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Nonenhancing Gliomas

K. Takano, M. Kinoshita, H. Arita, Y. Okita, Y. Chiba, N. Kagawa, Y. Fujimoto, H. Kishima, Y. Kanemura, M. Nonaka, S. Nakajima,
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ABSTRACT

BACKGROUND AND PURPOSE: Noninvasive radiologic evaluation of glioma can facilitate correct diagnosis and detection of malignant
transformation. Although positron-emission tomography is considered valuable in the care of patients with gliomas, ®F-fluorodeoxyglucose and
'C-methionine have reportedly shown ambiguous results in terms of grading and prognostication. The present study compared the diagnostic
and prognostic capabilities of diffusion tensor imaging, FDG, and "C-methionine PET in nonenhancing gliomas.

MATERIALS AND METHODS: Thirty-five consecutive newly diagnosed, histologically confirmed nonenhancing gliomas that underwent
both FDG and "C-methionine PET were retrospectively investigated (23 grade Il and 12 grade Il gliomas). Apparent diffusion coefficient,
fractional anisotropy, and tumor-to-normal tissue ratios of both FDG and "C-methionine PET were compared between grade Il and Il
gliomas. Prognostic values of these parameters were also tested by using progression-free survival.

RESULTS: Grade Il gliomas showed significantly higher average tumor-to-normal tissue and maximum tumor-to-normal tissue than grade Il
gliomas in "C-methionine (P = .013, P = .0017, respectively), but not in FDG-PET imaging. There was no significant difference in average ADC,
minimum ADC, average fractional anisotropy, and maximum fractional anisotropy. "C-methionine PET maximum tumor-to-normal tissue ratio of
2.0 was most suitable for detecting grade Il gliomas among nonenhancing gliomas (sensitivity, 83.3%; specificity, 73.9%). Among patients not
receiving any adjuvant therapy, median progression-free survival was 64.2 = 7.2 months in patients with maximum tumor-to-normal tissue ratio
of <2.0 for "C-methionine PET and 18.6 = 6.9 months in patients with maximum tumor-to-normal tissue ratio of >2.0 (P = .0044).

CONCLUSIONS: "C-methionine PET holds promise for World Health Organization grading and could offer a prognostic imaging bio-

marker for nonenhancing gliomas.

ABBREVIATIONS: MET = "C-methionine; PFS = progression-free survival; T/N = tumor-to-normal tissue; T/N

maximum tumor-to-normal tissue

Gliomas are categorized from grade I to IV according to the
World Health Organization classification, which is based on
histopathologic findings." Although molecular and genetic infor-
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mation is gaining importance,” therapeutic strategy is still heavily
based on World Health Organization grading. Biopsy is occasion-
ally chosen instead of surgical resection due to various factors
such as tumor location, and the heterogeneous features of the
tumor often complicate accurate diagnosis, leading to undergrad-
ing of the tumor.>*

MR imaging is one of the noninvasive methods for tumor
grading and is now considered the criterion standard imaging
procedure for glioma.” Although contrast enhancement of the
tumor is regarded as a hallmark of high-grade glioma, anaplastic
tumors and even glioblastoma can lack contrast enhancement.
Previous reports have shown that 32%-42% of nonenhancing
gliomas are high-grade. In other words, as many as 92%-100% of
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nonenhancing gliomas are grade II or I1I gliomas.®"! As a result,
nonenhancing glioma contains various tumor grades ranging
from grade II to IV. In the context of nonenhancing tumor, accu-
rate preoperative diagnosis may change the initial management of
the tumor, and if grade I1I is suspected, a more aggressive surgical
resection, rather than biopsy, may be pursued. This treatment
strategy poses a challenge to physicians to achieve a correct pre-
operative diagnosis and leads to a need for additional imaging
modalities to visualize tumor characteristics. Although previous
investigations have attempted to solve this problem by using var-
ious advanced MR imaging techniques such as diffusion tensor
imaging, perfusion-weighted imaging, and MR spectros-
Copy,f”7’9’12
controversial. In this context, positron-emission tomography is

the clinical significance of these methods remains

considered a promising imaging technique supplementing MR
imaging in the care of patients with gliomas. Past investigations,
however, have analyzed mixtures of both high- and low-grade
gliomas for their analyses, leading to inconclusive results in terms
of its usefulness in clinical practice. The most important question
to be answered is the clinical impact of PET on nonenhancing
gliomas, in which tumor grading is difficult using conventional
MR imaging alone. Hence, the current investigation was con-
ducted to test the hypothesis that PET could be useful for both
radiologic tumor grading and prognostication of nonenhancing
gliomas. More specifically, our aim was to test the hypothesis that
"'C-methionine (MET) PET not only has greater specificity and
positive predictive power than '®F-fluorodeoxyglucose-PET for
determination of grade in nonenhancing gliomas but also pre-
dicts progression-free survival in newly diagnosed nonenhancing
gliomas receiving standard therapy. The results obtained from
PET were further compared with apparent diffusion coefficient
obtained by DTT.

MATERIALS AND METHODS

Patients

Thirty-five patients with newly diagnosed, histologically con-
firmed nonenhancing supratentorial gliomas were retrospectively
collected (18 men, 17 women; mean age, 39.9 *+ 15.8 years; World
Health Organization grade II, n = 23; grade III, n = 12). Four of
the 23 grade II gliomas and 3 of the 12 grade III gliomas showed
oligodendrocytic components. Histologic grading was performed
according to the World Health Organization criteria after partial
(<95% tumor removal) or total (=95% tumor removal) resec-
tion of the lesion or stereotactic biopsy (total resection, n = 11;
partial resection, n = 21; stereotactic biopsy, n = 3). Three pa-
tients with grade II gliomas and all patients with grade III gliomas
received adjuvant therapy postoperatively, such as radiation ther-
apy alone, radiation therapy with chemotherapy, or chemother-
apy alone. Both FDG and MET PET were performed preopera-
tively except in 1 case, in which PET was performed 69 days after
stereotactic biopsy. The mean duration of follow-up was 29.6 *
18.1 months. “Tumor progression” was defined as either distinct
enlargement of high-intensity lesions on T2 or fluid-attenuated
inversion recovery imaging or the appearance of a contrast-en-
hancing lesion. “Progression-free survival” was defined as the du-
ration between surgery and tumor progression. Detailed charac-

teristics of patients are given in On-line Table 1. Use of clinical
data was approved for research purposes by the local institutional
review board.

PET Methods

PET studies were performed by using an Eminence-G (Shimadzu,
Kyoto, Japan). Synthesis of MET was performed according to the
method described by Berger et al,'> and MET was injected intra-
venously at a dose of 3 MBq/kg. Tracer accumulation was re-
corded for 12 minutes in 59 or 99 transaxial sections over the
entire brain. Summed activity from 20 to 32 minutes after tracer
injection was used for image reconstruction. For FDG-PET, after
a 10-minute transmission scan, an amount of FDG determined in
proportion to weight was injected intravenously (3.7 MBq/kg).
Tracer accumulation was recorded in 3D mode for 12 minutes in
59 or 99 transaxial sections from the entire brain. Total activity
from 45 to 57 minutes after tracer injection was used for image
reconstruction. Both images were stored in 256 X 256 X 59 or 99
anisotropic voxels, with each voxel being 1 X 1 X 2.6 mm. The
mean interval between preceding PET and an operation was
60.4 * 68.8 days (range, —69 to 347 days).

MR Imaging

All patients were studied by using either a 1.5T or 3T MR imaging
scanner within a week before the operation. T1-weighted imaging
with gadolinium enhancement was used to select patients with
nonenhancing gliomas. T2-weighted or FLAIR images were ac-
quired in all cases for delineation of tumors. Diffusion tensor
imaging was performed in all except 4 patients (21 with grade IT
glioma and 10 with grade III glioma) by using a 3T MR imaging
scanner (Signa; GE Healthcare, Milwaukee, Wisconsin). Images
were acquired by using a single-shot echo-planar imaging tech-
nique with TE = 80 and TR = 10,000. Diffusion gradient encod-
ing in 25 directions with 5=2000 s/mm” and an additional mea-
surement without the diffusion gradient (b=0 s/mm?) were
performed.'* A parallel imaging technique was used to record
data with a 128 X 128 spatial resolution for a 260 X 260 mm FOV.
Fifty sections were obtained, with a section thickness of 3 mm
and no intersection gap. Apparent diffusion coefficient was
processed by using the Diffusion Toolkit (TrackVis; http://
www.trackvis.org/dtk/).

Image Fusion and Analysis

After all images had been obtained, PET images, ADC, and FA
maps were all registered to T2 or FLAIR images by using VINCI
image analysis software (http://www.nf.mpg.de/vinci/). Correct
coregistration of images was visually confirmed. After image reg-
istration was complete, all image sets were converted to anisotro-
pic images (256 X 256 X 59 or 99, 1 X 1 X 2.6 mm), enabling
further analysis. For PET images, the standard uptake value of the
contralateral tumor-unaffected gray matter in the axial plane at
the level of the thalamus was averaged, and the derived value was
used to normalize standard uptake value in a voxelwise manner,
enabling reconstruction of tumor-to-normal tissue (T/N) ratio
images. All datasets were exported to in-house software written in
Matlab 7.14 (MathWorks, Natick, Massachusetts) for further
analysis. High-intensity lesions delineated in T2 or FLAIR images
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FIG 1. Schematic overview of the image-analysis process. High-intensity lesions on T2/FLAIR

imaging were semiautomatically segmented in 3D by an image-intensity threshold. The seg-
mented voxels of interest were applied to registered PET images and ADC fractional anisotropy
maps, followed by calculation of the average and maximum or minimal values of each parameter

within the VOI.
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FIG 2. T/N,,. (A)and T/N, ., (B) of FDG-PET in patients with grade Il
and Il gliomas. No significant difference was seen between grade Il

and Il gliomas (P = .11 and 0.72, respectively).

Table 1: Various imaging modalities and tumor grade

Imaging Parameters Grade Il Grade lll P Value
T/N,,. of FDG 0.68 = 0.28 0.69 + 0.06 n
T/N,. of FDG 128 £0.33 125+ 0.15 72
T/N,, of MET 112 £0.18 131£0.21 .013*
T/N,., of MET 191+ 0.62 2.69 * 0.66 .00172
ADC,.. (X10*mm?%/s) 109 +025 092+ 022 13
ADC,. (X10™*mm?/s) 0.18 = 0.26 018 £0.23 .82

Note:—ADC,, . indicates average ADC; ADC,,;,, minimum ADC.
2p < 05.

were semiautomatically segmented in 3D by image-intensity
threshold as voxels of interest. Average tumor-to-normal tissue
(T/N,,.) and maximum tumor-to-normal tissue values (T/N_..)
of FDG and MET PET, average ADC, and minimum ADC within
the VOI were calculated (Fig 1 and On-line Fig 1). In particular, the
same VOIs were applied to all 4 images. All values are reported as

mean *+ SD.

Statistical Analysis

Statistical analysis was performed by using JMP Version 10 soft-
ware (SAS Institute, Cary, North Carolina). A threshold level of
.05 was established for statistical significance. The Mann-Whitney
U test was used for group comparisons. Receiver operating char-
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RESULTS

FDG Uptake is Not Statistically
Different between Grade Il and IiI
Nonenhancing Gliomas

The T/N,,. of FDG-PET for grade II and III gliomas was 0.68 *
0.28 and 0.69 * 0.06, and T/N,,,, was 1.28 = 0.33 and 1.25 *
0.15, respectively (Fig 2 and Table 1). These differences were not
significant (P = .11 and P = .72, respectively). Receiver oper-
ating characteristic analysis showed that the T/N_ . of FDG-
PET performed best at a cutoff value of 0.61, with an area
under the curve of 0.67 for discriminating grade III from grade
IT gliomas (Table 2).

MET Uptake Was Statistically Significantly Higher in
Grade Ill Nonenhancing Gliomas Than in Grade Il
Nonenhancing Gliomas

The T/N,,. of MET PET for grade IT and III gliomas was 1.12 *
0.18 and 1.31 = 0.21, and T/N,,, was 1.91 * 0.62 and 2.69 *
0.66, respectively (Fig 3 and Table 1). Grade III gliomas
showed significantly higher MET T/N,,. and T/N_,,, than
grade II gliomas (P = .013, P = .0017, respectively). Receiver
operating characteristic analysis showed that the T/N, . of
MET PET performed best at a cutoff value of 2.0, with an area
under the curve of 0.83 for discriminating grade III from grade
II gliomas (Fig 4 and Table 2).

ave max

ADC Did Not Show a Statistically Significant Difference
between Grade Il and 11l Nonenhancing Gliomas

Average ADC:s for grade II and IIT gliomas were 1.09 * 0.25 and
0.92 * 0.22, and minimum ADCs were 0.18 * 0.26 and 0.18 =
0.23, respectively (Table 1). These differences were not statisti-
cally significant (P = .13 and P = .82, respectively). Receiver
operating characteristic analysis based on ADC further supported
these findings (Table 2).

MET PET Is Prognostic for PFS in Nonenhancing Gliomas
The median PFS for patients with grade II gliomas was 64.2 = 6.0
months (95% CI, 20.6—64.2 months), while the median PFS for
patients with grade IIT glioma was 36.3 = 4.9 months (95% CI, 4.5
months not available). No difference in PFS was evident between
grade II and III gliomas (P = .32) (Fig 5A).

On the other hand, median PFS was 64.2 * 6.3 months (95%
CI, 34.0—64.2 months) for patients with T/N__ of <2.0 for MET

max

PET (n = 19) and 18.8 = 4.0 months (95% CI, 7.4-37.0 months)



Table 2: ROC analysis to discriminate tumor grade

Imaging Parameters No. Cutoff Value AUC Sensitivity Specificity PPV NPV Accuracy
T/N,,. of FDG 35 0.611 0.67 1.000 0.435 0.480 1.000 0.629
T/N,.... of FDG 35 1.54 0.46 1.000 0.087 0.364 1.000 0.400
T/N,,. of MET 35 110 076 1.000 0.565 0.545 1.000 0714
T/N,... of MET 35 2.01 0.83 0.833 0.739 0.625 0.895 0.771
ADC,,. (X10~*mm?/s) 31 0928 0.67 0.600 0.714 0.500 0.789 0.677
ADC,,., (X10>mm?/s) 31 0.057 0.47 0.500 0.667 0.417 0.737 0.613

Note:—AUC indicates area under the curve; PPV, positive predictive value; NPV, negative predictive value; ROC, receiver operating characteristic.
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FIG 4. Receiver operating characteristic analysis of MET PET and FDG-
PET T/N,,.,, Was used for discriminating grade Ill from grade Il gliomas.
The area under the curve was 0.83, and the sensitivity and specificity were
83.3% and 73.9% at a cutoff T/N,,, of 2.0 for MET PET. FDG-PET was
unable to discriminate grade Il glioma from grade Il.

for patients with T/N .. of >2.0 (n = 16). There was a statistically
significant difference for the PFS between these groups (P = .006)
(Fig 5B).

Because some patients underwent adjuvant therapy, which

max

could affect PFS, such as radiation therapy alone, radiation ther-
apy with chemotherapy, or chemotherapy alone, further analysis
was performed for patients who did not receive any adjuvant ther-
apy (n = 20, all grade II gliomas). Median PFS was 64.2 = 7.2
months (95% CI, 34.0—64.2 months) for patients with T/N . of
<2.0 for MET PET (n = 15) and 18.6 = 6.9 months (95% CI,
7.4-37.0 months) for patients with T/N, .. of >2.0 (n = 5). This
difference was statistically significant (P = .0044) (Fig 5C). On the
other hand, MET PET was not prognostic among patients who

received adjuvant therapy (P = .37). The above findings were
confirmed even when PFS was calculated as the duration between
PET examination and tumor progression (On-line Fig 2). Finally,
MET PET was prognostic among patients with grade II gliomas
but not among patients with grade III gliomas (P = .016 and P =
.22, respectively). Detailed data are shown in On-line Table 2.

DISCUSSION
The utility of FDG-PET in glioma was reported in 1982 by Di
Chiro etal,'” followed by many reports confirming that FDG-PET
is indeed useful for detection, grading, and prognostication for
gliomas.®'°?? On the other hand, MET PET was first reported in
1983 by Bergstrom et al** as a useful imaging technique to delin-
eate glioma. Because MET PET has a low normal cortical uptake
and high uptake in gliomas, this method has been considered
superior to FDG-PET for delineation of the lesion.”>*”
However, reports on grading and prognostication of gliomas
by MET PET have been conflicting. Some reports have claimed
that FDG-PET is better for grading and prognostication than
MET PET,?**?%3° while others have claimed otherwise.?”*'> In
theory, accumulation of MET is influenced not only by specific
carrier-mediated uptake butalso by passive diffusion in areas with

a disrupted blood-brain barrier,*

while background normal
cortical uptake of the tracer markedly interferes with accumula-
tion of FDG in brain tumors. One possible reason for the above-
mentioned controversy could be the patient populations analyzed
in those studies, in which both enhancing and nonenhancing tu-
mors were analyzed together.>*~>* Moreover, from a clinical point
of view, because contrast enhancement is one of the hallmarks of
high-grade tumor, the most important clinical question to be an-
swered would be the tumor grade in nonenhancing tumors, in
which tumor grading is difficult by using conventional MR imag-
ing alone.

When analysis was restricted to nonenhancing glioma by us-
ing a semiautomatic T2/FLAIR-based VOI segmentation, the pre-
sented results clearly proved the superb performance of MET PET
for tumor grading (Figs 2—4 and Tables 1 and 2). Receiver oper-
ating characteristic analysis further revealed that T/N, ., of MET
PET was most efficient in extracting grade III gliomas among
nonenhancing gliomas, with an area under the curve of 0.83 (Fig
4 and Table 2). These findings imply that MET PET could be a
valuable noninvasive radiologic tool for making significant clini-
cal judgments for nonenhancing gliomas because preoperative
identification of grade III gliomas would justify clinicians putting
those patients into radical treatment rather than biopsy or obser-
vation of the tumor. The considerable overlap of MET T/N be-
tween grade II and IIT gliomas (Fig 3), however, mandates cau-
tious interpretation of MET PET to supplement conventional MR
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FIG 5. Progression-free survival analysis by tumor grade and MET PET results. Progression-free survival is shown in Kaplan-Meier curves
according to tumor grade (A). Patients with T/N,, ., of <2.0 showed prolonged progression-free survival compared with those with T/N,,,, of
>2.0 (B, P = .006). This was also true when the analysis was restricted to patients who received no adjuvant therapy (C, P = .004).

imaging for grading of nonenhancing gliomas. On the other hand,
FDG-PET was not useful in this respect (Figs 2—4 and Tables 1
and 2).

Similar to FDG-PET, ADC obtained from DTI was also in-
competent to distinguish both grade II and III nonenhancing
gliomas (Tables 1 and 2). Because glioma grading by using DTI
can be heavily affected by the method used for VOI or ROI de-
sign,””?”% it could be that T2/FLAIR-based semiautomatic MR
imaging intensity-based VOI segmentation was not sensitive for
this purpose. Further investigation is indeed necessary to clarify
the impact of the method used for VOI segmentation on analysis
of both PET and MR imaging.

Finally, no significant difference in PFS was seen between
grade Il and III gliomas in our cohort. In the Long-Term Efficacy
of Early versus Delayed Radiotherapy for Low-Grade Astrocy-
toma and Oligodendroglioma in Adults trial, a randomized con-
trolled trial comparing early-versus-delayed radiation therapy for
low-grade gliomas, median PFS was 5.3 years in the early radia-
tion therapy group and 3.4 years in the delayed group.”” Among
grade III gliomas, on the other hand, median PFS was reported as
7.6-36 months for patients treated by radiation therapy and che-
motherapy and 13—18 months for patients treated by using radi-
ation therapy alone.**™*> Considering that all except 3 patients
with grade II gliomas were followed postoperatively with careful
observation alone and that all except 1 patient with a grade IIT
glioma were treated by using both radiation therapy and chemo-
therapy, PFS of our cohort for grade I and III gliomas seems to be
in range with past studies. Early intervention by adjuvant therapy
against grade III gliomas could have prolonged PFS of patients
with grade III gliomas to a similar level of grade II gliomas. More
important, MET PET was prognostic of PFS not only in all pa-
tients with nonenhancing gliomas but also in patients without
adjuvant therapy; this outcome makes MET PET a potential prog-
nostic imaging biomarker for nonenhancing gliomas.

Limitations of our study should also be noted. The present
study compared radiologic with pathologic tumor grading under
the assumption that correct pathologic diagnosis was obtained.
Because there was only 1 patient in this cohort who was diagnosed
as having grade II glioma by biopsy, it is highly unlikely that tis-
sue-sampling error has occurred in our analysis. Possible patho-
logic undergrading, however, should always be considered, even if
the tumor has been largely resected. Another limitation is in PFS
analysis. Many potentially confounding factors influence PFS,
such as age, extent of removal, histopathologic subtype, and mo-
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lecular prognostic biomarkers, as well as adjuvant therapy. Be-
cause it has become clear that grade II and grade IIT gliomas ex-

hibit different clinical courses according to their molecular

46,

subtypes,***” future studies should incorporate this information

when conducting survival analysis on the basis of radiologic find-
ings. Finally, prognostic values of imaging parameters should be
analyzed not only with PFS but also with overall survival, which
requires further future investigation.

CONCLUSIONS

MET PET holds promise as a noninvasive World Health Organi-
zation grading technique and prognostic imaging biomarker, of-
fering valuable information in determining treatment strategy for
nonenhancing gliomas, while FDG-PET or ADC offer little diag-
nostic and prognostic value.
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