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We analyzed the relationships among clinical variables,
histology, 1p/19q status, and outcome in 95 patients
with oligodendroglial tumors.

The study enrolled adult patients who underwent first-
time surgery for a supratentorial oligodendroglial tumor
at Oslo University Hospital, Rikshospitalet. Tumors
were: 27 oligodendrogliomas, WHO grade II; 32 oli-
goastrocytomas, WHO grade II; 16 anaplastic oligoden-
drogliomas, WHO grade III; 14 anaplastic
oligoastrocytomas, WHO grade III; and 6 glioblastomas
with a major oligodendroglial component, WHO grade
IV. The clinical files were reviewed. Three neuropathol-
ogists evaluated the histological slides independently.
Loss-of-heterozygosity analysis for 1p and 19q was per-
formed by PCR.

Favorable prognostic factors from univariate analyses
included seizures as presenting symptom, female sex,
location in the frontal lobe, low WHO grade, classic
histology, absence of gemistocytic cells, and combined
1p/19q loss. Solitary 19q loss was a negative prognostic
marker. 1p/19q status was of prognostic significance
in both tumors with classic and nonclassic oligodendro-
glial histology. In the multivariate analysis, WHO grade
II (P < .001), frontal tumor location (P 5 .002), and
combined 1p/19q loss (P < .001) remained favorable
prognostic variables.

Our results suggest that tumor location, WHO grade,
and 1p/19q status are important independent variables
associated with survival in oligodendroglial tumors.
The study suggests that solitary 19q loss is a negative

prognostic variable and that 1p/19q loss is associated
with prolonged survival also in oligodendroglial
tumors without classic histology.
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Introduction

G
liomas are classified into groups according to
their hypothetical line of differentiation. The cel-
lular origin of these tumors is unknown, but it

has been postulated that they derive from stem cells or
from differentiated glial cells that suffer dedifferentia-
tion and later acquire features resembling those of astro-
cytes, oligodendrocytes, or ependymal cells.1

Oligodendrogliomas (ODs) are well-differentiated
diffuse gliomas composed of cells morphologically
resembling oligodendroglia, occurring predominantly
in adulthood and typically located in the cerebral hemi-
spheres. Oligoastrocytomas (OAs) are composed of 2
distinct neoplastic cell types morphologically resembling
the tumor cells in ODs and diffuse astrocytomas.1

Oligodendroglial tumors used to be relatively rare
compared with astrocytomas in earlier reports, compris-
ing approximately 4% of primary brain tumors.2

However, the entity remains a challenge to neuropathol-
ogists, as neither clear diagnostic criteria nor specific
immunohistochemical markers exist.3,4 The incidence
of ODs has increased since the recognition of their che-
mosensitivity, and this entity has come to exceed the fre-
quency of astrocytomas in many institutions.5,6 An
important step forward has been the detection of com-
bined 1p/19q loss as the molecular genetic signature of
oligodendroglial tumors. Combined 1p/19q loss is
associated with longer progression-free survival and
better overall survival (OS), as well as favorable response
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to both chemo- and radiotherapy in patients with WHO
grade III oligodendroglial tumors.7,8 The prognostic rel-
evance of this genotype in low-grade tumors is less
clear, but it has been identified as a strong, non–treat-
ment-related prognostic factor for OS in patients with dif-
fusely infiltrating WHO grade II gliomas.9 Some have
reported 1p/19q status as a prognostic factor in only
tumors with classic oligodendroglial histology,
suggesting that the relevance of molecular genetic
testing may depend on the presence or absence of
classic histological features.10 Although combined loss
of 1p/19q is the predominant genotype in oligodendro-
glial tumors, loss of 19q and retention of 1p (solitary
19q loss) is sometimes encountered. The prognostic
impact of solitary 19q loss is less studied, and the pub-
lished results are conflicting.10–13

The main objective of this study was to analyze the
relationships between clinical variables, histology, and
genetic aberrations in a large, single-institution series
of oligodendroglial tumors. In particular, we wanted
to study whether the prognostic relevance of 1p/19q
molecular genetic status was limited to tumors with
classic oligodendroglial histology or may be of impor-
tance also in oligodendroglial tumors without classic
histological features. In addition, we wanted to investi-
gate the prognostic impact of solitary 19q loss.

Material and Methods

The study included adult patients who underwent first-
time surgery for a supratentorial oligodendroglial
tumor at Oslo University Hospital, Rikshospitalet.
Only cases with known 1p/19q status were included.
At our hospital, oligodendroglial tumors have been
tested for 1p/19q loss since 2001. The study included
consecutive cases with a histological diagnosis of OD
or OA operated on between 2001 and 2007. Also
included were selected cases operated on between 1998
and 2000, in which 1p/19q analysis had been performed
retrospectively. The study included 1 patient operated on
in 1998, 1 in 1999, 3 in 2000, 6 in 2001, 17 in 2002, 11
in 2003, 19 in 2004, 11 in 2005, 15 in 2006, and 11 in
2007. Informed consent was obtained from all patients,
and the study was approved by the Regional Committee
for Medical Ethics of Southern Norway.

Ninety-five patients (58 men and 37 women) with a
median age of 43 years (range 19–72 y) at surgery
were included. The tumors were: 27 ODs, WHO grade
II; 32 OAs, WHO grade II; 16 anaplastic ODs, WHO
grade III; 14 anaplastic OAs, WHO grade III; and 6 glio-
blastomas with a major oligodendroglial component,
WHO grade IV (GBO).

The clinical files were reviewed and the following
variables registered: main presenting symptom, duration
of symptoms before surgery, tumor location (right or left
hemisphere, lobe, involvement of several lobes), tumor
resection (gross total resection [GTR], partial resection,
biopsy), number of resections, postoperative treatment
(radio- or chemotherapy), and date of death. Tumor
resection was evaluated by a neurosurgeon from

postoperative MR or CT images. GTR was defined as
more than 95% reduction of tumor volume.
Postoperative MR images were available in 76 cases. In
18 (mostly biopsy) cases, only CT images were available.
In 1 case of subtotal resection, there were no postopera-
tive images. All histological slides were reviewed indivi-
dually by 3 neuropathologists. The following
histological variables were evaluated: “classic” oligoden-
droglial histology, gemistocytic cells, and calcifications.
As previously described,14 the histology was considered
“classic” if the proportion of tumor cells with uniform,
round nuclei and perinuclear halos was considered
larger than 50% by at least 2 observers. Likewise, gemis-
tocytic cells were considered present if reported by at least
2 observers. The estimated proportion of gemistocytic
cells had to constitute more than 5% of the tumor cells
in order to be reported. Calcifications were considered
present if reported by at least 1 neuropathologist.

PCR to detect loss of heterozygosity at 1p and 19q was
performed as previously described.14,15 Combined 1p and
19q loss was defined as loss of all informative microsatel-
lite markers. Five cases were not included due to either
insufficient amount or reduced quality of DNA.

Statistics

Continuous variables were described with median and
range; categorical variables with proportions and per-
centages. Crude associations were analyzed with a
chi-squared test or Fisher’s exact test. Follow-up was
defined as the time from date of surgery until date of
death or November 2009, whichever occurred first.
The shortest interval between date of surgery and
November 2009 was 28 months. The outcome was
defined as alive versus deceased.

Twelve clinical, histological, and molecular genetic
variables were evaluated using survival analysis
methods. The variables included age, gender, main pre-
senting symptom, duration of symptoms before surgery,
tumor location, WHO grade, classic oligodendroglial
histology, calcifications, gemistocytic cells, combined
1p/19q loss, solitary 19q loss, and GTR. The crude sur-
vival data were analyzed using the Kaplan–Meier
method. Univariate and multivariate analyses were per-
formed using Cox regression. The effect of significant
variables was quantified using hazard ratios and 95%
confidence intervals (CIs). All reported P-values were
two-sided, and P , .05 was considered statistically sig-
nificant. All statistical analyses were performed using
SPSS for Windows, version 16.

Results

Patient, tumor, and treatment characteristics are sum-
marized in Table 1. Univariate and multivariate analyses
of prognostic factors for overall survival are presented in
Table 2 and in a supplementary table.

The male:female ratio was 1.6:1. Median age in men
was 45 years (range: 19–72 y) and in women 39 years
(range: 28–66 y). The median follow-up period was
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50 months (range: 4–132 mo). Twenty-eight patients
(29%) died during the observation period: all 6 patients
with GBO, 13 of 30 patients (43%) with WHO grade III
tumors, and 9 of 59 (15%) with WHO grade II tumors.
The 1-, 2-, and 5-year survival rates were 96% (CI ¼
89%–98%), 85% (CI ¼ 76%–91%), and 69% (CI ¼
58%–78%), respectively, for the whole group
(Fig. 1A); 100%, 98% (CI ¼ 86%–100%), and 82%
(CI ¼ 66%–90%) for patients with WHO grade II
tumors (Fig. 1B); and 93% (CI ¼ 76%–98%), 78%
(CI ¼ 57%–78%), and 53% (CI ¼ 39%–74%) for the
WHO grade III cases (Fig. 1B). Favorable prognostic
factors from univariate analyses included seizures as pre-
senting symptom, female gender, location in the frontal
lobe (Fig. 1C), low WHO grade, classic histology,
absence of gemistocytic cells, and combined 1p/19q
loss. Solitary 19q loss was a negative prognostic factor.
Eight of the 9 patients with tumors harboring solitary
19q loss died in the study period. The median survival
for this group was 24 months (range: 8–94 months).
Kaplan–Meier analyses revealed 3 prognostic groups
based on the molecular genetic results (Fig. 1D).
Patients with tumors demonstrating combined 1p/19q
loss had the longest survival times, and cases with soli-
tary 19q loss had the shortest, whereas patients with
tumors harboring neither combined 1p/19q loss nor
solitary 19q loss had an intermediate prognosis (P ,

.001). Loss of 1p/19q was significantly associated with
prolonged survival in patient groups that both received
and did not receive adjuvant chemo- and/or radiother-
apy (P , .001 and P ¼ .01, respectively).

Kaplan–Meier analyses demonstrated that 1p/19q
loss was a significant positive prognostic variable in
tumors with classic as well as nonclassic histology (P
¼ .002 and P ¼ .001, respectively; Fig. 1E and F). In
the classic histology group, 4 of 39 cases with 1p/19q
loss died in the study period, as opposed to 4 of 9
cases without combined 1p/19q loss. There was no
death among the 13 patients with nonclassic histology
and combined 1p/19q loss, whereas 20 of 34 patients
with nonclassic histology and absence of 1p/19q loss
died in the study period.

Table 1. Patient characteristics. When not otherwise specified,
data are given as number (%) of patients

Variable No. (%)

Sex

Male 58 (61)

Female 37 (39)

Age in years

Mean (95% CI) 45 (42–47)

Median 43

Range 19–72

Main presenting symptom

Seizures 57 (61)

Headache/signs of raised
intracranial pressure

16 (17)

Other 20 (22)

Data not available 2

Duration of symptoms (months)

Mean (95% CI) 17 (10–25)

Median 3

Range 0–192

Data not available 2

Localization

Frontal lobe 60 (63)

Temporal lobe 17 (18)

Other 18 (19)

1p/19q loss

Present 52 (55)

Absent 43 (45)

Solitary 19q loss

Present 9 (10)

Absent 85 (90)

Inconclusive result 1

WHO grade

II 59 (64)

III 30 (32)

IV 6 (6)

Classic histology

Present 48 (51)

Absent 47 (49)

Calcifications

Present 41 (43)

Absent 54 (57)

Gemistocytic cells

Present 25 (27)

Absent 70 (74)

Initial treatment

Surgery

Gross total resection 42 (44)

Subtotal resection 41 (43)

Biopsy 12 (13)

Adjuvant therapy

Chemotherapy 43 (45)

Radiotherapy 25 (26)

Continued

Table 1. Continued

Variable No. (%)

Treatment at progression

Repeated surgery 23 (24)

Chemotherapy 41 (43)

Radiotherapy 29 (31)

Follow-up time in months

Median 50

Mean 54 (49–60)

Range 4–132

Status

Deceased 28 (29)

Alive 67 (71)
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Due to a limited sample size, we could not include all
variables found to be of prognostic significance in the uni-
variate analyses in a multivariate Cox model. The vari-
ables selected for multivariate analysis were 1p/19q
status, WHO grade, and classic histology. Of these, 1p/
19q status (P ¼ .001) and WHO grade (P , .001)
remained statistically significant, but classic histology
did not (P ¼ .3). In addition, a second model including
the variables 1p/19q status, WHO grade, and tumor

location (frontal lobe vs others) was tested. All variables
in this second model were significantly associated with
survival; the results are presented in Table 2.

Combined 1p/19q loss and location in the frontal
lobe were the only variables of prognostic significance
in WHO grade II tumors (Supplementary Table). In
the WHO grade III group, the factors of prognostic sig-
nificance from univariate analyses included GTR, tumor
location, classic histology, combined 1p/19q loss, and

Table 2. Univariate and multivariate analysis of prognostic factors for overall survival

Variable All Cases (n 5 95)

E/N Univariate Analysis,
Hazard Ratio (95% CI)

Multivariate Analysis,
Hazard Ratio (95% CI)

Age

,40 years 9/36 1.0

≥40 years 19/59 1.6 (0.7–3.5)

Gender

Female 5/37 1.0

Male 23/58 3.5* (1.3–9.1)

Seizures as presenting symptom

Yes 11/57 1.0

No 17/36 3.2** (1.5–6.9)

Duration of symptoms

,24 months 26/75 3.8 (0.9–16.1)

≥24 months 2/18 1.0

Location in frontal lobe

Yes 9/60 1.0 1.0

No 19/35 4.8*** (2.2–10.6) 3.8** (1.7–8.6)

Location in temporal lobe

Yes 9/17 3.4** (1.5–7.7)

No 19/78 1.0

WHO grade

II 9/59 1.0 1.0

III and IV 19/36 4.9*** (2.2–10.8) 4.9*** (2.2–11.0)

Classic histology

Yes 8/48 1.0

No 20/47 3.5** (1.6–8.1)

Calcifications

Yes 11/41 1.0

No 17/54 1.5 (0.7–3.2)

Gemistocytic cells

Yes 13/25 3.0** (1.4–6.3)

No 15/70 1.0

Combined 1p/19q loss

Yes 4/52 1.0 1.0

No 24/43 12.2*** (4.2–35.5) 8.8*** (3.0–26.3)

Solitary 19q loss

Yes 8/9 9.1*** (3.9–21.6)

No 19/85 1.0

GTR

Yes 9/42 1.0

No 19/53 2.0 (0.9–4.5)

Abbreviations: E/N, number of events (deaths) among the cases; CI, confidence interval. *P , .05; **P , .01; ***P , .001.
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solitary 19q loss. Due to a small number of patients and
few events, multivariate analysis on data grouped
according to WHO grade was not performed.

Seizures were the most frequent presenting symptom,
reported in 57 of the cases (61%). This was more
common in grade II than in grade III or IV tumors (P
¼ .008) and in patients younger than 43 years (P ¼
.003). Symptoms of increased intracranial pressure
were more common in grades III and IV tumors (P ¼
.001) and in patients older than 49 years (P ¼ .013).
Symptoms of increased intracranial pressure were
associated with solitary 19q loss (P ¼ .024).

Combined 1p/19q loss was associated with classic
histology (P , .001), calcifications (P , .001), absence
of gemistocytic cells (P , .001), WHO grade II status
(P ¼ .046), and location in the frontal lobe (P ¼ .002).
Among WHO grade III cases, there was a higher pro-
portion of GTR for tumors located in the frontal lobe
(P ¼ .035) and that had 1p/19q loss (P ¼ .009).

Solitary 19q loss was only detected in anaplastic
tumors and was associated with the absence of
classic histology (P ¼ .011), presence of gemistocytic
cells (P ¼ .004), and location in the temporal lobe
(P ¼ .002).

Fig. 1. Overall survival curves for the total group of 95 patients (A), according to WHO grade (B), tumor location (C), and 1p/19q status (D).

Overall survival curves for cases demonstrating classic oligodendroglial histology with and without 1p/19q loss (E) and tumors demonstrating

nonclassic histology with and without 1p/19q loss (F). Shaded areas illustrate 95% confidence intervals. Abbreviations: Cum Survival,

cumulative survival.
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WHO grade III and IV tumors (P ¼ .030), location in
the temporal lobe (P ¼ .047), and solitary 19q loss (P ¼
.013) were more common in males than in females.

Discussion

In this study we analyzed the relationship between
several clinical variables, histological findings, genetic
aberrations, and outcome in 95 patients with oligoden-
droglial tumors. We found that low WHO grade,
frontal tumor location, and combined 1p/19q loss
were favorable and independent prognostic variables.
The study also suggests that solitary 19q loss is a nega-
tive prognostic variable and that 1p/19q loss is associ-
ated with prolonged survival also in oligodendroglial
tumors without classic histology.

WHO Grade

ODs and OAs are graded as II (low-grade) or III (high-
grade or anaplastic) according to the WHO classifi-
cation.1 The presence of necrosis is compatible with a
grade III OD, but OAs with necrosis should be regarded
as glioblastomas (with OD component; GBOs), WHO
grade IV, as large studies suggest that necrosis is associ-
ated with significantly worse prognosis in mixed
gliomas.8,16 In our study, approximately 15% and
43% of the patients with WHO grades II and III
tumors, respectively, had died in the observation
period. Our results are in line with those reported by
others,1 although median survival times could not be
calculated due to a relatively short observation period.

The 1-, 2-, and 5-year survival rates for WHO grade
II cases were 100%, 98%, and 82%, respectively. WHO
grade II ODs are typically slowly growing tumors with
median survival times from 10 to 17 years and reported
5- and 10-year survival rates of 71% and 54%, respect-
ively.1 A median survival time of 6.3 years and 5- and
10-year survival rates of 58% and 32%, respectively,
have been reported in WHO grade II OAs.17

In our study, the 1-, 2-, and 5-year survival rates for
patients with WHO grade III tumors were 93%, 78%,
and 53%, respectively. Reported median survival time
for WHO grade III ODs is between 4 and 5 years,7,8

and the 5-year survival rate is approximately 40%.
The prognosis for patients with WHO grade III OAs is
worse than for pure ODs of similar grade but better
than for patients with glioblastomas. A median survival
time of 2.8 years and 5- and 10-year survival rates of
36% and 9%, respectively have been reported.17

In our study, all of the 6 patients with GBO died
during the observation period. The median survival of
14 months (data not shown) is almost similar to that
observed in ordinary glioblastomas,18,19 although no
conclusion can be drawn from such a small number of
cases. Whether or not there is any clinical significance
to identifying an oligodendroglial component in glio-
blastomas is unclear. Most studies have shown a molecu-
lar pattern comparable to that of ordinary glioblastomas
and that GBOs rarely display 1p/19q loss, although a
slightly longer median survival in patients with GBO

compared with patients with ordinary glioblastomas
have been reported.20–22

Tumor Location

Our study revealed that patients with tumors located in the
frontal lobes lived significantly longer than patients with
tumors in other lobes. Conflicting results have been
reported on this matter. Some studies have shown that
patients with frontal lobe ODs live significantly longer
than patients with tumors located elsewhere,23–25 while
others have failed to demonstrate any prognostic relevance
of tumor location.2 One might suggest that an association
between tumor location and overall survival in OD
patients could at least in part be explained by genetic find-
ings, since an association between 1p/19q loss and tumor
location has been reported.26 However, in our study the
prolonged survival of patients with frontal tumors
cannot be entirely explained by the genetic changes,
since both tumor location and 1p/19q status remained
independent prognostic factors in the multivariate analy-
sis. Neither can the prolonged survival seen in patients
with frontally located tumors be explained by a higher fre-
quency of GTRs when all cases were analyzed, but there
was a significant association between GTR and frontal
location among WHO grade III tumors.

1p/19q Status

It is currently unknown how 1p/19q loss influences the
pathogenesis of a relatively indolent glioma that responds
to treatment. Metaphase studies have shown that the
combined loss probably is mediated by an unbalanced
translocation of 19p to 1q.27,28 Several gene expression
studies have suggested that ODs with combined 1p and
19q deletion have a proneuronal expression profile,29

and it has been postulated that this might result in restric-
tion to cell migration and proliferation, reflecting 1p/19q
status as a prognostic biomarker.30

In our study, solitary 19q loss was a negative prognostic
factor. It was detected in only anaplastic tumors, and 8 of
the 9 patients with this molecular genetic signature died
during the study period. In fact, Kaplan–Meier analyses
revealed 3 significantly different prognostic groups based
on the molecular genetic findings; cases with combined
1p/19q loss had the best prognosis, those with solitary
19q loss the worst prognosis, and the remaining cases an
intermediate prognosis. The negative prognostic impact
of solitary 19q loss is in agreement with a study by
McDonald et al.,10 who found that anaplastic oligoden-
droglial tumors with 1p intact/19q deletion tended to
have a poorer prognosis.Their 12cases ofanaplastic oligo-
dendroglial tumors with solitary 19q loss had a median
survival of 210 weeks (95% CI¼ 83–335), compared
with patients with 1p/19q codeleted tumors, who had a
median survival of 605 weeks (95% CI ¼ 303–908).
Our 9 cases with solitary 19q loss had an even worse prog-
nosis, with a median survival of only 24 months (range: 8–
94 months). Loss of 19q and retention of 1p is a frequent
finding in grade III and IV astrocytomas31,32 and is some-
times observed in anaplastic OAs12 or anaplastic variants
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of morphologically ambiguous gliomas with hybrid oligo-
dendroglial/astrocytic features.11 However, conflicting
results are reported regarding the prognostic value of soli-
tary 19q loss. Fuller et al.11 found that although solitary
19q loss was associated with grade IV gliomas, this geno-
type was frequently coupled with prolonged patient survi-
val (median survival, 96 months). Perry et al.12 reported
the 19q-only pattern of deletion to be associated with pro-
longed survival in anaplastic gliomas. Similarly, Burton
et al.13 found that solitary 19q deletion was statistically
significantly associated with long-term survival of their
glioblastoma patients.

In our study, classic oligodendroglial histology was
not an independent prognostic variable on multivariate
analysis. This can at least partially be explained by the
close association between histological features and 1p/
19q status.14 A study by McDonald et al.10 suggested
that the presence or absence of classical histological fea-
tures may be an important variable in oligodendroglial
tumors, since 1p/19q loss was of prognostic significance
in only tumors with classic histology. In our study, the
prognostic significance of 1p/19q status was not limited
to cases with classic oligodendroglial histology. In fact,
all of the 13 patients with tumors displaying nonclassic
histology and combined 1p/19q loss survived the obser-
vation period, whereas 20 of 34 patients (59%) with non-
classic histology and absence of 1p/19q loss died. The
discrepancy between our results and those in the study
by McDonald et al. may at least in part be explained by
our inclusion of both low- and high-grade tumors,
while the McDonald study included only anaplastic
tumors. Most of our cases with nonclassic histology
and 1p/19q loss (11 of 13 cases) were WHO grade II
tumors, whereas half of the cases (17 of 34) with nonclas-
sic histology and absence of 1p/19q loss were anaplastic
tumors. Giannini et al.33 studied 247 cases of anaplastic
oligodendroglial tumors and found that overall survival
in cases with nonclassic histology was significantly
longer in cases with 1p/19q loss compared with those
without. They did not detect significant differences in
overall survival between patients with nonclassic his-
tology with combined 1p/19q loss and patients with
classic histology and combined 1p/19q loss. However,
they concluded that tumors with classic histology
without 1p/19q loss had a more favorable prognosis
than nonclassic tumors without 1p/19q loss, indicating
that histology is of some prognostic importance.

Other Prognostic Factors

In our study we also identified sex, seizures as main pre-
senting symptom, and the presence of gemistocytic cells
as factors of prognostic importance in the univariate ana-
lyses. A male:female ratio ranging from 1:1 to 2:0 is a
common finding in OD studies.2,23 Sex is rarely reported
as a prognostic variable in gliomas, although some studies
have indicated that female patients with glioblastomas
have a better prognosis than their male counterparts
and that hormones or tumor suppressor genes on the X
chromosome may be associated with longer survival.34

The association between sex and survival in our study

might be caused by confounding variables, since the
male patients were older and the tumors were more
often of higher grade than those in females.

In most studies of oligodendroglial tumors, seizures are
the most common presenting symptom, ranging in preva-
lence from 35% to 85% of patients.23 Seizure was also the
most common presenting symptom in our study (61% of
patients). Seizures as presenting symptom was more
common in low- than in high-grade tumors, whereas head-
ache or signs of increased intracranial pressurewere signifi-
cantly associated with anaplastic histology.

The presence of gemistocytic cells in the tumor tissue
was a negative prognostic factor in our study. This was
not unexpected, since gemistocytic cells were a more fre-
quent finding in anaplastic tumors and were associated
with solitary 19q loss. This is in agreement with Kros
et al.,35 who reported that patients with oligodendroglial
tumors containing gemistocytic cells survived approxi-
mately half as long as patients who did not have these
cells in their tumors.

In our study, univariate analyses demonstrated that
GTR was associated with prolonged survival in WHO
grade III tumors. The extent of surgical resection has
been reported to be associated with survival in patients
with low- and high-grade gliomas.36–38

We found no association between patient age at the
time of diagnosis and survival. Although younger age
is associated with prolonged survival in patients with
low-grade gliomas,38 the role of age in clinical
outcome in OD patients has been a matter of contro-
versy. Some studies have demonstrated that patients
younger than 40 or 50 years survive longer than older
patients,39 while this has not been confirmed by others.2

The strength of the present study is that it includes a
large number of oligodendroglial tumors from a single
institution with almost complete follow-up data. Also,
the histological examinations have been performed by 3
experienced neuropathologists, reducing the effect of sub-
jective interpretation. Limitations to our study include the
inherent bias associated with retrospective analyses.

In conclusion, our results suggest that tumor location,
WHO grade, and 1p/19q status are important indepen-
dent variables associated with survival in oligodendroglial
tumors. The study also suggests that solitary 19q loss is
associated with anaplastic histology and reduced survival,
but this must be clarified by future studies, as conflicting
results have been reported. Our data indicate that
1p/19q status is of prognostic importance also in oligoden-
droglial tumors without classic histology, but studies
including a large number of patients with both low- and
high-grade tumors and long-time follow-up are needed.
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