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Abstract

Background: The precise definition margin of high and low-grade gliomas is crucial for treatment. We aimed to
assess the feasibility of assessment of the resection legions with post-operative positron emission tomography
(PET) using [18F]O-(2-[18F]-fluoroethyl)-L-tyrosine ([18F]FET).

Methods: Four patients with the suspicion of high and low-grade were enrolled. Patients underwent post-
operative [18F] FET-PET, pre-operative magnetic resonance imaging (MRI) and CT for clinical evaluations.

Results: In our study, three patients had negative response to recurrence and progression and one patient
indicated positive response after surgery. [18F]FET-PET revealeda legion of increased radiotracer uptake in the dura
in the carniotomy site for patient 1. Corresponding to the patient history, the study was negative for recurrence of
brain tumor. For patient 2, There was a lesion in the right parieto-temporal with slightly increased uptake in its
posterior part with SUVmax=3.79, so the study was negative for recurrence evaluation. In patient 3 therewas no
abnormal uptake withnegative result for recurrence of brain tumor.Intense radiotracer uptake in the left parietal lobe
where in the MRI there was a lesion with no change in enhancement in the post-contrast image is indicated in
patient 4.

Conclusion: Assessment of the resection legions in high and low-grade gliomas with [18F] FET-PET seems to be
useful. Labelled amino acid tracers may predict the response to the chemo-radiotherapy and early detection of
residual tumor after surgery.
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Introduction
Prognosis brain tumors in high and low grades using conventional

modalities is complex and sophisticated with poor resultant of final
data. Meanwhile, MRI is the gold standard for assessment of malignant
gliomas and shows high spatial resolution for diagnosis of brain
tumors [1,2].

Conventional modalities such as CT and MRI cannot differentiate
tumoral tissue from non-neoplastic changes such as oedema,
postoperative changes and radiation necrosis. Radio-labelled amino
acid imaging is superior to FDG-PET in confirming low-grade
recurrence. These days, amino acids labeled radioactive molecules like
18F can be useful following radiation therapy and surgery. O-(2-
fluoroethyl)-L-tyrosine has most interest by scientists to measure
treatment response in gliomas [3].

Lower uptake of radioactivity in normal brain tissue is due to the
higher uptake of amino acid tracers in the tumor receptors which over
express in the tumoral cells. Using of amino acids in the grading is
controversial while FDG PET appears better differentiated of tumor
grades with lower power for differentiates the gliomas from
histologically benign brain tumors or non-neoplastic lesions.

Increased amino acid uptake in gliomas which has been observed in
non-enhancing tumor regions is difficult to delineate using MRI [4].
This issue indicates that the margins of growth tumor may be

underestimated using MRI [5,6]. Moreover, radio-necrosis due to
irradiation of tumorhas usually negativeresponse on 18F-FET PET
reports [7].

For these reasons, there are clinical evidences for processing [18F]-
FET PET data combination with MRI for better interpretation of
images [8-10]. Thus, 18F-FET PET may be a promising tool to
following the treatment response of patient.

Shortly, FET uptake in the brain tumors or recurrence lesions after
surgery can indicate amino acid rates and its accumulation in the cell
because this radiotracer is incorporated into proteins and metabolized
process after transport to the cell. Moreover, FET has lower uptake in
inflammatory cells.

This series report discussabout 18F-FET PET analysis of four
patients involved low and high grade glioma that followed in the
Nuclear Medicine Department, RAZAVI Hospital, Mashhad, Iran.

Materials and Methods
All patients had concurrence to injection of 18F-FET and

Subsequently PET/CT imaging protocols was approved by RAZAVI
Hospital, Nuclear Medicine Department in 2016.

MRI protocol
Patients underwent MRI performed on a 1.5 Tesla scanner (Sonata,

Siemens-Erlangen, Germany). Sequence protocols such as T2-weighted
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and fast-spin echo sequences (6600 ms/ 100-110 ms, 2 mm slice
thickness, 3206240 matrixes), fluid attenuated inversion recovery
(FLAIR) sequence and T1-weighted gradient-echo sequences
(TR=1860 ms, TE=4.38 ms with 1.2 mm slice thickness, 2566192
matrix) before and after administration of gadolinium was used.

18 FET-PET protocol
20 minutes after IV injection of 7.3 mCi (200-250 MBq) 18F-FET at

20 minutes image was obtained from the brain using a PET/CT
(Biograph) scanner (Siemens Medical Systems, Erlangen, Germany)
according to a standardized acquisition protocol.

Semi-quantitative PET data included the maximal standardized
uptake value (SUV) of the tumor compared to the background activity
in the contralateral hemisphere. A threshold of 1.8 was considered for
assessment of GBM.

An iterative reconstruction was obtained using the ordered subset
expectation maximization (OSEM) algorithm. Scans were reported
with Nuclear Medicine specialists for investigationthe results of 18F-
FET PET and the histo-pathological diagnosis.

Results
Four patients underwent craniotomy to remove a metastatic tumor.

These patients first presented to us for imaging to investigate
recurrence after 3-4 months of tumor surgery.

Case 1
This case was a 40-year-old Male with brain tumor, Anaplastic

Oligodendroglioma, WHO grade 3. Gross examination showed SRF
consist of multiple fragments of creamy soft tissue TM 2 × 2 × 0.5 cm3.
Moreover, Microscopic Examination dedicated that sections show
fragments of neoplastic lesion composed of polygonal or round cells
hypochromatic and pleomorphic nuclei clear cytoplasm, high mitotic
index, atypical mitotic Figures surrounded by thin wall blood vessels
with chicken wire pattern.

MRI of the brain with and without injection (First study):
According to previous craniotomy surgery, mild dilatation of the
lateral ventricles, injury in the right upper anterior region and Linear
Abnormal Signal Intensities in pre-ventrical region no symptoms of
recurrence in the right hemisphere is not visible.

MRI of the brain with and without injection (Second study):
Changes related to surgery in the right frontal bone and areas adjacent
gliosis induced signal change can be seen. High absorption cannot be
seen in this area while enhancement in two small nodules in the left
frontal lobe was seen. Hyper signal pre-ventrical in some regions in
right parietal lobe and left region of frontal corpus callosum, adjacent
the left ventricle, are visible. Finally there was no abnormality in the
Brain Stem.

FET-PET/CT findings:
 
20 minutes after IV injection of 7.3 mCi 18F-

FET a 20 minutes image was obtained from the brain. Images were
reviewed on the monitor's screen. There is a zone of increased
radiotracer uptake in the dura in the carniotomy site. There is no site of
increased uptake in the brain parenchyma. Site of previous disease is
noted in the fronto-parietal area of the right side. The study is negative
for recurrence of brain tumor (Figures 1 and 2).

Figure 1: Axial sections of CT, MRI and Fused FET/MRI. A: Shows
CT scan after surgery, B: T2-Weithed MRI, C: Fused FET-PET with
MRI.

Figure 2: PET and Fused PET/CT. A,C: shows the coronal section of
fused PET/CT and FET-PET alone respectively. B,D: indicates the
sagittal section of fused PET/CT and FET-PET alone respectively.

Case 2
This case was 51-year-old Female with brain tumor, Glioblastoma

Multiforme. Gross examination showed SRF consist of multiple small
fragments of creamy soft tissue and blood clots TM 3 × 2 × 1 cm3.
Microscopic Examination demonstrated that sections show fragments
of brain tissue with astrocytic neoplastic lesion composed of
proliferation of atypical glial cells with nuclear atypia and mitotic
Figures beside vascular proliferation, endothelial hyperplasia and foci
of necrosis.

First MRI study-2014: MRI of the brain in sagittal, coronal and axial
sections using T1W, T2W and FLAIR sequences was done and
previous craniotom defect in the right parietal bone was seen. In right
parietal lobe a mass with approximately dimension of 40 × 45 × 48
mm3 was seen. There was no evidence of defect in cerebellum and
medulla oblongata as well and parenchyma of the brain had normal
signal intensity.

Second MRI study-2014: MRI of the brain in sagittal, coronal and
axial sections using T1W, T2W and FLAIR sequences was done and
there was a ensphalomallasi mass in the right temporal with gliosis
around it. After the intravenous injection of contrast agent, peripheral
enhancement was seen in the lesion but was not in benefit of tumor
tissue.
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Third MRI study-2015: MRI of the brain in sagittal, coronal and
axial sections using T1W, T2W and FLAIR sequences was done and
craniotom defect in the right parietal bone was seen. In right parietal
lobe a mass with approximately dimension of 30 × 52 mm2 was seen.
In T1W without contrast agents signal intensity in the peripheral of the
lesion was seen that can be due to the existence of calcification.
Moreover, after injection contrast agent, there was no enhancement in
the mentioned area.

Forth MRI study-2016: MRI of the brain in sagittal, coronal and
axial sections using T1W, T2W and FLAIR sequences were done and
defects in right parietal bone were shown. In the right parietal lobe, a
mass with heterogeneous signal containing solid and cystic areas and
approximately dimensions 35 × 40 × 45 mm3 was seen that spread
from the cortex to lateral wall of the right ventricle. Signal intensity in
T1W without contrast agents around the mass can be due to the
existence of calcification.

After injection the contrast agent there was no significant
enhancement in the mentioned mass. Areas of increased signal
intensity in the white matter around the ventricles and also around
right parietal lobe respect to radiotherapy can be ensphalopaty due to
post-irradiation. On the other hand, there is evidence that indicated
mild Ventricolomegally in the ventricles.

FET-PET/CT findings: 20 minutes after IV injection of 7.3 mCi 18F-
FET a 20 minutes image was obtained from the brain. Images were
reviewed on the monitor's screen. There is a zone of calcified lesion in
the right parieto-temporal lesion in the CT part which shows slightly
increased uptake in its posterior part with SUVmax=3.79 with 2.68 in
the contralateral part (1.4 times more uptake).The study is negative for
recurrence or residual disease in the right parieto-temporal lobe
(Figure 3).

Figure 3: Axial, Sagittal and Coronal sections of negative recurrence
response to FET-PET after surgery.

Case 3
This case was 73-year-old Male with volume loss in left frontal lobe.

MRI; 2016. There is an evidence of malacic changes and volume loss in
left frontal lobe. After GAD injection, pachymeningeal enhancement is
visualized over left cerebral convexity and left para-midline falx. No
nodular enhancement is seen. Bilateral symmetric
superatentorialvasogenic edema is visualized which might be due to
treatment effect.

Moderate volume loss of cerebral white matter is compatible with
senile ischemic changes. Complete opacification and mucosal
thickening of left maxillary sinus is seen. Control PNS CT is
recommended. Otherwise study seems unremarkable. Clinical
correlation and comparison with previous studies are helpful.

FET-PET/CT findings:
 

20 minutes after IV injection of 7.3 mCi 18F-
FET at 20 minutes image was obtained from the brain. Images were
reviewed on the monitor's screen. There is No zone of abnormal
increased radiotracer uptake in the brain tissue. There is a calcification
in the left frontal area in the CT part which shows no abnormal uptake.
The study is negative for recurrence of brain tumor (Figure 4).

Figure 4: Axial and Coronal sections of negative recurrence

response to FET-PET after surgery.

Case 4

This case was 38-year-old Male with brain tumor, low grade glioma
consistent with oligodendroglioma, WHO grade 2. Clinical data
showed generalized seizure resistant to medical treatment and a left
parietal lobe mass without enhancement. Macroscopic Examination
showed Specimen consists of multiple tiny pieces of creamy brown soft
tissue embedded in blood clot TM 5 × 10 × 20 mm. In Microscopic
Examination sections showed white and gray matter brain tissue
involved by neoplasm with moderate cellularity composed of cells with
round nuclie and clear perinuclear clear halos admixed with some
minigemistocyts. Preneuronalsatellitosis and mild nuclear
pleomorphism are also seen. No evidence of mitotic activity, vascular
endotelial proliferation or necrosis is identified.

FET-PET/CT findings:
 
20 minutes after IV injection of 7.3 mCi 18F-

FET a 20 minutes image was obtained from the brain. Images were
reviewed on the monitor's screen. There is intense radiotracer uptake
in the left parietal lobe where in the MRI there is a lesion with no
change in enhancement in the post-contrast image. SUVmax of the
lesion is 7.68 and corresponding contra lateral region shows SUVmax =

1.8 which makes its uptake around 4.3 times more. Recurrence or
residual disease is noted in the left parietal lobe (Figure 5).
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Figure 5: A,B,C: Axial, Coronal and Sagittal section of CT, FET-PET
only and Fused FET-PET/CT for positive tumor recurrence
monitoring.

Discussion
Since conventional imaging, MRI and CT, are unable to distinguish

between necrosis of radiation therapy and tumor recurrence, it is very
important to overcome to this problem. Meanwhile, FET–PET is a
powerful tool to differentiate between post-operative lesions and
tumor recurrence and also grading of the brain tumors [11-13]. The
results of our study were in agreement with several 18F-FETstudies for
tumor recurrence evaluation [14,15]. CT and MRI could not show
functional response for delineation of recurrence tumor after
craniotomy to remove a metastatic tumor (Anaplastic
Oligodendroglioma, WHO grade 3) in frontal lobe in patient 1,
furthermore functional imaging like amino acidligand conjugated 18F
may be useful for assessment of the tumor margins for following the
surgery (Figure 1). As it is shown in Figure 2 there was no site of
increased uptake in the brain parenchyma. So according to the MRI
and also FET-PET results, the study was negative for recurrence of
brain tumor. Moreover, because CT and MRI are not gold standards
for evaluation of recurrence and grading tumor after surgery,
physicians would like to have more information about tumor response
to the local craniotomy and therapy. In Figure 3 tumor bed is clearly
revealed in CT and accordingly functional FET-PET illustrated that the
study was negative for recurrence or residual disease in the right
parieto-temporal lobe. In Figure 4 there was intense radiotracer uptake
in the left parietal lobe where in the MRI there is a lesion with no
change in enhancement in the post-contrast image. Recurrence or
residual disease was noted in the left parietal lobe. In short,
combinations of FET-PET and MRI havehigh sensitivity for evaluation
of recurrence and grading of the brain tumors. These results have a
good agreement with study of Dunet et al. [16] They used dynamic
FET PET for initial glioma grading for 38 patients and then compared
it to MRI findings. Therefore, the use of FET-PET/MR may be helpful
for assessment of brain tumors.

Following
After following patients who enrolled in current study, one of them

who had positive response to FET scan obtained 60 days
chemotherapy using temozolomide. Others did not need any
therapeutic for their disease due to the negative response FET.

Conclusion
The current study indicates that FET PET has significantly high

diagnostic performance for diagnosis of brain tumor and grading of

gliomas. FET-PET can distinguish between tumoral and non-tumoral
lesions and is superior for brain lesion characterization. Overall
sensitivity of 18F-FET for glioma monitoring was higher than MRI and
CT. In short, labeled amino acid may predict the response to the
chemo-radiotherapy and early detection of residual tumor after
surgery.
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