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BACKGROUND AND PURPOSE: Oligodendroglial tumors with 1p/19q LOH are known to show longer
patient survival than those without 1p/19q LOH, but the reason for this clinical difference has not been
elucidated, to our knowledge. This study was designed to clarify whether uptake of MET correlates
with 1p/19q LOH of oligodendroglial tumors.

MATERIALS AND METHODS: This study included 102 consecutive patients with supratentorial WHO
grade II and III oligodendroglial tumors (39 oligoastrocytic and 63 oligodendroglial tumors) that were
resected and diagnosed between January 2008 and August 2011 at Tokyo Women’s Medical Univer-
sity Hospital. These patients underwent MET PET T/N ratio measurement before treatment. T/N ratios
were calculated by dividing the maximum SUV for the tumor by the mean SUV of the contralateral
normal frontal cortex. After surgery, FISH for resected tissues was used to determine 1p/19q LOH.

RESULTS: The mean T/N ratio of tumors with 1p/19q LOH was significantly greater than that of tumors
without 1p/19q LOH (P � .0166). The threshold T/N ratio value of 2.46 was found to correlate significantly
with 1p/19q LOH by univariate (P � .0011) and multivariate analyses (P � .0209) in all tumors.

CONCLUSIONS: The T/N ratio on MET PET might be a useful aid to the diagnosis of 1p/19q LOH. Our
data add new information on the biology and imaging characteristics of oligodendroglial tumors with
1p/19q LOH.

ABBREVIATIONS: FISH � fluorescence in situ hybridization; LAT1 � L-type amino acid transporter;
MET � 11C methionine; MIB1 � mindbomb homolog 1; 1p/19q LOH � combined loss of heterozy-
gosity of chromosomes 1p and 19q; SUV � standard uptake value; T/N � tumor/normal; WHO �
World Health Organization

The 1p/19q LOH is present in 50%–70% of oligodendroglial
tumors.1 Tumors with 1p/19q LOH show prolonged pa-

tient survival compared with those with intact 1p/19q,2,3 but
the reason for this clinical difference is not well-elucidated.
Jenkinson et al4 reported that perfusion MR imaging studies
revealed high relative CBV to be more likely in oligodendro-
glial tumors with 1p/19q LOH. They speculated that increased
vascularity and concomitant drug delivery may contribute to
the chemoresponsiveness of such tumors. Preoperative pre-
diction of 1p/19q LOH by using a noninvasive imaging tech-
nique is essential to improve the clinical management of oli-
godendroglial tumors, such as the surgical strategy. Recently,
McGirt et al5 reported that maximum extensive resection for
low-grade glioma was associated with longer survival. How-
ever, we might be able to avoid doing extensive resection for
oligodendroglial tumors with 1p/19q LOH, which is a good

prognostic factor to prevent neurologic deterioration, espe-
cially located in the eloquent area.

PET examination of MET uptake is the noninvasive imag-
ing method generally considered to provide the most reliable
images for evaluating gliomas and is reported to delineate glio-
mas more accurately than MR imaging.6 Several studies have
suggested that MET uptake measured with PET reflects the
proliferative index7 and microvessel attenuation of glioma tis-
sues,8 putative markers of protein synthesis and amino acid
transport through microvessels, respectively. Furthermore,
Kato et al7 previously showed that MET uptake was signifi-
cantly higher in oligodendrogliomas than in diffuse astrocyto-
mas; this finding suggests that oligodendrogliomas have a
higher vascular bed than diffuse astrocytomas.

We speculated that MET PET uptake correlated with tu-
mor blood volume, in common with the results of a perfusion
MR imaging study,9 and may be useful in preoperative predic-
tion of 1p/19q LOH in oligodendroglial tumors. To our
knowledge, no published study has examined a correlation
between MET uptake and 1p/19q LOH for patients with oli-
godendroglial tumors. The aim of this study was to determine
whether MET uptake on a preoperative PET study correlates
with 1p/19q LOH of oligodendroglial tumors.

Materials and Methods

Patients and Histologic Diagnosis
This study included 102 consecutive patients with WHO grade II and

III supratentorial oligodendroglial tumors that were resected and di-

agnosed between January 2008 and August 2011 at Tokyo Women’s
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Medical University Hospital. The histopathologic assessment re-

vealed 63 oligodendroglial tumors (41 oligodendrogliomas and 22

anaplastic oligodendrogliomas) and 39 oligoastrocytic tumors (22

oligoastrocytomas and 17 anaplastic oligoastrocytomas).

The study protocol was approved by the institutional review board

of our institution; written informed consent from the patients was

waived. To protect patient privacy, we removed all identifiers from

our records on the completion of our analyses.

PET
PET scans were obtained as previously described.7 The PET study was

performed according to the standardized procedure used in Chubu

Medical Center. The PET scanner was an Advance NXi Imaging Sys-

tem (GE Yokokawa Medical Systems, Tokyo, Japan), which provides

35 transaxial images at 4.25-mm intervals. The in-plane spatial reso-

lution (full width at half maximum) was 4.8 mm, and the scan mode

was the standard 2D mode. Before the emission scan was obtained, a

3-minute transmission scan was obtained to correct photon attenua-

tion with a ring source containing 68Ge. A dose of 7.0 MBq/kg of MET

was injected intravenously. The emission scan was acquired for 30

minutes, beginning 5 minutes after the MET injection. The images

were reconstructed with the ordered-subsets expectation maximiza-

tion algorithm.

MR Imaging
MR imaging was performed on a 1.5T system (Signa; GE Healthcare,

Milwaukee, Wisconsin). T1- and T2-weighted images were acquired

by using our standard protocol. For coregistration of metabolic and

anatomic data, we also acquired 3D spoiled gradient-echo images

after administration of 0.2 mL/kg of gadopentetate dimeglumine

(Magnevist; Nihon Shering, Osaka, Japan) by using the following pa-

rameters: no gap; 1.0-mm thickness; TR, 20 ms; TE, 1.6 ms; flip angle,

15°; NEX, 1; and axial views.

Data Analysis
Data analysis was performed as previously reported.7 Tracer accumu-

lation in the region of interest was analyzed as the SUV, which is the

activity concentration in the region of interest at a fixed time point

divided by the injected dose normalized to the patient’s measured

weight. The MET T/N ratios were calculated by dividing the maxi-

mum SUV for the tumor by the mean SUV of the contralateral normal

frontal cortex. The tumor maximum SUVs were selected showing the

highest accumulation, and a circular reference region of interest was

drawn with a diameter of 10 mm on each of the 3 axial planes. Coreg-

istration of PET and MR imaging was undertaken in all cases with Dr.

View, an image-analysis software package (AJS, Tokyo, Japan). If in-

creased accumulation was absent or not clear, a region of interest was

selected in consultation with the fusion image. We used the T/N ratio

instead of absolute SUV because of the high unexplained intersubject

variability of the SUV. We used the tumor maximum SUV instead of

the tumor mean SUV to minimize the effect of tumor heterogeneity.

For evaluation of the diagnostic efficacy of the T/N ratio in discrimi-

nation of 1p/19 LOH–positive and –negative tumors, receiver oper-

ating characteristic curve analysis was performed with calculation of

the area under the curve. For this purpose, the Youden index was used

to calculate the optimal cutoff value of the T/N ratio.10 Consequently,

we selected a T/N ratio value of 2.46 as the cutoff point and classified

the patients into 2 groups: those with tumors with T/N �2.46 and

T/N �2.46.

Tissue Specimens and Immunohistochemical Staining
Tumors were classified into histologic subtypes from representative

hematoxylin-eosin slides according to the WHO criteria. An avidin-

biotin immunoperoxidase or Simple Stain MAX-peroxidase

(Nichirei, Tokyo, Japan) technique was used to perform an MIB1

monoclonal antibody (DAKO, Glostrup, Denmark) assay according

to the manufacturer’s instructions in selected sections of each case.

We determined the MIB1 labeling index by counting 1000 tumor cell

nuclei. We selected the mean value of the MIB1 labeling index as the

cutoff point and classified the patients into 2 groups: those with

�7.5% and �7.5%.

Molecular Studies (Loss of Heterozygosity of
Chromosomes 1p and 19q)
The standard method of FISH was used to determine the 1p/19q

deletion as described previously.11 The 2-color FISH assay was per-

formed on 5-mm-thick sections, by using mixed 1p36/1q25 and

19q13/19p13 dual-color probe sets (catalog no. 30-231003; Abbott

Molecular, Abbott Park, Illinois).

Samples showing sufficient FISH efficiency (90% nuclei with sig-

nals) were evaluated. Signals were scored in at least 200 nonover-

lapping intact nuclei. Deletions of 1p and 19q were defined as 33%

of tumor nuclei containing the LOH pattern (or the signal ratio of

1p/1q � 0.84, and 19q/19p � 0.85), as reported by van den Bent

et al.12

Statistical Analysis
Data were analyzed by using the Statistical Package for the Social

Sciences (Version 16.0) software package (SPSS, Chicago, Illinois).

Correlations between the status of 1p/19q LOH and patient charac-

teristics (sex, age, calcification on CT images, MIB1 labeling index,

and T/N ratio) were calculated by using the �2 test. A t test was used

for statistical comparison of the T/N ratio between grades II and III in

all tumors, 1p/19q LOH–positive and 1p/19q LOH–negative in all

tumors, within grade II tumors, and within grade III tumors.

Multivariate logistic regression analysis was used to explore the

relationships between the status of 1p/19q LOH and variables such as

sex, age, calcification, and T/N ratio. A P value �.05 indicated a sta-

tistically significant difference.

Results
The demographics of the patient population, histologic diag-
nosis, status of the 1p/19q, MIB1 labeling index, and CT find-
ings are shown in Table 1. The mean T/N ratio was signifi-
cantly higher for grade III tumors (3.323 � 1.386) than for
grade II tumors (2.674 � 1.003) (Fig 1A). Furthermore, the
mean T/N ratio of tumors with 1p/19q LOH (3.100 � 1.163)
was significantly greater than that of tumors without 1p/19q
LOH (2.473 � 1.193) in all tumors (Fig 1B). Within grade II
tumors, the mean T/N ratio of tumors with 1p/19q LOH
(2.921 � 1.013) was also significantly higher than that of tu-
mors without 1p/19q LOH (1.946 � 0.501) (Fig 1C). How-
ever, no significant difference was observed in the mean
T/N ratio between tumors with (3.423 � 1.357) and with-
out (3.122 � 1.478) 1p/19q LOH within grade III tumors
(Fig 1D).

Univariate analyses showed no significant correlation be-
tween 1p/19q LOH status and sex, age, or MIB1 labeling index
(Table 2), but 1p/19q LOH status significantly correlated with
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the presence of calcification and the threshold T/N ratio value
of 2.46.

Multivariate analyses by using the logistic regression model
showed that only the threshold T/N ratio value of 2.46 signif-
icantly correlated with the presence of 1p/19q LOH in all tu-
mors (Table 3) and also within grade II tumors (Table 3).
No significant correlation was observed between 1p/19q LOH
and the threshold T/N ratio value of 2.46 within grade III
tumors (Table 3). Representative images are shown in Figs 2
and 3.

Discussion
We have demonstrated by PET that 1p/19q LOH correlates
with MET uptake in oligodendroglial tumors. The threshold
T/N ratio value of 2.46 might be a useful aid to differentiate

1p/19q LOH–positive from –negative tumors. Several studies
have aimed at preoperatively predicting 1p/19q LOH by using
a noninvasive technique. Jenkinson et al13 reported that tu-
mors with sharp smooth imaging features and homogeneous
signal intensity on MR imaging were more likely to have
intact 1p/19q. Furthermore, Brown et al14 showed that the
S-transform-based quantitative MR imaging texture of T2 se-
quences may have the potential to recognize 1p/19q LOH with
a sensitivity of 93% and a specificity of 96%. Walker et al15

used PET and single-photon emission CT studies to show that
oligodendroglial tumors with 1p/19q LOH were more likely

Fig 1. A, Boxplots of T/N ratio values for grade II and III tumors. B, Boxplots of T/N ratio values for 1p/19q LOH–positive and –negative tumors in all tumors. C, Boxplots of T/N ratio
values for 1p/19q LOH–positive and –negative in grade II tumors. D, Boxplots of T/N ratio values for 1p/19q LOH–positive and –negative in grade III tumors. Yes indicates 1p/19q
LOH–positive; No, 1p/19q LOH–negative.

Table 1: Patient demographics, clinical data, pathologic findings,
and CT findings

Variable
WHO

Grade II
WHO

Grade III Total
No. of cases 63 39 102
Sex (M/F) 32:31 23:16 55:47
Mean age (range) (yr) 40.9 (19–65) 40.2 (19–69) 40.7 (19–69)
Mean resection rate 85.1% 90.7% 87.3%
Histology

Oligodendroglioma 41 22 63
Oligoastrocytoma 22 17 39

1p/19q LOH
Yes 47/63 (75%) 26/39 (67%) 73/102 (72%)
No 16/63 (25%) 13/39 (33%) 29/102 (28%)

MIB1 labeling index (mean) (%) 4.29 � 2.06 12.64 � 8.53 7.48 � 6.82
Calcification (head CT)

Yes 25/63 (40%) 12/39 (31%) 37/102 (36%)
No 38/63 (60%) 27/39 (69%) 65/102 (64%)

Table 2: Subgroups of 1p/19q LOH status and patient
characteristicsa

1p/19q
LOH–Positive

1p/19q
LOH–Negative P Value

No. of cases 73 29
Sex

Male 37 18 .2981
Female 36 11

Age (mean)
�41 yr 38 21 .0603
�41 yr 35 8

Calcification
Yes 28 2 .0037b

No 45 27
MIB1 labeling index (mean)

�7.5% 50 19 .7727
�7.5% 23 10

T/N ratio
�2.46 22 19 .0011b

�2.46 51 10
a Statistical analysis was performed by using the �2 test.
b P � .05.
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than those without it to show increased uptake of 201Tl and,
with a weaker association, to be hypermetabolic for 18FDG.
They reported that elevated metabolism was associated with

not only WHO grade but also 1p/19q LOH. They also specu-
lated that increased 201Tl uptake was associated with angio-
genesis in gliomas. These data indicate that oligodendroglial
tumors with 1p/19q LOH demonstrate increased blood vol-
ume due to their higher metabolic demands.

Several studies reported that increased tumor perfusion on
MR imaging was associated with 1p/19q LOH in oligodendro-
glial tumors.4,16 Oligodendrogliomas often have an attenuated
network of branching capillaries that resemble chicken wire.
Therefore, CBV values are often higher for oligodendroglial
tumors than for astrocytic tumors.17 In addition, Watanabe et
al18 showed that the presence of a chicken wire vascular pat-
tern was significantly associated with 1p/19q LOH in 19 oligo-
dendrogliomas. These data also suggest that oligodendroglial
tumors with 1p/19q LOH show an increase in tumor blood
volume on perfusion MR imaging.

MET PET studies have suggested that MET uptake reflects
both angiogenesis8 and proliferative activity.7 Kato et al7 pre-
viously reported that the MET T/N ratio did not correlate with
the MIB1 labeling index in oligodendroglial tumors. We also
found that the T/N ratio did not correlate with the MIB1 la-
beling index in oligodendroglial tumors (data not shown).

Fig 2. A–C, A representative 1p/19q LOH–negative oligodendroglioma. A, CT image shows a left insular tumor without calcification. B, T2-weighted MR image shows the high-intensity
tumor in the insula. C, T2-weighted MR image coregistered with the MET PET image shows the T/N ratio value to be 1.47. D–F, A representative 1p/19q LOH–positive oligoastrocytoma.
D, CT scan shows a right frontal tumor with calcification. E, T2-weighted MR image shows the high-intensity tumor in the right frontal lobe. F, T2-weighted MR image coregistered with
the MET PET image shows the T/N ratio value to be 3.66.

Table 3: Multivariate logistic regression model predicting 1p/19q
LOHa

Regressor Coefficient OR (95% CI) P Value
All tumors
Sex (female vs male) 1.193 0.533 (0.190–1.498) .2330

Age (�41 yr vs �41 yr) 1.195 1.853 (0.674–5.094) .1690
Calcification (yes vs no) 1.785 4.284 (0.867–21.172) .0743
T/N ratio (�2.46 vs �2.46) 2.309 3.449 (1.206–9.868) .0209b

Grade II tumors
Sex (female vs male) 0.962 0.507 (0.127–2.025) .3362
Age (�41 yr vs �41 yr) 0.512 1.430 (0.364–5.616) .6085
Calcification (yes vs no) 1.086 3.513 (0.364–33.917) .2773
T/N ratio (�2.46 vs �2.46) 2.546 7.522 (1.591–35.569) .0109b

Grade III tumors
Sex (female vs male) 0.821 0.516 (0.107–2.503) .4117
Age (�41 yr vs �41 yr) 1.060 2.398 (0.476–12.083) .2892
Calcification (yes vs no) 1.616 6.839 (0.664–70.451) .1061
T/N ratio (�2.46 vs �2.46) 0.683 1.762 (0.347–8.953) .4945

Note:—OR indicates odds ratio; CI, confidence interval.
a Statistical analysis was performed using a logistic regression model.
b P � .05.
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Nojiri et al19 reported that the increase in tumor microvessel
area without an accompanying increase in the microvessel
count corresponded to the higher MET uptake in gliomas.
Furthermore, Sadeghi et al20 identified a positive correlation
between CBV obtained by using perfusion MR images and
MET uptake, concluding that the tumor vascular bed repre-
sented by CBV plays an important role in MET PET uptake in
gliomas. Okita et al21 reported that microvessel density plays
much less a part in MET uptake than cell density and the Ki-67
index; however, their study included only 2 oligodendroglial
tumors (2/11 patients), which caused results different from
ours. Recently, Okubo et al22 demonstrated that expression of
LAT1 was significantly correlated with MET uptake in glio-
mas. Their results indicated that MET transport may be in-
creased by an increased number of microvessels combined
with a higher attenuation or activity of LAT1 in the tumor
endothelial cells. Consequently, these data suggest that oligo-
dendroglial tumors with 1p/19q LOH show high MET uptake,
reflecting not only increased tumor blood volume but also
increased transport of MET from the tumor endothelial cells,
suggesting a higher metabolic demand. Analyses of these fac-
tors add new information on the biology and imaging charac-
teristics of oligodendroglial tumors with 1p/19q LOH.

Our data showed that T/N ratios of 1p/19q LOH–positive

tumors were significantly higher than –negative tumors
within grade II oligodendroglial tumors. However, T/N ratios
did not correlate significantly with 1p/19q LOH within grade
III tumors. Similarly, Kapoor et al23 reported that increased
tumor blood volume on perfusion MR imaging studies is as-
sociated with 1p/19q LOH in grade II oligodendrogliomas, but
not in grade III tumors. These data suggest that other factors in
addition to 1p/19q LOH may contribute to the increase in
tumor blood volume, especially within grade III tumors. For
example, vascular endothelial growth factor is a marker of
angiogenesis and has been shown to correlate with higher
grade oligodendroglial tumors,24 reflecting endothelial hyper-
plasia and microvascular proliferation. Therefore, we specu-
late that the T/N ratio of grade III oligodendroglial tumors is
influenced not only by 1p/19q LOH but also by further angio-
genesis with increased malignancy.

We demonstrated that 1p/19q LOH correlated with high
MET uptake. While De Witte et al25 reported that high MET
uptake represents a poor prognostic factor for WHO grade II
and III tumors, they included astrocytic tumors, 31/56 cases,
in their study. Oligodendroglial tumors have different mech-
anisms of MET uptake from astrocytic tumors, reflecting the
finding that a tumor vascular bed strongly influences the high
MET uptake. Therefore, these tumors should be analyzed sep-

Fig 3. A–C, A representative 1p/19q LOH–negative anaplastic oligodendroglioma. A, CT scan shows a left frontal tumor without calcification. B, T2-weighted MR image shows the
high-intensity tumor in the left frontal lobe. C, T2-weighted MR image coegistered with the MET PET image shows the T/N ratio value to be 1.39. D–F, A representative 1p/19q LOH–positive
anaplastic oligoastrocytoma. D, CT scan shows a left frontal tumor with calcification. E, T2-weighted MR image shows the high-intensity tumor in the left frontal lobe. F, T2-weighted MR
image coregistered with the MET PET image shows the T/N ratio value to be 5.94.
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arately. Jenkinson et al4 reported that unlike astrocytic glio-
mas, high CBV values in oligodendroglial neoplasms with 1p/
19q LOH do not necessarily indicate aggressive biology,
suggestive of differences in the baseline biology of 1p/19q
LOH–positive and –negative subtypes. In addition, they spec-
ulated that increased vascularity and concomitant drug deliv-
ery may contribute to the chemoresponsiveness of such tu-
mors. Therefore, these studies suggest that survival is longer
for oligodendroglial tumors with high MET uptake, which is
associated with treatment sensitivity.

Our data demonstrated that 1p/19q LOH status signifi-
cantly correlated with calcification by using univariate analy-
sis. Calcification is a common radiologic finding in oligoden-
droglial tumors. Megyesi et al26 reported that 17 of 19 tumors
seen to be calcified on CT had 1p/19q LOH. They speculated
that calcification is a biologic effect downstream of 1p/19q
LOH. However, their study and ours do not provide definitive
evidence for this correlation, and additional study is
recommended.

Our study has some limitations. First, we observed no di-
rect correlation between the focus of the MET high uptake and
the histopathology. Further investigations, aiming to directly
correlate imaging with the histologic findings, such as stereo-
tactic techniques, will strengthen the validity of MET PET as a
noninvasive imaging marker of 1p/19q LOH. Second, our
study was retrospective and did not include prognostic infor-
mation. Therefore, longer and prospective analyses including
prognostic values are needed. Third, our data have overlap in
T/N ratio values between 1p/19q LOH–positive and –negative
tumors. Therefore, the clinical utility of this method should be
carefully evaluated and may need an additional adjunctive
method to separate 1p/19q LOH-positive from LOH-negative
tumors more clearly, for example, a dynamic PET study.

Conclusions
We have demonstrated that high MET uptake is associated
with 1p/19q LOH in oligodendroglial tumors and that a T/N
ratio might be a useful aid in the diagnosis of 1p/19q LOH.
Our data add new information on the biology and imaging
characteristics of oligodendroglial tumors with 1p/19q LOH.
Further study, including prediction of prognosis, is essential
to fully evaluate the role of MET PET in the noninvasive diag-
nosis of 1p/19q LOH in oligodendroglial tumors.
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