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Karine S Durand1,*, Angélique Guillaudeau1,*, Nicolas Weinbreck1, Rafaël DeArmas1,
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In glial tumors, the loss of heterozygosity of the 1p and 19q chromosomal arms is thought to be a marker of

good prognosis in oligodendroglial tumors. However, 1p and 19q loss of heterozygosity may be telomeric,

interstitial, centromeric or affect the whole arm of the chromosome and the associations between these

different patterns and tumor type, other molecular markers and patient prognosis remain unclear. We analyzed

microsatellite markers in a region spanning the chromosome from the telomere to the centromere, to

characterize the pattern of 1p and 19q loss of heterozygosity in 39 infiltrative gliomas, including astrocytomas,

glioblastomas, oligoastrocytomas and oligodendrogliomas. We then studied the association between loss

of heterozygosity and the expression of p53 protein and Olig2, as analyzed using immunohistochemistry,

and epidermal growth factor receptor (EGFR) gene amplification, as investigated using fluorescence in situ

hybridization (FISH). Finally, we assessed the influence of molecular markers on the overall survival of patients.

We identified five different 1p19q loss of heterozygosity patterns among the tumors studied and found that loss

of heterozygosity over the whole 1p arm was associated with loss of heterozygosity over the whole 19q arm in

90% of cases. 1p19q whole loss was present in all the classical oligodendrogliomas, whereas other 1p19q loss

patterns predominated in oligoastrocytomas. 1p19q whole loss was also significantly associated with Olig2

overexpression, but was never observed in tumors overexpressing p53 protein. We also found that, among

patients with contrast-enhancing tumors, those with 1p19q whole loss tended to survive for longer. In

combination with classical histological and immunohistochemical data, 1p19q status determination provides

pertinent information useful for (1) discriminating between histological types of gliomas and (2) identifying a

subgroup of tumors that are associated with a better prognosis.
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The malignant growth, transformation and progres-
sion of gliomas have been shown to involve changes
in gene expression and several genetic abnormal-
ities. Molecular markers may therefore be useful

tools for the accurate, pathological and molecular
classification of these tumors.1–3 Changes in chro-
mosomal copy number are common events in
gliomas. These changes include deletions, partial
or complete duplication of chromosomes, general
polyploidy and high-copy number amplifications of
specific regions.4,5

It is now widely accepted that the combined loss of
the 1p and 19q chromosomal arms, typically consist-
ing of a whole 1p19q deletion corresponding to an
unbalanced translocation t(1;19)(q10;p10),6,7 is the
molecular hallmark of classical oligodendroglioma.
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Genomic alterations to the 1p and 19q chromosomal
arms are rare in astrocytomas and glioblastomas,
mostly consisting of partial and/or telomeric
deletions in these tumors.4,8 However, the frequency
and type of 1p19q genomic alteration have been
shown to be highly variable. 1p19q loss is reported in
approximately 40–70% of classical forms of oligoden-
drogliomas9–12 and in approximately 50% of oligoas-
trocytomas.2,13 1p36 (B7Mb) and 19q13.3 (B0.9Mb)
have been identified as minimal regions of
loss,11,12,14,15 but 1p and 19q deletions involving the
entire 1p and 19q arms have been described.8,16–22

As reported by some researchers,23,24 the morpho-
logical characteristics of gliomas may be a source of
variability concerning 1p and 19q loss. There is now
a consensus that tumors with a typical clear cell
component should be classified as classical oligo-
dendrogliomas. However, tumors with a mixed
oligodendroglial and astrocytic morphotype or those
composed of hybrid cells remain difficult to be
classified precisely.13 Glioblastomas are easy to
recognize when characteristic necrosis with pseu-
dopalisades is observed, but they are polymorphous
and considerable variability is observed in the
cellular composition of these tumors. In addition,
as gliomas are infiltrative neoplasms, tumor cell
density is variable. This criterion must be evaluated
before the interpretation of molecular results.

We aimed to clarify the value of partial or whole
1p and 19q loss as a molecular marker in gliomas, by
carrying out polymerase chain reaction (PCR) ana-
lysis of the loss of heterozygosity (LOH) of micro-
satellite markers located in a region extending from
the telomere to the centromere of the 1p and 19q
chromosome arms. Deletion patterns were compared
with cytological tumor type and the status of
other markers used for glioma characterization, such
as the expression of p53 protein and Olig2 and
epidermal growth factor receptor (EGFR) gene
amplification. Finally, we evaluated the use of
1p19q loss pattern as a prognostic marker.

Materials and methods

Patients and Tumor Samples

We studied 39 adult patients diagnosed with infiltrat-
ing glioma and undergoing surgery at Limoges
Dupuytren University Hospital. All samples were
used in accordance with French bioethics laws
regarding patient information and consent. At the
time of resection, tumor samples were fixed
in 4% formalin, embedded in paraffin and sections
were cut and stained with hemalum phloxine
saffran.

The histopathological type of the tumor was
determined, according to the World Health Organi-
zation2 classification, by three different pathologists.
Tumors consisting mostly of a typical oligodendro-
glial component, described as a ‘fried egg’ pattern,
with or without minigemistocytes, were classified as

oligodendrogliomas (Figure 1a). Tumors with a
mixed or hybrid morphotype were classified as
oligoastrocytomas (Figure 1b). Tumors consisting
solely of tumor cells with an astrocytic morphology
were classified as astrocytomas (Figure 1c). In
glioblastomas (Figure 1d), we determined whether
there was an oligodendroglial component.

Tissue Controls

Genomic DNA (gDNA) was extracted from formalin-
fixed and paraffin-embedded tissue. In each case,
control sections were also used to check that a
representative tumor component had been selected
for molecular analysis, for example, the clear cell
component for oligodendrogliomas. Tumor cell density
(TCD) was determined using a semi-quantitative
method, with scoring as follows: TCDþ if o20% of
cells were tumor cells, TCDþ þ if between 20 and
70% of the cells were tumor cells, or TCDþ þ þ if
Z70% of the cells were tumor cells. Only samples
with pure tumor tissue (TT) or with a TCD scored as
þ þ or þ þ þ on control slides were used for
analysis.

Extraction of Genomic DNA

For each patient, gDNA was extracted from tumor
tissue and from non-tumor tissue or whole blood
with the QiaAmp DNA mini or micro kit (Qiagen,
Courtaboeuf, France), depending on the amount
of tissue, used according to the manufacturer’s
instructions. Samples were treated with RNase to
prevent the RNA contamination of samples and
the purified gDNA was eluted in distilled water,
quantified using spectrophotometry and stored at
�20 1C until use.

LOH Analysis

LOH analysis was performed on 50ng of tumor
and non-tumor gDNA. We analyzed 15 microsatel-
lite markers located between the telomere and
the centromere for the 1p chromosome (D1S243
(1p36.33), D1S2663 (1p36.23), D1S507 (1p36.21),
D1S2864 (1p36.12), D1S247 (1p35.2), D1S2657
(1p34.3), D1S197 (1p33), D1S2700 (1p32.2),
D1S2788 (1p31.3), D1S499 (p31.1), D1S208 (1p31.1),
D1S2819 (1p21.3), D1S206 (1p21.2), D1S189 (1p13.1),
D1S2696 (1p12)), and 7 markers for the 19q chromo-
some (D19S887 (19q13.43), D19S888 (19q13.42),
D19S867 (19q13.32), D19S900 (19q13.31), D19S223
(19q13.2), D19S570 (19q13.12), D19S931 (19q12)).

In brief, normal and tumor gDNA were used as
template for PCR amplification in the presence of
0.5 mM forward and reverse primers, 3mM MgCl2,
0.2 mM dNTP, 1.25U HotStart DNA polymerase
(SurePrime DNA polymerase, MP Biomedicals,
Illkirch, France), 1-5% dimethylsulfoxide, depend-
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ing of the marker studied and 1�DNA polymerase
buffer, in a final volume of 20 ml. The amplification
conditions were as specified by the manufacturer of
the DNA polymerase.

PCR products were separated by capillary electro-
phoresis in a 3130XL (Applied Biosystems) genetic
analyzer and analyzed using GeneScan software
(Applied Biosystems). In DNA samples showing
heterozygosity for a particular maker, LOH was
assessed by measuring the peak height for each of
the alleles produced from both the tumor and the
corresponding normal DNA. The formula (T1/T2)/
(N1/N2) was applied, in which T1 and N1 are the
peak heights generated for the smaller allele from
tumor and normal tissue, respectively, and T2 and
N2 are the peak heights generated for the PCR
products from the larger allele of tumor and normal
tissue, respectively. Heterozygosity was considered
to be maintained if 0.5 oratio o2 and to have been
lost if 0.5 Z ratio Z2. A patient was considered to
be homozygous for a marker if only one allele was
observed for normal and tumor tissue.

EGFR Gene Amplification

EGFR gene amplification was analyzed with smear
preparations of frozen tissue, using double fluores-
cent in situ hybridization (FISH) with the ‘LSI EGFR
SpectrumOrange/CEP 7 SpectrumGreen Probe’ kit
(Abbott Molecular, IL, USA), as previously de-
scribed.25 In each case, tumor cell density and type
were checked on adjacent tissue sections, to ensure
that the tissue analyzed was identical to that used
for the LOH study.

EGFR gene amplification was considered to have
occurred if 410% of the cells analyzed yielded a red
signal (corresponding to the EGFR-specific probe) to
green signal (centromeric region of chromosome 7)
ratioZ2, as suggested in several previous studies.26–28

Immunohistochemistry

We cut 5mm-thick sections from paraffin-embedded
tumors and incubated them with the following
primary antibodies: monoclonal mouse anti-p53

Figure 1 Tumor types. Oligodendroglioma with typical honeycomb pattern (a), mixed astrocytic and oligodendroglial components in an
oligoastrocytoma (b), gemistocytic astrocytoma (c), glioblastoma with pseudopalissading necrosis (d).
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antibody (DakoCytomation, Glostrup, Denmark,
1/50) and rabbit anti-Olig2 antibody (Immuno-
Biological Laboratories, Gunma, Japan, 1/200).
Sample slides were processed automatically (Bench-
Mark XT ICH/ISH, Ventana Medical Systems)
according to protocols supplied by the antibody
manufacturers.

The percentage of cells labeled with the anti-
bodies against p53 and Olig2 was determined on 500
cells.

Statistical Analyses

StatView 5.0 software (SAS Institute, Cary, NC,
USA) was used for statistical analyses. Means were
compared in the nonparametric Mann–Whitney test
for pairs of variables and with the Kruskall–Wallis
tests for comparisons of more than two variables.
Pearson’s chi-square test or Fisher’s exact test was
used to assess differences between nominal vari-

ables. Overall survival was analyzed using Kaplan–
Meier, and the log-rank test was used to compare
subgroups relative to overall survival.

Results

Patient Characteristics

Relevant features of the patients are summarized in
Table 1.

There were 14 women and 25 men, aged from 18
to 77 years (median age at surgery, 51.6 years). The
series included 33 primary and 6 recurrent tumors.
There were 4 astrocytomas, 11 glioblastomas, 17
oligoastrocytomas and 7 oligodendrogliomas. Of 11
glioblastomas, 6 had a minor (o10%) oligodendro-
glial component. In all, 12 tumors had a temporal
location, whereas 27 were extratemporal. On mag-
netic resonance imaging, 31 of the 39 tumors
showed contrast enhancement.

Table 1 Demographical, pathological and clinical features

Sample Histological type
and gradea

Sex Age (years) Status Tumor location Contrast
enhancement

Radio
therapy

Chemo
therapy

1 A II M 50 Primary Extra-temporal No No No
2 A III M 72 Primary Temporal Yes Yes Yes
3 A III F 42 Primary Extra-temporal Yes Yes Yes
4 A III F 57 Primary Temporal Yes Yes Yes
5 GB IV F 38 Primary Extra-temporal Yes Yes No
6 GB IV F 70 Primary Extra-temporal Yes Yes No
7 GB IV M 43 Primary Temporal Yes Yes Yes
8 GB IV M 35 Primary Temporal Yes Yes Yes
9 GB IV F 45 Primary Extra-temporal Yes Yes Yes
10 GB IV M 61 Primary Extra-temporal Yes Yes Yes
11 GB IV F 77 Primary Temporal Yes No Yes
12 GB IV M 76 Primary Temporal Yes No Yes
13 GB IV F 58 Primary Extra-temporal Yes Yes Yes
14 GB IV M 68 Primary Temporal Yes No Yes
15 GB IV M 48 Primary Temporal Yes Yes Yes
16 OA II F 66 Primary Extra-temporal Yes Yes Yes
17 OA II F 47 Recurrent Extra-temporal No Yes Yes
18 OA II M 52 Recurrent Temporal No No No
19 OA II M 49 Primary Extra-temporal No No No
20 OA II M 58 Primary Extra-temporal Yes No Yes
21 OA II M 52 Primary Temporal No Yes No
22 OA II F 34 Recurrent Extra-temporal No No No
23 OA II M 50 Primary Extra-temporal No Yes Yes
24 OA III M 73 Primary Extra-temporal Yes Yes No
25 OA III M 72 Primary Extra-temporal Yes Yes Yes
26 OA III F 42 Primary Temporal Yes Yes Yes
27 OA III M 54 Primary Extra-temporal Yes Yes Yes
28 OA III M 68 Primary Extra-temporal Yes Yes Yes
29 OA III F 18 Primary Extra-temporal Yes No Yes
30 OA III F 57 Primary Extra-temporal Yes Yes Yes
31 OA III M 41 Primary Extra-temporal Yes Yes Yes
32 OA III M 35 Recurrent Extra-temporal Yes No No
33 O II M 58 Recurrent Extra-temporal Yes Yes Yes
34 O II M 29 Primary Extra-temporal Yes Yes No
35 O III M 70 Primary Extra-temporal Yes No Yes
36 O III M 53 Primary Extra-temporal Yes Yes Yes
37 O III M 31 Primary Extra-temporal Yes Yes Yes
38 O III M 68 Primary Temporal No No Yes
39 O III F 45 Recurrent Extra-temporal Yes No No

A, astrocytoma; O, oligodendroglioma; OA, oligoastrocytoma; GB, glioblastoma.
a
WHO grades II–IV.
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Of 39 patients, 26 received radiotherapy, 28
received chemotherapy and 21 received a combina-
tion of chemotherapy and radiotherapy; 6 patients
had no treatment.

Deletion Patterns for the 1p and 19q Chromosomes

Microsatellite analyses of the 1p and 19q chromo-
some arms showed five various genomic patterns
(Figure 2): whole chromosome arm retention; telo-
meric loss encompassing at least the most telomeric
marker but without interstitial and centromeric
deletion; interstitial loss with the retention of both
alleles for centromeric and telomeric markers;
scattered loss concerning one marker located any-
where on the chromosome; and whole loss, with
LOH for all markers located between the telomere
and the centromere.

Whole 1p and 19q arm retention was observed in
20 tumors, whereas the 1p scattered loss pattern was
found in 3 tumors (2 glioblastomas and 1 oligoas-
trocytoma) and 1p interstitial loss was found in only
1 oligoastrocytoma. A 1p telomeric loss pattern was
observed in 3 tumors (1 astrocytoma and 2 oligo-
astrocytomas), and a 19q telomeric loss pattern

was observed in 2 tumors (1 glioblastoma and 1
oligoastrocytoma). In one case, the tumor showed a
combined 1p19q telomeric loss pattern. Of 9 tumors
with 1p whole loss, 8 also showed 19q whole loss
(Po0.0001), indicating a significant association
between these two patterns.

The 1p whole loss and 1p19q whole loss patterns
were not related to the age or sex of the patient or to
recurrence, contrast enhancement (Table 2) or tumor
location (result not shown). The 1p whole loss and
1p19q whole loss patterns were both strongly
associated with the oligodendroglial tumor type
(Table 2, Po0.0001); all the oligodendrogliomas
presented the 1p19q whole loss pattern, whereas
this pattern was found in only one oligoastrocytoma
and none of the astrocytomas and glioblastomas.

EGFR Amplification

EGFR amplification was not linked with the age
or sex of the patient, recurrence or radiological data
(Table 3). In our series, 12% of the oligoastrocytomas
and 60% of the glioblastomas showed amplification
of the EGFR gene, whereas no such amplification
was observed in any of the oligodendrogliomas and

Figure 2 Genomic pathways of 1p and 19q chromosome arms. Loss of heterozygosity was analyzed for 15 and 7 microsatellite markers
spanning from telomere to centromere of, respectively, 1p and 19q chromosome. Loss (red squares), retention (black squares) or
homozygosity (hatched little squares) were indicated for each marker. A: astrocytoma; GB: glioblastoma; OA: oligoastrocytoma;
O: oligodendroglioma.
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astrocytomas (P¼ 0.009). EGFR amplification was
not significantly associated with the presence or
absence of 1p19q whole loss, but none of the seven
tumors with 1p19q whole loss showed EGFR
amplification.

p53 and Olig2 Expression

In our series, the expression of p53 and Olig2 was
not correlated with demographic parameters, such
as the age or sex of the patient (Table 4).

p53 protein was significantly more strongly
expressed in astrocytomas and glioblastomas, in
which 65.7 and 58.5%, respectively, of the cells
were labeled, than in oligoastrocytomas (46.1%) and
oligodendrogliomas (12%, P¼ 0.01). p53 labeling
was weaker in tumors with the 1p19q whole loss
genomic pattern (11.4%) than in other tumors
(54.5%, P¼ 0.001).

Olig2 expression was significantly associated
with histological type and the 1p19q genomic
pattern. The Olig2 labeling index was higher in
oligodendrogliomas (78.6%) than in the other
histological types (astrocytomas: 52.5%, glioblasto-
mas: 46.4%, oligoastrocytomas: 62.4%, P¼ 0.03).
Higher levels of Olig2 expression were also asso-
ciated with the 1p19q whole loss genomic pattern,
as the tumors expressing Olig2 most strong had
1p19q whole loss (P¼ 0.02).

Effect of Molecular Markers on Patient Overall
Survival

At the time of the analysis, 16 of the 39 patients had
died. Median overall survival for the whole group

was 45 months. Overall survival did not depend
significantly on the sex of the patient, but tended to
be longer in younger patients (for whom there were
too few events to determine a median value) than
in older patients (22 months, P¼ 0.06, Figure 3a).
Overall survival did not depend on the histological
type of the tumor (P¼ 0.16).

Patients with the 1p19q whole loss genomic
pattern seemed to have a better overall survival
(45 months) than those without 1p19q whole loss
(22 months, P¼ 0.11, Figure 3b), although this
difference was not statistically significant.

Contrast enhancement was associated with a
worse prognosis (median overall survival 22 vs 45
months, P¼ 0.03, Figure 3c). In total, 31 patients
had contrast-enhancing tumors. Five of the six
patients with contrast-enhancing tumors who also
had a 1p19q whole loss genomic pattern were alive
at the time of analysis, whereas almost 60% of
patients who did not present this genomic profile
died with an overall survival of 17 months (P¼ 0.08,
Figure 3d).

Discussion

In our series, an analysis of microsatellite markers
spanning the chromosome arms studied from the

Table 2 Relation between 1p and 19q whole loss and demo-
graphical and histopathological parameters

Parameters No. of patients 1p whole loss 1p19q whole loss

n P-value n P-value

All patients 39 9 8

Sex
Female 14 2 1
Male 25 7 0.55 7 0.25

Age (years)
r51.6 19 5 4
451.6 20 4 NS 4 NS

Contrast enhancement
Yes 31 7 6
No 8 2 NS 2 NS

Histological type
A 4 0 0
GB 11 0 o0.0001 0 o0.0001
OA 17 2 1
O 7 7 7

A, astrocytoma; GB, glioblastoma; OA, oligoastrocytoma; O, oligoden-
droglioma; NS, not significant.

Table 3 Relation between demographical and histological
parameters and EGFR amplification in tumors

Parameters No. of patientsa EGFR amplificationb

Negative Positive P-value

All patients 35 21 11

Sex
Female 13 11 2
Male 22 16 6 0.69

Age (years)
r51.6 18 16 2
451.6 17 11 6 0.19

Contrast enhancement
Yes 28 20 8
No 7 7 0 0.26

Histological type
A 4 4 0
GB 10 4 6 0.009
OA 14 12 2
O 7 7 0

1p19q whole loss
Yes 7 7 0
No 28 20 8 0.26

A, astrocytoma; GB, glioblastoma; OA, oligoastrocytoma; O, oligoden-
droglioma.
a
Four patients had not been included in EGFR amplification study for
technical reasons.
b
EGFR amplification was considered as negative or positive when
o10% or 410% of cells had a spot ratio Z2, respectively.

Molecular markers in gliomas

624 KS Durand et al

Modern Pathology (2010) 23, 619–628



telomere to the centromere identified five 1p and
19q loss patterns, the nature of which depended on
the histological tumor type considered: 1p whole
loss was significantly associated with 19p whole
loss, and the combined 1p19q whole loss pattern
was associated with classical oligodendrogliomas,

whereas other loss patterns predominated in mixed
oligoastrocytomas and, to a lesser extent in astro-
cytomas and glioblastomas. All our cases of classical
oligodendrogliomas showed 1p19q whole loss. This
association has been reported in only two other
studies29,30 with most published series reporting

Table 4 Relation of demographical, histological and genomic parameters with p53 and Olig2 expression

Parameters No. of patients p53 Olig2

Mean%±s.d. P-value Mean%±s.d. P-value

All patients 39 45.7±33.6 59.2±24.3

Sex
Female 14 48.1±36.5 52.9±23.1
Male 25 44.4±32.5 0.71 63.6±23.4 0.19

Age (years)
r51.6 19 55.3±36.6 54.5±26.1
451.6 20 36.5±28.3 0.08 64.8±20.4 0.24

Contrast enhancement
Yes 31 42.1±31.7 61.1±24.1
No 8 59.6±33.3 0.22 54.4±22.3 0.4

Histological type
A 4 65.7±26.3 52.5±32
GB 11 58.5±31.1 0.01 46.4±22.8 0.03
OA 17 46.1±34 62.4±20.5
O 7 12±12.5 78.6±14.9

1p19q whole loss
Yes 8 11.4±11.7 76.9±14.6
No 31 54.5±31.6 0.001 55.3±23.6 0.02

A, astrocytoma; GB, glioblastoma; OA, oligoastrocytoma; O, oligodendroglioma.

1
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Figure 3 Overall survival of patients. Patient overall survival according to age at diagnosis (a), presence or absence of an 1p19q whole
loss (b), presence or absence of a contrast enhancement in the tumor (c) and presence or absence of an 1p19q whole loss in tumors with a
contrast enhancement (d). The log-rank test was used to compare subgroups relative to overall survival.
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a percentage of combined 1p19q loss of 40–70% in
oligodendrogliomas.9,11,12,15,22,31–33

There may be several reasons for the discrepan-
cies between different studies. The criteria used for
the histological definition of oligodendrogliomas
remain a matter of debate among neuropatholo-
gists.34–37 Knowledge of the quality of tumor tissue
selected for the molecular analysis, in terms of its
cellular composition and tumor cell density, is
essential for interpretation of the results obtained.
This information is not always supplied in pub-
lished articles. The close relationship between
morphological and molecular patterns in our series
of oligodendrogliomas probably resulted from the
careful selection of the clear cell tumor component
for molecular analysis.

Divergent results may also be accounted for by the
extent of chromosome loss. Consistent with our
findings, Boulay et al17 found four different 1p
patterns in oligodendrogliomas and glioblastoma
multiforme: arm retention, telomeric loss, interstitial
loss and centromeric loss including whole loss. In
this study, oligodendrogliomas presented only two
haplotypes, mainly whole loss and, in a minority of
cases, arm retention, whereas the other patterns were
found in glioblastoma multiforme. Other studies
have reported that whole 1p loss is rare in astro-
cytomas and, conversely, that partial loss restricted to
the 1p36 region is more frequent in anaplastic
astrocytomas (22%), glioblastomas (34%)8 and oli-
goastrocytomas (60%).12 We found 1p telomeric loss
limited to the 1p36 region in 25% of the astrocytomas
and 35% of the oligoastrocytomas.

Various patterns of 1p19q deletion associated with
oligodendrogliomas (ie, 1p19q whole loss) or astro-
cytomas (ie, 1p19q telomeric loss or no loss) were
found in the 17 oligoastrocytomas of our series. This
reflects the mixed or hybrid nature of this tumor
type.2,13 As for oligodendrogliomas, the reported
frequency of deletions varies from ‘very rare’30 to
50–75%.22,32,33,38 In practice, despite the detection of
1p19q whole loss in only 1 of our 17 cases, we think
that 1p19q testing should be carried out for
oligoastrocytomas to improve their classification
and also because their prognosis could be related
to 1p19q status.39,40

The molecular data were correlated with those
obtained for the other markers tested. The presence
of 1p19q whole loss was significantly associated
with higher levels of Olig2 expression, indicating
that these two markers tend to be associated with
tumors of the oligodendroglial type. Mokhtari et al41

reported such an association but, unlike us, identi-
fied discriminant cutoff values for Olig2 expression
as a function of histological tumor type. p53 over-
expression and 1p19q whole loss were mutually
exclusive, consistent with published findings.2,41–43

Furthermore, the heterogeneity of oligoastrocytomas
was well illustrated by the patterns of expression
of Olig2 and p53, the levels of which were inter-
mediate between those of oligodendrogliomas and

those of astrocytomas or glioblastomas. Consistent
with other reports,19,25 EGFR amplification was
restricted to oligoastrocytomas and glioblastomas,
in which it was observed in 14 and 60% of cases,
respectively. EGFR was never amplified in tumors
with the 1p19q whole loss pattern.

Determining the extent of the chromosomal dele-
tion is of paramount importance for tumor typing
and evaluation of prognosis. Complete 1p19q loss is
associated with the classical oligodendroglial phe-
notype and has been shown to be correlated with
significantly longer overall and progression-free
survival, whereas partial 1p telomeric loss is mostly
found in astrocytic tumors and is associated with a
poor prognosis.8,20 Thus, in practice, analyses of 1p
and 19q loss analyses should distinguish between
cases of whole loss and telomeric loss, based on the
use of appropriate FISH probes, comparative geno-
mic hybridization or microsatellite marker amplifi-
cation by PCR, exploring the entire chromosomal
arms.

Only one of the eight patients with a tumor
showing 1p19q whole loss died after 45 months.
The 31 patients without this pattern had a median
overall survival of 22 months, with a mortality rate
of 42%. Contrast enhancement is widely accepted to
be a criterion for malignancy. In our series, patients
with tumors showing no contrast enhancement had
significant better overall survival than the other
patients (45 vs 22 months). Interestingly, among the
31 patients with tumors showing contrast enhance-
ment, 5 of the 6 patients with tumors showing 1p19q
whole loss were alive (mean follow-up 23 months),
whereas, in the absence of this pattern, the median
overall survival was 13 months, with a 60%
mortality rate.

The molecular basis of the better prognosis
associated with tumors showing 1p19q whole loss
remains unclear. Several candidate genes located
on the 1p and 19q chromosomes14,44–46 have been
identified as potentially favoring or suppressing
tumor progression. Efforts have been made to
identify the breakpoint of unbalanced t(1;19) and
the resulting gene alterations, affecting NOTCH2,17

for example, but no such breakpoint has yet been
clearly identified.

In conclusion, we found that 1p19q status
determination was useful for (1) discriminating
between different histological types of gliomas and
(2) identifying a subgroup of contrast-enhancing
tumors with a better prognosis. Thus, 1p19q status is
a good diagnostic and prognostic factor, provided
that care is taken when selecting tumor tissues for
analysis and the chromosome region analyzed is
large enough.
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