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Diverse Patterns and Clinical Significance of 11C-Methionine PET
in Dysembryoplastic Neuroepithelial Tumors
Joo Whan Kim, MD,* Yeon-koo Kang, MD,† Jin Chul Paeng, MD, PhD,† Seung-Ki Kim, MD, PhD,*
Byung Chan Lim, MD, PhD,‡ Ki Joong Kim, MD, PhD,‡ and Ji Hoon Phi, MD, PhD*
Purpose:Dysembryoplastic neuroepithelial tumors (DNETs) are slow-growing
epilepsy-associated tumors. Low or normal 11C-methionine (MET) PETuptake
helps to differentiate DNETs from other low-grade gliomas. However, diverse
MET-PET uptake in DNETs has been observed. The aim of this study is to
measure the clinical significance and prognostic value of MET-PET in
DNET management.
Patients and Methods: Retrospective review of 26 DNET patients was
done. Clinical characteristics, radiologic findings, and visual and quantita-
tive MET-PET results were analyzed. PET uptake was calculated as the
tumor–to–homotopic mirror ratio (TNRm) and tumor–to–contralateral cor-
tex ratio (TNRc). The clinical activity of the tumors at the time of PET
was classified into active and quiescent groups. The surgical outcome was
defined as a composite of 2 different aspects: tumor progression and/or clin-
ical events such as seizure recurrence or tumor bleeding.
Results: Twenty-seven MET-PET examinations (20 initial MET-PET and 7
MET-PET during follow-up) were included. Clinically active tumors at the
time of PET presented significantly higher values of TNRm and TNRc than
quiescent tumors. High MET-PETuptake by visual grading, TNRm ≥ 1.90,
and TNRc ≥ 1.85 exhibited poor prognosis for event-free survival.
Conclusions:MET-PETuptake correlates well with the clinical behavior of
DNETs at the time of PETexamination.Moreover, HighMET-PETuptake is
closely related to seizure recurrence if tumors are not entirely resected. Ef-
forts to achieve gross total resection should be made for DNETs with high
MET-PET uptake.
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D ysembryoplastic neuroepithelial tumors (DNETs) are very rare,
slow-growing epilepsy-associated tumors that predominantly

occur in children and young adults. Since the first introduction of
the terminology by Daumas-Duport et al,1 DNETs remain a distinct
disease in the latest 2021 World Health Organization classification
due to their characteristic histology and clinical features. DNETs
have been regarded as indolent, quiescent tumors with a favorable
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clinical course even when gross total resection (GTR) was not
achieved.1,2 Contrary to earlier studies, recurrence does not occur infre-
quently, and reoperation rates have been reported in up to 20% to 30%
of patients with DNETs.3,4

Although DNETs are glioneuronal tumor mainly driven by
alterations of an oncogene, FGFR1, the clinical burden of epilepsy
often outweighs the oncological reality.5 Not surprisingly, DNETs
are classified as representative long-term epilepsy-associated tu-
mors along with ganglioglioma.6 Seizure outcomes with resection
of DNETs have shown favorable results, and GTR is the most im-
portant factor related to seizure freedom in most studies.7,8 In terms
of oncologic outcomes, despite case reports of tumor recurrence af-
ter GTR, GTR is widely accepted as the most important factor for
achieving a favorable outcome in the treatment of DNETs.9,10

Despite its significance, the GTR of DNETs is not easy to
achieve for several reasons. First, the tumor margin is inconspicuous
onMRI aswell as in the surgical field becausemostDNETs showpoor
gadolinium enhancement and harbor complex histologic architectures
admixed with focal cortical dysplasia (FCD).11,12 Second, many
DNETs develop in the eloquent areas involving the motor cortex, py-
ramidal tract, and visual pathways. Finally, the existence of satellite le-
sions defined as small separate nodules in the vicinity of the main
massesmakesGTR ofDNETmore challenging.13 Because GTR can-
not be attained in all DNETs operated on, it is crucial to predict the
clinical course of a tumor for adequate follow-up and surveillance.

11C-Methionine (MET) PET shows good correlation with the
proliferative and metabolic activity of lesions and is therefore
widely used for characterizing brain tumors.14,15 Previous report
of MET-PET findings on DNETs shows variable uptake, which dif-
fers from those of FCD and ganglioglioma.16 Unlike FCD, DNET
showed subtle increased MET-PET uptake and is also distinguish-
able from ganglioglioma, which shows higher uptake akin to other
glial neoplasms. Similar MET-PET findings of DNETs have been
reported thereafter.17,18 However, it is not knownwhy the variability
of MET-PET appears in DNETs, and we hypothesized that this var-
iability reflects the biological nature of DNETs and that it is possi-
ble to predict the clinical behavior of the tumor with MET-PET.
Herein, we present the results of MET-PET uptake and determine
its clinical impact on DNETs.
PATIENTS AND METHODS

Patients and Surgical Management
From June 1997 to August 2021, 43 patients underwent surgery

and were diagnosed with DNETs. Of 43 patients, 30 patients had
MET-PET data. Two patients with insufficient follow-up and 2 others
with unquantifiable PET datawere excluded. Therefore, 26 patientswith
27 MET-PET examinations were retrospectively reviewed. MET-PET
was performed for preoperative diagnosis at first presentation (initial
MET-PET) and/or for evaluation of tumor recurrence when suspicious
findings emerged in surveillance MRI (follow-up MET-PET).

The surgical procedure used was lesionectomy without invasive
monitoring. The extent of resection was determined by postoperative
uclear Medicine • Volume 47, Number 12, December 2022
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TABLE 1. Patient Characteristics

Clinical Features No. Cases (%) or Value

Sex (%)
M 18 (69.2)
F 8 (30.8)

Median age, y
At epilepsy onset 7.8 (2.2–18.4)
At surgery 8.3 (3.8–18.8)

Median follow-up period, y 7.5 (2.1–15.0)
Duration of epilepsy at surgery
Mean ± SD, mo 9.7 ± 1.6
<6 mo (%) 17 (65.4)
<2 mo (%) 7 (26.9)

Tumor location (%)
Temporal 8 (30.8)
Frontal, parietal, occipital 10 (38.4)
Central 8 (30.8)

Presence of satellite lesion (%)
Present 13 (50.0)
Absent 13 (50.0)

Enhancement on MRI (%)
Enhancement 7 (26.9)
No enhancement 19 (73.1)

Engel classification at first year (%)
I 20 (76.9)
II–IV 6 (23.1)

Engel classification at the last follow-up (%)
I 23 (88.5)
II–IV 3 (11.5)

M, male; F, female; SD, standard deviation.
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MRI as follows: GTR, no visible residual tumor including all satellite
lesions; near-total resection (NTR), complete removal of themainmass
with some residual satellite lesions; subtotal resection (STR), grossly
identifiable residual tumor (<10% of initial volume); and partial resec-
tion (PR), residual tumormore than 10%of initial volume. Seizure out-
come was evaluated according to the Engel classification.19 The clini-
cal activity of the tumor was divided into active and quiescent groups
according to the clinical features of the patients. An active tumor was
defined as the presence of uncontrolled seizures despite antiseizure
medications, image-verified growth of the tumor, or recent tumor
bleeding. A quiescent tumor was associated with clinical features of
well-controlled seizures, no evidence of growth, or other changes of
the tumor according to MRI.

This study protocolwas approved by the local institutional re-
view board (no. 2110-067-1261) and was conducted according to
the Helsinki Declaration.

Image Acquisition and Analysis of MET-PET
PET image acquisition was performed with a dedicated PET/

CT scanner (Biograph mCT 40; Siemens Healthineers, Erlangen,
Germany). Ten minutes after injection of 7.4 MBq/kg MET, PET
images were obtained for 10 minutes, after the acquisition of corre-
sponding nonenhanced CT images. PET images were reconstructed
with an ordered subset expectation maximization algorithm, and
CT-based attenuation correction and scatter correction were applied.

First, MET-PET images were visually assessed to classify le-
sions as having low, moderate, or high uptake. Low or high uptake
was defined as uptake clearly lower or higher than the adjacent nor-
mal brain cortices. For quantitative analysis, PET images were spa-
tially coregistered with preoperative MRI obtained on the day clos-
est to the PET acquisition date. A region of interest (ROI) for a tu-
mor was manually drawn on transaxial images of nonenhanced
T1-weighted MRI. The contralateral homotopic mirror region and
a 1.5-cm–sized sphere of the contralateral cortex region were con-
sidered reference ROIs. The SUVmax of tumors and mean SUVof
reference ROIs (Mmean and Cmean for contralateral homotopic mir-
ror regions and contralateral cortex regions, respectively) were mea-
sured. Finally, the tumor-to-normal ratio (TNR) was defined as the
tumor–to–homotopic mirror ratio (TNRm = SUVmax/Mmean) or the
tumor–to–cortex ratio (TNRc = SUVmax/Cmean), which is the quan-
titative parameter to adopt for further analyses.

Visual assessment and quantitative analysis were performed by 2
experienced nuclear medicine physicians. PET-MRI coregistration and
quantitative analysis were performed by using dedicated image analysis
software (MIM 6.7.10; MIM Software Inc, Beachwood, OH).

Outcome Assessment and Statistical Analyses
The surgical outcome was a composite of 2 different aspects:

tumor progression and/or clinical events such as the recurrence of
seizures or bleeding from the residual tumor. For the analysis of
event-free survival (EFS), EFS for all 27 examinationswas analyzed
as a whole and EFS for 15 examinations with incomplete resection
(NTR, STR, or PR) was analyzed separately because GTR has over-
whelming impacts on all surgical outcomes of DNETs, regardless
of MET-PETuptake. The EFS period was calculated as the time in-
terval from the prior operation date to the date of the clinical event
(eg, seizure recurrence or tumor progression) for both initial and
follow-up MET-PET examinations. Therefore, the initial and
follow-up data could be analyzed together as the EFS was indepen-
dently calculated from each time of MET-PET.

For comparison of TNRm and TNRc values between groups,
the Wilcoxon rank sum test was performed. A maximally selected
rank statistics method was used to identify the optimal cutting
points for each value and EFS. For comparison of variables in the
© 2022 Wolters Kluwer Health, Inc. All rights reserved.
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Kaplan-Meier curves, a log-rank test was used. A P value of 0.05
was the cutoff value for statistical significance. R 4.1.2 (R Develop-
ment Core Team, Vienna, Austria, http://www.R-project.org) was
used for statistical analyses.

RESULTS

Patient Characteristics
A total of 26 patients were included in the study. The median

age at surgery was 8.3 years (range, 3.8 to 18.8 years), and the median
follow-up periodwas 7.5 years (range, 2.1 to 15.0 years). Themean du-
ration of epilepsy at surgerywas 9.7months, and 65.4%of patients had
less than 6 months of epilepsy duration. The tumor was located in the
temporal lobe in 8 patients (30.8%) and the extratemporal location in
18 (69.2%) patients. Among the extratemporal locations, 8 (30.8%)
were involved in the central lobe, within the primary motor and sen-
sory cortex. Satellite lesions were observed in 13 (50.0%) patients,
and enhancement with MRI was documented in 7 (26.9%) patients
(Table 1).

The extent of resection was GTR in 10 (37.0%), NTR in 6
(22.2%), and STR in 11 patients (40.7%). Seven patients had clini-
cal events after initial surgery: 5 patients experienced seizure recur-
rence, 1 patient had tumor progression, and 1 patient had tumor
bleeding. One patient had seizure recurrence after initial GTR and
underwent reoperation for FCD type 1 near the initial tumor site
(Table 2). Seizure outcome 1 year postoperative was Engel class I
in 76.9% of patients and Engel class II to IV in 6 (23.1%) patients.
www.nuclearmed.com 1041
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TABLE 2. Clinical Information and Visual, Quantitative 27 MET-PET Data of 26 Patients

Patient No. Sex Age at Surgery TNRm TNRc Visual Grade Clinical Activity at PET Extent of Resection Ki-67 Index Event Occurrence

1 M 12 1.62* 1.46* Low* Quiescent* STR 1% —
2 F 8 2.10* 2.14* High* Active* GTR† 1.6% —
3 M 6 1.64* 1.62* High* Active* STR† <1% Seizure recurrence*
4 M 13 4.23* 2.83* High* Active* GTR† <1% —
5 F 5 1.78 1.79 High Active GTR 18.16% —
6 M 17 1.13 1.15 Moderate Quiescent NTR 1.92% Tumor progression
7 M 6 1.30* 1.25* Moderate* Quiescent* STR <1% —
8 F 10 1.54 1.47 Moderate Quiescent NTR 1.3% Seizure recurrence

2.01* 1.85* High* Active* NTR† 2.1% Tumor progression*
9 M 3 2.07 2.13 High Active GTR 26.29% —
10 M 10 1.29 1.42 Moderate Active STR <1% —
11 M 5 1.46 1.49 Moderate Active STR 1.2% —
12 M 10 1.26 1.27 Low Quiescent GTR <1% Seizure recurrence
13 F 6 1.27 1.09 Low Quiescent NTR 3.8% Tumor bleeding
14 M 8 1.61 1.44 Low Quiescent GTR — —
15 M 13 1.67 1.23 Low Quiescent GTR <1% —
16 F 7 1.93 1.69 High Active STR <1% Seizure recurrence
17 M 5 1.87 1.82 Moderate Quiescent NTR 1.1% —
18 F 10 1.85 1.71 Moderate Quiescent STR 1% —
19 M 4 2.72* 2.38* High* Active* NTR† 6.4% Tumor progression*
20 M 14 2.91 2.56 High Quiescent GTR — —
21 M 18 1.24 1.33 Moderate Quiescent GTR — —
22 F 9 1.53 1.41 Low Quiescent GTR <1% —
23 M 5 2.77 2.21 High Active STR 2% Seizure recurrence
24 M 10 2.28 2.25 Low Quiescent GTR <1% —
25 M 7 3.21 2.90 High Active STR 2.6% Seizure recurrence
26 F 7 1.73 1.71 Moderate Quiescent GTR <1% —

*Indicates follow-up data after initial operation.
†Indicates second operation.
M, male; F, female.
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Of 6 patientswho developed seizure recurrence during follow-up, 5 pa-
tients resulted in Engel class I outcome after reoperation, and 1 patient
had Engel class II outcome. Three patients were Engel class II to IVat
the last follow-up, 1 mentioned previously, and the other 2 with Engel
class III did not have reoperation. The Ki-67 count, a proliferative in-
dex, was low in the majority of cases, but 2 cases (patients 5 and 9)
showed Ki-67 indices of 18.2% and 26.3%, respectively.

Patterns ofMET-PET and Its CorrelationWith Clinical
Activity at the Time of PET Examination

A total of 27 MET-PETexaminations, 20 initial MET-PETand 7
follow-up MET-PET examinations, were included. One patient (patient
8) had both initial and follow-up MET-PET data. Initial PET data of
DNETs showed low-moderate uptake in 14 (70.0%) and high uptake
in 6 (30.0%) by visual grading. Follow-up PET showed high uptake in
5 (71.4%) of 7 examinations.

Comparison of TNRm andTNRc according to the clinical activity
of the tumor at the time of PET was performed (Fig. 1). The TNRm
values for the quiescent group (1.65 ± 0.46) and active group
(2.27 ± 0.84) showed a significant difference (P = 0.02), and the TNRc
values for the quiescent group (1.54 ± 0.41) and active group
(2.04 ± 0.49) also presented statistical significance (P = 0.01).

MET-PET and Anticipation of Future Clinical Events
Among 6 patients who showed high uptake on initial MET-

PET, 3 patients with GTR were event-free during follow-up. The
1042 www.nuclearmed.com
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other 3 patients with STR of the tumor underwent reoperation due
to seizure recurrence (Fig. 2). On follow-up MET-PET, 5 patients
showed high uptake and 2 patients showed low-moderate uptake.
Of 5 patients with high uptake on follow-up MET-PET, 2 patients
with GTR were event-free and the other 3 patients presented events
with incomplete tumor resection (Table 2, Fig. 3). The METuptake
correlates with the change of clinical activity of DNETs (Fig. 4).
The MET uptake showed globular-shaped pattern in DNETs with
high proliferative indices (Fig. 5).

The log-rank test for EFS was performed to compare groups
by visual grading. Analysis of 27 MET-PET examinations did not
show a significant difference in EFS between the low-moderate
and high uptake groups (P = 0.18). When 15 MET-PET examina-
tions were included for survival analysis excluding patients with
GTR, high MET-PET uptake was significantly related to event oc-
currence (P < 0.01). Using the maximally selected rank statistics
method to identify cutoff values for EFS, the estimated cutoff for
TNRm was 1.90, and TNRc was 1.85. In the log-rank test using
these cutoff values, the high TNRm and TNRc groups showed sig-
nificantly worse clinical prognoses (Fig. 6).

DISCUSSION
DNETs are low-grade glioneuronal tumors with strong epi-

leptogenic potential. Seizure control is important for patients with
this tumor.6,20 It was believed that DNETs grow indolently, and that
a favorable outcome could be achieved even with incomplete
© 2022 Wolters Kluwer Health, Inc. All rights reserved.
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FIGURE 1. MET-PET uptake correlates well with the clinical behavior of DNETs at the time of PET examination. With a total of 27
MET-PET examinations, comparison of quiescent and active group showed a significant difference for both TNRm (P = 0.02)
(A) and TNRc (P = 0.01) (B). The horizontal bar indicated the mean value of each group.
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removal of the tumor.1,2 However, subsequent studies with
long-term follow-up data reported a higher rate of seizure and tu-
mor recurrence.21,22 Tumor progression and/or clinical seizure re-
currence develop in at least 20% of patients with DNETs.9,23

Daghistani et al11 reported that reoperations were required in 11
FIGURE 2. A case with a tumor exhibiting high uptake on initialM
a 7-year-old boy showed a T2-hyperintense lesion with a bubble-
(A). The lesion exhibited high uptake on initial MET-PET (B) and f
postoperative MRI (arrow) (D); 1.7 years after the initial operation
aggravated thereafter. Reoperation was performed, and GTR of t
The patient was event-free at the 2.0 year follow-up with an Enge
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of 51 patients (21.6%) and 6 of 18 patients with STR (33.3%), re-
sulting in tumor progression, and recommended close observation
for patients with residual tumors.

Our results show that MET-PET correlates with the biologic
behavior of the tumor. TNRm and TNRc values were significantly
ET-PET and event occurrence after operation. TheMRI scans of
like appearance and satellite lesions in the right central lobe
usion PET-MRI scans (C). STR of the tumor was confirmed by
, the seizure recurred on tapering medication and was
he residual tumor was confirmed with postoperative MRI (E).
l class I seizure outcome.
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FIGURE 3. A case with a residual tumor exhibiting high uptake on follow-up MET-PET and event occurrence after reoperation.
MRI scans of a 4-year-old boy who underwent tumorectomy for a DNET involving the adjacent cortex in the right central lobe
and the posterior cingulum. The tumor was subtotally resected, and seizures recurred at 1.0 years postoperatively. On follow-up
MRI and MET-PET images (A–C), the residual tumor was confirmed to have increased MET uptake at the margin of the
tumorectomy site (arrows). The patient underwent reoperation, and NTR of the tumor was observed on postoperative MRI (D).
Tumor progression was confirmed on 4.3 years follow-upMRI (E), and the patient is still on clinical surveillance because of the
absence of symptoms.
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different according to the clinical activity of the tumor. High
MET-PETuptake was significantly correlated with worse EFS. Par-
tial volume effect in small tumors may have been a cause of such
FIGURE 4. The clinical activity of DNETs may change andMET up
6-year-old boy, with a right central lobe DNET (A) had STR of the
Follow-upMRI at 2.2 years after surgery demonstrated progression
intensity lesion on T2-weightedMR images (arrow) (C). MET-PET w
low (D). On the 4.9 years follow-upMRI, there was no evidence of
was diagnosed with a right central lobe DNET onMRI (F), and init
of the tumor, seizure recurred at postoperative 3.5 years. Follow-
occurrence revealed a progressed tumor with high MET uptake in
NTR of the tumor was performed, but the 6.3 years follow-up MR
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correlation between the uptake and the prognosis. However, there
was no definite correlation between the tumor volume and the up-
take, which suggests that the uptake is a more significant factor
take correlates with the phase of the tumor. The first patient, a
tumor, which was confirmed on postoperative MRI (B).
of the residual tumor with increased extent of the high signal
as performed for further evaluation, and tumor uptake was
tumor progression (E). The second patient, a 10-year-old girl,
ial MET-PET showed moderate tumor uptake (G). After NTR
up MRI (H) and MET-PET (I) images obtained after seizure
a rim-like pattern. The patient underwent reoperation and
I after reoperation showed tumor progression (J).
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FIGURE 5. Different shape of MET uptake in DNETs with increased proliferative activity. MRI and PET images of a 5-year-old girl
and a 3-year-old boy. The first patient had an ill-defined T2-hyperintensity lesion with no definite contrast enhancement in the
left temporo-occipital lobe (arrow) (A and B). The lesion demonstrated globular-shaped uptake on MET-PET images (C). The
patient underwentGTR of the tumor,which exhibited a Ki-67 count of 18.2% in the pathologic examination. The other patient
had a T2-hyperintensity lesion with subtle contrast enhancement in the left temporal lobe (arrowhead) (D–E). The lesion
demonstrated globular-shaped uptake on MET-PET images (F). The patient underwent GTR of the tumor, which exhibited a
Ki-67 count of 26.3%. Both patients were event-free at the last follow-up.
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for the outcome than the tumor volume. The extent of resection in
the initial operations in our study was GTR (10; 37.0%) and incom-
plete tumor resection (16; 63.0%). The rate of GTR seems to be low
compared with previous reports, with GTR rates approximately
70%.4 This finding could be explained by the definition of GTR
in our study, in which the satellite lesions must also be removed.
The definition of GTR in other studies is similar to the definition
of NTR in our study because most surgeons do not remove
deep-seated satellite lesions. The rates of GTR and NTR together
are 59.2% in our study, which is comparable to those of previous re-
ports. In addition, central lobe location also contributed to a low
GTR rate since only 1 patient had GTR of 8 patients with central
lobe location. MRI enhancement has been suggested to correlate
with tumor recurrence or aggressive behavior; however, no statisti-
cal significance was observed in our study.11,24

Quantitative analysis of our study tends to present higher
values compared with earlier works that addressed MET-PET up-
take of DNETs.17,18 Our measurement and calculation method of
TNRm and TNRc were performed to enhance the contrast of base-
line and tumor uptake values. MET-PETuptake is higher in cortices
than in subcortical areas, and TNRm was calculated with baseline
homotopic mirror area ROIs, which also included subcortical areas.
For this reason, TNRm showed higher values, especially in some pa-
tients, than TNRc (Table 2). Another explanation for these higher
values is that we calculated the mean uptake value of baseline ROIs
(Mmean and Cmean) to increase the contrast of values. Previous stud-
ies have used the maximum uptake value of baseline ROIs as the
denominator.17,18 Even in those studies, the results show several
cases of DNETs with increased MET-PET uptake.
© 2022 Wolters Kluwer Health, Inc. All rights reserved.
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The composite surgical outcome was used because tumor
progression infrequently occurs in DNETs and the true incidence
of tumor progression is not yet known.3,9,24 Our data also demon-
strated only 2 cases of tumor progression, whereas other DNETs
showed insignificant changes in the tumor. Instead, 6 of 10 events
were seizure recurrence without noticeable volume changes of re-
sidual tumors. Therefore, high MET-PET is closely related to sei-
zure recurrence if a residual tumor is present. Hemorrhage of resid-
ual tumor or malignant transformation has been rarely reported but
should be included in the clinical event due to their burden; 1 patient
presented with tumor bleeding in our data.25,26

There may be a question of whether all remnant seizures after
surgery should be considered as clinical events of DNETs. Thus, we
included patients in whom seizures recurred or showed aggravation
despite antiseizure medications, and patients with seizures con-
trolled at Engel class I, II were excluded. The timing of surgical in-
tervention was early in our cohort for both initial and recurrent
cases, as previous studies have stated that lesion-associated epilepsy
tends to be more resistant to medications and that a longer duration
of seizure results in poorer seizure control outcomes and more def-
icits.27,28 Our data presented a first-year seizure-free outcome of
80.8%, and all patients became seizure-free after reoperation, ex-
cept for 1 patient who continued to have seizures after treatment,
though far less severe (Engel class II outcome).

In our study, the eccentric characters of DNETs were ob-
served by MET-PETuptake. From the MET-PETuptake findings in
Figure 4, we suggest that DNETs do not have constant biologic be-
havior and demonstrate an active and quiescent phase. In this way,
the behavior of DNETs, for example, late progression of a stable
www.nuclearmed.com 1045
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FIGURE 6. High MET-PET uptake is significantly related to event occurrence. In relation to the visual grade, there was no
significant difference in EFS among the 27 MET-PET examinations (A), whereas exclusion of patients with GTR 15 MET-PET
examinations revealed a significant difference between the high uptake and the low-moderate uptake group (B). There was a
significant difference in EFS between the TNRm ≥ 1.90 and TNRm < 1.90 groups. Both in total (C) and in 15 MET-PET
examinations (D). The TNRc ≥ 1.85 and TNRc < 1.85 groups also presented differences in EFS in both total (E) and 15 MET-PET
examinations (F).
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residual lesion after years of dormancy, may be explained. Interest-
ingly, the shape of the MET-PET uptake pattern showed difference
in DNETs with high Ki-67 indices, as shown in Figure 5. In con-
trast, tumors with low Ki-67 and seizure presentation demonstrated
high uptake along the periphery of the tumor. This finding coincides
with prior studies showing that the pathophysiology of lesional ep-
ilepsy is related to changes in the adjacent cortex and that amino
acid receptors are more strongly dispersed in the tumor margins
of DNETs.29,30

There are some limitations of this study owing to its retro-
spective nature. First, due to the small number of patient groups,
the statistical strength of our results was lacking. Nevertheless, we
observed a clear significant difference between groups. Another
limitation is that the analysis of composite events as outcomes
1046 www.nuclearmed.com
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may lead to bias of the results because the incidence of clinical
events and tumor progression differs. Further clinical data of
MET-PET with DNET management must be accumulated from
subsequent studies.
CONCLUSIONS
MET-PETuptake correlates well with the clinical behavior of

DNETs at the time of PET examination. Moreover, MET-PET is
helpful for predicting the clinical outcome of tumors. We propose
that preoperative and follow-up evaluation with MET-PET in
DNETs is useful for investigating the eccentric characteristics of
the tumor and their management. Furthermore, efforts to achieve
GTR should be made for DNETs with high MET-PET uptake.
© 2022 Wolters Kluwer Health, Inc. All rights reserved.
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