
Abstract. Oligodendrogliomas are rare primary brain tumors
with variable patient outcomes which are not always
adequately accounted for by clinical or pathological variables.
The present study evaluated the prognostic implications of
chromosome 1p and 19q status in a set of 23 low grade oligo-
dendrogliomas (OGD II), and correlated the results with
patient outcome. Loss of heterozygosity (LOH) and fluorescent
in situ hybridization (FISH) analyses, the most widely used
standard procedures, were used. 1p and 19q deletions were
found in 65 and 61% of cases, respectively, using FISH and
in 78 and 72% of cases using LOH. Both deletions were found
in 56 and 64% of patients using FISH and LOH, respectively.
Concordance between the results from the two techniques,
determined by the Kappa statistics, ranged from fair to
substantial depending on whether single or combined deletions
were considered. Our results showed that the molecular
alterations are associated with age and tumor localization.
With regard to the impact of chromosomal alterations on
clinical outcome, chromosome 19q deletions detected by LOH
would seem to indicate a subgroup of patients at a higher risk
of relapse, although the small number of patients recruited
does not permit any definitive conclusions to be drawn.
Further studies are now ongoing to determine whether this

methodological approach could be potentially useful in low
grade oligodendrogliomas to better characterize chromo-
somal alterations of 1p/19q and identify subgroups of patients
with a higher risk of disease recurrence.

Introduction

Gliomas are the most frequent primary brain tumors in
adults. Oligodendrogliomas (ODG) represent the second
most common primary parenchymal brain tumors after astro-
cytomas and glioblastomas (1). The histological distinction
between ODGs and astrocytomas is often difficult, and
immunohistochemical analysis does not provide useful
information for a differential diagnosis.

In the recent World Health Organization (WHO) Histo-
pathological Classification, ODGs were defined as diffusely
infiltrating grade II or III gliomas (2,3). These tumors are
known to be associated with different molecular genetic
aberrations with respect to those observed in astrocytomas
(4,5). In particular, loss of heterozygosity (LOH) at
chromosome arms 1p and 19q has been detected, usually
concomitantly, in a high percentage of oligodendrogliomas
(6,7), whereas it has seldom been found in astrocytic tumors
(8). Moreover, copy number variations in genomic sequences,
both at the chromosomal and subchromosomal levels, are
currently under evaluation as potential cytogenetic markers of
tumor aggressiveness (9). Prospective controlled clinical trials
have shown that the presence of alterations in 1p and 19q
detected by LOH assay is a favorable prognostic marker in
both anaplastic oligodendrogliomas and oligoastrocytomas
(10,11). In particular, the concomitant presence of LOH in 1p
and 19q chromosome arms or in 1p alone has been proposed
as a potential indicator of responsiveness to chemotherapy
and of prolonged survival in anaplastic oligodendroglioma
patients (4,11,12). Although the same alterations have also
been reported to be correlated with prolonged overall survival
in grade II oligodendrogliomas (ODG II) (13-15), this was
not confirmed in a recent study based on multiplex ligation-
dependent probe amplification analysis (16).
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The correct management of patients with ODG II remains,
therefore, an important problem. In fact, overall survival of
ODG II patients is highly variable and unpredictable, making
it difficult but also vital to find effective therapeutic options
for postsurgical treatment (16-18).

In the present study we aimed to provide further
information on the relevance of genetic alterations in
predicting clinical outcome of ODG II by focusing on 1p/19q
deletions. Moreover, as the most widely used methodologies,
fluorescent in situ hybridization (FISH) and loss of hetero-
zygosity (LOH), do not always confer consistent results, we
analyzed the genetic alterations using the two technical
approaches, in parallel, on the same series of tumors.

Materials and methods

Case series. The current study was based on a retrospective
review of 23 patients initially diagnosed with oligodendro-
gliomas and consecutively enrolled by the Gruppo
Neuroncologico Romagnolo (GNR), a multidisciplinary
medical association based in east-central Italy. Eleven
patients were males and 12 females. Median age at the time
of diagnosis was 40 years (range 28-70 years). The
Karnofsky Performance Status (KPS) of patients at diagnosis
was 100 for 19 patients, 80 for 2 patients and 70 for the
remaining 2 patients. 

All tumors were low grade oligodendrogliomas, according
to World Health Organization guidelines (2). Hematoxylin
and eosin-stained slides of all cases were reviewed by two
independent neuropathologists. Lesion localization was
frontal in 13 patients, temporal in 1 patient, and parietal in
1 patient, while the remaining 7 patients had disease involve-
ment in more than one lobe, predominantly the temporal
one.

After neuroradiological evaluation by the GNR team, all
patients underwent surgery with intent to achieve the
maximum safe resection. The extent of tumor removal was
based on intraoperative and neuroimaging evaluations. Radical
maximum safe resection was defined as ≥95% tumor burden
reduction. Fifteen (65%) patients underwent tumor mass
reduction ≥95%, 7 patients (31%) had partial resection and
1 patient (4%) underwent only stereotactic biopsy. After
radical resection, follow-up consisted of clinical and imaging
examinations every 6 months. For the patients submitted to
partial resection, post-surgical treatment was individually
prescribed. A radiotherapy schedule consisting of 60 Gy
delivered in 1.8-2 Gy subfractions for 30-33 cycles with a
6-week interval was the most frequent option. KPS
evaluation was repeated after surgical treatment and every 6
months during follow-up. The median follow-up was 57
months (range 14-132). 

Fluorescent in situ hybridization (FISH). FISH was performed
on formalin-fixed paraffin-embedded tissues, as previously
described (19). Briefly, deparaffinized sections were incubated
in 0.2 M HCl for 20 min at room temperature. After a first
wash in deionized water for 3 min, samples were processed
with the Paraffin Pre-treatment Kit (Vysis, Downers Grove,
IL), washed in wash buffer for 3 min, incubated in the Pre-
treatment Reagent (1 M Na SCN) for 30 min at 80˚C, rinsed

in deioinized water for 1 min and again washed twice in
wash buffer for 5 min.

Samples were then incubated in a solution of 0.2 M HCl/
4 mg/ml protease at 37°C for 25 min, rinsed twice in wash
buffer for 5 min, incubated in neutral buffered formalin for
10 min, rinsed twice in wash buffer for 5 min, and dehydrated.
Ten microliters of probes was added to each slide, which
were subsequently coverslipped, sealed and submitted to co-
denaturation (85˚C for 5 min) and hybridization (37˚C for
18 h, in a humid atmosphere) in a Hybrite (Vysis). 

Nick-translated bacterial artificial chromosome (BAC)
contiguous probes (Vysis) were used: the target region for
chromosome 1 was at 1p36 (Spectrum Orange) with a control
region at 1q25 (Spectrum Green), while the control region
for chromosome 19 was at 19p13 (Spectrum Green) with the
target region at 19q13 (Spectrum Orange).

After 18 h, slides were incubated in a solution of 2X
SSC/0.3% Nonidet P-40 at room temperature for 2 min and
then at 73˚C for 2 min, dried in a dark place and counter-
stained with 10 μl of 0.2 μM 4,6 diamidino-2-phenylindole
(DAPI) in antifade solution (Vysis). Tumor representativity
was verified by staining sections adjacent to those submitted
to FISH analysis with hematoxylin and eosin.

A Zeiss (Thornwood, NY) Axioplan microscope equipped
with a triple-pass filter (DAPI/Green/Orange; Vysis) was
used, and ~200 nonoverlapping nuclei were scored. The
specimen was considered deleted if the orange/green ratio
was ≤0.80 or, with a range between 0.81 and 0.85, when the
number of nuclei with a deletion of 1p36 or 19q13 orange
signals was >50%. 

Analysis of loss of heterozygosity. Tumor tissues were
microdissected using the laser-assisted SL μcut Microtest
(MMI GmbH, Eching, Germany). The microdissected cells
were placed on SL μcut Transfer Film (Nikon, Florence,
Italy) and digested overnight in a water bath at 55˚C in 200 μl
of tissue lysis buffer (ATL, QIAamp® DNA Micro Kit;
Qiagen GmbH, Hilden, Germany) containing 20 μl of
proteinase K provided by the same supplier. A carrier tRNA
from Saccaromyces cerevisiae (Invitrogen, Milan, Italy) was
added to the sample to improve DNA affinity for the
subsequent isolation by Qiagen Spin Column (QIAamp DNA
Micro Kit). Finally, DNA was eluted in 20 μl of ultrapure
distilled water (DNase, RNase Free, Invitrogen) and
immediately processed for polymerase chain reaction (PCR).
DNA samples were analyzed with different microsatellite
markers, including D1S468 at 1p36.32, D1S214 at 1p36.31-
p36.23, D1S2736 at 1p36.22, D1S224 at 1p31.1, D1S514 at
1p12, D19S408 at 19q13.2, D19S867 at 19q13.33 and
D19S926 at 19q13.4.

PCR primer sets for specific allele loci (MWG-Biotech,
Ebersberg, Germany) were selected as described previously
(20). Briefly, genomic DNA was amplified using PCR in a
25-μl reaction volume containing 10 mmol/l Tris-HCl
(pH 8.3), 10 mmol/l KCl, 2.0 mmol/l MgCl2, 200 mol/l
deoxynucleotide-triphosphates, 0.2 μmol/l forward 5'-Cy5
labeled primer, 0.20 μmol/l reverse primer, 1X GC rich
solution (Roche Applied Science, Mannheim, Germany)
and 1.25 U of FastStart Taq DNA polymerase (Roche
Applied Science). PCR cycles consisted of 4 min at 95˚C to
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activate the enzyme, 30 sec at 95˚C, 30 sec at 51˚C for
D19S867 and D1S468 or 55˚C for the remaining markers,
and 30 sec at 72˚C, for a total of 40 cycles in an MJ PTC-100
Thermal Cycler (MJ Research, Watertown, MA).

One microliter of PCR products was diluted in 40 μl of
deionized formamide in the presence of a 600-bp D2-labeled
ladder and loaded on a CEQ 2000 XL automatic DNA
sequencer (Beckman Coulter, Fullerton, CA). 

Allelic status in tumor DNA was evaluated using blood
DNA from the same patient as reference. Allelic loss was
considered positive at heterozygous loci in the presence of an
imbalance of allele intensities >25% (21). Tumor samples
were classified as affected by 1p and/or 19q LOH when at
least one informative microsatellite marker under investigation
was positive.

Statistical analysis. Statistical analyses were carried out with
SPSS software (SPSS Inc, Chicago, IL) and the R statistical
system (22). A Chi-square or Fisher exact test was performed
to determine the association between patient characteristics
and 1p/19q deletions. The correlation between FISH and
LOH was analyzed by the Kappa statistics (23). Disease-free

survival (DFS) was defined as the time from surgery to
disease progression or the last follow-up examination. DFS
curves were estimated by the Kaplan-Maier method (24). 

Results

Chromosome alterations using FISH and LOH analyses. In
the present case series, a 1p deletion was found in 65% of cases
using FISH and in 78% of cases using the LOH approach. A
19q deletion was observed in 61 and 72% of cases using
FISH and LOH techniques, respectively. The concomitance of
deletions was found in 56 and 64% of cases using FISH and
LOH, respectively. The concordance of results obtained with
the two techniques and determined by the Kappa statistic
ranged from 0.26 (95% CI, -0.19-0.72) for chromosome 1p to
0.50 (95% CI, 0.12-0.90) for chromosome 19q. Concordance
between FISH and LOH for both deletions was 0.63
(95% CI, 0.30-0.96). 

As microsatellites and FISH probes are directed against
loci located in different chromosomal regions (Fig. 1), we
evaluated the alterations in contiguous regions in order to
try to explain the disagreement in results produced by the
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Figure 1. Chromosomal localization of microsatellite loci and FISH probes. The genes most closely related to single molecular markers are indicated in
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two methods. In particular, we analyzed chromosome 1
FISH probe LSI 1p36.2 with microsatellites D1S468 and
D1S214, and FISH probe 19q13 with microsatellites
D19S408 and 19S867. However, the concordance did not
improve (data not shown).

Chromosome alterations and clinicopathological parameters.
Chromosome alterations detected by FISH and microsatellite
approaches were analyzed as a function of patient age, gender
and tumor location (Table I). No differences in chromosome
alteration frequencies were observed between males and
females. Conversely, a lower frequency of deletions in
chromosome arm 1p, more marked in chromosome arm 19q
and also observed for both deletions, was found in younger
(<40 years) than in older patients using either approach.
Similarly, a lower frequency of deletions was observed in
temporal lobe tumors than in tumors localized elsewhere. The
differences were evident for all of the markers and in some
groups, such as those pertaining to age and tumor location,
reached statistical significance despite the low number of
patients.

Chromosome alterations and clinical outcome. Disease-free
survival (DFS) was analyzed as a function of 1p and 19q
chromosome alterations detected by FISH or LOH approaches
(Fig. 2). At a median follow-up of 57 months, 10 recurrences
were observed. The small number of patients recruited in our
study did not allow us to perform statistical tests. However,
from a rough analysis of the DFS paired curves, no differences
were evident for patients with normal or deleted chromosome
1p, chromosome 19q or both when detected by FISH.
Conversely, only 19q alterations detected by LOH distin-
guished two subgroups of patients at a different risk with
83% DFS when chromosome 19q did not present alterations

compared with only 32% when alterations were present at the
time of diagnosis. 

Discussion

Histological diagnosis and the pathological classification
currently used for gliomas present various limits in terms of
reproducibility and do not provide accurate predictive
information on clinical outcome, thus often preventing the
optimal management of individual patients. Prognosis is
defined on the basis of histotype, but in the ODG II subgroup,
characterized by a more favorable outcome with respect to
other CNS tumors, outcome is frequently heterogeneous and
largely unpredictable (25).

ODG II are rare, slow-growing tumors, and patients show
long-term survival, even though most eventually relapse and
progress. Although immediate postoperative treatment is
generally administered to patients with anaplastic ODG,
there is an increasing tendency to delay adjuvant therapy in
ODG II patients until there is clinical evidence of disease
progression (26). The identification of this latter subgroup at
high risk of recurrence is therefore important to select the
individuals whose therapy must not be delayed. 

It is becoming clear that the availability of genetic profiles
could overcome the limits of traditional histology, permitting
us to identify more accurate prognostic and predictive
molecular markers. In particular, it has been shown that
specific genetic alterations of chromosome 1p and 19q are
potentially useful for the diagnosis and prognosis of ODG
tumors. Although several studies have been carried out in this
area, the results are somewhat discordant, probably because
of the different and often non-standardized methodological
approaches used and the limited case series analyzed, due to
the low incidence of ODG II. 
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Table I. Chromosome alterations in relation to clinicopathological factors.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Percentage of tumors with chromosome alterations
––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

FISH LOH
–––––––––––––––––––––––––––––––––––– –––––––––––––––––––––––––––––––––––––

1p 19q 1p/19q 1p 19q 1p/19q
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Gender
Females 58 (7/12) 50 (6/12) 50 (6/12) 83 (10/12) 67 (8/12) 58 (7/12)
Males 73 (8/11) 73 (8/11) 64 (7/11) 73 (8/11) 80 (8/10) 70 (7/10)

P-value 0.667 0.400 0.680 0.640 0.646 0.675

Age (years)
<40 54 (6/11) 36 (4/11) 36 (4/11) 64 (7/11) 50 (5/10) 30 (3/10)
≥40 75 (9/12) 83 (10/12) 75 (9/12) 92 (11/12) 92 (11/12) 92 (11/12)

P-value 0.400 0.036 0.100 0.155 0.056 0.006

Tumor site
Temporal 50 (4/8) 37 (3/8) 25 (2/8) 50 (4/8) 62 (5/8) 37 (3/8)
Frontal and others 73 (11/15) 73 (11/15) 73 (11/15) 93 (14/15) 79 (11/14) 79 (11/14)

P-value 0.371 0.179 0.039 0.033 0.624 0.081
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Bold, statistically significant.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
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In an attempt to explore potential methodological bias
and to identify the molecular features highlighted by the
various available approaches, we analyzed, in parallel,
fluorescent in situ hybridization and loss of heterozygosity
on the same series of tumors. These are the two most
frequently used techniques to analyze 1p and 19q status,
which are known to be important targets in gliomas (27). 

Although LOH analysis is relatively rapid and inexpensive,
it has the disadvantage of requiring paired blood samples. In
contrast, FISH, albeit more expensive, does not require
normal cells from the same patient and can be performed with
a lower number of cells than that needed for LOH analysis.
Moreover, FISH offers the possibility of correlating alterations
with morphology and immunocytology.

Our findings on the frequency of 1p and 19q deletions are
in line with those published in the literature, and we also
confirmed the previously reported prevalence of 1p deletions
over 19q alterations (8,20,28,29). However, a detailed analysis
of our LOH and FISH results shows that agreement between
the two techniques ranged from fair to moderate for single
alterations and was substantial only for the concomitance of
deletions on 1p and 19q chromosomes. The partial discordance
was mainly due to an underestimation by FISH. The use of
different probes directed against different genomic regions
could also be responsible for this partial discordance.

With regard to the relation between the presence of
chromosome deletions and clinicopathological factors,
Myal and coauthors, in their study on a heterogeneous case
series of CNS tumors, reported a higher frequency of 1p and
19q deletions in younger than in older patients (30). However,
a breakdown analysis that we carried out on Myal's ODG II
subgroup highlighted an inverse situation, with data similar
to those obtained in our study. In fact, the frequency of single
and both deletions was always 2- to 3-fold lower in younger
than in older patients, the difference reaching statistical
significance in some cases. Moreover, the higher frequency
of both 1p and 19q chromosomal losses observed in non-
temporal tumors in a series of ODG (31,32) was confirmed in
our series of ODG II patients.

Analysis of the relation between clinical outcome and
genetic signature was investigated in subsets of patients with
ODG II belonging to mixed case series and submitted to
various types of chemotherapy and radiotherapy (27,33). Both
studies reported a better clinical outcome in terms of
progression-free and overall survival in patients with tumors
harboring 1p and 19q deletions compared to patients with a
normal genetic signature. However, the authors concluded that
it is not clear whether specific 1p/19q deletions are favorable
prognostic markers or predictors of response to adjuvant
treatment. 
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Recently, Weller and co-authors showed that combined
1p/19q loss is not a strong prognostic biomarker in patients
with oligodendroglial tumors who do not receive radiotherapy
or chemotherapy (16). For this reason, they hypothesized that
the loss of 1p/19q per se, in the absence of genotoxic
treatment, might not confer a disease-free survival advantage,
suggesting that the gene products lost in 1p/19q co-deletion
could be mediators of resistance to therapies. On the other
hand, Megyesi et al showed that, in ODG treated by surgery
only, there is a significant association between the presence
of co-deletions 1p/19q and indistinct tumor border on magnetic
resonance imaging. This association indicates that 1p/19q
allelic loss could be indicative of an invasive phenotype
(34).

In our study of only ODG II patients, a better prognosis
was observed for those with normal genetic profiles who had
not yet reached a median DFS at a follow-up of 8 years
compared to the 5-year median DFS observed in patients who
presented deletions in either chromosomes 1 or 19, or in both.
In particular, 1p losses detected by either FISH or LOH
approaches did not identify subgroups at a different risk of
recurrence. Conversely, LOH-detected deletions produced
more diversified DFS curves, especially for chromosome 19
losses.

Finally, given the limited statistical power of this small
case series, it is not possible to draw meaningful conclusions.
Further studies on a larger number of patients are now
needed in order to confirm our results. 
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