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Abstract The present study evaluated usefulness of the
positron emission tomography with ''C-methionine for
prediction of the clinical course and treatment decision-
making in adult patients with newly diagnosed non-en-
hancing brain lesions mimicking low-grade gliomas. Ret-
rospective analysis was done in 163 cases. In overall, 131
tumors underwent surgical resection, which in 34 cases was
done after initial period of observation. Among the latter 5
patients were operated on after significant clinical deterio-
ration. In overall, 3 resected neoplasms corresponded to
WHO histopathological grade I, 87 to grade II, 39 to grade
IIT, and 2 to grade I'V. In all 163 cases the tumor/normal brain
uptake ratio (T/N ratio) of ''C-methionine ranged from 0.68
t08.02 (mean2.21 £ 1.16, median 1.81). Mean T/N ratios of
non-operated lesions, low-grade and high-grade tumors were
1.60 £ 0.85, 2.27 £ 1.22, and 2.54 + 1.09, respectively
(P < 0.0001), but overlap between 3 groups was prominent.
In patients who had clinical deterioration during the period of
observation T/N ratios of the lesion varied from 1.49 to 3.38
(mean 2.23 £ 0.70, median 2.15). Comparison of the dete-
rioration-free survival of patients with T/N ratios of the
lesion above and below 1.90 revealed statistically significant
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difference (P < 0.0001). In conclusion, “wait-and-scan”
strategy with delay of surgical treatment does not seem
reasonable option if T/N ratio of ''C-methionine in the non-
enhancing glioma-like brain lesion constitutes >1.90, since
it may be associated with significant risk of tumor progres-
sion and clinical deterioration during follow-up.
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Introduction

Choice of the optimal treatment strategy in patients with
suspected low-grade gliomas is difficult. Early surgery in
such cases may reduce potential risks of malignant pro-
gression of the tumor and improve overall survival, but, on
the other hand, may result in additional neurological
morbidity, especially if the neoplasm is located in eloquent
brain areas. Moreover, some lesions may be non-neoplastic
and do not require resection. The objective of the present
study was evaluation of usefulness of the positron emission
tomography with ''C-methionine (MET-PET) for predic-
tion of the clinical course and treatment decision-making in
adult patients with newly diagnosed non-enhancing
glioma-like brain lesions.

Materials and methods
Routine use of MET-PET for preoperative examination of
patients with suspected intracranial gliomas was started by

our group from 2004. During 5 subsequent years 297
consecutive examinations were done and their results were
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collected in constantly maintained computer database. For
the purpose of this study 134 cases were excluded due to at
least one of the following reasons: age of the patient less
than 15 years (10 cases), residual or recurrent tumor (45
cases), presence of contrast enhancement of the lesion on
T,-weighted MRI (64 cases), necessity of emergent surgery
prompted by poor general condition (6 cases), and absence
of the surgical treatment or additional MRI investigations
within 3 months after PET examination (9 cases). The
residual cohort of 163 patients represented the clinical
basis of the present retrospective analysis, which was
approved by the Ethics Committee of the Tokyo Women’s
Medical University (#3533; August 10, 2015).

Clinical data

The study group included 98 men and 65 women. Their age
varied from 16 to 72 years (mean 41 £ 13 years, median
38 years). The Karnofsky Performance Scale (KPS) score
was 100 in 110 patients, 90—in 50, and 80—in 3.
According to MRI examinations performed with different
models of 1.5 Tesla MR scanners all lesions had hypoin-
tense signal on T,-weighted, and hyperintense signal on
T,-weighted and FLAIR images. No one mass exhibited
contrast enhancement after intravenous administration of
the double dose (0.2 mmol/kg) of the gadolinium-based
contrast media gadoteridol (ProHance®; Eisai Co., Tokyo,
Japan) or gadopentetate dimeglumine (Magnevist®; Nihon
Shering, Osaka, Japan).

Positron emission tomography with ''C-methionine

Applied technique of MET-PET was reported previously
and published elsewhere [1-3]. Shortly, Advance NXi
Imaging System (GE Yokokawa Medical Systems, Tokyo,
Japan), which provides 35 transaxial images at 4.25 mm
intervals, was used. The in-plane spatial resolution (full
width at half maximum) was 4.8 mm, and standard 2D
scan mode was utilized. Before emission scan was
acquired, a 3-min transmission scan was obtained to correct
photon attenuation with a ring source containing ®*Ge. A
dose of 7.0 MBg/kg of ''C-methionine was injected
intravenously. The emission scan was acquired during
30 min, starting 5 min after radioisotope administration.
The images were reconstructed with the ordered-subsets
expectation maximization algorithm.

Tracer accumulation in the region of interest (ROI) was
analyzed as the standardized uptake value (SUV), which is
the radioisotope activity concentration in the ROI at a fixed
time point divided by the injected dose normalized to the
patient’s weight. The tumor/normal brain uptake ratios (T/
N ratios) of ''C-methionine were calculated by dividing the
maximum SUV of the lesion by the mean SUV of the
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contralateral normal frontal cortex. The lesion maximum
SUV was used instead of the mean SUV to minimize the
effect of heterogeneity of radioisotope accumulation. In all
cases co-registration of PET and MRI was undertaken [4]
with an image analysis software package (Dr. View; AJS,
Tokyo, Japan). If increased accumulation of ''C-methion-
ine was absent or not clear, ROI selection was done with a
reference to MRI.

Treatment and follow-up

Ninety-eight patients were scheduled for elective surgery
(early surgery group) within 3 months after MET-PET. In
other 65 cases “wait-and-scan” strategy was chosen ini-
tially (initial observation group), which was caused either
by desire of the patient and his or her family to delay or
avoid surgical treatment, or by suspicion of the attending
neurosurgeon that the lesion might be non-neoplastic. The
patients in the latter group were advised to perform eval-
uation in outpatient clinic and MRI examinations (plain
and contrast-enhanced T;-weighted, T,-weighted, and
FLAIR images) each 3 months.

Statistics

Non-parametric statistical tests, namely Chi square test,
Mann—Whitney test, and Kruskal-Wallis test, were used
for groups’ comparisons as appropriate. Survival analysis
was done according to Kaplan—-Meier method from the day
of PET investigation and cases were censored at the time of
elective surgery or at last follow-up examination. Com-
parison of survival curves was performed with log-rank
test. The level of significance was determined at P < 0.05.

Results

In all 163 patients the maximal T/N ratio on MET-PET of
non-enhancing glioma-like brain lesions ranged from 0.68
to 8.02 (mean 2.21 £ 1.16, median 1.81). In overall, T/N
ratio was significantly higher in early surgery group
(Table 1).

Early surgery group

One patient initially scheduled for early surgery rejected it
later on, but desired to undergo empirical radiochemother-
apy. In 97 other patients in this group tumor removal was
done within the interval from 7 days to 2.9 months (mean
1.4 + 0.8 months, median 1.3 months) after MET-PET.
According to MRI no one lesion changed its size or
enhancement characteristics during the period preceding the
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Table 1 Comparison of clinical, metabolic, and histopathological characteristics between 2 groups of patients in the present study
Characteristics Early surgery group (N = 98) Initial observation group (N = 65) P value
Sex (men/women) 61/37 37128 0.4965%*
Mean age (years) 41 £ 13 42 + 14 0.6745%%*
KPS score (100/90-80) 64/34 46/19 0.4654*
Mean T/N ratio 2.57 £ 1.26 1.67 £ 0.73 <0.0001**
WHO histopathological tumor grade (I-II/III-IV)*%*%* 64/33 26/8 0.2543%*
* According to Chi square test
** According to Mann—Whitney test
*#% In 131 cases, which underwent lesion resection
intervention, and no one patient experienced clinical 9.00
deterioration. 8,004 .
o4 0 7.00 il :
Initial observation group |
o 600
. . .. E 5'00 T * * ‘

Eventually, 34 out of 65 patients initially scheduled for 2 a0t $ :

. . . . .00 1 s
observation underwent surgical resection of the lesion. It & - s :
was done within the interval from 3.1 to 84.7 months 2'00‘ R -f-
(mean 13.2 & 17.0 months, median 5.4 months) after 1'00 + t
MET-PET. In 29 cases delayed surgery was performed ’ *

0.00

owed to the absence of the lesion regression and strong
suspicion on the tumor presence, but without evidence of
significant changes of the mass volume or contrast
enhancement pattern. In other 5 patients surgery was done
owed to significant deterioration of the clinical condition
caused by either rapid progression of the neoplasm (3
cases) or intratumoral hemorrhage (2 cases).

Other 31 patients initially scheduled for observation
were followed without surgery from 2.8 to 98.3 months
(mean 44.6 4+ 32.0 months, median 48.1 months) after
MET-PET. According to MRI 24 of these lesions did not
changed size or enhancement characteristics, whereas 7
demonstrated volume regression.

"'C-methionine uptake and histopathological
characteristics of the lesion

In all 131 patients, who underwent lesion resection, surgery
was done within the interval from 7 days to 84.7 months
(mean 4.5 + 10 months, median 1.8 months) after MET-
PET. Histopathological investigation according to current
WHO criteria [5] revealed 1 dysembryoplastic neuroep-
ithelial tumor, 1 gangliocytoma, 1 non-classified glioneu-
ronal tumor, 16 diffuse astrocytomas, 28 oligoastrocytomas,
43 oligodendrogliomas, 13 anaplastic astrocytomas, 14
anaplastic oligoastrocytomas, 12 anaplastic oligoden-
drogliomas, and 2 glioblastomas. In overall, 3 neoplasms
corresponded to WHO histopathological grade I, 87 to grade
II, 39 to grade III, and 2 to grade IV. There was no

High-grade tumors
N=41)

Non-operated lesions ~ Low-grade tumors

N=32) N'=90)

Fig. 1 Comparison of the tumor/normal brain uptake ratios (T/N
ratios) of ''C-methionine in 3 groups of lesions in the present series.
While the differences were statistically significant (P < 0.0001), the
overlap of values was prominent. Bars indicate medians

statistically significant difference in proportions of low- and
high-grade tumors among patients in early surgery and ini-
tial observation groups (P = 0.2543).

Mean T/N ratios of non-operated lesions, low-grade and
high-grade tumors were 1.60 £ 0.85, 2.27 £+ 1.22, and
2.54 + 1.09, respectively. This difference was statistically
significant (P < 0.0001), but overlap between 3 groups was
prominent (Fig. 1). Comparison of T/N ratios in astrocytic,
oligoastrocytic, and oligodendroglial gliomas consistently
revealed lower radioisotope uptake in astrocytomas, but the
differences reached statistical significance only in sub-
group of anaplastic (WHO histopathological grade III)
tumors (Table 2).

"C.methionine uptake and clinical course

As marked above, 5 patients in the initial observation
group demonstrated significant deterioration of their clini-
cal condition during follow-up. It manifested from 6
to 37.6 months (mean 27.6 £ 13.3 months, median
35.2 months) after MET-PET and prompted urgent lesion
resection. In these cases T/N ratios varied from 1.49 to 3.38
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Table 2 Comparison of tumor/normal brain uptake ratios (T/N ratios) of ''C-methionine in different types of gliomas

WHO histopathological grade Astrocytomas (N = 29) Oligoastrocytomas (N = 42) Oligodendrogliomas (N = 55) P value*
I 1.98 + 0.75 2.53 + 1.45 229 + 1.20 P>02
I 2.01 +0.81 2.29 + 0.82 321 £ 1.15 P <0.02
II and III 1.99 + 0.76 245 + 1.26 249 + 1.24 P>02

Of note, 3 cases of mixed neuronal-glial neoplasms and 2 glioblastomas were excluded from this comparison

* According to Kruskal-Wallis test

(mean 2.23 + 0.70, median 2.15). To define the optimal
cut-off level for prediction of the clinical deterioration
during follow-up, comparative survival analysis was done
with calculation of the hazard ratios (HR) within the
interval of T/N ratios from 1.40 to 3.40 with an increment
of 0.10. The greatest HR (25.54) corresponded to cut-off of
T/N ratio at 1.90. Comparison of the deterioration-free
survival of patients with T/N ratios of the lesion above and
below this cut-off level (Fig. 2) revealed statistically sig-
nificant difference (P < 0.0001). Actuarial deterioration-
free survival proportions of patients with T/N ratios of the
lesion >1.90 (N = 80) at 1, 2, and 3 years after MET-PET
were 0.89 £ 0.12, 0.71 £ 0.19, and 0.27 £ 0.23, respec-
tively. In contrast, deterioration was noted in only one
patient with T/N ratio < 1.90 (N = 83), and it had hap-
pened at 3.1 years after MET-PET.

On the other hand, in 7 other patients in the initial
observation group regression of the lesion was noted within
the interval from 5.8 to 87.9 months (mean 40.1 +
36.3 months, median 18.1 months) after MET PET. In
these cases T/N ratios varied from 0.90 to 1.80 (mean
1.38 £ 0.36, median 1.31). To define the optimal cut-off
level for prediction of the lesion regression during follow-
up, comparative survival analysis was done with calcula-
tions of HR within the interval of T/N ratios from 0.90 to
1.80 with an increment of 0.10. The greatest HR (2.93)

T/N ratio
—1.9 and more —less than 1.9

]

0.7 4
0.6 1
0.5 1
0.4+
0.3+
0.2 A
0.11

:

o

Proportion of deterioration-free survival

2 3 4 5 6 71 8 9
Years after !!'C-methionine PET

o
-y

Fig. 2 Comparison of deterioration-free survival of patients with T/N
ratios of the lesion >1.90 (N = 80) and < 1.90 (N = 83)
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corresponded to cut-off of T/N ratio at 1.00. However,
comparison of lesion regressions in subgroups with T/N
ratio above and below this cut-off level (Fig. 3) did not
reveal statistically significant difference (P = 0.2846).
Actuarial proportions of non-regressed lesions in cases
with T/N ratios >1.00 (N = 152) at 1, 2, and 3 years after
MET-PET were 0.98 + 0.03, 0.91 &+ 0.05, and 0.91 £+
0.06, respectively. In contrast, in cases with T/N
ratio <1.00 (N = 11) actuarial proportions of non-re-
gressed lesions at 1, 2, and 3 years after MET-PET were
0.75 £ 0.22, 0.75 £ 0.38, and 0.75 £ 0.38, respectively.

Discussion

Low-grade gliomas in adults are typically presenting as
non-enhancing mass lesions located within the cerebral
hemispheres. Despite slow growth, more than 50 % of
these tumors may eventually undergo malignant transfor-
mation, which usually occurs in 5-7 years after the initial
diagnosis [6, 7]. Additionally, the clinical course of more
than 10 % of such neoplasms may be complicated by
intratumoral hemorrhage [8]. Therefore, establishment of
the correct diagnosis and timely treatment of patients with
low-grade gliomas seems very important for improvement
of their prognosis. Nevertheless, non-negligible proportion

T/N ratio
—1.0 and more —Iless than 1.0

0.8 -
0.7 -
0.6 -

0.5
0.4 -
0.3
0.2 -
0.1 -

0 T T T T T T T T )
0 1 2 3 4 5 6 7 8 9

Years after !!'C-methionine PET

Survival without lesion regression

Fig. 3 Comparison of the lesion regression in cases with T/N
ratios >1.00 (N = 152) and <1.00 (N = 11)
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of non-enhancing brain lesions may result from ischemia,
demyelination, inflammation, trauma, and dysplasia and do
not require any intervention [9-12]. For differentiation of
the neoplastic and non-neoplastic pathology, it is rather
usual to observe the patient until the evident growth of the
lesion or appearance of symptoms. It is particularly com-
mon practice in cases of lesions with unequivocal radio-
logical findings, located within eloquent cortical areas or
deep brain structures. However, in cases of tumors such
“wait-and-scan” strategy may result in time loss, non-
reasonable delay of surgery, and attainment of resection
under less optimal conditions [13]. It emphasizes the role
of advanced neuroimaging technologies for establishment
of the correct preoperative diagnosis and prediction of
prognosis.

At present MET-PET tracer is widely considered as
effective technique for clinical evaluation of gliomas [14].
It had been used for discrimination between the tumor and
non-neoplastic lesions [15, 16], non-invasive preoperative
typing and grading of the neoplasm [17-20], precise
delineation of its borders [21-23], prediction of prognosis
[17, 18, 24, 25], detection of malignant transformation
[26], and differentiation of recurrence from treatment-in-
duced changes [16, 27-29]. Multiple reports noted use-
fulness of MET-PET for detection of gliomas with the
range of sensitivity between 70 and 100 %, however rec-
ommended cut-off values of T/N ratios ranged widely
(from 1.3 to 1.9) [14, 19, 28, 29]. Previously in our practice
cut-off value of 2.0 was applied for discrimination of high-
and low-uptake lesions and provided 87 % sensitivity for
identification of glioma presence [1]. It is evident, how-
ever, that setting of the cut-off value at a lower level may
increase sensitivity of the tumor diagnosis, but decrease its
specificity with the greater risk for unnecessary interven-
tions in cases of non-surgical diseases. In the series of
Kawai et al. [11] various non-neoplastic intracranial
pathology, including intracerebral hemorrhages, cerebral
infarctions, brain abscesses, multiple sclerosis, Behget
disease, etc. demonstrated mild-to-moderate uptake of Hee
methionine, whereas a single case of hypertrophic pachy-
meningitis even exhibited a strong uptake. Harada et al.
[12] reported a case of cerebral venous infarction mim-
icking glioma on MET-PET with T/N ratio of 1.69.

As was demonstrated herein MET-PET may also pro-
vide additional clues for appropriate decision-making in
patients with non-enhancing glioma-like brain lesions.
Clinical deterioration during the course of observation was
significantly more frequent in cases with T/N ratios >1.90,
and no one such lesion underwent spontaneous regression.
In contrast, no one patient with T/N ratio < 1.90 demon-
strated clinical impairment within 3 years after radiological
diagnosis, and 11 % of the lesions showed volume reduc-
tion. Greater risk of deterioration of high-uptake lesions

may be related to their greater proliferative activity and
vascularization. Several studies demonstrated correlation
of ''"C-methionine uptake with MIB-1 index [2, 16] and
microvessel density in gliomas [30, 31]. Ullrich et al. [26]
reported association between accumulation rate of the
radioisotope and immunohistochemical expression of the
vascular endothelial growth factor (VEGF), which is con-
sidered as major promoter of neovascularization in gliomas
corresponding to intratumoral hemorrhages and malignant
transformation [32-34]. Others demonstrated that ''C-
methionine uptake also correlates with tumor cell density
[35], MGMT promoter methylation [36], and 1p/19q co-
deletion [3].

Based on the presented results intracranial glioma-like
brain lesions demonstrating high radioisotope uptake on
MET-PET (T/N ratios > 1.90) should preferably undergo
early surgical resection (within 3 months after radiological
diagnosis) for avoidance of the possible deterioration and
improvement of prognosis. In the same time more or less
prolonged observation of the low-uptake masses (T/N
ratios < 1.90) with regular MRI scans may be associated
with minimal risk of clinical impairment. It may permit to
distinguish non-neoplastic, tumor-mimicking diseases and
to avoid unnecessary surgery in some cases. Definitely,
stereotactic biopsy may be applied in the latter cohort
instead of “wait-and-scan” strategy, but in many occasions
it may leave some diagnostic uncertainty owed to
histopathological heterogeneity of gliomas [37]. In such
cases, MET-PET may be effectively used either for
selection of the optimal target for tissue sampling [38], or
as additional prognostic marker to support tissue diagnosis
[14, 17, 24, 25].

The main limitation of the present study is its retro-
spective nature and small number of events of interest. It is
not possible to define clearly how the patients were
selected for early or delayed surgical procedures. More-
over, since histopathological diagnosis of glioma was
established in all operated cases, the preoperative neuro-
radiological findings should be rather convincing. Other
used diagnostic modalities, such as diffusion-weighted
imaging and proton magnetic resonance spectroscopy,
were not analyzed. It should be also noted, that PET is
costly technique, mainly available only in the large aca-
demic centers, which may preclude widespread application
of the proposed diagnostic algorithm.

Conclusion
According to results of the present retrospective study
MET-PET may be useful for prediction of the clinical

course in adult patients with newly diagnosed non-en-
hancing glioma-like brain lesions, which may be helpful
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for treatment decision-making. “Wait-and-scan” strategy
with delay of surgical treatment does not seem reasonable
option if tumor/normal brain uptake ratio of ''C-methion-
ine in the mass constitutes >1.90, since it may be associ-
ated with significant risk of tumor progression and clinical
deterioration during follow-up and with negligible proba-
bility of spontaneous lesion regression. Nevertheless, val-
idation of the suggested MET-PET-based diagnostic
algorithm should be done in further prospective studies.
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