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Abstract According to World Health Organization
(WHO) and Daumas-Duport grading systems, progression
of oligodendrogliomas (ODGs) to a higher grade (WHO
grade III, grade B) is associated with increased angiogen-
esis. Based on multivariate assessment of molecular,
pathological, and radiological parameters, we further
assessed the influence of tumor angiogenesis on tumor
progression and patient survival. Patients with a diagnosis
of ODG, consecutively treated in a single institution, were
reviewed and reclassified according to WHO and Daumas-
Duport grading systems. MRI scans were reviewed to
assess contrast enhancement and necrosis. Tissue sections
were used for pathology review and to evaluate
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immunostaining of vascular endothelial growth factor
(VEGF), vascular endothelial growth factor receptor
(VEGF-R), Ki-67, and CD34. Multivariate analysis was
performed to assess the impact of tumor angiogenesis-
related pathological and radiological factors on patient
survival. One hundred thirty-four patients with pure ODG
were included in this study. Multivariate analysis identified
four independent poor prognostic factors: necrosis, absence
of seizure, increased vascularization, and age >55 years. A
subgroup of patients with tumor necrosis, increased vas-
cularization, and absence of seizures had a significantly
worse outcome than predicted, with a median overall sur-
vival of 14.2 months. VEGF expression was significantly
higher in this subgroup and correlated with disease pro-
gression regardless of histologic grade. Based on the
presence of radiological or pathological necrosis, contrast
enhancement or endothelial hyperplasia, and absence of
seizures, a high risk group of ODG can be identified with
significantly worse overall survival. Also, VEGF over-
expression in ODG constitutes an early marker for pre-
dicting tumor progression.

Keywords Oligodendroglioma - Angiogenesis -
Survival
Introduction

Oligodendrogliomas (ODGs) represent the third most
common type of glioma [1, 2]. Refinements of pathological
criteria, distinguishing diffuse astrocytomas from ODGs,
oligoastrocytomas, and pilocytic astrocytomas, have indi-
cated that ODGs comprise up to 5% of brain tumors [3].
Tumor grade remains the most important prognostic sur-
vival parameter for ODGs. However, for anaplastic (grade

@ Springer



278

J Neurooncol (2010) 96:277-285

IIT) ODG, two recent randomized studies have shown that
combined loss of chromosomes lp and 19q have been
associated with a significantly improved prognosis [4-6].
In addition to such molecular analysis, other factors
including tumor angiogenesis may provide additional
prognostic information. However, the significance of other
prognostic factors has been intensively examined in
numerous studies but have yielded conflicting results [7—
13].

Tumor angiogenesis is considered to be a prerequisite
for tumor growth to a size greater than a few millimeters
[14]. Interestingly, ODGs appear to be an exception [1].
Low-grade ODGs may grow slowly for several years by
spreading isolated tumor cells over a large volume of the
brain, with the blood supply being provided only by the
microvasculature of the host brain parenchyma. Tumor
angiogenesis eventually occurs at later stages of tumor
progression within areas of parenchyma showing high
tumor cell density and hypoxia [15], and is often
accompanied by malignant degeneration to a higher-grade
tumor. The important role of tumor angiogenesis in high-
grade gliomas led to the hypothesis that the intensity of
angiogenesis in ODGs may correlate with tumor grade
and aggressiveness [16]. Daumas-Duport et al. [1] found
that pathologic endothelial hyperplasia, especially when
associated with contrast enhancement on CT or MRI, was
significantly associated with a poor prognosis. They
subsequently developed a grading system for ODG [15]
based on pathologic and radiologic criteria which distin-
guished between two grades, A and B, depending on the
absence or presence of endothelial hyperplasia and/or
contrast enhancement, respectively. In another grading
system, the revised World Health Organization (WHO)
criteria include five parameters (high cellularity, nuclear
atypia, mitosis, necrosis, and endothelial proliferation) to
identify malignant or grade III ODGs [17]. The WHO has
guidelines for grading “pure” ODGs when tumors do not
contain malignant astrocytes [1, 15] and are considered to
be low-grade (WHO grade II), while anaplastic ODGs
(WHO grade III) are associated with frequent mitosis,
endothelial proliferation, and/or conspicuous necrosis
[18].

The criteria used in both the Daumas-Duport and WHO
grading [15, 17] systems suggest that vascular parameters
play a crucial role in the outcome of ODGs. According to
both systems, progression of ODGs to a higher grade
(grade B, WHO grade III) is associated with increased
tumor angiogenesis. We hypothesize that radiological with
pathological analysis of tumor angiogenesis may add
important prognostic information. We report on a multi-
variate assessment of tumor angiogenesis using molecular,
pathological, and radiological parameters in a cohort of
134 ODG patients.
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Patients and methods
Patient population

Consecutive patients diagnosed with ODG between Janu-
ary 1995 and December 2001 were identified from a single
institutional database. Charts were reviewed and informa-
tion regarding patient and tumor characteristics were
recorded. All tumor specimens were reviewed by a neu-
ropathologist and only patients diagnosed with pure ODGs
[17] were enrolled. This study took advantage of a stan-
dardized imaging protocol using prospective brain MRI at
the time of diagnosis and for subsequent follow up. The
preoperative and postoperative MRI images were reviewed
prospectively in all patients and several tumor character-
istics such as contrast enhancement and necrosis were
recorded. The degree of contrast enhancement was mea-
sured as follows: absent or present (low and high-signal).

Treatment modalities

All patients were reviewed by a multidisciplinary group
and offered guideline-based surgery and adjuvant radiation
therapy (RT). The extent of surgical resection was deter-
mined post-operatively by T1-weighted contrast enhance-
ment on MRI for WHO grade IIT and T2-weighted images
for WHO grade II ODG. In the event of non-contrast
enhancing WHO grade III tumors, these were identified by
the T2-weighted images. Tumor resection was considered
to be subtotal if less than 70% was removed. Patients over
40 years old, with tumor size >5 cm and midline shift
were classified as high-risk grade II and offered adjuvant
3D-conformal RT (3D-CRT) to a dose of 54 Gy in 30
fractions. According to these criteria, 32 high-risk WHO
grade II patients were offered RT. All WHO grade Il ODG
patients were offered adjuvant RT using conventional
fractionation (2 Gy/fraction daily, 5 days/week) to a 2 cm
margin surrounding the tumor volume, including peritu-
moral edema to 45 Gy (T2-weighted MRI) with a sub-
sequent boost to a total dose of 60 Gy to gross tumor
(contrast-enhanced T1-weighted MRI). High energy pho-
tons and a rigid immobilization system were used. Che-
motherapy was given at the time of tumor progression,
which was defined as a > 25% increase in the cross-sec-
tional area of tumor on consecutive MRI scans.

Immunohistochemical analysis for tumor proliferation
and angiogenic factors

From paraffin-embedded specimens, 5-um slides were
prepared with H&E for diagnostic confirmation and tumor
classification according to WHO criteria. After confirma-
tion, slides with 3-um sections of paraffin-embedded
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material were mounted for immunohistochemical (IHC)
evaluation. The primary antibodies used included anti-
vascular endothelial growth factor (VEGF) (clone C-1,
Santa Cruz), anti-vascular endothelial growth factor
receptor 1 (VEGF-R1) (MF-1, ImClone Systems), anti-
VEGF-R2 (DC101, PharMingen), anti-CD34 (clone
ICO115, Santa Cruz), and anti-Ki-67 (MIB-1, Dako) and
staining was performed by the streptavidin—biotin method.
The sections on slides were deparaffinized, rehydrated, and
antigenic recovery was performed by heating the slides in
microwaves. Endogenous peroxidase activity was blocked
by immersing the slides in H,O, 5% (2 x 10 min). Sub-
sequently, the slides were rinsed twice with PBS and then
incubated in solution to block nonspecific binding (Protein
Block Serum, DakoCytomation). The sections were then
covered with the specific antibodies and kept overnight at
4°C. After an additional PBS rinse, the histological sec-
tions were then incubated with secondary antibody for
40 min, in biotin-peroxidase complex (Novocastra Labo-
ratories) for another 40 min, and then rinsed in PBS again.
The antigen—antibody was visualized with diaminobenzi-
dine tetrachloride (DAB). Placental tissue was used as a
positive control for the anti-VEGF antibodies and tonsil
tissues for the anti-CD34 antibodies. Negative controls
were established by eliminating the primary antibody,
which was replaced by bovine albumin.

The expression of VEGF and VEGF-RI/R2 were
assessed according to the percentage of immunoreactive
cells. Stained cells were counted in four randomly selected
sites on a 200x field and averaged. The degree of immu-
nostaining was considered low (1+4) when the proportion of
immunostained cells was less than 20%, intermediate (2+)
if between 20 and 50%, and high (3+) if greater than 50%.
The vessels labeled with anti-CD34 were counted under
light microscopy with 20-fold magnification. The average
counts were recorded as the CD34-microvessel density for
each case.

Statistical methods

The primary endpoint of this study was overall survival, as
measured from the date of surgery to last follow-up or
death. Univariate analysis was performed using the log
rank test. All factors reaching statistical significance with
P < 0.05 were included in a multivariate analysis (Cox
model). Overall survival was constructed according to the
method of Kaplan—-Meier. In addition, multivariate classi-
fication and regression tree (CART) models for censored
data, as modified by Leblanc and Crowley, were performed
to identify interactions between independent baseline
variables and to classify patients into clinically relevant
categories (low vs. high-risk) [19]. Chi-square tests and
hazard-ratios along with corresponding 95% confidence

intervals were calculated. All reported P values are two-
sided and differences were considered statistically signifi-
cant when P < 0.05. The SAS program (Version 9.1, SAS
Institute Inc., Cary, NC, USA) was used for statistical
analysis.

Results
Patients, tumor grade and survival

The median follow-up was 60 months (48-80 months).
Forty-six percent of patients were diagnosed with partial or
generalized seizures and 90% of the population had Kar-
nofsky performance status (KPS) >90%. Eighty-four
patients (62%) had undergone subtotal resection (debul-
king) and 50 patients (38%) had stereotactic biopsies.
Patient characteristics are listed in Table 1. At the time of
analysis, 101 patients (75%) had tumor progression, 82
patients (61%) died of disease progression, and 19 patients
(14%) were alive with disease progression. The median
overall survival for the whole population was 25 months.
Subtotal resection was associated with statistically longer
survival than biopsy in patients with WHO grade III
(P = 0.03) but not grade II ODG (P = 0.88).

According to the Daumas-Duport grading system,
patients with grade A (25 patients) and B (109 patients)
ODGs had median survivals of 62 and 20 months,
respectively. Based on the WHO system, grade II ODGs
had a median survival of 48 months while grade III had a
median survival of 18 months. As shown in Table 1, there
is excellent concordance between the WHO and Daumas-
Duport grading systems for higher grade tumors with 95%
(83/87) of WHO grade III ODGs being diagnosed as grade
B according to the Daumas-Duport system. However,
discrepancies were found between the WHO grade II and
Daumas-Duport grading systems. Only 44% (21/47) of
WHO grade II patients were classified as Daumas-Duport
grade A while 56% (26/47) were classified as Daumas-
Duport grade B. These discrepancies between grading
systems have been previously described by others investi-
gators [20].

Univariate analysis of prognostic factors

Consistent with previous studies [20], older age was
associated with significantly shorter survival. Patients
younger than 55 years had a median survival of
32.6 months compared to 14.2 months in older patients
(P = 0.002, Table 2). Occurrence of seizure was associ-
ated with significantly longer median survival as compared
to absence of seizure (70 vs. 19 months, respectively,
P = 0.0001). Median survival of patients with WHO grade
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Table 1 Population characteristics of 134 ODG patients

Variables WHO grade II WHO grade III Whole
population
N=47 N =287 N =134
Age
<55 40 62 102
>55 7 25 32
Seizure
No 25 62 87
Yes 22 25 47
Radiological criteria
Tumor location
Superficial 33 72 105
Deep 14 15 29
Contrast enhancement
No 26 21 47
Yes 21 66 87
Radiological necrosis
No 38 67 105
Yes 9 20 29
Extent of surgery
Biopsy 24 26 50
Subtotal resection 23 61 84
Pathological criteria
Endothelial hyperplasia
No 24 2 26
Yes 23 85 108
Pathological necrosis
No 47 45 92
Yes 0 42 42
Nuclear atypia
No 30 22 52
Yes 17 65 82
Mitosis
No 28 20 48
Yes 19 67 86
Daumas-Duport grading
A 21 4 25
B 26 83 109

II and III ODGs with seizures were 58 and 40 months,
respectively (P = 0.002).

As shown in Table 2, evidence of contrast enhancement
correlated with poorer median survival. Patients with and
without contrast enhancement had an overall survival of 19
and 46 months, respectively (P = 0.021, Fig. 1a). Also, the
presence of contrast enhancement correlated with poorer
outcome in patients with WHO grade III ODG (P = 0.04)
but not WHO grade II (P = 0.10). As shown in Fig. 1b, the
presence of endothelial hyperplasia was strongly correlated
with shorter patient survival (P = 0.001). The influence of
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endothelial hyperplasia on survival was statistically sig-
nificant in WHO grade III patients (P = 0.0049) but not in
WHO grade II (P = 0.128).

The presence of necrosis predicted for poor survival in
the overall population. Patients without radiological or
pathological (Fig. 1c, d) necrosis have a significantly better
overall survival (48 months) compared to patients with
either radiological or pathological necrosis (15 months,
P = 0.0001). This effect was restricted to patients with
WHO grade III ODG, where patients with either radio-
logical or pathological necrosis had a worse overall sur-
vival than patients without necrosis (P = 0.0032). It was
not statistically significant for patients with WHO grade 11
ODG (P = 0.39).

Multivariate analysis of prognostic factors

In multivariate analysis, age, seizure, contrast enhance-
ment, endothelial hyperplasia, and necrosis were found to
be independent prognostic factors for survival (Table 2).
Multivariate classification and regression tree (CART)
analysis was performed to identify subsets of patients with
distinctly different survival distribution. CART analysis
(Fig. 2a) generates a tree that consists of nodes (subsets of
patients) by successively splitting each node into two
nodes. This technique can identify interactions between
independent baseline variables. Using the CART model,
three distinct groups of patients were identified with dif-
ferent patient characteristics (Table 3) and outcomes
(Fig. 2b). A high risk subgroup of patients was identified
based on evidence of necrosis (radiological or pathologi-
cal), angiogenesis (contrast enhancement or endothelial
hyperplasia), and no past history of seizure (Fig. 2b, c).
These patients had a median survival of 14.2 months.
Similarly, a low risk subgroup was identified based on the
absence of necrosis and age <55 years. Median survival in
this favorable subgroup was not reached after 5 years of
follow-up.

Angiogenesis-related factors and prognostic
significance

We analyzed the expression of VEGF in tumors and
endothelial cells. Tumor cells exhibited a strong membra-
nous/intracytoplasmic VEGF expression, which tended to
be concentrated around the vessels with endothelial
hyperplasia in anaplastic ODG patients (Fig. 3a, b). In this
analysis, the cut-off of VEGF expression was 20% of
positive cells and we found no statistical difference in
overall survival between patients with moderate (2+) or
strong (3+) VEGEF intensity. VEGF intensity (24 and 3+)
in tumor cells (VEGFt) was significantly higher among
patients with grade III as compared to grade II ODGs
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Table 2 univariate and multivariate analysis of whole population
Variables Univariate analysis Median survival Multivariate analysis
(Months)
HR 95% CI P HR 95% CI P
Age
<55 23 [1.2-3.0] 0.002 32.6 1.6 [1.2-2.6] 0.002
>55 14.2
Seizure
Absent 2.3 [1.6-3.2] 0.0001 19.0 2.1 [1.7-3.1] <0.001
Present 69.6
Contrast enhancement
None 1.8 [1.3-2.6] 0.021 46.5 1.6 [1.1-2.5] 0.021
Present 19.0
Endothelial hyperplasia
None 2.1 [1.5-2.8] 0.001 41.0 1.9 [1.4-2.4] 0.001
Present 17.0
Radiological necrosis
None 2.7 [2.2-3.4] 0.0001 32.0 2.4 [1.9-3.2] <0.001
Present 14.0
Pathological necrosis
None 24 [1.9-3.1] 0.0001 39.8 2.1 [1.9-3.1] 0.001
Present 14.5
Nuclear atypia
None 1.9 [1.3-2.6] 0.02 60.0 39 [1.2-2.3] NS
Present 17.7
Mitosis
None 25 [1.3-2.6] 0.007 62.7 2.3 [1.0-2.1] NS
Present 19.4
Daumas-Duport grading
A 2.5 [1.5-4.3] 0.007 62.7 1.9 [1.1-3.9] 0.005
B 194
Extent of surgery
Biopsy 1.3 [1.2-1.3] 0.66 19.0 1.1 [0.9-1.3] NS
Subtotal resection 21.0

(P = 0.017). Similarly, VEGF expression (2+ and 3+) in
vascular cells (VEGFv) was more prevalent among patients
with WHO grade III than those with grade II (P = 0.01). A
similar pattern of increased CD34 expression was observed
in WHO grade III as compared to grade II ODGs
(P = 0.0001, Fig. 3c). In contrast, VEGF-R1 and VEGF-
R2 staining were low (14) and no statistically significant
difference was observed between WHO grade II and III
(data not shown). Median survivals were 17 and 43 months
for patients with and without VEGFt over-expression (24
and 3+) and 18 and 48 months with and without VEGFv
over-expression. The intensity of VEGF staining in tumor
and endothelial cells was found to be strongly associated
with WHO grade III (67 and 68%, respectively) or Dau-
mas-Duport grade B (69 and 67%, respectively, Fig. 3c)
ODG.

The VEGEF intensity in tumor and vessel (2+ and 3+)
correlated with contrast enhancement and was significantly
increased in the high-risk subgroup of patients identified by
CART analysis compared to other subgroups (Fig. 3c;
P = 0.0023). On multivariate analysis, none of the bio-
logical markers (VEGF, VEGF-R, CD34 and Ki-67)
emerged as an independent prognostic factor for survival.
However, VEGF was found to be an independent prog-
nostic factor for tumor progression regardless of tumor
grade (P = 0.02).

Discussion

Determining prognosis accurately is an important step in
the treatment decision making process. To date, most
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prognostic factors for ODG have been based on pathologic
criteria, which have their limitations [7, 9, 10]. Neverthe-
less, recent studies suggest that among many pathological
features, endothelial hyperplasia should be considered one
of the most reliable prognostic factors in predicting sur-
vival in patients with ODGs [11, 12, 15]. Angiogenesis
(i.e., endothelial hyperplasia) is a hallmark of high-grade
gliomas [21]. However, the precise role of angiogenesis
and its predictive value in ODG progression and patient
survival remain to be demonstrated. In our study, we
evaluated the prognostic significance of tumor angiogene-
sis at the microscopic level using pathological examina-
tion, and at the macroscopic level using imaging
techniques. We showed significant correlation between
endothelial hyperplasia and/or contrast enhancement and
the clinical outcome of ODGs. Moreover, the presence of
necrosis was also shown to be an independent prognostic
factor associated with poorer overall survival.

In our study, clinical, pathological, and radiological data
subjected to multivariate CART-survival modeling showed
that the most significant poor prognostic factor was the
presence of either pathologic and/or radiologic tumor
necrosis. This is consistent with the results of a phase III
trial of adjuvant procarbazine, lomustine, and vincristine in
anaplastic ODG or anaplastic mixed oligoastrocytoma
which found that necrosis was an independent prognostic
factor for survival [5]. In contrast, Miller et al. [22]
reported in a series of 1093 patients that necrosis was not
an independent prognostic factor for survival in patients
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with grade III pure ODG, but it was prognostic for patients
with anaplastic mixed oligoastrocytoma. This difference
may have been due to differences in treatment, as patients
in our study were managed in a single institution according
to a standardized protocol, while 85% of anaplastic pure
ODG reported by Miller et al. were treated at different
institutions and could have had different standards of care
for treatment.

We identified a high-risk subgroup of patients who have
particularly poor outcomes, even worse than for anaplastic
oligodendrogliomas. Patients with necrosis (radiological or
pathological), angiogenic markers (contrast enhancement
or endothelial hyperplasia), and no past history of seizure
had a poor median overall survival of 14.2 months. Inter-
estingly, this high-risk subgroup of ODG had pathological
and radiological characteristics similar to anaplastic
astrocytomas but their survival was much worse than
expected. The overall survival of this high-risk group is
more similar to the emerging subset of “glioblastoma
multiforme with oligodendroglial features” [22] than for
traditional anaplastic ODG. In their analysis, Miller et al.
[22] found that necrosis was an independent prognostic
factor, even after correcting for age and 1p/19q status. In
addition, a recent report from EORTC 26951 confirmed our
finding that histopathological necrosis and 1p and 19q loss
are independent prognostic factors in anaplastic oligoas-
trocytomas. Kouwenhoven et al. [23] suggested that ana-
plastic oligoastrocytomas with necrosis should be
considered as grade IV tumors. The prognostic significance
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Fig. 2 a Classification and regression tree (CART) survival analysis
to identify independent prognostic factors most strongly associated
with survival. The upper number is the hazard ratio. The numerator
represents the number of deceased patients in each node and the
denominator represents the total number of patients at risk. b Overall
survival for risk groups identified by CART analysis. ¢ Overall
survival of risk groups at 1, 3, and 5 years

of necrosis in identifying high-risk ODG patients is con-
firmed by our study. Thus, both necrosis and tumor angi-
ogenesis, as evaluated by pathological and radiological
criteria, may be used in combination with other clinical
characteristics and genetic analysis of 1p and 19q deletions
to determine prognosis of ODG patients [24, 25]. Fur-
thermore, as the favorable prognostic significance of 1p
and 19q co-deletion appears restricted to ODG with a
“classic” appearance [26], the identification of high-risk
ODG patients by our criteria may have increased prog-
nostic importance in patients with non-classical ODG
histology.

Table 3 Summary of risk group characteristics according to CART
analysis

Variables Low Int High P
N =65 N=29 N =40

Age
<55 65 12 25 0.0001
>55 0 17 15

Seizure
No 35 19 33 0.014
Yes 30 10 7

Contrast enhancement
No 36 11 0 0.0001
Yes 29 18 40

Endothelial hyperplasia
No 22 4 0 0.02
Yes 43 25 40

Radiological necrosis
No 65 20 20 0.001
Yes 0 9 20

Pathological necrosis
No 65 19 8 0.0001
Yes 0 10 32

Pathological grade
WHO II 32 8 7 0.002
WHO III 33 21 33

The discrepancies found between the WHO and Dau-
mas-Duport grading systems illustrate the difficult and
subjective nature in classifying ODG. As the grading of
these tumors directly impacts on treatment, the importance
of a more objective scheme is needed. Molecular testing is
one way in which this could be achieved, especially with
recent trials confirming the favorable prognostic value of
Ip and 19q co-deletions [4—-6]. Also, WHO grade III ODGs
with microvascular proliferation and/or necrosis have
recently been linked to 9p deletion, a region which contains
tumor suppressor genes such as pl6 (CDKN2A) involved
in the regulation of glioma angiogenesis and frequently
implicated in tumor progression [27]. Tumor angiogenesis
is known to be modulated by various growth factors,
including VEGF. VEGEF is upregulated in most cases of
glioblastoma multiforme and was found as an independent
prognostic marker for survival in low-grade astrocytoma
patients [29, 30]. However, the significance of VEGF
expression in ODGs is controversial. Pietsch et al. [31] did
not show VEGF expression in ODGs and Christov et al.
[32] found that VEGF expression could be located in tumor
vessels rather than in tumor cells. We and others [33-36]
have shown that VEGF expression was associated with
microvascular proliferation in anaplastic ODGs. In our
study, VEGF expression in anaplastic ODG patients was
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Fig. 3 Immunohistochemical detection of VEGF in endothelial cells
(VEGFv) (a) and tumor cells (VEGFt) (b). Average intensity of
staining in patients separated by WHO grade, Daumas-Duport grade,
and CART analysis risk groups (c)

concentrated around the vessels in large areas of tumor
necrosis and high mitotic index (Ki-67). We also found a
high correlation between VEGF and endothelial hyperpla-
sia. Interestingly, we identified VEGF over-expression as
an independent predictive factor for tumor progression
regardless of tumor grade. Taken together, these findings
suggest that VEGF expression constitutes an early marker
for identifying a group of WHO grade II ODG at increased
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risk for tumor progression. This also suggests that VEGF
expression in WHO grade II ODGs mandates a careful
review of the pathological diagnosis as well as close
radiologic monitoring in order to detect the earliest events
of angiogenesis and tumor progression.

Attempts to evaluate prognostic factors that predict for
survival in ODGs have typically been based on the study of
genetic markers [24, 37]. Combined loss of 1p/19q is
present in 25-60% of ODGs [4, 5, 38, 39] and has been
associated with improved survival as well as response to
cytotoxic therapy [4, 5, 40—42]. However, relying only on
the 1p/19q status to determine outcomes may not encom-
pass all available prognostic data. Although our study is
potentially limited by the lack of assessment of 1p/19q
deletions, the multivariate assessment of histological and
radiological markers of tumor angiogenesis may comple-
ment 1p/19q co-deletion analysis in determining prognosis.
Indeed, some reports have already emerged suggesting that
the prognostic significance of certain pathologic factors,
such as necrosis, as independent factor of the 1p/19q status
in anaplastic oligoastrocytomas [22]. Additional research
in a separate population is needed to validate these findings
and is currently underway in a population-based study in
our institution. In addition, the authors are examining the
prognostic significance of dynamic contrast-enhanced
(DCE)-MRI in identifying angiogenesis in ODG patients.

In summary, we have identified a new high-risk group of
ODGs based on the presence of radiological or pathologi-
cal necrosis, angiogenesis (contrast enhancement or endo-
thelial hyperplasia), and absence of seizures. These patients
have a shorter overall survival compared to WHO grade I1I
ODG. Additional studies are required to better identify this
high-risk subgroup and to define the optimal treatment, as
they may be candidates for more aggressive therapy used
for high-grade gliomas such as concurrent temozolomide
and radiotherapy.
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