Case Report

Discordant findings of different positron emission
tomography/CT tracers in a case of glioblastoma

ABSTRACT

18F-2-fluoro-2-deoxy-D-glucose (["8F]-FDG) positron emission tomography (PET) CT has proven useful in the evaluation of high-grade glioma
and is also useful as a predictor of the degree of malignancy in newly diagnosed brain tumors. It is commonly accepted that high-grade gliomas
are characterized by increased FDG uptake, whereas the low-grade glioma demonstrates reduced or absent FDG uptake. ['®F]-FDOPA is an
amino acid PET tracer which is a marker of the proliferative activity of brain tumors and demonstrates positive uptake in all grades of brain
tumors; however, the degree of tracer uptake is significantly higher in high-grade tumors as compared to low-grade tumors. Here, we discuss
a case where both FDG and DOPA PET/CT scans raised suspicion of low-grade glioma; however, the final histopathology report confirmed

WHO grade IV Glioblastoma.

Keywords: '®F-DOPA, '8F-2-fluoro-2-deoxy-D-glucose, dual tracer positron emission tomography, false-negative

positron emission tomography/CT, high-grade glioblastoma

INTRODUCTION

Glioblastoma accounts for a majority of malignant
gliomas, and it is the most common malignant brain
tumor. Magnetic resonance imaging (MRI), considered
as gold standard in neuroimaging, offers limited options
in delineation between high- and low-grade tumors.
18F-2-fluoro-2-deoxy-D-glucose (|'®F]-FDG) positron emission
tomography (PET) CT, a nonspecific radiotracer used for
noninvasively assessing the biological aggressiveness of
tumors, is limited in the detectability of tumors with only
modest increases in glucose metabolism, such as low-grade
and recurrent tumors due to the high physiologic rate of
metabolism of glucose by normal brain tissue. Due to the
relatively low tracer uptake in normal gray matter, amino acid
PET tracers such as ['®F]-FDOPA can detect gliomas with greater
sensitivity than ['8F]-FDG in primary and recurrent tumors.
The degree of ['*F]-FDOPA tracer uptake is significantly higher
in high-grade tumors as compared to low-grade tumors. Scans
with both the tracers ['®F]-FDG and ['®F]-DOPA have proven
useful in the evaluation of newly diagnosed and recurrent
brain tumors, both in characterization as well as a predictor
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of the degree of malignancy. Here, we present a rare case of
atypical imaging findings in a patient with high-grade glioma.
MRI along with ['®F]-FDG and ['®F]-DOPA PET CT scans was
suggestive of low-grade glioma; however, on histopathology
and immunohistochemistry, the lesion turned out to be WHO
grade IV glioblastoma.
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CASE REPORT

A 29-year-old right-handed female presented with new-onset
right-sided focal seizures with secondary generalization.
She had no associated comorbidities and was treated with
antiepileptic drugs. Initial plain MRI evaluation revealed a
well-defined rounded lesion in the left parietal lobe of the
brain. Her systemic survey was negative for granulomatous
disease. She was further worked up with contrast-enhanced
MRI [Figure la-c|, MR spectroscopy (MRS), and MR
venography, which revealed a peripherally enhancing cystic
lesion in the left parietal lobe with absent choline peak,
normal NAA, and dominant lactate peak. A possible diagnosis
of neurocysticercosis was considered. At this point, no active
intervention was done and she was kept on close follow-up.
Despite taking two antiepileptic drugs in adequate dosage,
she developed recurrent sensory phenomenon involving
right lower limb, lower trunk, and perineal region with
occasional involvement of the right upper limb. In view of
the aforementioned symptoms, she was advised for different
PET/CT tracers ['®F]-FDOPA PET CT and ['®F]-FDG PET CT of
the brain for further evaluation.

The axial CT and fused [**F]-FDOPA PET/CT and ['®F]-FDG PET/CT
scan findings revealed a large, non-['®F]-FDG [Figure 1d-f]
and peripherally ['®F]-DOPA avid [Figure 1g-i], peripherally
enhancing cystic lesion in the left high parietal lobe, with
irregularly thickened hyperdense margins and perilesional
edema. The lesion demonstrated washout of ["®F]-DOPA on
delayed images acquired at 45 min after the initial scan. In
view of absent ['®F]-FDG uptake and moderate ['8F]-DOPA
uptake, the possibility of low-grade glioma was considered
and histopathological correlation was advised. The patient
continued to worsen clinically, and a decision to surgically
remove the lesion was taken. Before the surgery, the ['®F]-FDG
scan [Figure 1j-1] was repeated at a separate institute after
15 days which showed a similar picture. She tolerated the
procedure fairly well and her postoperative course was
uneventful. Final histopathology and immunohistochemistry
report [Figure 2a-d| revealed a glial tumor with high cellularity
with foci of tumor necrosis and endothelial proliferation
and over expression of p53, GFAP, vimentin, and IDH-1 with
Ki67 index ~20% and negative for EMA and synaptophysin,
suggestive of IDH-1 wild-type WHO grade IV glioblastoma.

DISCUSSION

Glioma is the most common malignant brain tumor with
an average incidence rate of 6.0 per 100,000 population in
the United States.!'! Low-grade glioma generally occurs in
relatively younger age group, haing an indolent clinical course

Figure 1: (a-c) Images showing hypointense lesion (red arrow) with
peripheral enhancement on T1-weighted images, hyperintense lesion (red
arrow) on T2-weighted images, and peripheral enhancement (red arrow) on
TIRM images. (d-i) Images showing peripherally enhancing cystic lesion (red
arrow) in left high parietal lobe with absent **F-2-fluoro-2-deoxy-D-glucose
uptake and mild peripheral [**F]-DOPA uptake. (j-1) **F-2-fluoro-2-deoxy-D-
glucose positron emission tomography/CT repeated in another institute,
images show peripherally enhancing cystic lesion (red arrow) in left high
parietal lobe with absent *®F-2-fluoro-2-deoxy-D-glucose uptake

with better prognosis and long-term survival. Glioblastoma,
which accounts for nearly 60%-70% of malignant glioma,
carries a poor prognosis despite aggressive multimodality
therapeutic options; thus, early diagnosis is important for
better patient outcome.!

Multiple imaging modalities such as MRI, MRS, and positron
emission tomography are used in evaluation of glioma.
Conventional MRI gives important information about the
contrast material enhancement, perienhancement edema,
hemorrhage, necrosis, mass effect, which helps clinicians
about tumor aggressiveness and hence tumor grade.?
However, often a high-grade glioma may be mistaken for
a low-grade glioma when it demonstrates minimal edema,
no contrast material enhancement, no necrosis, and no
mass effect.”! MRI of our patient revealed mild peripheral
enhancement of a hypointense lesion on T1 sequence
and hyperintense lesion on T2 sequence, thus reducing
the probability of a high-grade glioma on MRI. High-grade
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Figure 2: (a) GFAP-positive tumor cells (IHC, x200). (b) Immunohistochemistry
for IDH-1R132 mutation is negative. (c) Immunohistochemistry for ATRX
showing retained expression. (d) Immunohistochemistry for P53 showing
over expression (positive for mutation), inset image showing high Ki67
proliferative index

gliomas typically exhibit elevated choline, elevated lactate
and decreased NAA on MRS.P! Acute demyelinating lesions
and high-grade brain tumors are difficult to distinguish
on MRS, as both usually present with elevated choline,
decreased NAA, and increased lactate peak.®! Our patient’s
MRS showed absent choline peak, normal NAA, and
dominant lactate peak, supporting low-grade pathology.
PET using radioactively labeled glucose and amino acids
has increased utility in diagnosis, therapy planning, and
therapeutic response assessment of malignant brain tumors."
Among PET radiotracers, (['®F]-FDG is the most commonly
used tracer. It is widely believed that high-grade glioma
shows increased ['®F]-FDG uptake and low-grade glioma
shows reduced or absent ['8F]-FDG uptake.” This property
has been tapped to diagnose malignant transformation
of low-grade glioma into high-grade glioma, to guide
biopsies, to assess posttreatment response, and to detect
early tumor relapse compared to radio necrosis.! However,
a high physiological ['®F]-FDG uptake in the surrounding
normal brain tissue limits its use for the diagnosis of all
grades of cerebral glioma, which may not be visualized in
a large fraction of low-grade primary and recurrent tumors:
In acknowledgement of the variability of ['®F]-FDG uptake
in brain tumors, our patient underwent ['®F]-FDG brain PET
twice, the second time at a separate institute; however, the
results were the same, thus establishing absent ['®F]-FDG
uptake in the lesion. Few case reports of high-grade
glioblastoma showing low ['®F]-FDG uptake were reported
in the literature.””! Padma et al. in their series reported
low ["®F]-FDG uptake in 15% of high-grade glioma and
attributed low uptake to intense necrosis in the high-grade
tumors as well in association with prior intervention or
chemotherapy.’! Since there was no history of any prior
intervention and also the lesion did not demonstrate any

significant degree of necrosis on the corresponding CT/MRI,
the tumor hypometabolism seen in our patient cannot be
explained on these grounds.

Due to the relatively low tracer uptake in normal gray
matter, amino acid PET tracers such as ['8F]-DOPA can detect
glioma with greater sensitivity than ['®F]-FDG in primary and
recurrent tumors and are helpful in differentiating recurrent
tumors from treatment-induced changes.® ['*F]-DOPA
uptake is usually significantly higher in high-grade tumors as
compared to low-grade newly diagnosed tumors.® Another
factor which supports high-grade glioma is persistent tracer
uptake in the delayed images. Our patient showed low to
moderate tracer uptake in the initial scan with washout in
the delayed images, prompting us to believe the lesion as
a low-grade tumor. The incorporation of molecular markers
along with histological features in latest (2016) guidelines
for WHO grading of brain tumors helped us in this case, as
the lesion was highly cellular with foci of tumor necrosis
and endothelial proliferation with over expression of p53,
GFAP, vimentin, IDH-1 on immunohistochemistry with Ki67
index ~20% and negative for EMA and synaptophysin,
suggestive of IDH-1 wild-type WHO grade IV glioblastoma.”!

CONCLUSION

We hereby conclude that high-grade glioma represents
a heterogeneous subgroup of primary malignant brain
tumors which may have atypical imaging findings. The most
important factor is the clinical course of the disease. Any
rapid worsening or new symptom, despite optimal medical
management, should be considered a red flag and further
treatment planned accordingly.
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