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Abstract: Objectives: Oligodendroglioma (OD) is the tumors originating from brain oligodendrocytes. Here we aimed 
to improve diagnosis by analyzing neuroradiological and clinical features of ODs. Methods: We reviewed the clinical 
records of magnetic resonance imaging (MRI) of seven patients with pathologically proven cerebellar ODs (n = 5) 
or vermian ODs (n = 2). The ADC ratios and magnetic resonance spectroscopy (MRS) was obtained and analyzed. 
Results: There were 4 patients (57.1%) with OD, and 3 patients (42.9%) with AOD. The manifestations of the 7 
patients included dizziness (n = 3), nausea and vomiting (n = 5), headaches (n = 5), and ataxia (n = 5). The loca-
tions of OD were in cerebellar hemispheres (n = 5) or in cerebellar vermis (n = 2). The MRI suggested that lesions 
of seven patients were hypointense in T1WI, while five were obvious hyperintense in T2WI and 2 lesions with mixed 
hyperintense. And 3 cases had solid mass, and 4 with cystic necrosis. Moreover remarkable edema was revealed 
in 4 lesions and 3 with no edema. After injection of Gd-DTPA, all lesions (n = 7) enhanced vividly. On DWI, there 
were 3 lesions with homogeneously hypointense and 4 with iso-hypointense. The ratios of ODs and AODs were 
1.753±0.784 and 1.660±0.551 respectively. There were 4 lesions with hypointense or iso-hypointense and 3 le-
sions with hyperintense or iso-hyperintense. There were four lesions with obvious edema in most adjacent area. 
The MRS of ODs revealed increased Cho and reduced NAA. Conclusions: The ADC, MRS, calcification and contrast 
enhancement can help to differentiate ODs from other gliomas. 
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Introduction 

Oligodendroglioma (OD) is the tumors origi- 
nating from brain oligodendrocytes which are 
epithelial tissue tumors typically graded as 
grade II (oligodendroglioma, OD) and grade III 
(anaplastic oligodendroglioma, AOD) according 
to the 2007 World Health Organization (WHO) 
classification of tumors in central nervous sys-
tem [1]. ODs and AODs allocate 1.7% and 0.5% 
of brain tumors respectively [2]. moreover ODs 
account for no more than 4% of the primary 
central nervous system tumors and 5%-18% of 
all gliomas [3, 4]. Now the preferred treatment 
of ODs is surgical resection which is still under 
discussion [5, 6]. The overwhelming majority of 
these lesions are situated in the supratento- 
rial compartment, and only several cases with-
in fratentorial ODs published in the past few 
years. Most ODs arise in white matter of cere-
bral hemispheres, predominantly in the frontal 
lobes, somewhat more frequently in males and 

with the peak incidence in the 4th and 6th 
decade of life [7-9]. Although ODs are well- 
differentiated and have a more indolent clini- 
cal history and significantly prolonged survival 
compared with their astrocytic counterparts, 
Lee et al. viewed that infratentorial ODs may be 
more malignant than supratentorial ODs [10]. 
Therefore early diagnosis of ODs is important  
to formulating an appropriate treatment. Due  
to the rarity of this tumor, a systematic analy- 
sis of MR imaging features of ODs has not  
yet been performed. To determine specific diag-
nostic features, here we reported on imaging 
characteristics of 7 cases that were confirmed 
by pathologists.

Materials and methods

Patients

Approval of institutional review board was ob- 
tained and the requirement for patient consent 
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was acquired for this retrospective study in 
which 7 patients with surgical and histological 
evidences of ODs were performed in our hospi-
tal from June 2012 to August 2015. There are 
three men and four women ranging from 3 to 
66 years old. 

Magnetic resonance imaging

MRI examinations were performed with 1.5-T 
and 3.0-T units (produced by Verio, Siemens; 
GE750, GE Medical Systems) on all 7 patients. 
Transverse and sagittal T1-weighted spin echo 
images were obtained at the following para- 
meters: repetition time msec/echo time msec, 
7500/114; field of view, 229 mm × 229 mm; 
section, 5 mm; matrix, 288 × 288 or 512 × 
512. Transverse T2-weighted images were ob- 
tained at the following parameters: 6000/125; 
field of view, 240 mm × 240 mm; section thick-
ness, 5 mm; matrix, 384 × 384 or 512 × 512; 
acquisition time. Transverse fluid-attenuated 
inversion-recovery sequences (6500/85; field 
of view, 240 mm × 240 mm or 512 × 512; sec-
tion thickness, 5 mm) and contrast-enhanced 
transverse, sagittal, and/or coronal T1-weight- 
ed spin echo sequences (240/2.5; field of  
view, 229 mm × 229 mm; section thickness,  
5 mm) were performed after administration  
of gadolinium diethylenetriaminepentaacetic 
acid (Gd-DTPA, produced by Consun Pharma- 
ceutical Co., Ltd, Guangzhou, China; 0.2 mmol 
per kilogram of body weight).

The degree of edema was judged as follows: a 
mean diameter of peripheral edema with less 
than 10 mm was graded as mild edema, a 
mean diameter of 11-20 mm as moderate 
edema, and a mean diameter of more than 20 
mm as marked edema [11].

DWI and measurement of ADC values

Diffusion weight imaging (DWI) was perform- 
ed a spin echo sequence with b = 0 and b = 
1,000 s/mm2 as well as generated by the ap- 
plication of diffusion gradients in three orth- 
ogonal directions. ADC maps were generated 
with a monoexponential fit on a voxel-to-voxel 
basis for all imaging planes. With the using of  
a DICOM viewer (RadiAnt DICOM Viewer, Me- 
dixant, Poznan, Poland), the measurements of 
the radiology was achieved. The ADC values 
were obtained from the solid portions in three 
consecutive slices of tumor tissues, in which 
the necrotic or presumably hemorrhagic foci 
(hyperintense on conventional T1 weighted 
images) were excluded. The ADC value of the 

normal cerebellum was recorded by using three 
regions of interest (ROIs). The ROI placement in 
normal cerebellum was orientated as far away 
as possible from the tumor with exclusion of 
vasogenic edema. Calculate the mean of mini-
mum ADC values obtained from the three ROIs. 
The ADC ratio was calculated by dividing the 
minimum tumor ADC to the minimum ADC of 
normal cerebellum.

Magnetic resonance spectroscopy

For MRS, spectral and metabolite maps for 
each slice along the third dimension were 
extracted by FuncTool Display. Within the ob- 
tained volume of interest (VOI), separate vo- 
xels were individually placed in different parts 
of tumor. The metabolite peaks had includ- 
ed N-acetylaspartate (NAA) at 2.02 ppm; cho-
line-containing compounds (Cho) at 3.22 ppm; 
(phospho-) creatine (Cr) at 3.01 ppm; and lipid 
(Lip) at 1.30 ppm. Metabolite ratios (Cho/Cr) 
were calculated from the metabolite maps by 
using the relevant software.

Imaging analysis

All MRI images were retrospectively review- 
ed by two experienced neuroradiologists. The 
images were specifically evaluated with lesion 
size, shape, attenuation and signal intensity, 
characteristics of enhancement and periphe- 
ral edema. In addition, clinical data, such as 
age, sex, and symptoms, were reviewed. All OD 
patients confirmed by operation and biopsy 
were given surgical resection or treated with 
additional radiotherapy based on the pathologi-
cal results.

Statistical analysis

The data were treated with SPSS 21.0 statisti-
cal analysis software. The measurement data 
obeying a normal distribution were showed as _
X±s. For non-normal measurement data, medi-
an and interquartile range was used to mea-
sure the central and discrete tendency. To com-
pare differences among groups, the measure-
ment data was using t-test and variance analy-
sis, and the enumeration data using rank sum 
test. When p is less than 0.05, the differences 
were statistically significant.

Results

Clinical features

Patients’ characteristics and clinical character-
istics are summarized in Supplementary Table 
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1. This study comprised 7 patients (3 males 
and 4 females), ranging from 3 to 66 years old. 
There are several initial symptoms, dizziness  
(n = 3), nausea and vomiting (n = 5), headaches 
(n = 5), ataxia (n = 5), et al. The duration of clini-
cal symptoms had varied from a few days to 
two months.

MR imaging features

In our cohort, the locations of OD were cere- 
bellar hemispheres (n = 5) (Figure 1) and cere-
bellar vermis (n = 2) (Figure 2). The maximum 
diameter of the lesions ranged from 1.7 cm  
to 4.0 cm (with an average of 3.0±0.8 cm). On 
T1WI, all lesions appeared to be hypointense. 
However, on T2WI, 5 lesions appeared to be  
vividly hyperintense, while the other 2 lesions 
appeared to be mixed hyperintense. Otherwise, 
there are 3 cases with solid mass and 4 cases 
with cystic necrosis. Among 7 lesions, the re- 
markable edemas were revealed in 4 lesions 
(57.14%). After the injection of Gd-DTPA, all le- 
sions (n = 7) enhanced vividly, and 1 of these  

7 lesions presented as heterogeneous enhan- 
cement. The FLAIR revealed that there were 4 
lesions (57.14%) with obvious hypointense or 
iso-hypointense and 3 lesions (42.86%) with 
hyperintense or iso-hyperintense. There were 4 
lesions with severe edema in most adjacent 
area of tumor tissue and 3 lesions with no 
edema. The classification of tumor was divided 
into four based on time-intensity curve (TIC):  
In type A, the time of peak (T peak) is longer 
than 120 s. In type B, the T peak is equal or 
shorter than 120 s and the washout ratio (WR) 
is equal or greater than 30%. In type C, T peak 
is equal or shorter than 120 s and the WR was 
less than 30%. In type D, the TIC was flat [12]. 
All of these 7 patients were type A (Figure 3). 

DWI MR images

In the high (b = 1000 s/mm2) b-value DWI ima- 
ges, 3 patients appeared as homogeneous- 
ly hypointense, while 4 patients showed iso-
hypointense with mildly restricted diffusion of 
protons, a characteristic of cytotoxic edema. 

Figure 1. Oligodendroglioma in right cerebellar hemisphere. A. The lesion presents as obviously hypointense on pre-
contrast axial T1WI; B. Distinctly hyperintense on axial T2WI; C. Hyperintense on FLAIR sequence with hypointense 
in the cystic-necrotic areas; D. Axial DWI MR shows no obviously diffusion restriction of the lesion; E. The ADC map 
presents visibly hypointensity of the lesion and hyperintense of the cystic-necrotic areas; F. Post-contrast axial T1WI 
shows marked enhancement of the lesion, without enhancement in the cystic-necrotic area.
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The ADC values of 7 patients were calculated, 
the mean ADCmin values of ODs and aplastic 
ODs were (0.966±0.496) × 10-3 mm2/s and 
(1.461±1.177) × 10-3 mm2/s respectively. 
Moreover, ADC maps displayed heterogeneous 
hypointensity or isointensity. Compared with 
the normal cerebrum, the mean tumor ADCmin 
ratio values were 1.753±0.784 and 1.660± 
0.551 respectively (Supplementary Table 1), 
moreover a variability of ADC ratio values 
among lesions was observed even within indi-
vidual patients, ranging from 0.770 to 2.661. 

Magnetic resonance spectroscopy features

The MRS exhibited an elevated Cho peak and 
Cho/Cr ratios, and a reduced NAA peak and 
NAA/Cr ratios without a lactate peak. Here the 
MRS of one patient is displayed (Figure 4).

Pathological and immunohistochemical fea-
tures of ODs

All patients were accepted surgical resection; 
the gross pathology of the ODs was character-
ized by nodular, well-circumscribed and gray 
soft mass. Strong diffuse nuclear staining of 
p53 was present in only 2 cases. Otherwise as 
shown in the immunohistochemical result, all 
cases expressed GFAP, Ki-67 and S-100 (Figure 
5), while Oligo-2 was noted in 7 patients. 

Discussion

In our knowledge ODs are less prevalent than 
astrocytomas and have a more chronic clinical 
history and prolonged survival compared with 
astrocytic tumors of the same grade. However, 
they seem to be more common than previously 
thought [13]. Although ODs have unique patho-

Figure 2. Oligodendroglioma incerebellar vermis. A. The lesion presents as obviously hypointense on pre-contrast 
axial T1WI; B. Distinctly inhomogeneous hyperintense on axial T2WI with distinctly peritumoral edema; C. Iso-tohy-
perintense on FLAIR sequence; D. Axial DWI MR shows diffusion restriction; E. The ADC map presents visibly hyper-
intensity; F. Post-contrast axial T1WI shows marked enhancement.
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logical and clinical characteristics, it is difficult 
to distinguish them from other types of gliomas 
because of the atypical clinical symptoms of 
ODs and differences according to locations of 
tumor growth [14]. For instance, patients ex- 
hibiting generalized tonic-clonicseizures were 

pointense on T1WI, and distinctly hypertense  
on T2WI. Our result in which necrosis was ob- 
served in four patients with heterogeneous 
hyperintense in internal architecture on T2WI 
supports this assessment. Cystic degeneration 
and haemorrhage may occur, but not frequent. 

Figure 3. The TIC of a type A oligodendroglioma in the left cerebellar hemi-
spheres.

Figure 4. MRS image of a patient. MRS image exhibits an elevated Cho peak, 
and reduced NAA. The absence of a lactate/lipid peak is also noted.

proved to be more often to 
have the greatest lesion in 
mesial frontal regions, while 
the ODs of patients with par-
tial seizures were load more 
caudolaterally in orbitofrontal 
and temporal lobes, which 
indicates that the location  
of the lesion is a major factor 
of seizure’s type. In most 
series, seizure has been the 
most common presenting sy- 
mptom, ranging in inciden- 
ce from 35% to 85% [15]. 
Other presenting symptoms 
include headaches, vertigo, 
nausea, mental status chang-
es, visual complaints, and/ 
or localized weakness [15]. 
Classically, it has been ob- 
served that patients with  
ODs often experience symp-
toms (usually seizures) for a 
number of years prior before 
their diagnosis, which was 
definitively made after an 
apoplectic event such as peri-
tumoral haemorrhage. The 
clinical course of OD in the 
posterior cranial fossa is re- 
latively chronic with long-
standing symptoms [16, 17]. 
ODs account for up to 33%  
of all gliomas in adult which 
rarely arise in the infratentori-
al compartment [18]. Thus, 
how to diagnose posterior 
fossa ODs is still a strong 
challenge for the clinicians.

To date, only very limited  
MR imaging data of OD in  
cerebellar hemisphere are 
available in scattered case 
reports. On conventional MR 
imaging scans, the solid le- 
sions with little or no necro- 
sis appear as obviously hy- 
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Peritumoural edema is also not common. These 
features tend to point towards anaplastic de- 
generation of the tumor [15, 19]. ODs have a 
better prognosis. Nevertheless, these tumors 
ineluctably undergo anaplastic transformation, 
which is associated with a poor prognosis [20]. 
In our cohort, 4 of 7 patients show peritumoural 
edema, which shows markedly hyperintense on 
T2 Flair. Among the 4 patients, 3 lesions were 
classified as AODs. Mass effects are usually 
minimal or absent, despite of the size of the 
tumor [15]. Therefore, peritumoural edema and 
mass effect can be used to identify OD from 
other gliomas. Calcification is another hallmark 
feature of OD [9, 21]. Calcification often pres-
ents a coarse appearance. However, punctate 
or linear calcification may also occur. Calcifi- 
cations were seen more frequently in AODs 
rather than ODs [22]. 

ODs have been reported to show frequent post-
contrast enhancement on MR imaging [23]. 
Most studies have reported that 50%-60% of 
ODs exhibit contrast enhancement which is 
associated with the malignant degree of tumor 
[24, 25]. Among the enhancing tumors, a great-
er number of AODs show enhancement as op- 
posed to ODs, and this difference in enhan- 
cement is statistically significant. Our result 

shows that all patients exhibit obviously en- 
hanced, and one of them presents distinctly 
heterogeneous enhancement. In our study, 4 
patients had undergone dynamic MR imaging, 
and all of them were type A of TIC curve. This 
was considered to be gradual enhancement, 
which showed that the mechanism of enhance-
ment was associated with the damage of blood 
brain barrier.

ADC value derived from diffusion MR imaging 
provides a measurement of the movement of 
water molecules within tissue microstructures, 
so ADC may provide information regarding tu- 
mor cellularity and the biology of brain tumors. 
Previous studies used ADC maps on DWI to 
determine the tumor grade [26, 27]. An associ-
ation between tumor cellularity and ADC has 
been proposed in the study of Kono [27]. In our 
study, the mean ADCmin ratio value of ODs is 
1.753±0.784, and the AOD is 1.660±0.551. 
Khalid L, et al. Moreover AODs are reported  
to have low ADC values compared with ODs 
with a threshold value of 0.925 × 103 mm2/s 
[22], likely due to water restriction within these 
tumors to a high nucleus-to-cytoplasm ratio, 
hypercellularity and higher ADC values in low-
grade tumors [28]. Our results support this by 
demonstrating a statistical difference between 
ADC values for grade III and grade II tumors.

Figure 5. Pathological and immunohistochemical images of ODs. (A and B) Photomicrograph showed small round 
cells with nuclei, surrounded by a halo, demonstrating a characteristic “fried egg” appearance. (C-F) Immunohisto-
chemistry showed that the tumor cells were positive for oligodendroglioma marker GFAP (C), Oligio-2 (D), Ki-67 (E) 
and NSE (F) (C. Chaematoxylin-and eosin-stained sections at 200 ×; E. Haematoxylin-and eosin-stained sections at 
100 ×).
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MR spectroscopy is used to measure regional 
variations in neurochemistry and the concen-
tration of various brain metabolites. Smits M 
reported that the typical spectrum of ODs 
shows moderately elevated Cho, which corre-
lates with membrane biosynthesis by proliferat-
ing cells, and decreased NAA, which indicates 
loss of neuronal integrity due to tumor cell infil-
tration, without a lactate peak, and our obser-
vations on MRS were similar [19, 29]. Further- 
more, as previously reported, Cho/Cr and Cho/
NAA ratios were significantly higher in grade  
III compared with grade II gliomas tumors [30-
32]. Apart from it, the absence of a lactate/lipid 
peak can also distinguish ODs from AODs.

Conclusion

The ADC, MRS, calcification and contrast en- 
hancement can help to differentiate ODs from 
other gliomas. Furthermore, these imaging ch- 
aracteristics assist in predicting the grade of 
ODs and help direct biopsy sites and predict 
prognosis.
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Neuroradiological findings and clinical features of oligodendroglioma in cerebellar hemispheres
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Supplementary Table 1. Case Summary of Oligodendrogliomas

Case 
No.

Age/
Sex

WHO 
grade Location Type Edema

ADC values Conventional MR imaging scans
EnhanceTumor 

(mm2/s)
Contralateral normal 
cerebellum (mm2/s)

rADC 
min T1WI T2WI T2 flair DWI

1 3/m II Left cerebellar hemispheres Cystic No 1.246 0.640 1.947 Low High Low Iso-low Obvious
2 7/f II Cerebellar vermis Cystic No 0.314 0.408 0.770 Low High Iso-low Iso- Obvious
3 30/m II Left cerebellar hemispheres Solid Yes 0.864 0.529 1.633 Low High Iso-high Iso-low Obvious
4 35/f II Right cerebellar hemispheres Cystic No 1.440 0.541 2.662 Low Mixed high Low Low Heterogeneous
5 50/f III Right cerebellar hemispheres Solid Yes 0.900 0.609 1.478 Low Iso-high High Iso- Obvious
6 50/f III Cerebellar vermis Solid Yes 0.670 0.551 1.216 Low High High Low Obvious
7 66/m III Right cerebellar hemispheres Cystic Yes 2.813 1.237 2.274 Low High Low Low Obvious


