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Abstract
We investigated the usability of 11C-methionine positron emission tomography (11C-METPET) for the differentiation of intracranial brain tumors from
non-neoplastic lesions before treatment. Among 425 consecutive patients who underwent 11C-METPET imaging, 113 pretreatment patients were
analyzed. Quantitative data including mean, peak, and maximum standardized uptake values and the ratios of lesion uptake to mean and maximum
contralateral normal frontal lobe gray matter uptake (Lmax/Nmean and Lmax/Nmax), were analyzed. Next, the optimal cut-off for the differential
diagnosis of brain tumors from non-neoplastic lesions were determined using receiver-operating characteristics curves. Finally, positive and negative
predictive value were calculated. The �nal diagnoses for brain tumors included central nervous system tumor, lymphoma, and metastatic brain tumor,
whereas the non-neoplastic lesions included neurovascular disease, dysplasia, encephalopathy, and in�ammatory disease. An Lmax/Nmax of greater
than 2.01 and an Lmax/Nmean of greater than 2.23 provided the best sensitivity and speci�city for the differential diagnosis of brain tumor. However,
the positive and negative predictive value were 96.5% and 47.4%, respectively, for Lmax/Nmax, and 93.7% and 50%, respectively, for Lmax/Nmean.
Considering high positive predictive value and low negative predictive value in relation to the diagnosis based on the optimal cut-off, the utilization of
11C-METPET imaging before treatment requires careful attention.

Introduction
Although, computed tomography (CT) and magnetic resonance imaging (MRI) are the main diagnostic imaging methods used for differentiation of
intracranial lesions in initial medical examinations [1,2], these neuroimaging examinations do not always allow diagnosis of the correct pathological
condition, and it is often di�cult to plan the treatment strategy [3-5]. In the case of brain tumors in particular, the examinations for de�nitive diagnosis
may be highly invasive, and the tumors require careful differentiation [6]. Recently, L-methyl-11C-methionine positron emission tomography (11C-
METPET) has become relatively available and easy to use for further assessment and the provision of supportive information for deciding on the
treatment strategy [7-9]. Methionine uptake is higher in tumor tissues than in normal tissues, and it shows good visual contrast [7]. Currently, 11C-
METPET is often used for tumor grading, identi�cation of the tumor margin in surgery or radiotherapy, discrimination between radiation necrosis and
recurrence, prognosis prediction, and assessment of therapeutic effects [10-18]. However, there are few reports evaluating the usability of 11C-METPET
when it is used as an initial diagnostic tool for pretreatment intracranial lesions. The objectives of this study were to evaluate the usability of 11C-
METPET for the differentiation of brain tumors from non-neoplastic lesions.

Materials And Methods
Patients

Between April 2017 and August 2020, 425 consecutive patients with suspected brain tumors (206 men and 219 women; mean age 54.0 ± 17.0 years [±
standard deviation; SD]) were referred from 33 hospitals and underwent a brain 11C-METPET scan. Among this group, 131 patients with a suspected
brain tumor who had not been treated previously were examined to determine their primary differential diagnosis before treatment, and 294 patients
were examined for secondary differentiation of recurrent tumors after treatment (Fig. 1). To verify the �nal diagnoses in the 131 pretreatment patients,
the queries for the attending physicians who ordered the 11C-METPET imaging was performed. Overall, written responses were obtained for 113
patients (86.3%). The de�nitive diagnosis was determined by the doctor-in-charge of each hospital based on the longitudinal follow-up, including
pathologic con�rmation from resected or biopsied tumor, neuroimaging, and biochemical analysis. Finally, 101 patients (51 men and 50 women; mean
age 51.4 ± 19.0 years [SD]) were con�rmed with a de�nitive diagnosis. The pathologically con�rmed brain tumors according to the World Health
Organization 2016 classi�cation included 31 high-grade central nervous system (CNS) tumors (glioblastoma, n=20; anaplastic astrocytoma, n=6;
diffuse midline glioma, n=3; anaplastic oligodendroglioma, n=1; anaplastic oligodendroglioma or anaplastic oligoastrocytoma, n=1), 37 low-grade CNS
tumors (oligodendroglioma, n=15; diffuse astrocytoma, n=10; pilocytic astrocytoma, n=3; ganglioglioma, n=2; dysembryoplastic neuroepithelial tumor,
n=1; �brillary astrocytoma, n=1; hemangioblastoma, n=1; liponeurocytoma, n=1; optic nerve glioma, n=1; subependymoma, n=1; tanycytic ependymoma,
n=1), 5 otherwise unspeci�ed glioma, 3 diffuse large B cell lymphoma, and 2 metastatic brain tumors (fallopian tube cancer, n=1; unknown origin, n=1).
The non-neoplastic lesions included 10 cases of neurovascular disease (cerebral infarction, n=5; cerebral hemorrhage, n=4; moyamoya disease, n=1), 5
cases of dysplasia (cortical dysplasia, n=1; hippocampal sclerosis, n=1; hypothalamic hamartoma, n=1; normal subtype, n=2), 4 cases of
encephalopathy (encephalopathy, n=3; posterior reversible encephalopathy syndrome, n=1), and 4 cases of in�ammatory disease (acute disseminated
encephalomyelitis, n=1; hypertrophic pachymeningitis, n=1; tumefactive multiple sclerosis, n=1; vasculitis, n=1; Fig. 2 and Table 2).

This study was approved by Rehabilitation Center for Traumatic Apallics Chiba review board and all subjects signed an informed consent form. The
procedures used in this study adhere to the tenets of the Declaration of Helsinki. The clinical trial registration number is UMIN000042984
(www.umin.ac.jp/ctr/index/htm), which is retrospectively registered at 13 January, 2021.

 

11C-MET PETCT acquisition

11C-MET was �rst produced by the 14N(p, α) 11C nuclear reaction using a 16.5 MeV PETtrace cyclotron (GE Healthcare, Chicago, USA) according to
previously reported methodology, and was prepared using the method of Ishiwata et al.[19, 20].

http://www.umin.ac.jp/ctr/index/htm
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The mean administered mass radioactivity of 11C-MET was 371.2 ± 51.4 MBq (range 109.7–550.6 MBq; 10.0 ± 1.4 mCi; range 3.0–14.9 mCi). Before
injection of 11C-MET, patients fasted for at least 6 hours. Patients then received an intravenous injection of 11C-MET according to the guidelines of the
Japanese Society of Nuclear Medicine (http://jsnm.org/). After injection, the patients rested for approximately 10 minutes before image acquisition.
Low-dose transmission CT images and PET images were obtained using GE scanners (Discovery MI® PETCT, GE Healthcare, Chicago, USA) and
standard iterative reconstruction (192 × 192 matrix, 250 × 250-mm �eld of view, 1.3 x 1.3 x 2.79 mm voxel size) using a vendor-supplied algorithm. CT
acquisition parameters included slice thickness of 3.75 mm, tube rotation of 0.8 s, table speed of 2.06 cm/rotation, pitch factor of 0.52 for helical CT,
tube voltage of 120 kVp, and tube current of 150 mA with dose modulation. All 11C-METPET data were acquired in three-dimensional time-of-�ight
mode. The acquisition time per bed was 10 minutes. CT images and 11C METPET scans were coregistered using vendor-supplied software (AW Volume
Share 7, GE Healthcare).

 

Image analysis

All PET scans acquired for pretreatment radiological diagnosis were interpreted by three medical personnel including a board-certi�ed nuclear medicine
physician, a board-certi�ed neurosurgeon, and an experienced radiological technologist with medical records including CT and MRI. The regional
methionine uptake was expressed as standardized uptake value (SUV). The area with the highest uptake in comparison with adjacent normal tissue was
selected as the region of interest (ROI), avoiding any cystic or necrotic tissue. An ROI for each lesion was outlined according to the 50% of maximum
uptake isocontour. If there was no abnormal uptake of 11C-MET on PET, the ROI was set according to the area of abnormal �ndings on MRI or CT. The
mean SUV of the ROI pixels (SUVmean), the maximum SUV (SUVmax), and the maximum average SUV within a 1 cm3 spherical volume (SUVpeak) were
generated for the lesion ROI [21]. Lesion-to-normal tissue (L/N) ratios were measured by dividing the SUVmax of the lesion by the SUVmean of the
contralateral normal frontal-lobe gray matter (Lmax/Nmean) and dividing the SUVmax of the lesion by the SUVmax of the contralateral normal frontal-
lobe gray matter (Lmax/Nmax). In the case of bilateral lesions, the reference areas were selected in unaffected remote tissue.

 

Statistical analysis

All statistical analyses were performed using IBM SPSS Statistics 25.0 (IBM Corp., Armonk, NY, USA). Quantitative values are reported as arithmetic
means ± SD. The values of SUVmean, SUVmax, SUVpeak, Lmax/Nmean, and Lmax/Nmax were compared separately using the Mann-Whitney
nonparametric test. Receiver-operating-characteristics (ROC) curve analysis was used to determine the optimal index for 11C-MET PET. Cut-off values
for key parameters were inferred according to Youden’s index [22]. For all analyses, a p value of less than 0.05 was considered statistically signi�cant.

 

Results
Of the 425 patients who underwent 11C-METPET, 101 patients had a de�nitive diagnosis for inclusion in this study. The demographics of this study
population are summarized in Fig. 1.

 

Comparison of radiological diagnosis on 11C-METPET with �nal diagnosis

Comparisons between the radiological diagnoses on 11C-METPET and �nal diagnoses are summarized in Table 1. The concordance rates between
radiological and de�nitive diagnoses were 88.6% for brain tumors and 67.9% for non-neoplastic lesions. The values of each 11C-METPET parameter,
including SUVmean, SUVmax, SUVpeak, Lmax/Nmean, and Lmax/Nmax, are shown in Fig. 3 and Table 2. The measured parameter values were all
signi�cantly higher for the brain tumors than for the non-neoplastic lesions (p < 0.001). 

 

ROC analysis of diagnostic accuracy for each 11C-METPET parameter

To determine optimal cut-off values for the differentiation of brain tumors from non-neoplastic lesions, receiver-operating-characteristics (ROC) and area
under the curve (AUC) analyses were performed. The AUCs were 0.843 for Lmax/Nmean, 0.853 for Lmax/Nmax, 0.821 for SUVmax, 0.837 for SUVpeak,
and 0.829 for SUVmean (Fig. 4). These data indicate that the L/N ratios showed better performance than the SUV parameters for differentiating
between brain tumors and non-neoplastic lesions. Based on Youden’s index, an Lmax/Nmax of 2.01 and Lmax/Nmean of 2.23 provided the best
sensitivity and speci�city for detection of brain tumors, with sensitivity and speci�city of 70.5% and 91.3%, respectively, for Lmax/Nmax, and 75.6% and
82.6%, respectively, for Lmax/Nmean. In addition, the positive predictive value and negative predictive value were 96.5% and 47.4%, respectively, for
Lmax/Nmax, and 93.7% and 50%, respectively, for Lmax/Nmean (Table 3).

Discussion
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This study was undertaken to evaluate the usability of 11C-METPET for the differentiation between brain tumors and non-neoplastic lesions before
treatment. Our data demonstrating the positive predictive value of 11C-METPET indicate that subjects with a positive screening test are truly likely to
have a brain tumor, although a negative screening test because of low methionine uptake does not mean that subjects are free of brain tumor. In
particular, low grade CNS tumor with a low level of methionine uptake is di�cult to distinguish from non-neoplastic lesions. Herholz et al. found that the
optimal L/N value cut-off for the discrimination of tumor from non-neoplastic lesions was 1.47, which provided a sensitivity of 76% and speci�city of
87% [23]. However, our data showed an optimal cut-off of 2.01 for Lmax/Nmax and 2.23 for Lmax/Nmean. These higher values may be related to the
wide range of pathology investigated in our study, which included various types of non-neoplastic lesions such as encephalopathy and lesions resulting
from in�ammatory diseases. However, it should be noted that the diagnostic accuracy of both the specialists and the optimal cut-off values for the low
11C-MET tracer uptake lesions were not high, indicating the limitations of using 11C-MET tracer uptake for diagnosis at the �rst visit. It was recently
reported that it is easy to mistake non-neoplastic lesions for brain tumors on F-DOPAPET imaging [24]. It may be necessary to inform the attending
physician planning the next strategy of the limitations of 11C-METPET. 

11C-MET tracer uptake is dependent on the expression of L-type amino acid transporter [25]. Previous reports showed that it is useful for differentiating
between recurrence and radiation necrosis in glioma and metastatic brain tumors after radiotherapy [10-18]. Although a brain tumor may show tumor
proliferation, new collateral circulation, and pathological disruption of the blood brain barrier, diagnosis at the �rst visit is extremely important because
the lesion may be in a place that is not easily accessible by surgery or is at high risk for intra or postoperative mortality [26, 27]. First-visit 11C-METPET
results have recently been reported for various types of non-neoplastic lesions such as neurovascular disease, encephalopathy, and in�ammatory
disease [28-31]. However, it is di�cult to identify non-neoplastic lesions by 11C-METPET parameters alone, including by the L/N ratio or the
interpretation of nuclear medicine professionals. Therefore, we believe that more accurate radiological diagnosis will be obtained if an integrated shape
recognition function using arti�cial intelligence is developed, in addition to using SUVs and L/N ratios as a method for distinguishing between brain
tumors and non-tumor lesions [32-35].

This study has several limitations. First, this study is lack of pathological information in many of non-neoplastic lesions and a small number of patients
with non-neoplastic lesions. In practice, it is di�cult to obtain a pathological diagnosis of non-neoplastic lesions, therefore a longer observation period
will be required in future study. Second, not all intracranial diseases were included in this study, such as tumors like infective or in�ammatory
granulomas. If the proportion of non-neoplastic lesions with in�ammatory disease changes, the optimum cut-off value may also change [36, 37].
Furthermore, in case of neurovascular disease or in�ammatory disease, methionine uptake rate must change depending on time interval from onset.
Such information was not included from this study, which in�uenced the radiological image interpretation. 

However, to the best of our knowledge, this study included the greatest number of �rst-visit intracranial disorders (including tumors and non-neoplastic
lesions) yet included in an 11C-METPET study before treatment. In particular, there is much debate about the lesions with low methionine uptake.
Further prospective studies using 11C-METPET before treatment are needed to evaluate the usability of 11C-METPET.

Conclusion
11C-METPET is often considered as an important tool for differentiating intracranial brain tumors from non-neoplastic lesions before treatment and
planning the treatment strategy. However, the high positive predictive value and low negative predictive value in relation to the diagnosis of the optimal
cut-off mean that the utilization of 11C-METPET needs for caution in patients before treatment. Further investigations are needed for the importance of
the usability of 11C-METPET before treatment.
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Tables
TABLE 1 Comparison of radiological diagnoses on 11C-METPET with de�nitive diagnoses

TABLE 1    

Radiological diagnosis 
of 11C-MET-PET

Number of �nal diagnosis Concordance 
 rate (%)

Brain tumors Non-neoplastic lesions Undetermined

Brain tumors 70 3 6 88.6

Non-neoplastic lesions 5 19 4 67.9

Equivocal 3 1 2  

Total 78 23 12  
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TABLE 2        

Mean ± SD for

Brain tumors (n = 78) Non-neoplastic lesions (n = 23)

Index High
grade
 CNS
tumor
 (n =
31)

Low
grade
 CNS
tumor
 (n =
37)

Glioma,
not
 otherwise
speci�ed
 (n = 5)

Lymphoma
 (n = 3)

Metastatic
 brain
tumor
 (n = 2)

 Neurovascular
 disease
 (n = 10)

Dysplasia
 (n = 5)

Encephalopathy
 (n = 4)

In�ammatory
 disease
 (n = 4)

SUVmean 4.64
±
2.68

2.92
±
1.32

2.78 ±
2.49

4.4 ± 1.97 7.07 ± 1.8  1.27 ± 0.67 1.65 ±
1.02

1.59 ± 0.76 2.95 ± 2.14

SUVpeak 4.33
±
2.46

2.91
±
1.31

2.89 ±
2.48

3.78 ± 1.44 7.17 ±
1.94

1.41 ± 0.49 1.72 ±
0.98

1.61 ± 0.54 2.74 ± 1.73

SUVmax 6.51
± 3.5

4.08
±
1.87

3.81 ±
3.32

6.55 ± 2.93 9.94 ±
3.18

 1.88 ± 0.95 2.42 ± 1.4 2.39 ± 1.32 4.05 ± 2.87

Lmax/Nmean 4.85
±
2.47

2.93
±
1.22

2.39 ±
1.54

5.27 ± 3.77 6.11 ± 1.9 1.34 ± 0.62 1.68 ±
0.96

1.66 ± 0.25 2.76 ± 1.73

Lmax/Nmax 3.84
±
1.89

2.36
±
0.94

1.99 ±
1.24

4.51 ± 3.26 5.04 ±
1.43

 1.1 ± 0.51 1.4 ± 0.79 1.34 ± 0.19 2.14 ± 1.38

CNS = central nervous system; SUV = standardized uptake value; L/N = lesion-to-normal tissue ratio; Data are mean ± SD.

TABLE 2 Quantitative analysis for the de�nitive diagnosis of intracranial lesions

 

 

 

 

TABLE 3

Diagnostic value
 cutoff value

%
 Sensitivity

%
 Speci�city

%
 PPV

%
 NPV

Lmax/Nmax > 2.01 70.5 91.3 96.5 47.4

Lmax/Nmean > 2.23 75.6 82.6 93.7 50

PPV = positive predictive value; NPV = negative predictive value

TABLE 3 Optimal cut-off values and their diagnostic accuracy for intracranial tumors

Figures
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Figure 1

Flow chart showing the process for patient-based lesion validation in this study of pre-treatment brain lesions. In total, 78 patients had validated brain
tumors and 23 patients had non-neoplastic lesions. The �nal diagnosis remained undetermined in 12 patients.

Figure 2
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11C-METPET images from typical subjects with glioblastoma, diffuse astrocytoma, hypertrophic pachymeningitis, and cerebral hemorrhage.

Figure 3

Box-and-whisker plots of each 11C-METPET parameter for brain tumors and non-neoplastic lesions. Asterisks (*) indicate signi�cant differences in all
parameters between brain tumors and non-neoplastic lesions (p < 0.001). The bottom and top of the boxes indicate the 25th and 75th percentiles,
respectively, and the lines inside the boxes indicate the 50th percentile. Circles ( ) indicate outliers and stars ( ) indicate extreme outliers that are more
than three times the height of the box.
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Figure 4

Receiver operating characteristics curves for the differentiation between brain tumors and non-neoplastic lesions by methionine uptake parameters
including Lmax/Nmean, Lmax/Nmax, SUVmax, SUVpeak, and SUVmean. The areas under the curve were 0.843 for Lmax/Nmean, 0.853 for
Lmax/Nmax, 0.821 for SUVmax, 0.837 for SUVpeak, and 0.829 for SUVmean.


