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ultrasound have been found to be very useful in early detection 
of  malignant tumors as they give very precise information 
regarding the morphology of  the lesion. In general, contrast 
enhanced magnetic and CT serves to define the tumor margins. 
Contrast enhancement is not a very reliable modality for detection 
of  a viable brain tumor. It is falsely negative in viable tumor 
and is falsely positive in necrotic and inflamed areas.[1,2] MRI 
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spectrometry data also suggests that standard T2-weighted 
contrast enhanced MRI may underestimate the volume of  
metabolically active tumors.[3] Advanced treatment techniques 
like neuronavigation in surgery, brachytherapy with radioisotopes, 
or radiotherapy needs an accurate definition of  tumor extent 
for target volume planning than provided by standard MRI or 
CT techniques.[3]

Imbalance in DNA transmethylation is one of  the earliest events 
associated with in vitro transformation thus inducing upregulation 
of  the amino acid transporters expression, especially large amino 
acid transporter 1 (LAT1) to enhance the facilitated transport. 
The LAT1 is densely expressed in malignant tumors to support 
the proliferation of  the tumors. The LAT1 and solute carrier 
family 1 (neutral amino acid transporter), member 5 (SLC7A5) are 
upregulated in a wide range of  human cancers; this is positively 
correlated with the biological aggressiveness of  tumors and are 
promising markers for prognostication.

L-[methyl-11C]-methionine ([11C]-MET) is the most popular amino 
acid imaging modality in positron emission tomography (PET) 
to image the size and spread of  gliomas and have the advantage 
of  showing selective uptake in the human brain tumor.[4-6] Low 
uptake of  this tracer in normal brain and increased uptake in 
primary brain tumors makes this tracer highly useful in the field of  
neurooncology.[7-10] Increased uptake of  methionine has shown to 
indicate increased cellular proliferation and microvessel density and 
proliferative cell nuclear antigen index in tumors.[11-15] Several studies 
have evaluated [11C]‑MET for monitoring the efficacy of  treatment 
and for differentiating recurrent tumors from radiation necrosis.[16-20] 
Uptake of  [11C]-MET is facilitated by a small amino acid transporter 
which is upregulated in tumors.[21] Increased amino acid uptake 
in tumors appears to be due to increased transport mediated by 
type L-amino acid carriers.[18] The LAT1 expression in cancer relates 
to its malignant potential and prognostication which tend to increase 
from low-grade to high-grade neuroendocrine (NE) tumors. 
The previous study reported elsewhere suggests that LAT1 is 
involved in cellular proliferation, lymph node metastasis, and worse 
prognosis in patients with NE tumors of  the lung.[22] [11C]-MET 
has the ability to detect most malignant regions and infiltrating 
areas in the tumors with high sensitivity and specificity.[13,14] Various 
studies have shown that the margins of  tumors as assessed by PET 
using [11C]-MET are much wider than that found on MRI or CT.[23] 
Evidence in the literature suggests that amino acid-based tracers 
have better ability to delineate the margins of  tumors as compared 
to [18F]‑2‑fluoro‑2‑deoxy‑D‑glucose ([18F]-FDG) in low-grade 
brain tumors. [11C]-MET is a sensitive tracer in tumor detection 
and it differentiates benign from malignant lesions with high 
sensitivity and specificity with low background activity in normal 
brain.[23,24] This study was undertaken with the aim of  improving 
the prognostication in gliomas.

MATERIALS AND METHODS

In this retrospective study, 64 patients with age ranging from 5 to 
56 years were investigated with [18F]-FDG and [11C]-MET-PET 

within last 4 years. There were 41 males and 23 females in the 
study group. Approval by Local Institutional Scientific Committee 
was taken for undertaking the study. Written informed consent 
was obtained from all the subjects.

Patients had been operated earlier for a brain tumor or undergone 
stereotactic biopsy and received a final histological diagnosis 
according to WHO grading system.[25] Individual patient data are 
given in Tables 1-5. They had undergone surgery, chemotherapy, 
and/or radiotherapy. They all underwent a follow-up PET-CT 
scan for detection of  recurrent disease.

[18F]-FDG was prepared using automated module MX 
tracerlab (General Electric Medical System). [11CO2] was 
produced directly in the target chamber via the 14N (p, α) 11C 
nuclear reaction using a 0.5% oxygen balanced with nitrogen 
target. [11C]-methane was produced via [11C] carbon dioxide 
on a Nickel–Shimalite at high temperature (350°C. In order to 
enable sufficient conversion of  [11C]-methane into [11C]-methyl 
iodide the gas phase iodination is performed as a circulation 
process. Thus, [11C]-MET was prepared by alkylation of  
2-homocystiene hydrogen chloride with [11C]-CH3I. This was 
purified by high‑performance liquid chromatography and solid 
phase extraction on tC-18 cartridge to give 99% radiochemically 
pure [11C]-MET.

Patients fasted for 6 h before PET scan; however, liberal 
intake of  water was encouraged. The patients were injected 
with 370 MBq (10 mCi) of  [11C]-MET. A transmission scan 
was obtained from the level of  the upper neck to the pelvis 
at 4 min/bed position. The [F-18] FDG scan was obtained a 
minimum of  2 h after completing the [11C]-MET scan. 60 min 
after injection of  370 MBq (10 mCi) [18F]-FDG, an emission 
scan was acquired from neck to the pelvis for 15–20 min/bed 
position Discovery STE 16 (GE) PET-CT Camera. All scans 
were reconstructed using vendor provided ordered-subsets 
expectation maximization.

Transverse, coronal, and sagittal images were evaluated visually 
by the three independent physicians. The [11C]-MET PET 
and [18F] FDG-PET scans were read independently. A PET 
scan was considered abnormal when ratio tracer uptake 
on [18F]-FDG or [11C]-MET uptake was more than that of  
normal background.

Regional [18F]-FDG and [11C]-MET uptake in tumor was 
quantified using a target [T] to nontarget [NT] ratio. Each 
lesion was identified on transaxial image and T/NT ratio was 
generated. A 96 mm2 region of  interest was used to determine 
the maximum standardized uptake value (SUVmax) of  the lesion, 
this region of  interest was mirrored on the contralateral cortex 
to get the SUVmax of  the normal area. The lesion was analyzed 
semiquantitatively using tumor to normal contralateral cortex 
ratio (T/N). The diagnosis was confirmed by histopathology 
after surgery, stereotactic biopsy, clinical follow-up, or follow-up 
MRI or CT scans.
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RESULTS

A total of  64 cases were included in the study. Of  these, 
22 were low-grade astrocytoma [Table 1], 16 had high-grade 
astrocytoma [Table 2], ten oligodendrogliomas [Table 3], ten 
had medulloblastoma [Table 4], and 6 had other miscellaneous 
brain tumors [Table 5]. Tumor recurrence was noted in 5 out of  
22 patients of  low-grade astrocytoma, 11 out of  16 patients of  
high-grade astrocytoma, 4 out of  10 oligodendrogliomas, 6 out 
of  10 patients in medulloblastoma, and 3 out of  6 miscellaneous 
brain tumor scans. On [18F]-FDG brain scans, it was found to be 
difficult to detect recurrence more so in patients of  low‑grade 
astrocytomas and oligodendrogliomas. High-grade astrocytomas 
and medulloblastomas were better visualized on FDG scan. 
In general, most of  the low-grade gliomas did not show FDG 
tracer uptake in the recurrent glial tissue. In contrast, [11C]-MET 
PET-CT had the capacity to detect recurrent tumor tissue in 
low-grade glioma very well. Tumor recurrence was noted in 18 
out of  22 patients of  low-grade astrocytoma [Figures 1-4], 11 
out of  16 patients of  high-grade astrocytoma [Figure 5], 6 out 
of  10 oligodendroglioma [Figure 6], 6 out of  10 patients of  
medulloblastoma [Figure 7], and 3 out of  6 miscellaneous brain 
tumors in [11C]-MET PET-CT scan. The recurrent lesions were 

better appreciated with a good lesion to surrounding contrast 
on MET PET study compared to FDG-PET study especially 
in low-grade astrocytoma and oligodendrogliomas. However, in 
patients harboring high-grade astrocytoma and medulloblastomas 
both MET and FDG were able to detect the recurrence. Only 
one patient with anaplastic Grade III astrocytoma could not be 
diagnosed for recurrence on FDG scan while the MET scan and 
final diagnosis were positive for recurrence of  a brain tumor. Two 
patients with low-grade astrocytoma showing MET uptake later 
turned out to be false positive on the final diagnosis. They were 
later found to have necrotic tissue in stereotactic brain biopsy. 
The sensitivity, specificity, positive predictive value (PPV), and 
negative predictive value (NPV) of  these two modalities were 
found to be 50%, 85.7%, 81.8%, and 60% for the FDG scans 
and 93.3%, 90%, 93.3%, and 90% for [11C]-MET scans for 
detection of  low‑grade gliomas. On semi‑quantitative analysis, 
mean T/NT ratio was found to be 2.96 ± 0.94 for lesions positive 
for recurrence of  tumors and 1.18 ± 0.74 for lesions negative 
for recurrence of  tumor on [11C]-MET scan. In our study, 45 out 
of  47 (95.7%) patients who had a target to NT ratio of  more 
than 1.47 were found to be positive for recurrence of  the tumor. 

Figure 4: Grade I pilocytic glioma in left temporal lobe after surgery, radiotherapy, 
and chemotherapy. (a) Fluorodeoxyglucose scan was negative. (b) C‑11 
methionine scan shows residual/recurrent lesion in left temporal region

ba
Figure 3: Postoperative case of fibrillary astrocytoma. (a) Fluorodeoxyglucose 
scan is negative for recurrence of tumor while (b) C‑11 methionine scan shows 
definitive evidence of residual/recurrent tumor in left frontal lobe

ba

Figure 2: Postradiotherapy case of protoplasmic astrocytoma Grade I. 
(a) Fluorodeoxyglucose shows hypometabolism in the region of right thalamus. 
(b) C‑11 methionine scan shows viable tumor in right thalamus region

ba

Figure 1: Postoperative case of posterior fossa Grade I pilocytic astrocytoma. 
(a) Fluorodeoxyglucose scan negative for recurrence. (b) C‑11 methionine scan 
showing residual tumor in the region of midbrain

ba
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Two patients who had a ratio more than 1.47, however, were 
found to false positive for recurrent malignant disease. However, 
no cases were found to be false negative. Fifteen patients with 
low-grade glioma who had a positive MET scan did not show 
abnormal uptake on FDG scan. Of  these 15 patients, 13 were 
later confirmed to have a recurrent tumor.

Among high-grade astrocytoma, oligodendroglioma, 
medulloblastoma, and miscellaneous tumor out of  42 patients, 
39 had concordant MET and FDG scans. Two patients with 
oligodendroglioma and 1 with high-grade astrocytoma did not 
show tracer uptake on FDG scan while MET scan was positive. 
All the three were later confirmed to harbor malignancy. On 
semi‑quantitative analysis, the mean T/NT ratio was found to be 
2.85 ± 0.98 for low-grade glioma and 2.9 ± 0.62 for high-grade 
gliomas.

DISCUSSION

In spite of  great promise shown by [18F]-FDG as an oncology 
imaging agent, it is well-known now that [18F]-FDG-PET-CT scan 
has certain limitations when used for tumor detection especially 
in the brain.[24-31] A comparative study of  19 subjects showed the 
role of  both [F-18] FDG-PET and 201Tl-single photon emission 
computed tomography (SPECT) in the detection of  malignant 
disease. The sensitivity and specificity of  these two modalities 
were found to be 69% and 40% and 81% and 40% for these 
two modalities, respectively. Though [F-18] FDG-PET had high 
sensitivity but specificity of  this agent was found to be quite low 
when compared to the SPECT 201Tl examination.[28] Earlier Wong 
et al. have also reported the limitation of  [F-18] FDG-PET in 
differentiating current high-grade tumors and radiation necrosis 
with high accuracy.[32]

Thus, [18F]-FDG-PET is not an ideal modality for imaging of  
cerebral gliomas. There are several limitation of  [18F]-FDG. 
The sensitivity of  detection by [18F]-FDG-PET especially for 
low-grade glioma is low as tumor to normal brain ratio is 
low.[33] Moreover, increase in tracer uptake is nonspecific as it 
is known to concentrate in inflammatory lesions also.[34] Even 
in tumor cells, 25% of  [18F]-FDG concentrations is actually in 
macrophages.[35] The boundaries of  the tumor cannot be easily 
localized due to high uptake of  FDG in the normal brain tissue. 
The combination of  MRI and MR spectroscopy techniques also 
have these limitations. Therefore, scientists have been working 
on non-FDG based agents to overcome the above-mentioned 
difficulties in case of  FDG.

Interestingly, increased glucose uptake is associated with increased 
amino acid transport in cancer cells.[36] PET-CT using [11C]-MET 
is the most commonly used amino acid used for imaging brain 
tumors. Earlier clinical trials have suggested that MET-PET is 
more effective as compared to FDG-PET in delineating the 
tumor extent especially in the low-grade gliomas, and sensitivity 
has been reported the sensitivity to vary in the range of  75–95% 
in various studies.[14,37-39]

In a study by Chung et al. showed that 89% of  35 brain tumor 
patients with hypo- or isometabolic lesions on FDG-PET scan 
showed a high uptake on MET-PET scan.[39] In our study, 72% 
of  18 brain tumors with hypometabolic lesions on FDG-PET 
depicted high uptake on MET-PET scan. Detection rate is better 

Figure 5: Postoperative case of glioblastoma mutiformae undergone radio and 
chemotherapy. Both fluorodeoxyglucose (a) and methionine (b) scans show 
recurrent tumor mass in right temporal lobe. Note the extent of tumor noted is 
more on methionine scan as compared to fluorodeoxyglucose scan

ba

Figure 6: Anaplastic oligodendroglioma undergone surgery, runtime and 
computed tomography. Both fluorodeoxyglucose (a) and methionine (b) scans 
show recurrence of tumor in left frontal lobe

ba

Figure 7: Midline cerebellar medulloblastoma on follow‑up positron emission 
tomography scan after surgery. The recurrent/residual tumor is well‑visualized 
in both fluorodeoxyglucose (a) and C‑11 methionine (b) scan in the same region

ba
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with MET PET-CT in case of  low-grade gliomas as compared 
to CECT and MRI. The study by Ribom et al. showed 30 out of  
32 (94%) with low-grade glioma had an increased MET uptake, 
while only 12 out of  32 (38%) showed contrast enhancement.[40,41] 
In our study, 18 out of  22 (81.8%) with low-grade glioma had 
an increased MET uptake. While on FDG scan only 5 out of  
22 (22.7%) low-grade gliomas showed recurrence. Hence, the 
study clearly highlights that MET-PET is better than FDG-PET 
scans to detect recurrence in low-grade gliomas. Of  18, only 
2 cases of  tumor came out to be false positive for a tumor on 
the final diagnosis.

Herholz et al. determined a specificity of  87% using tumor/
normal tissue ratio of  1.47 as the cut-off  value in a sample of  
28 nontumoral cases.[37] None of  the ten nontumorous lesions 
hypometabolic on FDG shared high uptake on MET-PET.[37] In 
our study, 45 out of  47 (95.7%) patients who had a target to NT 
ratio of  more than 1.47 were found to be positive for recurrence 
of  tumor. Two patients who had a ratio more than 1.47, however, 
were found to false positive for recurrent malignant disease. 
On semi‑quantitative analysis, mean T/NT ratio was found 
to be 2.96 ± 0.94 for lesions positive for recurrence of  tumor 
and 1.18 ± 0.74 for lesions negative for recurrence of  tumor 
with [C-11] MET scan. Thus, we suggested that a cut-off  value 
of  1.47 could be quite a useful parameter to distinguish malignant 
and benign lesion on an MET-PET scan. The reported cases of  
false positive on MET-PET brain scan include demyelination, 
necrosis, ischemia, leukoencephalitis, brain abscess, and 
hematoma.[14,37-39,42-45] In our study, two cases that were found to 
have a false positive accumulation of  methionine were found to 
have necrotic tissue on the final diagnosis.

Ishii et al. have reported that the positive predictive value of  
MET-PET is high, but the NPV is expected to be low.[45] Padma 
et al. demonstrated that 86% (143/166) of  patients with low 
FDG uptake had low-grade, whereas 94% (154/165) with 
high FDG uptake had high-grade glioma.[46] MET-PET, on 
the other hand, has not revealed such clear predictive values.[47] 
On semiquantitative analysis, although a significant difference 
in the MET uptake of  low- and high-grade tumors has been 
demonstrated.[48] Sasaki et al. have reported a significant difference 
in the mean SUV of  1.94 ± 0.44 (mean ± standard deviation) for 
Garde II glioma and 3.20 ± 0.92 for Grade IV glioma.[49] In our 
study, the recurrent low- and high-grade astrocytoma, however, 
did not show a significant difference on MET study mean MET 
for recurrent low-grade astrocytoma being and that for recurrent 
high-grade astrocytoma being 2.85 ± 0.98 and 2.9 ± 0.62. 
However, FDG accumulated more avidly in high-grade glioma 
compared to low-grade glioma.

Several studies have demonstrated that conventional MRI 
underestimates the tumor extent in glioma.[50-52] Improved resolution 
and slice thickness of  up to 3.6 and 3.125 mm, respectively, with 
the modern PET scanners, have resulted in a better delineation of  
tumor margins using MET-PET.[14] The extent of  tumor delineated 
by MET-PET was found to be larger than contrast enhanced 

MRI or CT scan in 67% of  brain tumor patients.[53] MET-PET 
has been found to delineate a larger area of  increased uptake than 
FDG-PET.[54,55] MET-PET and CT-MR have been found to better 
delineate the residual glioma than CT-MRI alone.[56]

Noninvasive differentiation of  recurrent tumor from radiation 
injury in a symptomatic patient on posttherapy follow-up can be 
difficult. Contrast enhancement patterns on both CT and MRI 
can occur in both the conditions caused by breakdown in Blood 
Brain Barrier (BBB). MET-PET has been reported to be useful 
by earlier workers in identifying recurrent tumor after surgery 
or radiotherapy.[57]

In our study, 18 patients out of  22 were found to show recurrence 
on an MET scan. However, two patients who had radiation 
necrosis were found to be positive on MET study.

CONCLUSION

The study clearly highlights that [11C]-MET is superior 
to [18F]-FDG PET scans to detect recurrence in low-grade 
glioma. The sensitivity, specificity, PPV, and NPV of  these 
two modalities were found to be 50%, 85.7%, 81.8%, and 
60% for the FDG scans and 93.3%, 90%, 93.3%, and 90% 
for [11C]-MET scans for detection of  low-grade gliomas. A cut-off  
value of  target to NT value of  1.47 is a useful parameter to 
distinguish benign from a malignant lesion on an [11C]-MET 
scan. While [11C]-MET scan was superior to [F-18] FDG scan 
in low-grade glioma, both [18F]-FDG and [11C]-MET scans were 
found to be useful in high-grade astrocytoma, oligodendroglioma, 
and medulloblastoma. [11C]-MET study was not able to distinguish 
recurrent low- and high-grade glioma as a target to nontarget ratio 
in both the tumor was not significantly different.
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