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Summary

SUMMARY

INTRODUCTION:

In children and adolescents, brain tumors are the leading cause of death and morbidity.
The cornerstone of patient care is surgical removal. CT and MRI scans assist surgeons
in removing tumors while preserving the normal neurological structures. Functional
imaging of brain tumors provides important information about the tumor metabolism,
physiology, and functional features. The Tc-99m GHA, SPECT brain tracer used to
image brain tumors and it is economical, easy to use, and has better efficacy among
different SPECT tracers. F-18-FDG PET is also used in the assessment of brain tumors

for various applications.

However, MRI is the gold standard for diagnosing and monitoring primary & secondary
brain tumors. It frequently fails to differentiate between tumor-free and viable
neoplastic tissues. There is little research comparing the Tc99m GHA SPECT, F-18-
FDG PET, and MRI in diagnosis of brain tumors. So, we proposed to compare the
imaging of primary brain tumors using Tc-99m GHA SPECT-CT, F-18-FDG PET-CT,
and MRI in our study.

AIMS & OBJECTIVES:

The aim of our study was to evaluate the role of Tc99m GHA SPECT-CT, F-18-FDG
PET-CT, and MRI in the management of primary brain tumors with the primary
objective to compare the diagnostic accuracies of these three imaging modalities in a
preoperative setting, considering HPE as the reference standard. The secondary
objectives were to find an association between histopathological grading and
guantitative parameters obtained from Tc-99m GHA SPECT-CT and F-18-FDG PET-
CT.

METHODOLOGY:

The current study was a prospective study of patients who visited the Department of
Neurosurgery between February 2021 and October 2022. Patients of both sex and all
ages who were clinically and/or radiologically suspected of having primary brain
tumors were invited to participate in the study. They were only enrolled after obtaining
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informed consent. They underwent MRI, Tc-99m GHA SPECT-CT, and F-18-FDG
PET-CT within 4 weeks’ duration. These scans were performed pre-operatively and
their findings were compared with histopathological diagnosis and also correlated with
WHO histological types and grading. The image analysis of Tc-99m GHA SPECT-CT
and F-18-FDG PET-CT was done both qualitatively and quantitatively. MRI images

were analyzed qualitatively.
RESULTS AND DISCUSSION:

MRI showed a sensitivity of 100%, a specificity of 66.7%, a positive predictive value
of 97.4%, and a negative predictive value of 100%; Tc99m GHA SPECT-CT showed
a sensitivity of 97.3%, a specificity of 100%, positive predictive value of 100%, and a
negative predictive value of 33.3% & F-18-FDG PET CT showed a sensitivity of
97.3%, a specificity of 100%, positive predictive value of 100%, and a negative
predictive value of 75% in the diagnosis of primary brain tumors. There is no
statistically significant difference in the preoperative diagnosis of MRI, F-18-FDG
PET-CT, and Tc-99m GHA SPECT-CT in clinically and/or radiologically suspected

brain tumors.

Quantitative parameters obtained from Tc-99m GHA SPECT-CT were correlated with
WHO grades of brain tumors and a weak negative correlation was obtained for a few
parameters. Numerous low-grade tumors (22/31) and variability in GHA uptake may
be potential contributing factors for weak correlation. The FDG quantitative parameters
based on SUVmax, SUVmean, SUVpeak, and relative quantitative parameters based
on SUV showed a moderate positive correlation with WHO histopathological grades.
The grade of tumors obtained from MRI showed moderate positive correlation with
histopathological grading. F-18-FDG PET-CT quantitative parameters can also be used
for the Grading of brain tumors. No significant correlation was obtained for both GHA

and FDG parameters with tumor histological types.

CONCLUSION:

Tc99m SPECT-CT, F18 FDG PET-CT and MRI play a comparable role in the diagnosis
of brain tumors. Furthermore, F-18-FDG PET-CT derived quantitative parameters

might be useful in grading of brain tumors.
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INTRODUCTION

Brain and central nervous system (CNS) cancers are a diverse group of malignant
cancers that originate in the brain and its surrounding structures (1). Brain tumors form
an important cause of mortality and morbidity in children & young adults. The
incidence rates of brain and central nervous system (CNS) disorders have been found
to be on the rise globally (1,2).

Brain tumors are classified into two types mainly, primary and metastatic. Primary
brain tumors are further classified into glial and non-glial tumors. Glial cells are
supporting cells and they are divided into astrocytes, ependymal cells, and
oligodendrocytes. Glial tumors or gliomas are the most common type of primary brain
tumors in prevalence and account for 50 percent of primary brain tumors (2). Gliomas
include astrocytomas, oligodendrogliomas, ependymomas, and some rare histological
types. Glioblastoma, a grade 1V astrocytoma, is the most common and most aggressive
type of glioma. Glioblastoma makes up 15% of all primary brain tumors and also
accounts for 45% of malignant primary brain tumors, with an incidence of 3.2 per
100,000(3). The non-glial tumors include meningiomas, medulloblastomas, pituitary

gland tumors, etc.

Surgical removal is the mainstay of patient management. CT and MRIs help the surgeon
in removing the tumor and also avoid the removal of normal neurological structures.

MRI has been the gold standard for diagnosing brain tumors.

In brain tumors, SPECT imaging provides important information about the metabolism,

physiology, and functional features of the tumor (4).

Functional imaging with SPECT tracers like Thallium-201, Tc-99m GHA, Tc99m-
Tetrofosmin and Tc99m-Sestamibi has been found to delineate brain tumors by
different uptake mechanisms (5). Because of easy availability, less cost, and more

efficacy, the GHA brain tracer can be used for imaging of brain tumors.

Glucoheptonate (GHA) depends on various factors like interstitial fluid, vascular
permeability, and cellular uptake. More interstitial fluid in brain tumors than normal
brain tissue allows tumor visualization using GHA. Tc-99m GHA follows active

transport like glucose analog. Overexpression of GLUT-1 transporters is seen in most
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cancers leading to increased GHA uptake in tumor cells. Thus, Tc-99m GHA

accumulates more in the viable parts of tumors than in necrotic portions.

There is an increase in the uptake of Tc-99m GHA by the tumor gradually with time
but it gets rapidly cleared from inflammatory lesions. It is also reported that Tc-99m
GHA SPECT is better when compared to contrast CT and also equally useful as MRI
(6,7).

PET imaging is an impressive technique for the evaluation of brain functions and also
aids in the non-invasive assessment of cerebral blood flow, metabolism, and receptor
binding (8).

PET radioisotopes like C11 methyl-methionine (MET), F18 Dihydroxy phenylalanine
(DOPA), and F18 Fluoro ethyl tyrosine (FET) are frequently used for imaging brain
tumors. Among them, F-18-FDG is the most commonly used PET radiotracer. It is a
glucose analog, which is transported and phosphorylated like glucose. The brain utilizes

energy primarily by an aerobic breakdown of glucose (4).

FDG PET detects metabolically active areas of the tumor, aids in achieving complete
tumor resection by the surgeon, and detection of tumor recurrence. F-18-FDG PET may
have independent prognostic value in brain tumors (9,10). F-18-FDG PET has been
effectively used for brain tumor imaging in a wide range of indications, including

diagnosis, prognosis, and assessment of treatment response (11).

Magnetic resonance imaging (MRI) is the most commonly used modality for the
evaluation of brain tumors because of its superior soft tissue contrast, better anatomical
demarcation, and ability to provide functional details. It also gives information about
associated findings like hemorrhage, surrounding edema, and mass effects. The contrast
material in T1 weighted (T1c) helps to enhance tumor boundaries from surrounding
normal tissues. The T2 weighted axial viewing with FLAIR is used for the visualization

of non-enhanced tumors (11).

The standard of care for diagnosis & follow-up of primary and secondary brain tumors
IS multiparametric magnetic resonance imaging (mpMRI). However, MRI cannot
frequently discriminate between areas free of tumors and viable neoplastic tissues. In
order to get around some of the drawbacks of mpMRI, the radiolabeled molecules can

be employed in the following ways: to outline the area of the tumor, to highlight non-




Introduction

enhancing tumors, to monitor treatment response, and to forecast the patient’s outcome
(12).

Glucoheptonate (GHA):

The Tc-99m GHA first developed in the 1970s, has been successfully applied to the
imaging of brain tumors. The other mechanisms including BBB disruption that were

later proposed resulted in more utilization of GHA (13).

Figure 1: Technetium-99m glucoheptonate molecular structure (5).

Two GHA molecules are coupled to the metal (technetium) through carboxylate and
alpha hydroxyl groups in the 1:2 Tc (V) complex 99mTechnetium glucoheptonate (13).

Mechanism of GHA:
i) Capillary permeability:

The main absorption mechanism in tumors is disruption of the blood-brain barrier and
resulting increased permeability (13). Tc-99m GHA, as a BBB agent, provides a high

lesion-to-background ratio with high-quality images for lesion visualization.
i) Interstitial fluid:

Biochemical and electron-microscope studies have revealed that nearly all brain tumors
contain significantly more interstitial fluid than a normal brain. The Tc-99m GHA
complex demonstrated the fast filling of the extracellular fluid compartment and

subsequent release.
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iii) Intracellular uptake:

As a glucose analog, Tc-99m GHA is likely absorbed as an energy source by the tumor
tissue and may reflect the metabolic activity of the lesion. While it quickly disappears
from inflammatory lesions, Tc-99m GHA is slowly absorbed by viable tumors over

time.
iv) Vascularity:

Although vascularity and capillary permeability are undoubtedly among the first and
most important factors, the slow accumulation of Tc-99m GHA in the brain tumors is
most likely the result of an active transport mechanism given the low blood level of the

substance after an hour, which rules out any passive uptake mechanism (13,14).
Dosimetry:

For adults and adolescents, 20-25 mCi (740-925 MBq) of Tc-99m GHA is typically
advised. The total effective dosage received after an injection of Tc-99m GHA is 0.0090
mSv/ MBq (0.033 rem/ mCi), according to ICRP. Radiation exposure to the bladder
wall is highest which receives 0.21 rad/mCi (0.056 mGy/ MBq) (14).

Imaging:

Although there isn't a set post-injection waiting interval for brain tumor imaging, a 1-
hour uptake period is sufficient to get high-quality images. Numerous studies are
carried out even after a 30-minute waiting period since the tracer leaves the bloodstream
quickly (15).

Interpretation:

Typically, abnormal Tc-99m GHA uptake in brain parenchyma is interpreted as a
malignancy. Except for minimal background activity, typical Tc-99m GHA brain scans
reveal no aberrant radiotracer uptake inside the brain parenchyma. However, when
evaluating the images, physiological uptake in the nasal mucosa and the venous sinuses

are taken into account.

Accurate cross-sectional imaging in computed tomography (CT), leads to the
visualization of anatomical details without adjacent structures influencing each other.

Because CT can distinguish between densities, also air, fat, soft tissue calcification, and




Introduction

bony involvement are easily discernible. Both reader confidence and specificity are
enhanced by the use of hybrid SPECT-CT (16,17).

Application:

It is highly advised for detecting both recurrent and residual tumors following surgery
or radiation treatment. It can be utilized as a less expensive option because it has
comparable, and occasionally even better, diagnostic performance than other SPECT
and PET tracers. The expression of p-glycoprotein does not seem to affect Tc-99m
GHA unlike tetrofosmin (18).

For recurrent gliomas, Tc-99m GHA SPECT-CT is suggested as a low-cost substitute
for F18-FDOPA PET-CT. Because of its high degree of selectivity for neoplastic brain
tissues, GHA can be used to differentiate between neoplastic and non-neoplastic

intracranial lesions (16).
Disadvantages:

The background activity in the posterior fossa limits the use of Tc-99m GHA for
imaging malignancies in that region (14). Due to the minimal BBB rupture and low
metabolic activity of grade | gliomas, GHA revealed very poor sensitivity in these
tumors (19). When compared to PET imaging, the main limitation of SPECT imaging
is a lower resolution and a lack of precise anatomic details. However, the recent
development of integrated hybrid SPECT-CT has improved tumor localization and

diagnostic accuracy (15).
F18- FDG:

PET imaging provides insights into the biology of brain tumors and can be used for
differential diagnosis, non-invasive grading, delineating the extent of tumor
involvement, planning surgery and radiotherapy, and post-treatment monitoring &
prognostics. One of the primary advantages of PET radiotracers is not affected by
disruption of the BBB. Among the PET radiotracers, F-18-FDG is the most widely

available and widely used in clinical nuclear medicine (20,21).
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Mechanism:

Glucose transporters (GLUT), primarily GLUT1 and GLUTS3, carry F-18-FDG across
the intact BBB, and F-18-FDG accumulation in brain tumors is not dependent on BBB
(Blood-brain barrier) rupture. Even when oxygen is present, glucose serves as a
significant energy source for cancer cells in the brain (aerobic glycolysis; Warburg
effect). Tumors, especially aggressive tumors, have elevated levels of GLUT1 and
GLUTS3. Both the expression of GLUT and the rate of cell proliferation is correlated
with the glucose metabolic rate. Both neoplastic and inflammatory lesions have
increased expression of glucose uptake transporters (GLUT-1 and GLUT-3), with

tumors having higher levels of GLUT-1 expression (21).

When F-18-FDG enters the cells, it is phosphorylated into F-18-FDG-6-phosphate by
the hexokinase or glucokinase enzymes. Because, it undergoes minimal subsequent
metabolism and its dephosphorylation rate is slow, F-18-FDG-6-phosphate is primarily
trapped in cells. Dephosphorylation is especially low or non-existent in tumors (22).
Environmental factors, such as hypoxia or hyperglycemia associated with diabetes, can
affect F-18-FDG transit along the BBB and in brain tumors (23).

Applications:

PET-CT detectors and reconstruction algorithms have improved significantly in recent

years, resulting in higher image resolution and lesion detection with less image noise.
i) Diagnosis:

F-18-FDG PET-CT scanning is a valuable tool for the characterization of suspicious
MRI lesions and for identifying the recurrence/persistence of high-grade gliomas (24).
Pietrzak et al suggested that including brain imaging in the routine study protocol
should be considered because the F-18-FDG PET-CT study may aid in the detection of

malignant brain lesions (25).
i) Tumor grading:

F-18-FDG uptake in WHO grade 3 and grade 4 gliomas are more likely to be higher,
or similar to grey matter, whereas F-18-FDG uptake in WHO grade 2 gliomas are more
likely to be comparable to white matter (25).
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iii) Prognosis:

Furthermore, F-18-FDG uptake is a stand-alone prognostic predictor in WHO grade 4
gliomas and primary central nervous system lymphomas at diagnosis and the beginning
of treatment (23). According to some studies, F-18-FDG is the most powerful predictor
of progression-free survival and overall survival when compared to other variables like

histologic grade (15).
iv) Post-treatment evaluation:

Another major advantage of F-18-FDG PET over structural imaging is the ability to
distinguish radiation necrosis from recurrent disease. In contrast to metastatic disease,

this feature is more reliable in gliomas (15).
V) Biopsy planning:

F-18-FDG PET is used in stereotactic biopsy planning by improving the delineation of
higher-grade foci within a heterogeneous tumor. This improves brain biopsy diagnostic
yield (15).

Various Societies recommend the application of F-18-FDG PET-CT in brain tumors
(23).

S. No. Source of Recommendations Applications
1. EANM Non-invasive tumor grading
2. SNMMI Benign & malignant brain tumor detection
3. IAEA Primary & metastatic brain tumor detection

Table 1: F-18-FDG PET-CT in brain tumors -International societies’
recommendations.

Limitations:
The main disadvantage of F-18-FDG is the absorption in brain cells, which makes it

difficult to distinguish tumors precisely (25). Several techniques have been used to

measure the glucose metabolic rate of brain lesions using F-18-FDG PET-CT scans,
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but none of them have been proven to be effective (24). F-18-FDG PET is ineffective

in differentiating inflammation from high-grade gliomas (26).
MRI:

MRI is highly sensitive to pathologic changes in normal parenchyma and has been used
extensively in the evaluation of intracranial tumors. MRI can accurately determine
lesion location, extent, mass effect, atrophy, and subacute or chronic haemorrhage, as

well as distinguish between a vascular structure and adjacent parenchyma (27).

Because of its excellent soft-tissue contrast, high spatial resolution, and widespread
availability, MRI is the diagnostic method of choice for patients with primary and
secondary (metastatic) brain tumors (28). MRI is also useful for preoperative grading
and treatment. However, conventional MRI (cMRI) provides insufficient accuracy for
glioma grading. In addition to morphologic imaging, advanced MR imaging techniques
such as diffusion imaging, perfusion imaging, spectroscopy imaging, and others can

provide additional functional information on tumor tissue.

The organization of the tissue, including cell density and necrosis, can be detected using
a variety of diffusion-weighted imaging (DWI) signal models. The non-Gaussian water
diffusion (restricted and hindered diffusion) behavior in cerebral tissues can be

described using diffusion kurtosis imaging (DKI).

Dynamic susceptibility-weighted contrast-enhanced imaging (DSC), which can reveal
information on endothelial cell proliferation and neovascularization, is the most widely
used perfusion MRI technique in clinical settings. The size and density of healthy
vessels supplying neoplasms can also be determined using DSC. As an illustration,
consider a non-enhancing glioma with increased relative cerebral blood volume
(rCBV).

Combining different technologies greatly enhanced the diagnostic performance for
brain tumor grading, especially glioma grading, using a variety of current MR
techniques (29).

Limitations:

Nevertheless, MRI specificity for neoplastic tissue is low, making it difficult to

distinguish between cancer and non-neoplastic lesions, delineate tumor extent,

10
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particularly non-enhancing tumor portions, and distinguish treatment-related changes

from tumor relapse (28).
Grading of brain tumors

The brain & spinal cord tumors were graded from I to IV based on several entities, CNS
tumor grading has been distinct from the grading of other, non-CNS neoplasms for
many years. WHO CNS tumors classification 2021 has brought CNS tumor grading
closer to non-CNS neoplasms. CNS tumors are graded within types based on both
histological & molecular parameters. Because grading within types correlated with
expected clinical and biological behavior; for example, WHO grade | tumors were
curable if surgically removed, whereas WHO grade IV tumors were highly malignant,

leading to death in relatively short periods in the absence of effective therapy.

Historically, only histology characteristics have been used to grade CNS tumors, but
now certain molecular markers can offer useful prognostic data. Due to this, molecular
parameters have been included as grading biomarkers and as a means of determining
the prognosis of various tumor forms in the newly developed WHO classification
system 2021(30). In some situations, a molecular parameter frequently takes priority

over histological findings when assigning a grade (31).

As discussed above different imaging modalities are used to diagnose primary brain
tumors with each modality having its own shortcomings. These imaging modalities may
complement each other in the diagnosis. Comparative studies are available for Tc-99m
GHA SPECT with MRI (4) and F-18-FDG PET-CT with MRSI (32). However, there
is no study available in the literature on the head-to-head comparison of imaging with
Tc-99m GHA SPECT-CT, F-18-FDG PET-CT, and MRI in the diagnosis of primary
brain tumors. So, we propose to compare Tc-99m GHA SPECT-CT, F-18-FDG PET-

CT, and MRI in the imaging of primary brain tumors.

11
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REVIEW OF LITERATURE

The study by Syed Shafiq Alam et al. concluded that Tc-99m GHA SPECT can
differentiate high-grade gliomas from low-grade gliomas as well as metastasis. Based
on the histopathological diagnosis, Tc-99m GHA SPECT showed a sensitivity of
90.48%, a specificity of 60.0%, a positive predictive value of 90.48%, and a negative
predictive value of 60%. It also suggested that GHA has high sensitivity and specificity
in localizing intracranial space-occupying lesions. In patients who are contraindicated
for CECT/CEMR or have long waiting lists for such tests, Tc-99m GHA can be used

(5).

Santra et al. reported that the sensitivity, specificity, and accuracy of Tc-99m GHA
SPECT were 86.5%, 96.5%, and 89.4%, respectively, but for MRI were 94.6%, 24.1%,
and 70.5%, respectively in the diagnosis of recurrent brain tumors (14).

However, a study conducted by Jaiswal S et al. showed that for neoplastic lesions, the
sensitivity, specificity, and accuracy of glucoheptonate were 97.6%, 100%, and 98.1%
respectively. Glucoheptonate has more specificity for detecting neoplastic tissues of the
brain and may be used as a tracer for SPECT study to differentiate neoplastic

intracranial lesions from non-neoplastic ones (16).

Sukanta Barai, et al. in their study found that Tc-99m glucoheptonate (GHA)
accumulation does not appear to be affected by p-glycoprotein expression in recurrent
tumors. The tumors that did not take up Tc-99m tetrofosmin showed more Tc-99m

glucoheptonate concentration in comparison (18).

In a study conducted by S Barai, GP Bandopadhayaya, et al. based on the clinical
behavior of the patients on follow-up, concluded that 99mTechnetium-glucoheptonate
brain SPECT is a sensitive and reliable diagnostic modality to differentiate recurrent

tumor and post-radiation gliosis (13).

Waxman et al. also showed that Glucoheptonate was better than pertechnetate as a
brain scanning agent. Mittal et al. suggest that Tc-99m GHA SPECT imaging is a good
indicator of brain tumor activity and may prove to be a better modality for grading glial
tumors of the brain (33).
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Kumar et al. conducted a study on clinically/radiologically suspected brain tumor
patients and showed that Tc-99m GHA SPECT has a sensitivity of 90%, specificity of
53.55%, and accuracy of 73%(34).

Sodee et al showed that Tc-99m GHA Single-photon emission computed tomography
(SPECT) is equally useful compared to magnetic resonance imaging (MRI) and better
than computed tomography (CT) with contrast. They also found that viable tissue

showed more Glucoheptonate uptake than necrotic tissues (6).

Ray S et al. showed that nuclear imaging was useful in 42% of study cases where CT
or MRI was not able to differentiate between neoplastic and non-neoplastic conditions.
It also concluded that in conditions where MR spectroscopy is not available or
inconclusive, quantifications of neoplastic lesions can be done using nuclear imaging
(35).

Luke et al in their study showed that tumor subtypes and grades had a substantial
impact on the diagnostic accuracy of MRI in pediatric patients. Ependymomas, sellar,
pituitary, pineal, and cranial and/or paraspinal nerve tumors had the highest sensitivities
(80.65-100%). Astrocytic gliomas, oligodendrogliomas, choroid plexus tumors,
neuronal, mixed neuronal-glial, embryonal, and histiocytic tumors all had slightly lower
sensitivity (range 63.33-79.59%). Meningiomas, mesenchymal non-meningothelial,
melanocytic, and germ cell tumors all had low sensitivity (range: 0-56.25%). The lobar
areas, pineal/tectal plate area, and supratentorial ventricles where the most inaccurate
tumor type predictions were made, whereas in the posterior fossa the most correct

predictions were obtained (36).

Kosaka et al described that FDG PET may be useful in the differentiation of common
enhancing malignant brain tumors, especially to differentiate lymphoma versus high-
grade glioma and metastatic tumors. In case of suspicion in diagnosing using MRI
alone, FDG PET can give essential information for distinguishing between lymphoma

and other enhancing brain tumors (11).

Purandare et al found that F-18-FDG PET may differentiate between the common
malignant brain space-occupying lesion by their variable F-18-FDG uptake and is also
a valuable tool in narrowing the differential diagnosis particularly when MRI findings

are equivocal (37).
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Zhao et al analyzed 24 F-18-FDG-PET studies with an accumulated population of 857
patients for differentiating brain tumors, including suspected brain tumors and
suspected recurrent brain tumors. In their meta-analysis, they showed that F-18-FDG-
PET has a moderately good pooled sensitivity of 71% and a specificity of 77% for

differentiating brain tumors (38).

Kim Y1 et al in their study showed that F-18-FDG PET-CT delayed scan can provide
essential details about the proliferation status of the brain tumor and also aid in the

detection of most of the lesions (39).

Chen et al. concluded that F18-FDOPA PET was more accurate than F-18-FDG PET

for imaging low-grade and evaluating recurrent brain tumors (40).

Pietrzak et al (2021) used the Receiver Operating Characteristics (ROC) analysis in
their work to determine the SUVmax cut-off value to distinguish between benign and
primary brain lesions in this database. They found the malignant pathology to be 6.1
with the method's sensitivity and specificity being 96% and 83%, respectively, when
we examined the SUVmax value levels between groups of the benign and primary brain
lesions (23).

They also concluded that it is more difficult to evaluate clinically silent brain lesions
when brain imaging is not included in the F-18-FDG PET-CT procedure, which makes
it more difficult to guide the proper treatment. When there are only brain malignant
lesions present in a patient, it seems to be very crucial. By identifying primary and
metastatic brain tumors that are clinically silent, the brain and torso F-18-FDG PET-

CT study can yield useful information supporting treatment therapy (23).

Cistaro et al (2021) described that in pediatric neuro-oncology, F-18-FDG PET
imaging appeared to be helpful in a variety of clinical contexts, particularly for grading,
detecting malignant transformation, and identifying the most suitable bioptic site of
tumor aggressiveness. In addition, F-18-FDG PET may be viewed as helpful to MRI
for patient prognostic classification, recurrence evaluation, and treatment response

evaluation (41).

Binneboese et al (2021) explained that a semi-quantitative assessment of FDG uptake
on PET may be a useful metric for predicting survival in patients with primary brain

tumors during treatment. When a cut-point ratio of SUVmax/ WM of 1.90 is used, they
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showed that FDG-PET has an association with survival in patients who have had

treatment for a primary brain tumor. with primary brain tumors (42).

Zhang et al. demonstrated that the use of DSC, DKI, and Multi-b DWI in combination
was helpful for preoperative non-invasive glioma grading. The parameters from Multi-
b DWI had the best diagnostic accuracy when evaluating each modality separately, and
integrating several MR characteristics further improved the diagnostic performance for

glioma grading (29).

Sean et al. suggested that F-18-FDG-PET and MR spectroscopic imaging detect similar
but not always identical regions of tumor activity, and there is little agreement in the
degree of tumor metabolic activity between the two techniques (32).
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Aims and Objectives

AIMS AND OBJECTIVES

AIM:

To evaluate the role of Tc-99m GHA SPECT-CT, F-18-FDG PET-CT, and Magnetic

Resonance Imaging in the management of primary brain tumors.
OBJECTIVES:
a) Primary objective:

To compare the diagnostic accuracy of Tc-99m GHA SPECT-CT, F-18-FDG PET-CT,

and Magnetic Resonance Imaging in a preoperative setting considering HPE as the
reference standard.

b) Secondary objective:

1. To find an association between histopathological grading and quantitative
parameters obtained from Tc-99m GHA SPECT-CT and F-18-FDG PET-CT.

2. To compare Tc-99m GHA SPECT-CT, F-18-FDG PET-CT, and Magnetic

Resonance Imaging in the evaluation of suspected recurrent brain tumor lesions.



Materials and Methods

MATERIALS AND METHODS

a) Study design and setting:

This was a prospective study among the patients who attended the Department of
neurosurgery with clinically and/ or radiologically suspected primary brain tumors. The

study was conducted in the department of Nuclear medicine, AIIMS Jodhpur.
b) Inclusion criteria:

All the patients who attended the Department of Neurosurgery, with clinically and/ or

radiologically suspected primary brain tumors.
¢) Exclusion criteria

Patients who were not willing to participate in the study.

o &

Pregnant and lactating women.
c. Patients who underwent prior brain surgery.

d. Patients who received prior cranial irradiation.
d) Sample size calculation:

Using the previous literature for calculation, we estimated a sample size of 40.
Calculation steps:

Z?w-a12) p(1-p)/d? =40
Where,

a. p- taking sensitivity of 90%,
b. Zq-az)-standard normal deviation =1.96 at a 5% level of significance,

c. =d- assuming 10% as precision.

A total of 47 participants were included in the study.
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e) Study Methodology:

The present study was a prospective study among the patients who attended the
Department of Neurosurgery.

Patients of both sex and all age groups who were clinically and radiologically (MRI)
suspected with primary brain tumors were approached for participating in the study.
Family members of the patient were primed about the study procedure, the possible
benefits, and any adverse outcomes, through a patient information sheet (in

English/Hindi). They had been enrolled only after we took valid informed consent.

The family members /guardians explained about the same and also informed that no
loss of benefit from routine care be experienced if they refuse to take part in the study.

After the patients have given consent to participate, they underwent MRI, Tc-99m GHA
SPECT-CT, and F-18-FDG PET-CT within 4 weeks. These scans were performed pre-
operatively and later the findings from the three scans were compared with

histopathological findings of the surgical specimen based on WHO grading.

The CECT was obtained only during the PET-CT, the same was co-registered to
SPECT, to minimize radiation exposure.

The primary outcomes were sensitivity, specificity, positive predictive value, and
negative predictive value of Tc-99m GHA SPECT-CT, F-18-FDG PET-CT, and MRI.

f) Imaging procedures and analysis:

1. MRI:

MRI is acquired in various modalities — conventional (T1/T2/Diffusion/ Susceptibility
Weighted imaging), Diffusion Tensor imaging, MR Perfusion (ASL+T2), MR
Spectroscopy, and Contrast-enhanced MRI. For non-cooperative high-grade tumor
patients, Conventional and Contrast-enhanced MRIs were done.

MRI scans of all patients were assessed by an experienced Radiologist for the diagnosis
of tumors based on available modalities. Based on the findings, diagnosed as either
positive or negative for tumors. Other findings like glial or non-glial, extra or intra-

axial, and grades either low or high were also noted.
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Tumor Positive: Well-demarcated, hypo-intense or isointense relative to the brain on

T1-weighted images and hyper-intense on T2-weighted images.
Tumor Negative: No significant lesions on T1 & T2 weighted images.
Other sequences were assessed for the Grading of the tumors.

2. Tc-99m GHA SPECT-CT:

a) Image acquisition

Radioisotope: Tc-99m

Radiopharmaceutical: Tc-99m GHA

Dose: 370-740MBq (Children-10mCi; Adults-
20 mCi)

Route of administration: Intravenous

Energy Setting: 140 keV (x10%)

Collimator used: Low energy high resolution (LEHR)

Matrix size: 128 x 128

Method: Step and shoot mode

Zoom factor: 1.5

Reconstruction method: Iterative Reconstruction

Attenuation correction: CT attenuation map

Sedation will be done for non-cooperative patients if required.

The head is immobilized in a carbon fiber composite immobilizer to prevent motion

artefact.
b) Image analysis:

Reconstructed images were displayed and analyzed using axial, coronal, and sagittal

views.
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A single region of interest (ROI) was placed over the tumor by the consensus of two
experienced nuclear medicine physicians. The quantitative ratios of the Tumor to
Normal (T/N) were obtained by comparing the tumor area to a symmetrically
positioned or contralateral region of interest (ROI). This scintigraphy grading based on
the T/N ratio was correlated with the final histopathology grading. In addition, other
parameters like Tumor to Scalp (T/S) ratio, Tumor to Nasopharynx (T/NP) ratio, total
counts, mean counts, and maximum count values were obtained and correlated.

i) Tc-99m GHA SPECT:

Tumor Positive: Focal abnormal increased radiotracer along the brain parenchyma.
Tumor Negative: No abnormal radiotracer uptake.

ii) Tc-99m GHA SPECT-CT:

Computed Tomography

e Positive: Lesions showing effacement of adjacent sulcal spaces (mass effect),
with or without contrast enhancement were interpreted as positive for tumor.
e Negative: Normal CECT or benign lesions with Hounsfield unit values were

close to cerebrospinal fluid with no evidence of any mass effect.

Hybrid SPECT-CT images were obtained after co-registering CT with GHA SPECT,
Tumor Positive: Either Tc-99m GHA SPECT or CT positive for Tumor.
Tumor Negative: Both Tc-99m GHA SPECT or CT negative for tumor.

3. F-18-FDG PET-CT:

a) Image acquisition

Radiopharmaceutical F18-2-Fluoro-2-deoxyglucose.

Route of administration: Intravenous

Dose 0.10- 0.14 mCi/kg (3.7- 5.18 MBqg/kQg)
Reconstruction method: Iterative Reconstruction

Time of acquisition 45-60 min post administration

FDG PET-CT imaging was performed using a PET-CT camera (Discovery MIDR, GE
Healthcare).
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b) Image analysis:

Reconstructed images were converted to semi-quantitative parameters of standard
uptake value (SUV), using the equation mentioned below. A single volume of interest
(VOIs) was placed over the tumor by the consensus of two experienced nuclear
medicine physicians. In the case of multiple tumors, the largest tumor was selected for
analysis.

VOIs over the contralateral Grey matter, contralateral white matter, contralateral
cerebellum, contralateral medial temporal lobe, and pons also were placed. Maximum
SUV (SUVmax), Average SUV (SUVmean), and Peak SUV (SUVpeak) of tumors
were obtained from each regions.

SUV = Activity at a pixel (kBg/cm3) / injection dose (MBq) / weight [kg]
i) F-18-FDG PET:

Pietrzak et al reported that SUVmax valve values greater than 2.5 indicate an
abnormality; they also revealed that the minimal SUV value found in their database
within the brain was 3.3 (23,25).

Positive: Abnormal radiotracer uptake in the brain parenchyma (either increased or
heterogenous), with SUVmax value more than 2.5.

Negative: No significant FDG abnormality or Abnormality with SUV max less than or
equal to 2.5.

i) F18 FDG PET-CT:
Computed Tomography

Positive: Lesions showing effacement of adjacent sulcal spaces (mass effect), with or

without contrast enhancement were interpreted as positive for tumor.

Negative: Normal CECT or benign lesions with Hounsfield unit values were close to
cerebrospinal fluid with no evidence of any mass effect.

Hybrid PET-CT images
Positive: Either F-18-FDG PET or CT positive for Tumor.

Negative: Both F-18-FDG PET or CT negative for tumor.
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PATIENTS WITH CLINICALLY AND OR
RADIOLOGICALLY SUSPECTED PRIMARY
BRAIN TUMORS

U

ENROL PATIENTS AFTER TAKING CONSENT

!

POTENTIALLY ELIGIBLE PATIENTS

EXCLUDED

1. PRIOR CRANIAL

IRRADIATION

£

2. PRIOR BRAIN SURGERY

ELIGIBLE PATIENTS

<

MRI, Tc-99m GHA SPECT-CT and F-18-FDG

PET-CT SCANS

TEST POSITIVE

TEST NEGATIVE

TEST INCONCLUSIVE

REFERENCE STANDARD -
HISTOPATHOLOGICAL EXAMINATION

U

FINAL DIAGNOSIS

(Reference: STARD guidelines)

Figure 2: Flow chart for Research methodology
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g) Statistical analysis
Tc-99m GHA SPECT-CT, F-18-FDG PET-CT, and Magnetic Resonance Imaging were
compared considering histopathological findings as the gold standard.

The sensitivity, specificity, positive predictive value, and negative predictive value of
the Tc-99m GHA SPECT-CT, F-18-FDG PET-CT, and Magnetic Resonance Imaging
were calculated by using HPE as the reference standard for each scan and compared by
using the test of proportion.

The Data were obtained by quantitative analysis of Tc-99m GHA SPECT-CT and F-
18-FDG PET-CT images. The data were presented by different graphs.

For categorical data, non-parametric tests were used, comparison was done using the

Mc Nemar test for two data sets or the Cochrane Q test for more than two data sets.

The correlation of quantitative parameters with histopathological grades was done by

Spearman correlation method.

A p-value of <0.05 was considered as statistically significant.
The analysis was done by using SPSS software.

h) Ethical consideration

The study was approved by the IEC, AIIMS Jodhpur. Subsequently, patients were

recruited with informed consent.
1) Study duration

March 2021 and December 2022.
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RESULTS

A total of 47 clinically and /or radiologically suspected brain tumor patients were

initially included in this study.

Exclusions:

e Three patients did not undergo PET-CT,

e | patient didn’t undergo GHA SPECT

e One patient MRI not done within time
interval mentioned above.

e One patient didn’t undergo surgery.

e One patient had plasma cell neoplasm.

Totally 40 patients were included for analysis.

All 40 patients underwent Tc-99m GHA SPECT-CT, F-18-FDG PET-CT, and
Magnetic Resonance imaging preoperatively. In our research, we did not find patients
with recurrence, so recurrence evaluation for them with the above imaging modalities

was not done.

No. | Characteristics

1. Age Mean = SD 39.07 = 15.53yrs
Males 30 (72.5%)
2 Sex Females 10 (27.5%)
e Suprasellar region 3

¢ Right frontal region
e Left frontal region
¢ Right parietal region

) ) o Left parietal region
3. Site of Igsmns ¢ Right temporal region

(40 patients) >
o Left temporal region

e Pontine Region
e Cerebellopontine angle
e Cerebellum
o Cisterna magna region

P WO N W| k| Ol | 01
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Histopathological
results
(40 patients)

Glioma

Juny
ol

Meningioma

Schwannoma

Mixed glioneuronal tumor

Pituitary adenoma

Medulloblastoma

Craniopharyngioma

Ewing sarcoma

Lymphoma

Hyperplasia

Epidermoid cyst

I B N e I S Y S BN [ %o}

Histopathological
WHO grades
(36 patients)

Grade |

[uny
(o)

Grade Il

oo

Grade 111

w

Grade IV

(o]

WHO
Classification
group, 2021
(37 patients)

Gliomas, glioneuronal tumors,
and neuronal tumors

[uny
D

Embryonal tumors

Cranial & Paraspinal nerve
tumors

Meningioma

Mesenchymal, non-
meningothelial tumors
involving the CNS

Haematolymphoid tumors
involving the CNS

Tumors of sellar region

Table 2: Demographic characteristics
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Epidermoid cyst: 2 - 5.0%
Hyperplasia: 1-2.5% \

Pituitary adenoma: 1 - 2.5%"/_\

Medulloblastoma: 1 - 2.5% A~
Lymphoma: 1 - 2.5% / \

Ewing's sarcoma: 1 - 2.5% =

_— Glioma: 15 - 37.5%

|

Craniopharyngioma: 1 - 2.5%
Mixed Glioneuronal tumor: 1 - 2.5%

Schwannoma: 7 - 17.5%

Meningioma: 9 - 22.5%

M Glioma M Meningioma 'Schwannoma M Mixed Glioneuronal tumor
Craniopharyngioma ¥ Ewing's sarcoma Lymphoma Medulloblastoma
M rituitary adenoma M Hyperplasia I Epidermoid cyst

Figure 3: Histopathological results of study participants (40 patients).

Grades of Tumors

Grade IV:6-16.7%

Grade Ill: 3 - 8.3% — ‘
[ Grade I1: 19 - 52.8%
Grade 1I: 8 - 22.2%

Bl Grade! M Gradell [ Grade il [ Grade IV

Figure 4: Distribution of grades of brain tumors (36 patients)
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S. No. Parameters Mean (range) Dejit:t'ion
1 Tc-99m GHA Dose (MBq) | 711.51 (373.7 — 791.8) 98.79

2 F-18-FDG Dose (MBq) 301.55 (114.7 — 647.5) 91.40

3 Blood glucose (mg/dl) 107.40 (80.00 — 198.00) 22.88

4 Weight (Kg) 58.90 (22.88 — 80.00) 14.49

5 Blood urea (mg/dl) 21.72 (7.97 — 11.00) 7.97

6 Creatinine mg/dl 0.87 (0.23 - 0.47) 0.23

Table 3: Dose & other characteristics (40 patients)

Image analysis:

1. Diagnosis
2. Quantitative image analysis of Tc-99m GHA SPECT-CT
a) Correlation of quantitative parameters & various parameter ratios of Tc-
99m GHA SPECT-CT with histopathology of Brain tumors
b) Correlation of quantitative parameters and Various parameter ratios on
Tc-99m GHA SPECT-CT with histopathology of Glial brain tumors
3. Quantitative image analysis of F-18-FDG PET-CT
a) Fixed VOI-based parameters & Ratios
b) Whole tumor parameters
c) Correlation of quantitative parameters & various parameter ratios of
F18- FDG PET-CT with histopathology of Brain tumors
d) Correlation of quantitative parameters and various parameter ratios on
F18- FDG PET-CT with histopathology of Glial brain tumors
4. MRI analysis

1. Diagnosis:
All 40 patients were analysed for the presence of primary brain tumors in each
imaging modalities and diagnostic accuracies were obtained for each imaging

modalities taking HPE as standard.
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Tumor on HPE diagnosis Total
Positive Negative
MRI Positive 37 1 38
MRI Negative 0 2 2
Total 37 3 40

Table 4: Comparison of MRI diagnosis with HPE diagnosis. (True positive=37, True
negative=2, False positive=1, False negative=0). On MRI scans, we found 38/40

patients as positive and 2/40 as negative.

Tumor on HPE diagnosis Total
Positive Negative
GHA SPECT positive 31 0 31
GHA SPECT Negative 6 3 9
Total 37 3 40

Table 5: Comparison of Tc-99m GHA SPECT diagnosis with HPE diagnosis. (True
positive=31, True negative=3, False positive=0, False negative=6). On Tc-99m GHA
SPECT scans, we found 31/40 patients as positive and 9/ 40 as negative.

Tumor on HPE diagnosis Total
Positive Negative
GHA SPECT-CT positive 36 0 36
GHA SPECT-CT Negative 1 3 4
Total 37 3 40

Table 6: Comparison Tc-99m GHA SPECT-CT diagnosis with HPE diagnosis. (True
positive=36, True negative=3, False positive=0, False negative=1). On Tc-99m GHA
SPECT-CT scans, we found 36/40 patients as positive and 4/ 40 as negative.
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Tumor on HPE diagnosis Total
Positive Negative

FDG PET positive 30 0 30

FDG PET Negative 7 3 10

Total 37 3 40

Table 7: Comparison F-18-FDG PET diagnosis with HPE diagnosis. (True

positive=30, True negative=3, False positive=0, False negative=7). On F-18-FDG

PET scans, we found 30/40 patients as positive and 10/ 40 as negative.

Tumor on HPE diagnosis Total
Positive Negative
F-18-FDG PET-CT positive 36 0 36
F-18-FDG PET-CT 1 3 4
Negative
Total 37 3 40

Table 8: Comparison of F-18-FDG PET-CT with HPE diagnosis. (True positive=36,
True negative=3, False positive=0, False negative=1). On F-18-FDG PET-CT scans,

we found 36/40 patients as positive and 4/ 40 as negative.

Tumor on HPE diagnosis Total
Positive Negative
CT Positive 35 0 35
CT Negative 2 3 5
Total 37 3 40

Table 9: Comparison of CT diagnosis with HPE diagnosis. (True positive=35, True
negative=3, False positive=0, False negative=2). On CT scans, we found 30/40

patients as positive and 4/40 patients as negative.
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S.No Scans Tumor Positive Tumor Negative
1. MRI 38 2
2. Tc-99m GHA SPECT 31 9
3. Tc-99m GHA SPECT-CT 36 4
4. F-18-FDG PET 30 10
5. F-18-FDG PET-CT 36 4
6. CT 35 5
1. HPE 37 3

Table 10: Diagnosis of all modalities for tumors. No inconclusive results were found

for all the imaging and HPE results.

o o Positive Negative
Sensitivity | Specificity o o
S.No Scans predictive | predictive
(%) (%)
value (%) | value (%)
1. MRI 100 66.7 97.4 100
2. Tc-99m GHA SPECT | 83.8 100 100 333
3. Tc-99m GHA | 97.3 100 100 75
SPECT-CT
4. F-18-FDG PET 81.1 100 100 30
5. F-18-FDG PET-CT | 97.3 100 100 75
6. CT 94.6 100 100 60

Table 11: Diagnostic accuracies. The sensitivity, specificity, positive predictive
value, and negative predictive value of the Tc-99m GHA SPECT-CT, F-18-FDG

PET-CT, and Magnetic Resonance Imaging calculated by using HPE as the reference

standard.
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Figure 5: Diagnostic accuracies of all imaging modalities

According to the Cochrane Q test, there is a significant difference in the diagnostic

accuracies of imaging modalities in overall (p<0.01).

S. No Pairwise comparison using Mc Nemar test p-value
1. MRI Tc-99m GHA SPECT 0.016
2. MRI F-18-FDG PET 0.008
3. MRI Tc-99m GHA SPECT-CT 0.500
4. MRI F-18-FDG PET-CT 0.500
5. F-18-FDG PET Tc-99m GHA SPECT 0.031
6. F-18-FDG PET Tc-99m GHA SPECT-CT 0.031
7. F-18-FDG PET F-18-FDG PET-CT 0.031
8. Tc-99m GHA Tc-99m GHA SPECT-CT 0.063
SPECT
9. Tc-99m GHA F-18-FDG PET-CT 0.063
SPECT
10. F-18-FDG PET-CT | Tc-99m GHA SPECT-CT 1.000

Table 12: Statistical analysis for the difference in diagnostic accuracies pairwise

Imaging modalities were compared for the difference in the diagnostic accuracies

using the Mc Nemar test pairwise. It showed a significant difference among MRI vs.
Tc-99m GHA SPECT, MRI vs. F-18-FDG PET, FDG PET vs. Tc-99m GHA SPECT-
CT, and FDG PET vs. FDG PET-CT (P < 0.05).
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No significant difference was observed between FDG PET-CT, Tc-99m SPECT-CT,
and MRI in the diagnosis of brain tumors when compared pairwise.

2. Quantitative image analysis of Tc-99m GHA SPECT-CT:

Various quantitative parameters based on counts in the region of interest (ROI) with
fixed pixel areas on the tumor, contralateral region, nasopharynx, pons, and scalp were
obtained for 30/36 patients who showed radiotracer avid lesions in SPECT-CT.
Minimum, maximum, average, and total counts from the ROl mentioned for the above

regions were obtained.

ROl on Tumor

ROl on Contralateral
region

ROl on Pons ROl on

Nasopharynx

Figure 6: 60 years old female came with complaints of loss of memory and an
increase in the frequency of micturition for 15 days, suspected of a brain tumor. Tc-
99m GHA SPECT-CT showed a radiotracer avid lesion in the right frontal lobe. HPE
diagnosis: Glioblastoma. Analysis of axial images of Tc-99m GHA SPECT: A) Fixed
circular ROI on tumor and contralateral region, B) ROI on pons C) ROI on scalp D)

ROI on Nasopharynx.

Shapiro-Wilk statistics: Most parameters followed a non-Gaussian distribution, like
Tumor average, Tumor maximum, Tumor total, Contralateral average, Contralateral
maximum, Contralateral total, Nasopharynx total, Pons average, Pons maximum, and
Pons total. A few parameters like the Nasopharynx average, Nasopharynx maximum,

Scalp average, Scalp maximum, and Scalp total followed Gaussian distribution.
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Mean + SD (Standard deviation) was calculated for parameters following Gaussian

distribution.
S. Tc-99m GHA SPECT- Median (counts) with Meanz SD
No CT Parameters interquartile range (counts)
1 Tumor average 95.50 (49.17 — 155.03) -
Tumor maximum 120.00 (68.0 — 185.0) -
3 Tumor total 6261.00 (3067.75 — -
10628.00)
4 Contralateral average 18.40 (9.42 - 35.78) -
5 Contralateral maximum 30.50 (12.75 - 59.75) -
6 Contralateral total 1574.50 (554.0 - 2502.75) | -
7 Nasopharynx average 155.79 (107.92 — 194.95) 151.39 +70.44
8 Nasopharynx maximum | 181.50 (129.0 — 230.50) 184.73 + 84.78
9 Nasopharynx total 9961.50 (5930.75 — -
13840.25)
10 Pons average 20.28 (14.22- 30.43) -
11 Pons maximum 37.50 (20.00 - 51.50) -
12 Pons total 1433.50 (832.5-2437.25) | -
13 | Scalp average 140.64 (119.41 - 170.59) 142.99 £ 40.21
14 | Scalp maximum 159.00 (130.0 - 190.0) 162.30 + 48.89
15 Scalp total 11366.50 (6679.25 — 10865.57 + 5382.20
14389.5)

Table 13: Median & Mean values of quantitative parameters from the Tc-99m GHA

SPECT-CT
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Median (counts)

o ] Mean

S No Tc-99m GHA SPEC-:T-CT with interquartile (counts) + SD
Parameter Ratios range

1 Tumor total/ contralateral total 4.96 (3.31- 7.53) 5.46 £ 2.98
2 Tumor total/ nasopharynx total 0.63 (0.48 —0.93) -
3 Tumor total/ pons total 4.32 (2.49 — 6.48) -
4 Tumor total/ scalp total 0.59 (0.47 —0.94) -
5 Tumor avg/ contralateral avg 5.41 (3.31- 7.53) 5.54 £2.96
6 Tumor avg/ nasopharynx avg 0.63 (0.48 —0.93) -
7 Tumor avg/ pons avg 4.32 (2.49 — 6.48) -
8 Tumor avg/ scalp avg 0.59 (0.45 - 0.94) -
9 Tumor max/ contralateral max 4.25 (2.60 — 7.09) 4.89 + 2.96
10 Tumor max/ nasopharynx max 0.67 (0.51- 1.01) -
11 Tumor max/ pons max 3.47 (2.10-5.17) 3.73+£2.07
12 Tumor max/ scalp max 0.70 (0.54 -1.01) -

Table 14: Median & Mean values of various ratios of quantitative parameters from
the Tc-99m GHA SPECT-CT. Ratios of Tumor counts to other regions for all the

above-mentioned parameters are calculated.

2. (a) Correlation of quantitative parameters & various parameter ratios of Tc-

99m GHA SPECT-CT with Histopathology of brain tumors:

All above parameters and various ratios of Tc-99m GHA SPECT-CT were assessed for

correlation with tumors, 1. WHO grades, 2. Subgroups: Low (Grade I or Il) & high

(Grade Il or 1V) grades and 3. Tumor types using the Spearman Correlation method

and for each correlation coefficient values are calculated.



Results

WHO grades (1-1V)
S. No. Tc-99m GHA SPECT-CT Correlation o-value
Parameters and parameter ratios | Coefficient
1. | Tumor average -0.276 0.140
2. | Tumor maximum -0.326 0.078
3. | Tumor total -0.336 0.069
4. | Contralateral average -0.323 0.082
5. Contralateral maximum -.368* 0.046
6. Contralateral total -0.334 0.072
7. Nasopharynx average -0.166 0.380
8. Nasopharynx maximum -0.212 0.260
9. Nasopharynx total -0.244 0.193
10. | Pons average -0.340 0.066
11. | Pons maximum -.392* 0.032
12. | Pons total -.386* 0.035
13. | Scalp average -0.358 0.052
14. | Scalp maximum -.382* 0.037
15. | Scalp total -.374* 0.042
16. | Tumor total/ Contralateral total 0.160 0.400
17. | Tumor total/ Nasopharynx total -0.340 0.066
18. | Tumor total/ Pons total -0.051 0.788
19. | Tumor total/ Scalp total -0.308 0.098
20. | Tumor average/ Contralateral average 0.145 0.444
21. | Tumor average/Nasopharynx average -0.340 0.066
22. | Tumor average/ Pons average -0.051 0.788
23. | Tumor average/ Scalp average -.374* 0.042
24. | Tumor maximum/ Contralateral maximum 0.260 0.166
25. | Tumor maximum/ Nasopharynx -0.326 0.079
maximum
26. | Tumor maximum/ Pons maximum -0.079 0.678
27. | Tumor maximum/ Scalp maximum -0.332 0.073

Table 15: Correlation coefficients of different quantitative parameters and various
ratios on Tc-99m GHA SPECT-CT for WHO grades (I-1V). Parameters like

Contralateral maximum, Pons maximum, Scalp maximum, pons total and scalp total

counts and Ratio of Tumor average/scalp average showed a statistically significant
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Tc-99m GHA SPECT-CT Subgroups low vs high grades
S.No. Parameters and parameter Correlation
. .. P value
ratios Coefficient

1 | Tumor average -0.172 0.363
2 | Tumor maximum -0.219 0.246
3 | Tumor total -0.223 0.237
4 | Contralateral average -0.214 0.255
5 | Contralateral maximum -0.261 0.164
6 | Contralateral total -0.206 0.275
7 | Nasopharynx average -0.181 0.339
8 | Nasopharynx maximum -0.214 0.255
9 | Nasopharynx total -0.155 0.412
10 | Pons average -0.298 0.109
11 | Pons maximum -0.311 0.094
12 | Pons total -0.298 0.109
13 | Scalp average -.374* 0.042
14 | Scalp maximum -.370* 0.044
15 | Scalp total -0.307 0.099
16 | Tumor total/ contralateral total 0.206 0.275
17 | Tumor total/ Nasopharynx total -0.240 0.202
18 | Tumor total/ Pons total 0.013 0.947
19 | Tumor total/ scalp total -0.206 0.275
20 | Tumor average/ contralateral 0.197 0.296

average
21 | Tumor average/ nasopharynx -0.240 0.202

average
22 | Tumor average/ pons average 0.013 0.947
23 | Tumor average/ scalp average -0.307 0.099
24 | Tumor maximum/ contralateral 0.290 0.120

maximum
25 | Tumor maximum/ Nasopharynx -0.231 0.219

maximum
26 | Tumor maximum/ pons maximum -0.021 0.912
27 | Tumor maximum/ scalp -0.223 0.237

maximum

Table 16: Correlation coefficients of different quantitative parameters and their
ratios on Tc-99m GHA SPECT-CT for Subgroups Low vs high grades. Parameters
like Scalp average & maximum showed a statistically significant negative weak

correlation (P <0.05) for subgroups: High vs low grades.
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Tc-99m GHA SPECT-CT __Tumor Types
S. No : Correlation
Parameters and parameter ratios . P value
Coefficient
1 | Tumor average -0.183 0.333
2 | Tumor maximum -0.189 0.317
3 | Tumor total -0.179 0.344
4 | Contralateral average 0.033 0.864
5 | Contralateral maximum 0.010 0.957
6 | Contralateral total -0.007 0.971
7 | Nasopharynx average -0.163 0.388
8 | Nasopharynx maximum -0.208 0.271
9 | Nasopharynx total -0.218 0.248
10 | Pons average -0.100 0.600
11 | Pons maximum -0.188 0.320
12 | Pons total -0.155 0.413
13 | Scalp average -0.178 0.347
14 | Scalp maximum -0.195 0.303
15 | Scalp total -0.171 0.368
16 | Tumor total/ contralateral total -0.182 0.335
17 | Tumor total/ Nasopharynx total -0.031 0.871
18 | Tumor total/ pons total -0.038 0.843
19 | Tumor total/scalp total -0.060 0.752
20 | Tumor average/ contralateral average -0.220 0.244
21 | Tumor average/ nasopharynx average -0.031 0.871
22 | Tumor average/ pons average -0.038 0.843
23 | Tumor average/ scalp average -0.171 0.368
24 | Tumor  maximum/  contralateral -0.115 0.544
maximum
25 | Tumor  maximum/  Nasopharynx -0.015 0.937
maximum
26 | Tumor maximum/ pons maximum 0.034 0.860
27 | Tumor maximum/scalp maximum -0.109 0.566

Table 17: Correlation coefficients of different quantitative parameters and various
ratios on Tc-99m GHA SPECT-CT (for Tumor types). No significant correlation was
found for both individual parameters and different ratios with tumor types.
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2 (b) Correlation of quantitative parameters and various ratios on Tc-99m GHA

SPECT-CT with histopathological grades of Glial brain tumors:

The parameters obtained from the analysis of Tc-99m GHA SPECT-CT were analyzed
for Glial tumors (15/60) separately with WHO Grades (I-1V) and high vs low grades
groups of tumors by Spearman correlation.

There was no statistically significant correlation was observed between the Tc-99m
GHA SPECT-CT parameters and WHO grades & subgroups grades of glial tumors.

3. Quantitative image analysis of F-18-FDG PET-CT:
3 (a). Fixed VOI-based parameters & Ratios:

Fixed VOIs were placed over the tumor (29/40 patients) where uptake values were
visually maximum and also for other regions like VOIs over the contralateral
Greymatter, contralateral white matter, contralateral cerebellum, contralateral medial
temporal lobe, and pons placed. Maximum SUV (SUVmax), Average SUV
(SUVmean), and Peak SUV (SUVpeak) of tumors were obtained.

VOl on Tumor

VOI on Basal

anglia
VOl on gang

Contralateral
region

VOI on Mesial
temporal lobe

Greymatter

’ VOI on Pons
VOl on A /
. k

VOl on
whitematter

Figure 7: 50 years old male came with complaints of right-sided weakness for 1-2
months, suspected of a brain tumor. F-18-FDG PET-CT showed FDG avid lesion in
the left temporal lobe. HPE diagnosis: Glioblastoma. Analysis of axial images of F-
18-FDG PET-CT: Fixed circular A) VOI on tumor and contralateral region, B) VOI

on basal ganglia C) VOI on white-matter and Grey-matter D) VOI on the mesial
temporal lobe and pons
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Shapiro-Wilk statistics: Most parameters followed a non-Gaussian distribution
namely, Tumor average (gm/dl), Tumor peak (gm/dl), Contralateral maximum (gm/dl),
Contralateral average (gm/dl), Contralateral peak (gm/dl), White matter maximum
(gm/dl), White matter average (gm/dl), White matter peak (gm/dl), Greymatter
maximum (gm/dl), Greymatter average (gm/dl), Cerebellum average (gm/dl),
Cerebellum peak (gm/dl), Mesial temporal maximum (gm/dl) and Tumor

maximum(gm/dl).

A few parameters, Greymatter peak (gm/dl), Basal ganglia maximum (gm/dl), Basal
ganglia average (gm/dl), Basalganglia peak (gm/dl), Cerebellum maximum (gm/dl),
Mesial temporal average (gm/dl), Mesial temporal peak (gm/dl), Pons maximum

(gm/dl), Pons average (gm/dl), Pons peak (gm/dl) followed Gaussian distribution.

Mean + SD (Standard deviation) was calculated for parameters following Gaussian

distribution.

Similarly, for Ratios also median with interquartile range and mean + SD were tabulated
(table 19).
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S Median with
No. F-18-FDG PET-CT Parameters interquartile Mean + SD
range

1 | Tumor maximum(gm/dl) 5.40 (3.82-7.90) -

2 | Tumor average (gm/dl) 3.76 (2.85 -5.89) i

3 | Tumor peak (gm/dI) 3.96 (3.04-6.05) |-

4 | Contralateral maximum (gm/dl) 7.33(5.36-9.22) |-

5 | Contralateral average (gm/dl) 418 (3.14 -5.69) |-

6 | Contralateral peak (gm/dl) 4.17 (3.24-5.75) |-

7 | Whitematter maximum (gm/dl) 2.94 (2.60-3.92) |-

8 | Whitematter average (gm/dl) 2.07 (1.69-2.47) |-

9 | Whitematter peak (gm/dl) 1.99 (1.54-2.48) | -

10 | Greymatter maximum (gm/dl) 8.55 (6.49 — 11.77) | -

11 | Greymatter average (gm/dl) 6.45 (4.9 — 8.27) i

12 | Greymatter peak (gm/dI) 6.57 (5.12-8.59) | 7.04+2.22
13 | Basal ganglia maximum (gm/dl) 9.01 (6.27 — 11.88) | 9.46 + 3.88
14 | Basalganglia average (gm/dI) 6.20 (4.7-7.96) |6.25%2.2
15 | Basalganglia peak (gm/dl) 6.74 (5.11-8.76) | 7.00 + 2.53
16 | Cerebellum maximum (gm/dl) 6.82 (5.91- 9.27) 759 + 2.33
17 | Cerebellum average (gm/dl) 5.24 (4.38-6.5) -

18 | Cerebellum peak (gm/dl) 5.42 (4.34-6.79) |-

19 | Mesial temporal maximum (gm/dl) 6.62 (5.39 - 9.30) |-

20 | Mesial temporal average (gm/dl) 4.60 (3.67-6.08) | 4.76+1.59
21 | Mesial temporal peak (gm/dI) 4.65(3.55-6.39) |4.84+1.76
22| Pons maximum (gm/dl) 510 (4.25-7.0) | 5.67%2.0
23 | Pons average (gm/dl) 3.89 (3.36-4.86) |4.09+1.33
24 | Pons peak (gm/dl) 4.01(3.36-5.16) | 4.26+1.46

Table 18: Median & Mean values of quantitative parameters from the F-18-FDG

PET-CT
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F-18-FDG PET-CT Parameter

Median with interquartile

S. No. )
Ratios range

1 Tumor max/contralateral max 0.79 (0.55 - 1.45)
2 Tumor mean/contralateral mean 0.94 (0.67 —1.39)
3 Tumor peak/contralateral peak 0.92 (0.67 —1.59)
4 Tumor max/whitematter max 1.64 (1.15-3.31)
5 Tumor mean/whitematter mean 1.74 (1.24 — 2.86)
6 Tumor peak/whitematter peak 1.79 (1.33-3.61)
7 Tumor max/greymatter max 0.55 (0.39 - 0.96)
8 Tumor mean/greymatter mean 0.56 (0.38 —0.93)
9 Tumor peak/greymatter peak 0.57 (0.38)

10 Tumor max/basal ganglia max 0.57 (0.39 - 1.08)
11 Tumor mean/ basal ganglia mean 0.60 (0.41 - 0.99)
12 Tumor peak/ basal ganglia peak 0.51 (0.38-1.01)
13 Tumor max/cerebellum max 0.72 (0.50 - 1.33)
14 | Tumormean/ cerebellum mean 0.67 (0.45-1.08)
15 Tumorpeak/ cerebellum peak 0.64 (0.46 —1.18)
16 Tumormax/mesial temporal max 0.73 (0.55-1.32)
17 Tumormean/ mesial temporal mean 0.76 (0.60 — 1.42)
18 Tumorpeak/ mesial temporal peak 0.82 (0.62 - 1.5)
19 Tumormax/pons max 0.93(0.73-1.73)
20 Tumormean/ pons mean 0.87 (0.68 -1.67)
21 Tumorpeak/ pons peak 0.89 (0.68 —1.83)

Table 19: Median values of various ratios of quantitative parameter ratios from the

F-18-FDG PET-CT
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3 (b). Whole tumor parameters:

Quantitative parameters were obtained from the whole tumor (29/40 patients) by the

manual segmentation method on CT slices (43). Tumor segmentation was performed

manually due to high background counts, which rendered automatic segmentation
unlikely.

Figure 8: 42 years old came with complaints of headache for 1 month with decreased
peripheral vision, suspected of brain tumor. F18- FDG PET-CT showed peripherally
FDG avid centrally necrotic lesion in the right posterior parieto-occiptial region.
Image analysis was done by manual segmentation method for the whole Tumor
volume. HPE diagnosis: Glioblastoma. Analysis of images of Tc-99m GHA SPECT:
A- Axial, C — Coronal & E- Sagittal CT images. B- Axial, D- Coronal, and F- Sagittal
F18- FDG PET- CT images.

42



Results

F-18-FDG PET-CT

Median with interquartile range

S. No. Parameters
1 Volume 35.16 (21.31 — 56.50)
2 SUVmaximum 6.83 (5.2 - 10.37)
3 SUVmean 3.67(2.80-4.88)
4 SUVpeak 4.28 (3.29 — 6.64)
5 Total lesional glycolysis (TLG) | 106.45 (58.06 — 216.84)
6 GNmax 6.84 (5.08 — 9.85)
7 GN mean 3.45 (2.66 — 4.85)
8 GNTLG 107.60 (62.55 — 243.9)
9 CT max 717.00 (352.0 — 1280.5)
10 |CTavg 51.10 (38.65 — 60.55)
11 CT volume 36.91 (22.01 — 55.93)

Table 20: Median values of quantitative parameters for the whole tumor from the F-
18-FDG PET-CT
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3 (c) Correlation of quantitative parameters & various parameter ratios of F18-
FDG PET-CT:

These individual parameters and various ratios were correlated with brain tumor 1.
WHO Grades (I-1V), 2. Subgroups as Low (Grade | or Il) & high (Grade Il or 1V)
grades, and 3. Tumor Types using the Spearman Correlation method and for each

correlation coefficient values are calculated.

s WHO Tumor grades
Nc;. Parameters Correlation o-value
Coefficient
a) | Fixed VOI-based parameters & parameter
ratios:
1 Tumor maximum(gm/dl) AT79F* 0.003
2 Tumor average (gm/dl) A17* 0.011
3 | Tumor peak (gm/dl) 431+ 0.009
4 Contralateral maximum (gm/dl) 0.103 0.557
5 Contralateral average (gm/dl) 0.224 0.195
6 Contralateral peak (gm/dl) 0.259 0.132
7 Whitematter maximum (gm/dl) -0.309 0.067
8 | Whitematter average (gm/dl) -0.081 0.637
9 | Whitematter peak (gm/dl) -0.114 0.510
10 | Greymatter maximum (gm/dl) -0.258 0.129
11 | Greymatter average (gm/dl) -0.254 0.135
12 | Greymatter peak (gm/dl) -0.278 0.101
13 | Basal ganglia maximum (gm/dl) -0.073 0.673
14 | Basalganglia average (gm/dl) -0.118 0.494
15 | Basalganglia peak (gm/dl) -0.151 0.379
16 | Cerebellum maximum (gm/dl) -0.177 0.303
17 | Cerebellum average (gm/dl) -0.174 0.310
18 | Cerebellum peak (gm/dl) -0.210 0.220
19 | Mesial temporal maximum (gm/dl) -0.198 0.248
20 | Mesial temporal average (gm/dl) -0.286 0.090
21 | Mesial temporal peak (gm/dl) -0.276 0.103
22 | Pons maximum (gm/dl) -0.092 0.592
23 | Pons average (gm/dl) -0.130 0.448
24 | Pons peak (gm/dl) -0.149 0.386
25 | Tumor max/contralateral max 501** 0.002
26 | Tumor mean/contralateral mean A37** 0.009
27 | Tumor peak/ contralateral peak 401* 0.017
28 | Tumor max/ whitematter max .595** 0.000
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29 | Tumor mean/ whitematter mean AT74** 0.003
30 | Tumor peak/ whitematter peak 524%** 0.001
31 | Tumor max/ greymatter max 569** 0.000
32 | Tumor mean/ greymatter mean 499** 0.002
33 | Tumor peak/ greymatter peak 552** 0.000
34 | Tumor max/ basal ganglia max A52** 0.006
35 | Tumor mean/ basalganglia mean 375* 0.024
36 | Tumor peak/ basal ganglia peak ABT7** 0.004
37 | Tumor max/ cerebellum max 552** 0.000
38 | Tumor mean/ cerebellum mean AT1x* 0.004
39 | Tumor peak/ cerebellum peak 521** 0.001
40 | Tumor max/ mesial temporal max .601** 0.000
41 | Tumor mean/ mesial temporal mean 587** 0.000
42 | Tumor peak/ mesial temporal peak .612** 0.000
43 | Tumor max/pons max 537** 0.001
44 | Tumor mean/ pons mean 461** 0.005
45 | Tumor peak/ pons peak 526** 0.001
i) Whole tumor parameters:
46 | Volume of Tumor 0.011 0.951
47 | SUVmaximum of the whole tumor 0.313 0.063
48 | SUVmean of the whole tumor .386* 0.020
49 | Total lesional glycolysis(TLG) 0.265 0.119
50 | GN SUVmaximum of the whole tumor 0.323 0.055
51 | GN SUVmean of the whole tumor .387* 0.020
52 |GNTLG 0.299 0.076
53 | SUVpeak of the whole tumor .506** 0.002
54 | CT maximum -0.207 0.227
55 | CT average -0.188 0.272
56 | CTvolume of Tumor 0.014 0.937

Table 21: Correlation coefficients of different quantitative parameters (VOI based &

the Whole tumor based) on F-18-FDG PET-CT for WHO grades I-1V.

Fixed VOI parameters like Tumor maximum, Tumor average, Tumor peak & all ratios

showed statistically moderate positive correlation, and Whole tumor VOI parameters

like SUVmean, SUVpeak, and GN SUVmean showed a statistically significant weak

positive correlation for WHO Grades of Brain tumors.
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Low vs high-grade
S. No. Parameters Correlation
n p-value
Coefficient
a) Fixed VOl-based parameters & parameter
ratios:

1 Tumor maximum(gm/dl) A54** 0.005
2 Tumor average (gm/dl) .392* 0.018
3 Tumor peak (gm/dl) .398* 0.016
4 Contralateral maximum (gm/dl) -0.040 0.818
5 Contralateral average (gm/dl) 0.115 0.512
6 Contralateral peak (gm/dl) 0.135 0.440
7 Whitematter maximum (gm/dl) -0.256 0.131
8 Whitematter average (gm/dl) -0.256 0.131
9 Whitematter peak (gm/dl) -0.185 0.279
10 Greymatter maximum (gm/dl) -.349* 0.037
11 Greymatter average (gm/dl) -.438** 0.007
12 Greymatter peak (gm/dl) -.343* 0.041
13 Basal ganglia maximum (gm/dl) -0.318 0.059
14 Basalganglia average (gm/dl) -377* 0.024
15 Basalganglia peak (gm/dl) -.398* 0.016
16 Cerebellum maximum (gm/dl) -.349* 0.037
17 Cerebellum average (gm/dl) -.374* 0.025
18 Cerebellum peak (gm/dl) -.392* 0.018
19 Mesial temporal maximum (gm/dl) -.367* 0.027
20 Mesial temporal average (gm/dl) -.423* 0.010
21 Mesial temporal peak (gm/dl) - 432** 0.008
22 Pons maximum (gm/dl) -0.293 0.082
23 Pons average (gm/dl) -.349* 0.037
24 Pons peak (gm/dl) -.355* 0.034
25 Tumor max/contralateral max H573** 0.000
26 Tumor mean/ contralateral mean 499** 0.002
27 Tumor peak/ contralateral peak A51** 0.006
28 Tumor max/ whitematter max 584** 0.000
29 Tumor mean/ whitematter mean S47** 0.001
30 Tumor peak/ whitematter peak 522** 0.001
31 Tumor max/ greymatter max .596** 0.000
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32 Tumor mean/ greymatter mean .614** 0.000
33 Tumor peak/ greymatter peak 565** 0.000
34 Tumor max/basal ganglia max 540** 0.001
35 Tumor mean/ basalganglia mean 503** 0.002
36 Tumor peak/ basal ganglia peak 534** 0.001
37 Tumor max/cerebellum max .584** 0.000
38 Tumor mean/ cerebellum mean .559** 0.000
39 Tumor peak/ cerebellum peak 565** 0.000
40 Tumor max/ mesial temporal max .633** 0.000
41 Tumor mean/ mesial temporal mean .664** 0.000
42 Tumor peak/ mesial temporal peak B676** 0.000
43 Tumor max/ pons max .608** 0.000
44 Tumor mean/ pons mean 565** 0.000
45 Tumor peak/ pons peak ST7** 0.000
i) Whole tumor parameters:
46 Volume of Tumor -0.324 0.054
47 SUVmaximum of the whole tumor 0.253 0.136
48 SUVmean of the whole tumor 423* 0.010
49 Total lesional glycolysis(TLG) 0.034 0.844
50 GN SUVmaximum 0.275 0.105
51 GN SUVmean A52** 0.005
52 GN TLG 0.065 0.707
53 SUVpeak of the whole tumor A429%* 0.009
54 CT maximum -0.256 0.131
55 CT average 0.127 0.462
56 CT volume of whole Tumor -0.312 0.064

Table 22: Correlation coefficients of different quantitative parameters (VOI based &

the Whole tumor based) and various parameter ratios on F-18-FDG PET-CT with

(for subgroups high vs low grades). Fixed VOI parameters like Tumor maximum,

Tumor average, Tumor peak & all ratios and whole VVOI parameters like SUVmean,

showed weak negative correlation.

GN SUVmean & SUVpeak showed statistically significant moderate positive

correlation with subgroups: Low vs high grades. Parameters from other regions
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Tumor types

No. Parameters Correlation
Coefficient p-value
i) Fixed VOI- based parameters and Ratios:

1 Tumor maximum(gm/dl) -0.093 0.592
2 Tumor average (gm/dl) -0.187 0.275
3 Tumor peak (gm/dl) -0.174 0.309
4 Contralateral maximum (gm/dl) 0.078 0.657
5 Contralateral average (gm/dl) 0.057 0.744
6 Contralateral peak (gm/dl) 0.016 0.925
7 Whitematter maximum (gm/dl) -0.192 0.261
8 Whitematter average (gm/dl) 0.027 0.876
9 Whitematter peak (gm/dl) 0.045 0.794
10 | Greymatter maximum (gm/dl) 0.030 0.861
11 | Greymatter average (gm/dl) 0.034 0.843
12 | Greymatter peak (gm/dl) 0.026 0.879
13 | Basal ganglia maximum (gm/dl) 0.058 0.735
14 | Basalganglia average (gm/dl) 0.034 0.843
15 | Basalganglia peak (gm/dl) 0.124 0.471
16 | Cerebellum maximum (gm/dl) 0.098 0.571
17 | Cerebellum average (gm/dl) 0.075 0.662
18 | Cerebellum peak (gm/dl) 0.085 0.623
19 | Mesial temporal maximum (gm/dl) 0.077 0.655
20 | Mesial temporal average (gm/dl) 0.010 0.955
21 | Mesial temporal peak (gm/dl) -0.023 0.894
22 | Pons maximum (gm/dl) -0.135 0.433
23 | Pons average (gm/dl) -0.156 0.364
24 | Pons peak (gm/dl) -0.132 0.444
25 | Tumor mean/contralateral mean -0.212 0.222
26 | Tumor peak/contralateral peak -0.194 0.263
27 | Tumor max/whitematter max 0.027 0.874
28 | Tumor mean/whitematter mean -0.132 0.444
29 | Tumor peak/whitematter peak -0.108 0.529
30 | Tumor max/greymatter max -0.111 0.520
31 | Tumor mean/greymatter mean -0.225 0.186
32 | Tumor peak/greymatter peak -0.211 0.218
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33 | Tumor max/basal ganglia max -0.097 0.575
34 | Tumor mean/ basalganglia mean -0.232 0.174
35 | Tumor peak/ basal ganglia peak -0.263 0.121
36 | Tumor max/cerebellum max -0.163 0.343
37 | Tumor mean/ cerebellum mean -0.229 0.179
38 | Tumor peak/ cerebellum peak -0.199 0.245
39 | Tumor max/mesial temporal max -0.108 0.530
40 | Tumor mean/mesial temporal mean -0.146 0.394
41 | Tumor peak/mesial temporal peak -0.121 0.483
42 | Tumor max/pons max 0.048 0.780
43 | Tumor mean/ pons mean -0.037 0.832
44 | Tumor peak/ pons peak -0.019 0.914
i) Whole tumor parameters:
45 | Volume of Tumor -0.241 0.157
46 | SUVmaximum of the whole tumor -0.171 0.318
47 | SUVmean of the whole tumor -0.213 0.212
48 | Total lesional glycolysis(TLG) -0.309 0.067
49 | GN maximum -0.135 0.433
50 | GN mean -0.206 0.227
51 |GNTLG -0.270 0.111
52 | SUVpeak of the whole tumor -0.101 0.557
53 | CT maximum 0.051 0.766
54 | CT average -.403 0.015
55 | CT Volume of whole Tumor -0.249 0.143
56 | Volume of Tumor -0.241 0.157

Table 23: Correlation coefficients of different quantitative parameters and various

parameter ratios on F-18-FDG PET-CT with Tumor types. No significant correlation

was found for parameters with types of tumors.
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3 (d) Correlation of F18- FDG PET-CT parameters & various parameter ratios

with histopathological grades of Glial brain tumors (Annexure VII):

The FDG parameters were also analyzed for Glial tumors (15/16 patients) separately
with Grades (I-1V) and high vs low grades groups of tumors by Spearman correlation
method.

Most of the quantitative parameters showed a moderate to strong correlation with WHO
Grades (I-1V). Among them ratios like Tumor SUVmax/mesial temporal SUVmax (r=
0.790, p< 0.05) followed by tumor SUVpeak/ pons SUVpeak (r= 0.787, p<0.05)
showed a strong correlation. Many parameters showed better correlation and among
them the ratios of tumor SUVmax/mesial temporal SUVmax, tumor SUVmean / mesial
temporal SUVmean, and tumor SUVpeak / mesial temporal SUVpeak (r= 0.812,
p<0.05) showed a statistically significant strong correlation with subgroups: high vs

low grades.
4. MRI analysis:

Patients positive for tumors in MRI imaging (36/40 patients) were further categorized
into low or high-grade tumors by following characteristic findings on image by
radiologist with the experience of more than 8 years:

a) Features of Low-Grade tumors:

e Well demarcated lesions with lesions without perilesional edema
e Absence of contrast enhancement
e MR spectroscopy: Choline to creatinine less than 2.5

e MR perfusion: rCBV less than 2.5 times the normal tissue.
a) Features of High-Grade tumors:

e |ll-defined lesion margins with perilesional edema
e Presence of contrast enhancement
e MR spectroscopy: Choline to creatinine more than 2.5.

e MR perfusion: rCBV more than 2.5 times the normal tissue.
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MRI Diagnosis (36)

HPE Diagnosis (36)

Low-Grade

High-Grade

Low-Grade

High-Grade

24

12

27

9

Correlation coefficient r = 0.68 (p < 0.01)

Table 24: Correlation of MRI Grades with HPE Grades. The grade of tumors
obtained from MRI were correlated for histopathological grades by Spearman

Correlation method. The correlation coefficient was found to be r=0.68 (P < 0.01),

thus showing a moderate correlation.
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DISCUSSION

Cancer ranks as a major cause of death and a significant barrier to improving life
expectancy. According to estimates from the World Health Organization (WHO) in
2019, cancer is the first or second major cause of death before the age of 70 in 112 of
183 nations. According to Global Cancer Statistics 2020, 308,102 new cases of brain
and CNS cancers were diagnosed in 2020, with 251,329 cancer-related deaths (1,44).

Both primary tumors and metastases are classified as intracranial neoplasms (45). The
majority of primary central nervous system (CNS) tumors, or 25% of them, are gliomas,
which account for 80% of malignant CNS tumors.

Histological findings supported by ancillary tissue-based tests have long been used to
classify CNS tumors. In 2016, the WHO introduced the classification system based on
molecular markers in a small set of brain tumors. The recent WHO CNS tumors
classification 2021 refers to numerous molecular changes that are critical for the most
accurate classification of CNS neoplasms due to the development of molecular
biomarkers (31). Hence, it classifies the tumors into four grades using both histologic

and molecular information (46).

Many space-occupying lesions are identified in neuroimaging studies, but not all mass-
like intracranial lesions are true neoplasms. Many non-neoplastic disease conditions,
including infectious, inflammatory, and autoimmune etiologies, can mimic CNS
neoplasia. As a result, radiologists and clinicians are faced with a diagnostic quandary.
CT and MR are the primary methods for detecting and evaluating such lesions (47).
Despite the fact that multiparametric MRI is currently the imaging gold standard for
primary and metastatic brain tumors, functional imaging provides the unique and
complementary capacity to assess and define the metabolic patterns within the tumor
and normal tissues (49). Thus PET and SPECT may help differentiate benign lesions

from tumors (48) as well as grading of these tumors (5,47).

Functional imaging of the brain in past with many radiotracers like I-131 labelled
human serum albumin, Hg-203 labelled chlormerodrin, Tc-99m pertechnetate, and Tc-
99m DTPA had been tried. But each of the tracers had its shortcomings. The intracranial
mass lesions were studied using Tc-99m pertechnetate, Thallium-202, Tc-99m-
Sestamibi, and Tc-99m GHA.




Discussion

Kim et al. have demonstrated that brain SPECT with Tc-99m GHA is a very sensitive
method for identifying brain tumors. They concluded that Tc-99m GHA could be useful
in defining the tumor types prior to surgery, suggesting that it may be utilized as a
screening test for brain tumors (5,48).

In patients with a suspicion of recurrent glioma, Karunanithi et al. evaluated the
diagnostic accuracies of Tc-99m GHA SPECT-CT and F18 fluorodopa (F18-FDOPA)
PET-CT. Tc-99m GHA SPECT-CT had a sensitivity, specificity, and accuracy of
86.4%, 62.5%, and 80%, whereas F-18 FDOPA PET-CT had 100%, 87.5%, and 96%,
respectively. They concluded that F18-FDOPA PET-CT could be replaced by Tc-99m
GHA SPECT-CT as a less expensive imaging option for recurrent glioma (49).

Alam et al suggested that metastases as well as high-grade and low-grade gliomas can
be distinguished using Tc-99m GHA SPECT. It also implied that it could be utilized in
patients who cannot undergo CECT/CEMR due to contraindications or if there are
lengthy waiting lists for such tests. It further implied that Tc-99m GHA SPECT has
high sensitivity and specificity in localizing ICSOLs. In addition, it provides a major
contribution to the monitoring of patients who have received radiotherapy after surgery
as a complementary investigation to distinguish recurring tumors from post-

radiotherapy gliosis (5).

Compared to MRI, Positron Emission Tomography (PET) offers insights into the
biology of brain tumors and had many applications. They help in planning surgery and
radiotherapy, with differential diagnosis, non-invasive grading, determining the extent

of tumor involvement, post-treatment monitoring, and prognosis.

One of the key benefits of PET radiotracers over traditional MRI is that, unlike contrast-
enhanced MRI sequences, these radiotracers are typically independent of disruption of
the blood-brain barrier (BBB), in addition to image-specific pathophysiological
processes. The most extensively used and accessible PET radiotracers are F18-2-fluoro-

2-deoxy-D-glucose (F-18-FDG) in clinical nuclear medicine (20,21).

Dongwaoo et al in their prospective study discovered that glucose loading reduced F-18-
FDG uptake in the normal cortex more than in tumors, particularly high-grade gliomas.
As a result, the Tumor to normal cortex uptake ratio increased after glucose loading,

increasing the value of F-18-FDG PET-CT for grading cerebral gliomas (50).
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With the above understanding, we conducted the present study. The mean age of the
research participants was 39.07 + 15.53 years, which is in line with the most common
age range (45.64 + 15.51) mentioned by Amna et al. The incidence of brain tumors was
found to be more in males (72.5%) as mentioned in the literature.

In our study, we found that supratentorial brain tumors accounted for 27/40 patients,
especially more in the frontal lobes. It correlates with the most common occurrence of
supratentorial lesions. Gliomas accounted for 16/40 patients in our research which

corresponds to the majority of glial tumor incidence in brain tumors (51,52).

1. Comparison of the diagnostic accuracies of Tc-99m GHA SPECT-CT, F-18-
FDG PET-CT, and Magnetic Resonance Imaging.

a) Tc-99m GHA SPECT:

Our results showed that, Sensitivity of 83.8 %, Specificity of 100%, Positive predictive
value of 100%, and Negative predictive value of 33.3 % for Tc-99m GHA SPECT.
Alam et al showed the Sensitivity of 90.48%, Specificity of 60.0%, Positive predictive
value of 90.48%, and Negative predictive value of 60% for Tc-99m GHA SPECT in
brain tumors (5). Kumar et al. also showed that Tc-99m GHA SPECT has a sensitivity
of 90%, specificity of 53.55%, and accuracy of 73% (34).

The Tc-99m GHA SPECT comparatively showed less sensitivity and more specificity
than previous studies. Due to variable GHA uptake in low-grade tumors and the
inclusion of more patients in our study who tested positive for low-grade tumors (27/36)
on HPE.

b) F18 FDG PET:

The current study demonstrated that the F-18-FDG PET has a sensitivity and specificity
of 81.1% and 100%, respectively. Zhao et al in their meta-analysis found that diagnostic
performance of F-18-FDG PET with a sensitivity of 74% and specificity of 74%, the
sensitivity was almost in agreement with the findings of our investigation (38).
Nevertheless, our study had a high specificity of 100% because there were less number

of tumor-negative individuals (3/37) in the cohort.
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c) MRI:

We showed that MRI had a sensitivity of 100% and a specificity of 66.7% in the

diagnosis of preoperative primary brain tumors.

Dixon et al. assessed the diagnostic performance of MRI in 550 children with brain
tumors using sagittal T1- and axial T2-weighted imaging, coronal fluid attenuated
inversion recovery, diffusion weighted imaging/apparent diffusion coefficient of the
brain, and post-contrast T1-weighted imaging of the brain and entire spine. They found
that sensitivity greatly varied by tumor type, from 0-100%, whilst specificity was
generally high ranging from 93.6-100%. They discovered that specificity ranged from
93.6 to 100%, whereas sensitivity varied widely by tumor type, ranging from 0 to 100%.
The results of the current study are also in concordance i.e., the sensitivity of 100%
(36).

D) Tc-99m GHA SPECT-CT, F-18-FDG PET-CT, and MRI.

According to our knowledge, this is the first study comparing the MRI, F-18-FDG PET-
CT, and Tc-99m GHA SPECT-CT in this specific cohort.

In our analysis, MRI showed a sensitivity of 100%, a specificity of 66.7%, a positive
predictive value of 97.4%, and a negative predictive value of 100%; Tc-99m GHA
SPECT-CT showed a sensitivity of 97.3%, a specificity of 100%, positive predictive
value of 100%, and a negative predictive value of 33.3% & F-18-FDG PET CT showed
a sensitivity of 97.3%, a specificity of 100%, positive predictive value of 100%, and a

negative predictive value of 75% in the diagnosis of primary brain tumors.

There is no statistically significant difference in the preoperative diagnosis of imaging
modalities in MRI, F-18-FDG PET-CT, and Tc-99m GHA SPECT-CT. Thus, there was
not much difference in diagnosis of these three imaging modalities.

2. Association between histopathological grading and quantitative parameters
obtained from Tc¢-99m GHA SPECT-CT and F-18-FDG PET-CT.

a) Quantitative parameters of Tc-99m GHA SPECT-CT:

Most of the quantitative parameters including their ratios showed a negative and weak

correlation. However, few parameters like Contralateral maximum, Pons maximum,
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Pons total, Scalp maximum, Scalp total counts, and the ratio of Tumor average/scalp
average showed statistically significant negative and weak correlation for different
grades of tumors. No statistically significant correlation was found for High vs low-

grade groups and tumor types.

Alam et al. discovered that patients with high-grade primary glial tumors had
significantly greater T/N (tumor to normal) and T max/N ratios than patients with low-
grade tumors and metastases (5). In the present study, the mean values for T/N (Tumor
to normal) and T max/N ratios for high-grade tumors were 6.43 (Cl 95%: 3.55-9.30)
and 6.28 (Cl 95%: 3.29-9.26), respectively, and for low-grade tumors, they were 5.04
(Cl 95%: 3.86-6.22) and 4.3 (Cl 95%: 3.23-5.36), respectively. No statistically
significant difference between low-grade and high-grade tumors was found in our GHA
indices. This could be due to a large number of low-grade tumors (22/31) and variability
in GHA uptake in GHA-positive tumors. We did not find any correlation between the

quantitative Tc-99m GHA SPECT-CT parameters and high or low-grade gliomas.
b) Quantitative parameters of F-18-FDG PET-CT:
i) Primary brain tumors:

Correlation with the Grading of tumors (Grade I-1V): Fixed VOI parameters like
Tumor maximum, Tumor average, Tumor peak & all the ratios showed moderate
positive correlation and Whole tumor VOI parameters like SUVmean, SUVpeak, GN
SUVmean showed a weak positive correlation for WHO Grades of Brain tumors
(p<0.05). The highest correlation is seen with the ratio Tumor peak/Mesial temporal
peak (r =0.612).

Correlation with the Low vs high-grade tumors: Fixed VOI parameters like Tumor
maximum, Tumor average, Tumor peak & all the ratios, and whole VOI parameters
like SUVmean, GN SUVmean & SUVpeak showed a moderate positive correlation
with subgroups Low vs high grades (p value <0.05). The highest correlation is seen
with the ratio of Tumor peak/ Mesial temporal peak (r=0.676).

i) Glial tumors:

In the group of glial tumors, many quantitative parameters showed moderate to a strong

positive correlation. Among the various parameters, ratios like Tumor SUVmax/
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Mesial temporal SUVmax (r= 0.790, p< 0.05) and tumor SUVpeak to pons
SUVpeak (r= 0.787, p<0.05) showed a strong correlation with WHO grades (I-1V).
Ratios like Tumor SUVmax to mesial temporal SUVmax, tumor SUVmean to
mesial temporal SUVmean, and tumor SUVpeak to mesial temporal SUVpeak
showed a significant and strong positive correlation with low vs high grades, (r=0.812,
p<0.05).

Dominique et al proposed that the FDG uptake ratio cut-off level can be used to
distinguish high-grade from low-grade tumors. They found that the best cut-off level
for tumor-to-white matter (T/WM) ratios and tumor-to-cortex (T/C) ratios were 1.5 &
0.6 in gliomas. The sensitivity and specificity were 94% and 77%, respectively, when
a T/WM ratio greater than 1.5 was considered indicative of a high-grade tumor. The
T/C ratio yielded similar results. PET cut-off levels of 1.5 for the T/WM FDG uptake
ratio and 0.6 for the T/C ratio are useful for distinguishing low-grade from high-grade

gliomas (53).

In the present study, the obtained T/WM ratio with a median value of 1.64 (Interquartile
range: 1.15 to 3.31, r=0.584 for low vs high grades) and T/C ratio with a median value
of 0.79 (interquartile range: 0.55 to 1.45, r= 0.573 for low vs high grades) was in
concordance with cut off values as mentioned by Dominique et al.

Comparison between the quantitative parameters of Tc-99m GHA SPECT-CT and F-
18-FDG PET-CT for correlation with grading of brain tumors, we found that F-18-FDG
PET-CT parameters showed better correlation than Tc-99m GHA SPECT-CT
parameters. So, we propose that semi-quantitative FDG parameters would be more
appropriate for the Grading of brain tumors. FDG parameters would also help in

prognostication of patients.
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Conclusion

CONCLUSION

Tc-99m GHA SPECT-CT, F18 FDG PET-CT and MRI play a comparable role in the
diagnosis of brain tumors.

F-18-FDG PET-CT can be used as a marker of proliferation, thereby helping in the
grading of brain tumors.

This study concludes that the quantitative parameters can expand the utility of F-18-
FDG PET-CT beyond localization & metabolic assessment as well as in preoperative
grading of brain tumors.



Limitations

LIMITATIONS

Most of the patients referred for functional imaging had already MRI positive diagnosis.

Hence there is a possibility of selection bias.

Although the sample size calculated at the beginning of the study was met still the larger
patient number would have been desirable for better correlation with WHO grades.

Considering the standard of care for clinically suspected brain tumors, patients with
definite MRI findings of non-tumoral lesions were not referred for functional imaging.
This may lead to a lack of accurate demonstration of the specificity of different

modalities.



Colour Plates

COLOURPLATE 1

Figure 9: Case of oligodendroglial Hamartoma

32 years old male came with complaints of frequent seizures, and not responding to
drugs, and, for him, all three scans were done after taking informed consent. Underwent
surgical removal of the lesion, HPE diagnosis came out to be oligodendroglial CT.
hamartoma.

A- Axial, B-coronal & C — Sagittal images of Tc-99m GHA SPECT-

These images demonstrate no abnormal uptake in Brain parenchyma.

D- Axial, E - coronal & F — Sagittal images of F-18-FDG PET-CT. FDG also showed
no significant FDG avid lesion.

G- T1 Axial, H-T2 axial & C- T2- FLAIR images show a lesion in the right mesial
temporal lobe.
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Colour Plates

COLOURPLATE 2

Figure 10: Case of meningioma

38 years old female came with complaints of right-sided hearing loss with involuntary
facial movements for 2yrs and for her, all three scans were done after taking informed
consent. Underwent surgical removal of the lesion, HPE diagnosis came out to be a
meningioma.

A- Axial, B-coronal & C — Sagittal images of Tc-99m GHA SPECT- CT. These images
demonstrate abnormal uptake and lesion in the right cerebellopontine angle region.

D- Axial, E - coronal & F — Sagittal images of F-18-FDG PET-CT. FDG also showed
heterogeneously FDG avid lesion in the right cerebellopontine angle region

G- T1 Axial, H-T2 axial & C- T2- Sagittal images of MRI show lesion in the right
cerebellopontine region.
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ANNEXURE-II

CLINICAL SHEET

Name: Age/Sex:

H/o prior brain
surgery

H/o prior cranial
irradiation

H/o contrast allergy
Blood urea

Serum creatinine
Blood glucose
UHID: Ref. by:

Height/weight
LMP

Clinical Details:
Chief complaints:

Past history:

Family history:

Investigations:
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Biochemical:

Imaging

Tc99m GHA SPECT-CT F-18-FDG PET-CT

Date:

RP injected:
Injected by:
Time of
injection:
Dose Injected:

Pre syringe:

Post syringe:

Acquisition
Time:

Acquired by:

70



Annexures

ANNEXURE - 111

INFORMED CONSENT FORM

Title of Thesis/Dissertation : Comparative study of Tc-99m GHA SPECT-
CT, F-18-FDG PET-CT and MRI in imaging of primary brain tumors.

Name of PG Student : Ravichandran T Tel. No:
8825739423

Patient/VVolunteer Identification No. : l,
S/o or D/O R/o

give my full, free, voluntary consent to be a part of the study “Comparative study of
Tc-99m GHA SPECT-CT, F-18-FDG PET-CT and MRI in imaging of primary
brain tumors”, the procedure and nature of which has been explained to me in my own
language to my full satisfaction. I confirm that | have had the opportunity to ask
questions.

| understand that my participation is voluntary and am aware of my right to opt out of
the study at any time without giving any reason.

| understand that the information collected about me and any of my medical records
may be looked at by a responsible individual from (Company
Name) or from regulatory authorities. | give permission for these individuals to have
access to my records.

Date:

Place: Signature/Left thumb impression

This to certify that the above consent has been obtained in my presence.

Date:
Place: Signature of PG Student
1. Witness 1 2. Witness 2

Signature Signature
Name: Name:
Address: Address:
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ANNEXURE-IV

3RS HR ST TR SR, o=

i FgHfc uu
R / MY ot 1 M WAfiE 59 IR B AT H Te-99m GHA SPECT-CT, F-18-FDG
PET-CT 3fR MRI &1 Ja-TcH® 37ead

diofl BT &1 9H: Dr. RAVICHANDRAN T Tel. No. 8825739423
T / TGS Ug T e:

#, O 1 T

Tl

R qul, o, Tafesss Tgafd  wnufiies sH ek &1 3AfSHT | Tc-99m GHA SPECT-CT, F-18-
FDG PET-CT 3fR MRI &1 JaHIH® AL L BT U [gwl a7 & forg ST §, Foraapt
foraT 3R Uepfal ot St e B B gof g & fore ausmn g1 & gy o g o5 g9 wara g
BT IR e g1

H g g fob A wrierd Wiese § &R i forsht oror 3 fopeht oft Iy sremme @ a1eR Roper
& TR 3SR Y faTd § |

& e g for Y SR IR et oft Afewa Rl & IR B U fid STHaR &

(@I BT 1) A1 AT SHRpTRET & FRIGR safar gRT & S Habdll
21 7 1 kil @) ofua) RepTs e Uga & 3rgafa S gl

feqie:
g BXIER / §TU 3F[S BT A=y
Tg YA B & fore fop A Sufufa & SR Teafd urd 1 718 g1
fai®:
-H: ol B3 & gXer
1. greft 1 2.7d1g 2
BLIER BEIER
TH: qMH
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ANNEXURE -V

PATIENT INFORMATION SHEET

Name of the patient: Patient ID:

1.

Aim of the study: To compare Tc-99m GHA SPECT-CT, F-18-
FDG PET-CT and Magnetic Resonance Imaging in management of
primary brain tumors.

Study setting: Department of Nuclear Medicine, All India Institute
of Medical Sciences, Jodhpur, Rajasthan.

Study procedure: The participants will have to undergo Tc-99m
GHA SPECT-CT, F-18-FDG PET-CT and MRI scans pre-
operatively. These scans will be repeated if they suspected of
recurrence.

Likely benefit: The study will add more value in the diagnosis of
brain tumors. It will also help in grading of brain tumors
preoperatively. This will help in prognostication and better risk
assessment.

Confidentiality: All the data collected from each study participant
will be kept highly confidential.

Risk: Enrolment in the above study poses no substantial risk to any
of the study participant and if the participant wants to withdraw
himself/ herself, he/ she can do so voluntarily at any point of time
during the study.

For further information or questions, the following personnel can be
contacted:

Dr. Ravichandran T, Junior Resident, Department of Nuclear Medicine,
All India Institute of Medical Sciences, Jodhpur.

Mobile Number: 8825739423, Email: ravit1594@gmail.com
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ANNEXURE- VI

REIECRIRE]
AR} BT AT AR 3ms Sl

1. 3T BT I5.79: Uil TfETsh SR & Uee= T Tc-99m GHA SPECT-CT,
F-18-FDG PET-CT 3fR MRI &1 T&T &=

2. e AfeTT: TRATY fferen faum, ifae W smgfdsm =i, S,
TSR |

3. 3T ufehar: UfaHIAIEY &1 Tc-99m GHA SPECT-CT, F-18-FDG PET-CT 3R
MR ¥ Jd-aTe 3 ToRAT R | A 3% TRIGHRT &1 SHTRIHT § ot I T
GIRRIT STa |

4. FUTTAT ATY: 3T s SR & Ham H 31t g Sis <l I8 Weiimifca

0 Y 99 IR B AT H +t Age B3| g8 gaigam SR sgaR Sy Jedid-
H Hgg |

5. M-Il Td® 30 UlaHTT 9 U [T T8 g+ ST &l s Mu-g
TG ST |

6. SIRIH: IURIGT 3{eqT | ATHIH T 31er & forddt f ufaurh &1 wig Ukt
SR\ T8l 8T § SiR afe ufaunit Tad &) w9 9rug o1 TredT 8, ol 98 310 &
SR fopalt ot T =T § VT R bl g

31f¥ep SR a1 usll & fore, Rufefaa wiifal @ Yuds fovar o o g:

81| IfaeiaA, AR YoTS e, TRUTY] fifore faumT, sifad WRdTg g Tim,
YR |
Iﬁ’@ﬂ%ﬁ qaR: 8825739423, @ﬁ: ravitl594@gmail.com
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ANNEXURE VII
Subgroups
Tumor grades | low vs. high Tumor grades Subgroup_s
Low vs high
grades
grades
N Paramet N Parame
0. Correla Correla 0. Correla Correla
ers - P - p ters - p - p
tion valu tion valu tion valu tion valu
Coeffic Coeffic Coeffic Coeffic
. e . e . e . €
ient ient ient ient
Tumor Cerebel
) 0.0 01 |2 0.0 . |00
1 | maximu | 0.479 60 0.420 05 9 lum -0.444 85 -.532 34
m mean
Cerebel
Tumor 0.0 01 |3 0.0 « | 0.0
2 mean 0.444 85 0.392 33 0 lum -0.444 85 -.532 34
peak
Tumor
Tumor 0.0 0.1 |3 | maxto « | 00 « |00
3 peak 0.470 66 0.420 05 1 | cerebell 746 01 128 01
um max
Contrala ;lé?r:):o
teral 0.9 06 |3 « | 0.0 « | 0.0
4 maximu -0.022 35 -0.112 80 5 Lcjerrr]ebell .705 02 728 01
m
mean
Tumor
Contrala peak to
0.4 06 |3 « | 00 « | 00
5 | teral 0.200 58 0.112 80 3 cerebell | .762 01 .728 01
average um
peak
Contrala Mesial
0.3 06 |3 0.1 0.0
6 | teral 0.235 81 0.112 80 4 tempor | -0.368 61 -0.448 82
peak al max
Tumor Mesial
max to * 0.0 * 00 |3 i 00 | 0.0
7 contralat 590 16 .588 17 5 tempor 0.441 87 0.476 62
al avg
eral max
Tumor
mean to Mesial
0.0 00 |3 0.0 0.0
* * - - *
8 | contralat | .616 11 .616 11 6 tempor 0.451 80 .504 46
eral al peak
mean
Tumor Tumor
peak vs 01 01 |3 |max to 0.0 0.0
. : 1 * % * *%* *
9 | contralat | 0.425 01 0.420 05 - mesial .790 00 .812 00
eral tempor
peak al max
Tumor
Whitem mean to
0.5 08 |3 . « | 00 « |00
10 | atter -0.146 90 -0.056 37 3 mesial 778 00 .812 00
max tempor
al mean
Tumor
. k to
Whitem 0.1 00 |3 | P& e | 00 e |00
11 atter avg -0.369 60 -0.449 81 9 mesial 778 00 .812 00
tempor
al peak
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Whitem
0.5 05 |4 | Pons 0.1 0.0
12 ;tetaeli -0.152 73 -0.182 0 |0 |max -0.403 29 -0.476 62
Tumor
max to * 0.0 * 0.0 Pons ) 01 | i« |00
13 whitema 574 20 532 34 41 avg 0.421 05 504 46
tter max
Tumor
mean to
. « | 00 « |00 Pons i 01 | 0.0
14 )[/;/ehrltema .698 03 .700 03 42 peak 0.413 12 0.476 62
mean
Tumor Tumor
peak to * 0.0 * 0.0 max to « | 00 « | 0.0
15 whitema 581 18 532 34 43 pons 739 01 728 01
tter peak max
Tumor
Greymat 0.0 0.1 mean to ~ | 0.0 « | 00
16 fer max -0.457 75 -0.420 05 44 pons 752 01 756 01
mean
Tumor
Greymat | . |00 | ..~ |00 peak to « | 0.0 « |00
17 ter avg 581 18 .616 11 45 pons 187 00 .756 01
peak
Volume
Greymat 0.1 0.2 0.2 « | 0.0
18 ter peak -0.390 35 -0.336 03 46 | of -0.289 78 -.532 34
tumor
Tumor
max to 0.0 0.0 SUVma 0.0 0.1
19 Greyma .632** 09 .616* 11 47 x 0.447 82 0.392 33
tter max
Tumor
mean to
0.0 0.0 SUVm 0.0 0.0
** ** * *
20 t(?er:zyma .730 01 .784 00 48 ean .536 30 504 46
mean
Tumor
peak to
0.0 0.0 0.6 0.5
* * -
21 tCtaerreyma .622 10 .616 11 49 | TLG 0.108 91 0.168 34
peak
Basal
. 0.0 « |00 GN 0.0 0.1
22 g:\;)?lla -0.460 73 -.588 17 50 max 0.447 82 0.392 33
Basal
. 0.0 |- 0.0 GN 0.0 0.0
_ * ** *x
23 g\a;gglla .552 27 | 700%* | 03 51 mean .635 08 .644 07
Basal
. 0.0 |- 0.0 GN 0.6 0.6
24 gggglla -0.486 57 | eaa** | 07 52 TLG 0.114 74 -0.140 05
Tumor
max to
0.0 0.0 SUVpe 0.0 0.1
**x **x
25 ggzzllia 746 01 .7156 01 53 ak 0.470 66 0.392 33
max
2 | Tumor « | 0.0 «~ | 0.0 CT ) 07 | 0.4
6 | mean to .695 03 .700 03 54 max 0.095 26 0.224 04
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basal
ganglia
mean

Tumor
peak to

basal J11** 0.0 .700** 0.0
ganglia
peak

N

0.0 0.0
CT avg | .657** 06 .700** 03

o1 o

Cerebell

CT
um 0.1 0.0
8 | maximu -0.409 15 -0.476 62

m

N

0.3 0.0
volum | -0.238 75 -0.476 62

o O

Table 25: Correlation coefficients of quantitative parameters and various parameters
ratios on F-18-FDG PET-CT for histopathological grades in Glial tumors.
Correlation significant at level ** (p < 0.01) and Correlation significant at level * (p <
0.05).
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