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Abstract 
Background.  [11C]-Methionine positron emission tomography (PET; [11C]-MET-PET) is principally used for the eval-
uation of brain tumors in adults. Although amino acid PET tracers are more commonly used in the evaluation of 
pediatric brain tumors, data on [11C]-MET-PET imaging of pediatric low-grade gliomas (pLGG) is scarce. This study 
aimed to investigate the roles of [11C]-MET-PET in the evaluation of pLGGs.
Methods.  Eighteen patients with newly diagnosed pLGG and 26 previously treated pLGG patients underwent  
[11C]-MET-PET met the inclusion and exclusion criteria. Tumor-to-brain uptake ratio (TBR) and metabolic tumor volumes 
were assessed for diagnostic performances (newly diagnosed, 15; previously treated 26), change with therapy (newly diag-
nosed, 9; previously treated 7), and variability among different histology (n = 12) and molecular markers (n = 7) of pLGGs.
Results.  The sensitivity of [11C]-MET-PET for diagnosing pLGG, newly diagnosed, and previously treated com-
bined was 93% for both TBRmax and TBRpeak, 76% for TBRmean, and 95% for qualitative evaluation. TBRmax showed 
a statistically significant reduction after treatment, while other PET parameters showed a tendency to decrease. 
Median TBRmax, TBRpeak, and TBRmean values were slightly higher in the BRAFV600E mutated tumors compared to 
the BRAF fused tumors. Median TBRmax, and TBRpeak in diffuse astrocytomas were higher compared to pilocytic 
astrocytomas, but median TBRmean, was slightly higher in pilocytic astrocytomas. However, formal statistical anal-
ysis was not done due to the small sample size.
Conclusions.  Our study shows that [11C]-MET-PET reliably characterizes new and previously treated pLGGs. Our 
study also shows that quantitative parameters tend to decrease with treatment, and differences may exist between 
various pLGG types.

Key Points

•  MET-PET can be considered as a supporting imaging modality when magnetic resonance 
imaging is inconclusive.

•  MET-PET has very high sensitivity for diagnosis of new and recurrent pLGG.

Tumors of the central nervous system (CNS) are the most 
common solid tumors in children.1 Among these tumors, pe-
diatric low-grade gliomas (pLGGs) represent approximately 
one-third of all pediatric CNS tumors.2 These gliomas are a 

heterogeneous group. The current World Health Organization 
CNS tumor classification scheme classifies pLGGs based on 
tumor molecular alterations and histopathology.1,3–5 Treatment 
decisions now incorporate molecular markers as they better 
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correlate with the overall prognosis. We now know that 
pLGGs are commonly derived either from genetic rear-
rangement (duplication or fusion) of BRAF gene or single-
nucleotide variant (SNV) of BRAF gene (BRAF pV600E), 
and tumors driven by BRAF fusion differ epidemiologically 
and prognostically from tumors driven by BRAF SNV.6,7

Gross total resection offers the best survival potential for 
those with pLGGs, with an 8-year overall survival (OS) rate 
of 96%,8 often without any adjuvant therapy.5 If gross total 
resection is not feasible, residual tumors can progress, more 
commonly in SNV-related tumors, and may require additional 
chemotherapy, radiation therapy, or both.9 The progression-
free survival (PFS) rate is dramatically lower in SNV-related 
with a 5-year PFS rate of 30% to 40%, compared to pLGGs 
with genetic rearrangement, which have a 5-year PFS rate 
of nearly 100%.6 Children with a less-favorable outcome re-
quire multiple therapies over time for tumor control.10 Vigilant 
monitoring of response and early detection of tumor progres-
sion and recurrence are essential in these children.

Although magnetic resonance imaging (MRI) is the prin-
cipal imaging modality for management of pLGGs, accurate 
characterization of pLGG can be challenging with MRI due 
to slow growth and lack of any specific imaging biomarker 
on the advanced MRI techniques. Pseudoprogression can 
also complicate MRI evaluation, although has a much 
lower incidence in pLGGs as compared to high-grade 
gliomas.11 Clinicians often feel the need for better tumor 
characterization.12–14 Positron emission tomography (PET) 
with radio-labeled amino acids is an excellent imaging 
technique for evaluating low-grade gliomas and has been 
used primarily in adults.13,15 [18F]-Fluorodeoxyglucose 
(FDG) was among the initial radiotracers employed for 
brain tumor imaging, aiming to detect heightened glucose 
metabolic activity in gliomas. However, its effectiveness 
was limited by the naturally high physiological glucose 
metabolism in the brain. Consequently, other radiotracers 
[[11C]-methionine ([11C]-MET), [18F]-fluoroethyl-l-tyrosine 
(FET), [18F]-fluorodopa (FDOPA)] were found to be advan-
tageous over [18F]-FDG with higher sensitivity and speci-
ficity due to higher tumor-to-normal brain (NB) contrast 
than FDG.16,17 Amino acid PET imaging with [11C]-MET, 
[18F]-FET, and [18F]-FDOPA has been used in adults to de-
lineate glioma extent,18 direct biopsy,19 grade glioma,18 
differentiate glioma recurrence from treatment-induced 
changes,18,20 assess treatment response,18,21 and assess 
prognosis.18,22 PET with [18F]-DOPA can also better discrim-
inate low-grade from high-grade pediatric gliomas and is 

an independent predictor of outcome.23 Similarly, PET with 
[18F]-FET can also discriminate tumors from nontumorous 
lesions in pediatric brain tumors24 and guide surgery25 and 
clinical management.26,27 Due to added value, a new prac-
tice guideline has been developed and endorsed European 
Association of Nuclear Medicine (EANM), Society of 
Nuclear Medicine and Molecular Imaging, European 
Society for Pediatric Oncology (SIOPE) Brain Tumor 
Group and the Response Assessment in Pediatric Neuro-
Oncology (RAPNO) working group for amino acid PET im-
aging in evaluation of pediatric brain tumors.28 Of these 
3 amino acid and amino acid-like PET tracers, [11C]-MET 
has been the most extensively investigated. The uptake 
of [11C]-MET provides a clearer delineation of the gross 
tumor volume (TV) for low-grade tumors compared to MRI 
or [18F]-FDG PET.29,30 and better correlates with histopa-
thology of LGG,31 tumor cell proliferation (Ki-67 expression 
and number of viable tumor cells), micro-vessel density,32 
and outcome predictions.33 [11C]-MET-PET can also differ-
entiate gliomas from non-tumor brain lesions with a high 
positive predictive value of 96%34,35 and is considered a re-
liable biomarker of active brain tumors.32

Amino acid PET imaging data in pLGG is scarce compared 
to adult gliomas. Bag et al.13 have evaluated the effectiveness 
of [11C]-MET-PET in pediatric high-grade glioma recurrences 
and have shown its sensitivity and accuracy to exceed those 
of MRI. Tinkle et al.36 demonstrated efficacy of [11C]-MET-PET 
in diffuse intrinsic pontine glioma. Detecting aggressiveness 
of pediatric high-grade gliomas has also been evaluated with 
[11C]-MET-PET.37 However, no studies have specifically inves-
tigated role of [11C]-MET-PET imaging in pLGG.

This report delves into the examination of [11C]-MET-
PET’s capabilities in diagnosing and characterizing new 
and recurrent pLGGs. We hypothesize that [11C]-MET-PET 
will add value to MRI findings in evaluating lesions suspi-
cious for pLGG. Additionally, we investigate the potential 
changes in [11C]-MET uptake during therapy and whether 
variations in [11C]-MET uptake exist among different pLGG 
histologic phenotypes and genotypes.

Materials and Methods

Study Subjects

The study population was identified from all the pa-
tients with pLGGs who were enrolled in the “Methionine 

Importance of the Study

This study is significant because it demonstrates that 
[11C]-MET-positron emission tomography (PET) is 
a reliable imaging modality for evaluating pediatric 
low-grade gliomas (pLGGs), a field that has very lim-
ited amino acid PET imaging data. With a high sensi-
tivity demonstrated in both new and previously treated 
pLGG cases, [11C]-MET-PET emerges as a reliable tool 
for evaluating these tumors. It provides insight into the 
metabolic activity of pLGGs, offering a potential metric 

for assessing treatment efficacy, given the observed re-
duction in uptake post-therapy. Additionally, the study 
suggests that [11C]-MET-PET may differentiate between 
pLGG histologic phenotypes and genotypes, particularly 
noting variations in tumors with BRAF mutations. These 
findings could lead to more personalized treatment 
plans by allowing more precise diagnosis and treatment 
monitoring to offer better outcomes, marking a signifi-
cant step in pediatric neuro-oncology.
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PET/CT Studies in Patients with Cancer” clinical trial 
(NCT00840047) at St. Jude Children’s Research Hospital be-
tween 2009 and 2019. St. Jude Children’s Research Hospital 
Institutional Review Board approved this study, and each 
patient or their parent or legal guardian signed informed 
consent and assent (7–13 years) forms. Forty-nine consecu-
tive pLGG patients (20 males, 29 females; aged 1–26 years) 
who were enrolled in this study and had [11C]-MET-PET 
performed within 8 weeks of an MRI scan were included 
for analysis and divided into 2 groups: Newly diagnosed 
pLGG and previously treated pLGG. One patient was clas-
sified into both newly diagnosed and previously treated 
cohorts at 2 distinct times and was considered as 2 sepa-
rate enrollments.

The newly diagnosed group consisted of 21 patients (12 
males, 9 females; aged 3-25 years). We excluded 3 patients 
with spinal pLGG for homogeneity of the data. Within 6 
months of [11C]-MET-PET, 15 of the 18 patients had either 
tumor resection or biopsy that confirmed the diagnosis 
of pLGG. Quantitative and qualitative assessments of 
[11C]-MET-PET data of these 15 subjects were analyzed to 
assess [11C]-MET-PET’s diagnostic performance in correctly 
diagnosing pLGG. [11C]-MET-PET data from 12 of these 15 
subjects, who did not receive any chemotherapy or radi-
ation therapy between the [11C]-MET-PET scan and the bi-
opsy or resection, were used to determine differences in 
[11C]-MET uptake patterns among various genotypes and 
histologic phenotypes of pLGG. Nine patients from the 
newly diagnosed group had both a pre- and post-therapy 
[11C]-MET-PET scans after completing radiation therapy 
or a course of chemotherapy or a combination of radia-
tion and chemotherapy; pre-and post-therapy quantita-
tive [11C]-MET-PET parametric data of these patients were 
analyzed to determine therapy-associated changes in 
[11C]-MET uptake patterns.

The 28 patients in the previously treated group (8 males, 
20 females; aged 1–26 years) had either resection or one or 
more courses of chemotherapy with or without radiation 
therapy, or both (Supplementary Table 1), and [11C]-MET-
PET was performed to evaluate pLGG recurrence. Two pa-
tients with spinal pLGG were excluded. Within 6 months of 
the [11C]-MET-PET, all 26 patients had either biopsy or re-
section (n = 11) or series of follow-up MRI (n = 15) or both 
to confirm the presence of pLGG. Quantitative [11C]-MET-
PET parametric data and qualitative assessment of these 
26 patients were analyzed to assess [11C]-MET-PET’s utility 
in correctly diagnosing pLGG. Quantitative [11C]-MET-PET 
parametric data of 7 patients who had either biopsy or 
resection following [11C]-MET-PET scan and received no 
therapy between the scan and biopsy were analyzed to de-
termine whether differences between different histologic 
phenotypes and genotypes of pLGG exist. Seven patients 
from the recurrent group had a pre- and a post-therapy 
[11C]-MET-PET after completion of either radiation therapy 
or a course of chemotherapy. Pre- and post-therapy quan-
titative [11C]-MET-PET parametric data of these 7 patients 
were analyzed to determine therapy-associated change in 
MET uptake patterns.

Analyses of diagnostic performance of quantitative 
[11C]-MET-PET parameters and subjective evaluation of 
[11C]-MET-PET and variability between different genotypes 
and histologic phenotypes of both cohorts were combined 

for comprehensive analyses. A complete summary of pa-
tient distribution and [11C]-MET-PET analyses is shown in 
Figure 1.

Image Acquisition

Magnetic resonance imaging.—Of the sequences 
obtained during standard-of-care MRI, we analyzed T2 
fluid-attenuated inversion recovery (FLAIR) sequences 
obtained after administration of a 0.1 mmol/kg gadobutrol 
(Gadovist; Bayer Healthcare) with the following image 
parameters: 4 mm slice thickness, no gap, 10 000 ms rep-
etition time, 106 ms echo time, 2600 ms inversion time, 
and 130° flip angle. Images were obtained by using either 
1.5-T (Avanto, Siemens Medical Solutions) or 3-T (Skyra or 
Prisma, Siemens Medical Solutions) MR systems.

Positron emission tomography.—L-[methyl-11C]methi 
onine was synthesized in the Molecular Imaging Core at 
St. Jude Children’s Research Hospital as described previ-
ously.38 All patients underwent at least 4 hours of fasting 
before scanning. Each patient was injected with 740 MBq 
(20 mCi) of [11C]-MET radiotracer per 1.7 m2 of body surface 
area. The maximum prescribed dose of [11C]-MET was 740 
MBq. After 5–15 minutes, transmission CT images and PET 
images were obtained by using a Discovery 690 PET/CT 
scanner or a Discovery LS PET/CT scanner (GE Healthcare). 
The following parameters were selected for the study: 
Field of view, 30 cm; matrix, 192 × 192; reconstruction 
method, VUE point HD; quantification method, SharpIR; 
filter cutoff, 5.0 mm; subsets, 34; iterations, 4; and z-axis 
filter, standard. The CT acquisition parameters were set as 
follows: 0.5 cm slice thickness, 0.8 s tube rotation, 1.5 cm/
rotation table speed, 1.5:1 pitch, 120 kV, and 90 mA with 
dose modulation. The 3-dimensional mode was used for 15 
minutes when obtaining PET images.

Qualitative imaging analysis.—MET-PET images were in-
dependently reviewed by an experienced pediatric molec-
ular imaging physician (BLS) with more than 30 years of 
experience (Supplementary Tables 2 and 3). The [11C]-MET-
PET images were rated qualitatively on a 4-point scale 
relative to frontal white matter, as previously described.13 
Briefly, images were qualitatively assessed using a 4-point 
scale based on the uptake level relative to tumor-free areas 
of frontal white matter. The scale was defined as follows: 0 
for no detectable uptake, 1 for mild uptake but less than in 
the contralateral frontal lobe white matter, 2 for mild up-
take similar to that in the contralateral frontal lobe white 
matter, and 3 for uptake greater than in the contralateral 
frontal lobe white matter. The visual assessment outcomes 
were then simplified into 2 categories: The first category 
included grades 0, 1, and 2, indicating negative and the 
second category included grade 3, indicating positive.

Quantitative imaging analysis.—Quantitative imaging 
analysis followed the most recent joint EANM/ SIOPE/ 
RAPNO EANM/SNMMI practice guidelines and procedure 
standards.28 Briefly, the PET images were co-registered 

http://academic.oup.com/noa/article-lookup/doi/10.1093/noajnl/vdae056#supplementary-data
http://academic.oup.com/noa/article-lookup/doi/10.1093/noajnl/vdae056#supplementary-data
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with the T2 FLAIR images; the tumor was segmented on 
T2 FLAIR images; and standardized uptake values of the 
tumor and NB, tumor-to-brain ratio, and metabolic TV 
(MTV) were calculated. Quantitative analysis was per-
formed using Hermes Medical Solution, Affinity Viewer 
3.0.1 (Hermes Medical Solutions, Stockholm, Sweden). 
Image registration and tumor segmentation were individ-
ually verified in each subject by an experienced pediatric 
neuroradiologist with more than 11 years of experience. 
SUV of NB39 was calculated using a 1.0 cm3 sphere volume 
of interest (VOI) placed at the juxta-cortical region of the 
contralateral frontal lobe at the level of centrum semiovale 
that included both gray matter and white matter, as previ-
ously described.13,20 The MTV was automatically contoured 
by the Hermes Affinity software, with the constraints of the 
segmented TV on the T2 FLAIR image using the threshold 
SUV of > 1.3 times the SUVmean of the NB VOI, as previously 
described.13,20,40 SUVmax, SUVmean, and SUVpeak were calcu-
lated for NB, TV, and MTV VOI. Tumor-to-background ratio 
(TBR) was calculated as a ratio of tumor SUVmax, SUVmean, 
and SUVpeak to SUVmean of NB VOI. We compared TV, MTV, 
TBRmax, TBRpeak, and TBRmean of pLGGs with BRAF V600E 
with those of pLGGs with BRAF duplication or fusion. 

We also compared these quantitative PET parameters of 
pilocytic astrocytoma with those of diffuse astrocytoma.

Diagnostic performance analysis.—Sensitivity was 
calculated to examine the diagnostic performance of 
PET parameters, TBRpeak, and TBRmean, as well as the 
subjective evaluation of PET by experienced pediatric 
neuroradiologists. [11C]-MET-PET images were considered 
positive if TBR > 1.3, and negative if TBR ≤ 1.3. The presence 
of tumor was confirmed on biopsy, resection, or MRI within 
3 months of [11C]-MET-PET. Sensitivity was determined by 
dividing the number of patients with TBR > 1.3 by the total 
number of patients with confirmed pLGG.

Histology and molecular analysis.—Hematoxylin and 
eosin stained 5 μm sections of formalin-fixed, paraffin-
embedded (FFPE) tissue specimens were centrally re-
viewed by board-certified neuropathologists specializing in 
pediatric CNS tumors to confirm the histologic diagnosis. 
BRAF V600E (Ventana, #790-4855, pre-diluted) antibody was 
used for immunohistochemistry in a Clinical Laboratory 
Improvement Amendments-certified laboratory. Reverse 
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Figure 1. Patient Enrollment and [11C]-MET-positron emission tomography analyses. pLGG, pediatric low-grade glioma.
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transcription-polymerase chain reaction (RT-PCR) with 
primer sets to detect 9 reported variants of KIAA1549:BRAF 
fusion or fluorescence in situ hybridization to detect chro-
mosome 7q34 duplication, a marker for KIAA1549::BRAF fu-
sion, were performed in a Clinical Laboratory Improvement 
Amendments-certified laboratory.

Statistical Analysis

A sign test was used to investigate the changes of [11C]-MET 
uptake following therapy. The analyses were not corrected 
for multiple comparisons due to their exploratory nature 
and limited number of observations. All statistical analyses 
were done using R Statistical Software (R Foundation for 
Statistical Computing).

Results

Diagnostic Performance of [11C]-MET-PET

The mean TBRmax, TBRmean, and TBRpeak values of all the 
newly diagnosed tumors (n = 15) were 3.00 (SD ± 1.83), 
1.58 (± 0.54), and 2.58 (± 1.50), respectively (Figure 2). 
The respective median TBRmax, TBRmean, and TBRpeak of the 
newly diagnosed tumors were 2.8. 1.4, and 1.9. Similarly, 

the mean TBRmax, TBRmean, and TBRpeak values for all the 
previously treated tumors (n = 26) were 2.53 (± 0.81), 1.50 
(± 0.41), and 2.09 (± 0.61; Figure 2). The respective median 
TBRmax, TBRmean, and TBRpeak of the previously treated tu-
mors were 2.4. 1.5, and 2.0. The diagnostic performance of 
qualitative (Figures 3 and 4) and quantitative assessment 
of [11C]-MET PET is listed in Table 1, and Supplementary 
Tables 2 and 3.

Changes in [11C]-MET Uptake Following Therapy

In a subgroup analysis, there was a noticeable trend of 
decreasing quantitative PET parameters and MRI volume 
(Table 2, and Supplementary Table 4) both in the newly 
diagnosed (n = 9) and in the previously treated group 
(n = 7). However, it did not reach statistical significance, 
except for the change of TBRmax from pretherapy to post-
therapy in the combined group. There was also a trend 
of decreasing FLAIR TV from pretherapy to post-therapy. 
(Table 2, and Supplementary Table 4)

Comparison of PET Parameters of Histologic and 
Genetic Variants of pLGG

In the BRAF V600E (n = 2) group, the median values of 
TBRmax, TBRmean, and TBRpeak were higher compared to 
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Figure 2. Box and whisker plots of TBRmax (blue), TBRmean (orange), and TBRpeak (gray) in newly diagnosed (A), previously treated (B) and com-
bined (C) pLGG cohorts. Y-axis: Tumor-to-Brain ratio ([11C]-MET uptake).

http://academic.oup.com/noa/article-lookup/doi/10.1093/noajnl/vdae056#supplementary-data
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http://academic.oup.com/noa/article-lookup/doi/10.1093/noajnl/vdae056#supplementary-data
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the BRAF-fused tumor group (n = 5). However, due to the 
small sample size, we did not perform a formal statistical 
test. All the tumors in both groups demonstrated con-
trast enhancement. In the DAs (n = 5), both TBRmax and 
TBRpeak median values were higher than those of PAs, 
while TBRmean median value was slightly higher in PAs 
(n = 7). (Supplementary Table 6) Once again, we did not 
perform a formal statistical test due to the very small 
sample size.

Discussion

Amino acid PET imaging has become a prevalent method 
for assessing gliomas, particularly in adult cases. To 
standardize its application in both adult and pediatric 
brain tumors, working groups such as RANO (Response 
Assessment in Neuro-oncology), RAPNO, and SIOPE 
have collaborated with Society of Nuclear Medicine and 

A B D
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E F G

0.0

0.0

3.5

7.0

3.5

7.0

0.0

0.0

Figure 3. Pilomyxoid astrocytoma. (A-D). A) Axial FLAIR image through the posterior fossa demonstrated a T2 hyperintense tumor involving the 
right side of the medulla that demonstrated patchy enhancement on post-contrast T1 weighted image (B). The Attenuation corrected [11C]-MET-
PET image (C) demonstrated barely any uptake of the tracer over the area of abnormality, as shown on the overlay image (D) with a TBRmax of 1.83. 
Ganglioglioma. (E-H; E) Axial FLAIR image through the posterior fossa demonstrated a T2 hyperintense tumor involving the inferior aspect of the 
left middle cerebellar peduncle, dorsal aspect of the inferior pons (anteriorly), and cerebellum (posteriorly) with nodular enhancement on post-
contrast T1 weighted image (F). The Attenuation corrected [11C]-MET-PET image (G) demonstrated intense uptake of the tracer over the area of 
abnormality, as shown on the overlay image (H) with a TBRmax of 6.84.

A B C D

4.1
4.1

0.0
0.0

Figure 4. Fibrillary astrocytoma, previously resected. (A) Axial FLAIR image through the temporal lobe demonstrated an area of nodularity, sus-
picious for recurrence, at the posteromedial aspect of the large cystic resection cavity from prior resection of a large fibrillary astrocytoma, some 
component of which demonstrated minimal enhancement on post contrast T1 weighted image (B). The Attenuation corrected [11C]-MET-PET 
image (C) demonstrated intense uptake of the tracer over the focal nodularity, as shown on the overlay image (D) with a TBRmax of 4.27.

http://academic.oup.com/noa/article-lookup/doi/10.1093/noajnl/vdae056#supplementary-data
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Molecular Imaging and EANM to establish practice guide-
lines for this imaging technique.28,40 [11C]-MET, [18F]-FET, 
and [18F]-DOPA are the most widely used amino acid PET 
tracers in brain tumor imaging. While these radiotracers 
share similar transport mechanisms, entering tumor 
tissue through l-amino acid transporters, they exhibit dif-
ferent metabolic fates within tumors, leading to distinct 
applications in tumor imaging.41 No specific guideline re-
commends one amino acid PET tracer over another, as 
[11C]-MET and [18F]-FET can offer comparable diagnostic 
information.42,43 If a choice is available, [11C]-MET presents 
rapid uptake with minimal background activity or metabo-
lism, enabling the acquisition of high-quality images soon 
after injection. However, more [11C]-MET-PET data are re-
quired to use this technique routinely for pLGGs. This study 
aims to contribute additional data in this regard.

In this study, we found that qualitative and quantita-
tive [11C]-MET-PET exhibits high sensitivity in diagnosing 
pLGGs (pediatric low-grade gliomas). Moreover, we ob-
served a trend of therapy-associated decrease in quantita-
tive [11C]-MET-PET parameters. However, this trend did not 
reach statistical significance due to the small sample size. 
Additionally, in another small subgroup descriptive anal-
ysis, we identified that BRAF pV600E-mutant tumors tend to 
show slightly higher [11C]-MET-PET uptake than BRAF-fused 
tumors. These results indicate that a positive [11C]-MET-
PET study, either quantitative or qualitative, suggests the 
presence of tumor and can be used to complement an in-
conclusive MRI. Similar findings of [11C]-MET-PET were re-
ported in pHGG13 and DIPG36 and in adult-type low-grade 
glioma.44 Although the median TBRmax and TBRmean of the 

newly diagnosed pLGGs in our study are similar to those of 
previously treated pLGGs, and the respective values are dif-
ferent from the adult low-grade gliomas.45 Median TBRmax 
of the combined cohort in our study, though, is higher than 
the threshold values (TBR = 2.11) used previously to differ-
entiate grades 2 and 3 gliomas in adults.46

In both the non-newly diagnosed and previously treated 
groups, analyzed independently, there were no statistically 
significant differences between the pre- and post-therapy 
quantitative [11C]-MET-PET parameters. This indicates that 
the data distributions remained consistent before and after 
the initial treatment. However, it is essential to note that the 
limited number of patients in the study may have influ-
enced the results, and further investigations with larger 
sample sizes are warranted for more robust conclusions.

However, when we combined data from both the newly 
diagnosed and previously treated groups, the change in 
TBRmax median value from pre- to post-therapy reached 
statistical significance (P = .03). This observation suggests 
that the TBRmax values before and after therapy do not 
have identical distributions and may be linked to thera-
peutic intervention.

In our study, we observed that pLGGs with BRAF V600E 
alteration and diffuse astrocytomas tended to show higher 
quantitative PET parameters when compared to BRAF-
fused pLGGs and PAs, respectively. Apart from a case report 
describing a mismatch between FDG and [11C]-MET uptake 
in polymorphous low-grade neuroepithelial tumor of the 
young,47 and low [11C]-MET uptake in dysembryoplastic 
neuroepithelial tumors,48,49 no other study has yet reported 
patterns of [11C]-MET uptake in pLGGs.

Table 1. Sensitivity of [11C]-MET-PET for Diagnosing pLGG

Index Qualitative PET interpretation TBRmax TBRmean TBRpeak

Sensitivity (95% CI) -newly diagnosed 0.93(0.66, 1) 0.87 (0.58,0.98) 0.67 (0.39, 0.87) 0.87 (0.58,0.98)

Sensitivity (95% CI)- previously treated 0.96 (0.78, 1) 0.96 (0.78, 1) 0.81 (0.6, 0.93) 0.96 (0.78, 1)

Sensitivity (95% CI)- combined 0.95 (0.82, 0.99) 0.93 (0.79, 0.98) 0.76 (0.59, 0.87) 0.93 (0.79, 0.98)

Table 2. [11C]-MET-PET Done Both Before and After Therapy in Patients Who Had MET-PET Done Both Before and After Therapy (Newly Diagnosed 
[n = 9] and in Previously Treated Group [n = 7])

Newly diagnosed 
pretherapy
median (range)

Newly diagnosed 
post-therapy
median (range)

Previously treated 
pretherapy
median (range)

Previously treated
post-therapy
median (range)

Combined
pretherapy
Median (range)

Combined
post-therapy
median (range)

TBRmax 2
(1.46–4.17)

2
(1.46–3.92)

2.7
(1.57–4)

2.46
(1.64–4.2)

2.6
(1.46–4.17)

2.24*

(1.46–4.2)

TBRpeak 1.78
(1.31–3.92)

1.6
(1.36–3.67)

2.1
(1.43–3.7)

2.15
(1.36–3.9)

2.05
(1.31–3.92)

1.83
(1.36–3.9)

TBRmean 1.42
(0.85–2.17)

1.46
(0.86–2.11)

1.7
(1–2.2)

1.67
(0.91–2.1)

1.6
(0.85–2.2)

1.5
(0.86–2.11)

MTV (in 
mL)

6
(0.13–73.5)

4.7
(0.34–44.2)

3.5
(0.41–33.3)

2.1
(0.14–35.1)

5.8
(0.13–73.5)

3.4
(0.14–44.2)

FLAIR 
volume 
(in mL)

11.4
(5.8–81)

11*

(0.49–49)
7.5
(2.5–58.9)

3.6
(1.2–42.6)

10.2
(2.5–81)

8.85*

(0.49–49)

*P < .05, TBR, tumor-to-brain ratio; MTV, metabolic tumor volume.
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Using a standardized quantitative PET image anal-
ysis, our study has demonstrated that the median TBRmax 
and TBRmean values in different types of newly diagnosed 
pLGGs differ from those reported in adult IDH-mutated 
low-grade gliomas.45,46 These findings suggest that the 
[11C]-MET uptake patterns in pLGGs may not mirror those 
observed in adult low-grade gliomas. As a result, relying 
on [11C]-MET-PET values obtained from adult low-grade 
gliomas to assess pLGGs may not be ideal. Considering 
these differences, we recommend a cautious approach 
when using the available quantitative PET parametric ref-
erences based on adult low-grade gliomas. This is crucial, 
as pLGGs are biologically different from adult low-grade 
gliomas.50 Accurate evaluation and treatment decisions re-
quire a comprehensive understanding and awareness of 
these distinctions.

Our study has several limitations. Study enrollment bias 
exists, as the inclusion criteria for obtaining [11C]-MET-PET 
was based on a high suspicion of active brain tumor, either 
clinically, radiographically, or both. Therefore, the pretest 
probability was high in our study sample. A larger, pro-
spective multi-institutional study of pediatric patients with 
[11C]-MET-PET may reduce this selection bias. The small 
sample size is another limitation.

In summary, our study reveals the high sensitivity of 
[11C]-MET-PET in diagnosing both newly diagnosed and 
recurrent pLGGs. Additionally, our findings suggest that 
chemotherapy and radiation therapy can reduce [11C]-MET 
uptake in pLGGs. Moreover, we observed potential var-
iations in [11C]-MET uptake patterns among different his-
tologic phenotypes and genotypes of pLGGs. However, a 
study with a larger cohort is desirable to establish and val-
idate these findings.

Supplementary material

Supplementary material is available online at Neuro-
Oncology (https://academic.oup.com/neuro-oncology).
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