between different grades.
The indices were compared using non-parametric
Mann-Whitney U test in JMP",

Differences were considered statistically signifi-

cant if Probability value (P)<0.05 was considered sig-
nificant.

Results

1) Frequency of abnormal uptake

Abnormal uptake was seen in 43/54 cases
(79.6%). Grade IV was more likely than grade II
(P<0.05) (Table 2). The histological subtype of
grades II and III did not differ. (Table 2).
2) Index for abnormal uptake
3) The average early **' Tl uptake of grade IV was
higher than that of grade II (P<0.05), while the reten-
tion B of grade II was higher than that of grade IV
(P<0.05). (Table 3)
Ilustrative Cases

Casel: 65-year old man with Glioblastoma. On
early *”'Tl image (Figure 1-A), abnormal uptake area
is seen in right temporal lobe. On delayed image
(Figure 1-B), abnormal uptake is also seen (arrow).
Average early index is 3.47. Retention index is 1.20.
Based on only the *'Tl findings, grade IV is consid-
ered.
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Figure 1.

201

65-year-old man with glioblastoma

A. Early " Tl image shows abnormal uptake.

201

B. Delayed © Tl image also shows abnormal uptake remains. Glioblastoma is considered.

Case 2: 39-year-old man. Abnormal uptake is
seen in left frontal lobe on both *"'Tl early (Figure
2-A) and delayed phase (Figure 2-B). Average early
is 2.34, retention index is 0.99. Comparing with Case
1, average early index is not so high. MRI FLAIR im-
age (Figure 2-C) shows high intensity mass in the
corresponding area. Gadolinium (Gd) image (Figure
2-D), ring enhancement is seen. Considering the MRI
findings, grade IV is considered.

Case 3: 42-year old man with oligodendroglio-
ma. Early *"'Tl image (Figure 3-A) shows abnormal
uptake (arrow). Delayed 2] image (Figure 3-B)
also shows abnormal uptake. MRI FLAIR image
(Figure 3-C) and Gd T1 weighted image (Figure
3-D) show LGG. However, Average early index is
1.41 and retention index is 0.90, which are consistent
with LGG.

Discussion

Grade IV had significantly more abnormal up-
take that grade II based on visual assessment. HGG,
including grade III, was seen in 37/42 (88.1%). These
results were consistent with previous reports, where
Sasaki et al. demonstrated 15/16 (93.8%)> and Tona-
mi et al. showed 17/17 (100%)'®. On the other hand,
Grade II was seen in 6/12 (50%), while Sasaki et al.

and Tonami et al. observed it in 3/7 (42.9%) and 6/9
(66.7%), respectively'®. Aside from LGG, benign tu-
mors, such as pituitary adenoma and hemangioblasto-
ma, also show abnormal uptake®**”. Hence, the visu-
al evaluation of abnormal uptake may not be useful,
but nearly all abnormal uptake seen in HGG gives us
a very useful direction. When there is no abnormal
uptake, HGG is less likely. Moreover, in a mass or
mass-like lesion, in which malignant glioma should
be differentiated from benign lesions, such brain ab-
scess or demyelinating disease, HGG is less likely
when there is no abnormal uptake on **'TI scintigra-
phy.

Secondarily, we will discuss the index when
there is abnormal uptake.

In this study, the average early index in grade IV
was significantly higher than in grade II. The early TI
density in tumors is connected to tumor vascularity,
and vascular permeability is related to the destruction
of the blood brain barrier®.

Glioblastoma is characterized by its high vascu-
larity®. As the tumor grows and vascularizes, the
vessels get disorganized, dilated, and tortuous™*". As
a consequence, the blood brain barrier increases its
permeability and promotes intestinal edema and im-
mune cell invasion’”. Therefore, the early average
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39-year-old man with glioblastoma

A. Early *'Tl image, abnormal uptake is seen in the left frontal lobe. (arrow)

B. Delayed ™' Tl image shows that a strong abnormal uptake remains. (arrow)

C. FLAIR image shows a high-intensity mass in the left frontal lobe, which corresponds to the *”'T1 image. (ar-
row)

D. Gd T1-weighted image shows a ring-enhancing mass. (arrow)

From the MRI image, glioblastoma is considered because of the average early index of 2.34 and retention index
B of 0.99, which are consistent with glioblastoma.
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42-year-old woman with oligodendroglioma

A. Early *' Tl image shows a mild abnormal uptake in the left frontal lobe. (arrow)

B. Delayed TI **'image shows that a slight abnormal uptake remains. (arrow)

C. FLAIR image shows a low-signal intensity area (arrows) corresponding to the abnormal uptake, from which
spread high-signal intensity suggesting edema.

D. Gd T1-weighted image shows no abnormal enhancement.

Based on MRI findings, LGG is suspected. The average early index is 1.41, while the retention index B is 0.90.
HGG may be considered because of the retention index, but because the average early is not so high, LGG is
compatible with the MRI image.
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*'T1 was high in grade IV (Figure 1).

Finally, on the delayed phase, grade II was sig-
nificantly higher than grade IV.

When TI is absorbed into tumor cells by active
transport with Na*-K* ATPase, it is reserved in the tu-
mor cells. Previous reports show the retention index
suggests the viability of the tumor™ or correlation
with malignancy'”

In this study, six cases that show abnormal up-
take include two oligodendroglioma and four diffuse
astrocytoma. Diffuse astrocytoma was diagnosed at
that time when oligoastrocytoma disappeared in
WHO 2016”. We speculated that the higher retention
was due to oligocomponents, which are well-vascu-
larized due to a rich network of capillaries and higher
cerebral blood volume than conventional diffuse as-
trocytoma“‘ * Hence, we think that once Tl is taken
into tumor cells, it is not so easy to be washed out by
preventing the rich vascular network. (Figure 2)

It is important to note that HGG may be consid-
ered with the higher retention, but when the average
early index is not high, grade II is more likely, espe-
cially with the cortical involvement, which is a char-
acteristic of oligodendroglioma®”.

Therefore, we speculate that on the basis of 200
scintigraphy, when retention index shows high value,
higher value of average early index suggests glioblas-
toma.

There are some limitations in this report. First,
this was a retrospective study. Moreover, judgment of
tracer uptake and ROI placement were based on visu-
al assessment of images. ROIs were operator-depen-
dent. Results obtained with ROIs for abnormal uptake
may not represent the character of the entire lesion.

Conclusion

When there is no abnormal uptake on visual as-
sessment, HGG is less likely. In cases with abnormal
uptake, the higher average early index may indicate
HGG. When the early index is not high and retention
index is higher, LGG, such as oligodendroglioma,
may be considered by comparing the anatomic imag-
es. We want to assert that **'T1 scintigraphy is still
useful for glioma grading.
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