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Abstract Pediatric oligodendrogliomas are rare neo-
plasms and have not been characterized extensively
either pathologically or genetically. Given the recent
interest in the significance of chromosomal losses in
predicting the clinical course and in establishing uniform
diagnoses of adult oligodendrogliomas, we reviewed the
pathological and clinical features of a series of pediatric
oligodendrogliomas and determined their 1p and 19q
status using fluorescence in situ hybridization. Of 19 tu-
mors originally diagnosed as oligodendroglioma, 7 were
oligodendroglioma, 3 were anaplastic oligodendrogli-
oma, 3 were oligoastrocytoma, and 6 were reclassified.
Only one tumor, an anaplastic oligodendroglioma, had
1p loss; none had 19q loss. The single patient whose
tumor had 1p loss did not have a particularly favorable
clinical course. These results suggest that pediatric
oligodendrogliomas arise by molecular alterations dis-
tinct from adult oligodendrogliomas, and such molecular
alterations do not hold immediate promise as an adjunct
to the diagnosis of pediatric oligodendrogliomas.
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Introduction

Central nervous system tumors are the second most
common form of childhood cancer. The most common
histological types are primitive neuroectodermal tumors
(PNETs) (including medulloblastomas), astrocytomas,
gangliogliomas, and ependymomas. Pediatric oligoden-
drogliomas are rare tumors and only comprise about 1–
3% of pediatric central nervous system neoplasms [5,
13]. Recent advances in the molecular diagnosis and
treatment of adult oligodendrogliomas prompted us to
examine whether similar molecular anomalies exist in
pediatric oligodendrogliomas and whether these changes
might also correlate with prognosis.

Molecular genetic analysis has an emerging role in
the diagnosis, treatment, and prognostic assessment of
adult patients with oligodendrogliomas [3, 6, 15]. A
subset of adult oligodendrogliomas exhibit isolated
deletions of chromosomes 1p and/or 19q [3]. Anaplastic
oligodendrogliomas with deletions of 1p or 1p/19q have
been associated with increased overall patient survival
and chemosensitivity, especially to PCV [procarbazine,
chloroethylcyclohexylnitrosurea (CCNU), vincristine]
chemotherapy [3, 6, 15]. In addition, oligodendroglio-
mas with deletions of 1p have longer recurrence-free
survivals after radiation therapy, independent of PCV
chemotherapy [1]. Oligodendrogliomas with 1p and 19q
loss also conform generally to the histologically classic
forms of oligodendroglioma, allowing the molecular
signature to act as a guide for standardizing histopath-
ological definitions of oligodendroglioma [2, 14]. Thus,
loss of chromosomes 1p or 1p/19q has been associated
with a favorable therapeutic response and prognostic
outcome in adult patients and can be used to guide
pathological diagnoses.

Few studies have focused on the histopathology and
behavior of pediatric oligodendrogliomas [9], largely
because the relatively low incidence of oligodendroglio-
mas in children renders their study difficult. Only one
study has specifically investigated childhood
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oligodendrogliomas. They found losses of 1p and 19q to
be rare in childhood tumors, particularly in the first
decade [12]. A second study, focused on astrocytomas in
children, mentions a loss of 1p in one of eight children
with an oligodendroglioma, who had a rapid progres-
sion of disease; however, no other details were provided
[11]. Thus, relatively few data exist on the genetic
alterations and behavior of pediatric oligodendroglio-
mas. The aim of this study was to characterize a series of
childhood oligodendrogliomas histologically and to
evaluate these tumors for the signature molecular ge-
netic abnormalities of chromosomes 1p and 19q loss. We
hypothesized that childhood oligodendrogliomas would
demonstrate similar histological and molecular features
to those observed in adult oligodendrogliomas. How-
ever, our data, similar to those reported by Raghavan
et al. [12], suggest pediatric oligodendrogliomas have a
distinct molecular pathogenesis.

Materials and methods

Tumor samples

Nineteen pediatric patients, including 11 males and 8
females, with the diagnosis of oligodendroglioma were
identified in the files of the Children’s Hospital of Phil-
adelphia between the years 1979–2001. A pediatric age
group was defined as less than 21 years. These patients
had undergone surgical resection, autopsy, or surgical
pathology consultation at the Children’s Hospital of
Philadelphia. Twenty tumor specimens were obtained
from these 19 patients; one patient had both surgical and
autopsy material available for review (case 13). Diag-
nostic, therapeutic and clinical status was retrospectively
obtained by chart review where available.

Light microscopy and immunohistochemistry

The histological features of each case were reviewed on
hematoxylin and eosin-stained sections. In addition,
immunohistochemistry was performed with antibodies
directed against neurofilament protein (NFP; RMDO20,
kindly provided by Dr. V. Lee), and glial fibrillary acid
protein (GFAP; Sigma), as well as Ki-67, vimentin,
epithelial membrane antigen (EMA), leukocyte common
antigen (LCA), CD20, smooth muscle actin, and syn-
aptophysin (all DAKO) using standard avidin-biotin-
complex protocol [7]. Mitotic indices were calculated by
counting the number of Ki-67-positive tumor cells per 10
high power fields (hpf, ·400).

Fluorescence in situ hybridization

Molecular genetic studies were performed on formalin-
fixed or bouins-fixed paraffin-embedded tumor samples
using fluorescence in situ hybridization (FISH). FISH
was performed as previously described [8]. Control and

detecting probes were made from plasmids D1Z1 (1q12)
and D1Z2 (1p36.3) for chromosome 1 study, and from
BACs RP11–413M18 (19p13) and CTD-2571L23
(19q13.3) for chromosome 19 study, respectively. D1Z1
was provided by Dr. Tsuda (Pathology Division,
National Cancer Center Research Institute, Tokyo,
Japan). D1Z2 was purchased from American Type
Culture Collection (Rockville, MD) and the BACs were
purchased from Research Genetics (Huntsville, AL).
Dual-colored probes against chromosomes 1p and 19q
were used to detect chromosomal loss at these loci, with
a single fluorescent signal in a nucleus interpreted as
chromosomal arm loss if two signals were found for the
control probe.

Results

We reviewed the pathology and the clinical history from
the 19 patients originally diagnosed with oligodendro-
gliomas. Based upon our review, including additional
immunohistochemical staining for tumors diagnosed
before 1990, 6 cases were reclassified: 2 as PNETs, 3 as
atypical teratoid/rhabdoid tumors, and 1 as an astro-
cytoma. Of the remaining 13 patients, 7 were classified as
oligodendroglioma grade II, 3 as anaplastic oligoden-
droglioma grade III, and 3 as oligoastrocytoma,
including 2 grade II and 1 anaplastic grade III. The
patient with the anaplastic oligoastrocytoma grade III
died (case 13); an autopsy showed a similar anaplastic
tumor.

Of the 13 patients identified with oligodendrogliomas
or oligoastrocytomas, 9 were male and 4 were female
(Table 1). The average age of these patients at diagnosis
was 12.3 years. Six of the tumors were located in the
cerebral hemispheres, six in the posterior fossa (includ-
ing one in the pons and one in the tectum), and one in
the lateral and third ventricles. Of the six cerebral
tumors, four were right-sided, one was left-sided, and
one was bilateral (Table 1).

The presenting symptoms for 11 of the 13 patients
was headache. The duration of first symptoms to treat-
ment was 0–1 months for 8 of the 11 patients, several
years for 2 patients, and 1 patient with a congenital
tumor received no treatment and died at 7 h of age
(case 1).

Twelve of the 13 patients underwent a surgical
procedure; as previously stated, the patient with a con-
genital tumor received no treatment. Six of the surgical
procedures were subtotal resections, two were gross total
resections, and one was a biopsy only. A description of
the surgery was unavailable for the remaining 3 cases.
Only 2 of these 12 patients were known to have received
adjuvant chemotherapy, and 6 of these 12 patients were
known to have received radiation treatment. Recurrence
or progression of disease was documented in 5 of these
12 patients. Five of the total 13 patients were known to
have had tumor-related deaths; other than the one
patient who died shortly after birth, the average
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duration of survival was 2 years 2 months. For the
remaining 8 patients, 3 were lost to follow-up and 5 had
an average duration of follow-up post-surgery of 2 years
10 months.

Seven of the 13 patients had tumor specimens
showing classical histology for oligodendroglioma [14]
with virtually the entire tumor demonstrating round
monotonous nuclei and cleared cytoplasm (Fig. 1). In
addition, most of these tumors also contained areas
demonstrating fine ‘‘chickenwire’’ type vasculature and
microgemistocytes. These tumors showed no expression
of NFP, EMA, or GFAP by immunohistochemistry
(data not shown). Synaptophysin was negative in 4 of
the cases. One case showed moderate (1–2+) synapto-
physin labeling in the parenchyma but not around
individual cells, one case showed 3+ synaptophysin
positivity within tumor cells but repeat NFP was again
negative, and one case could not be done due to lack of
material. Based upon the histological appearance and
Ki-67 labeling, these seven specimens were graded as
WHO grade II. Three cases showed relatively low Ki-67
labeling indices (2–134 Ki-67-labeled cells/10 hpf); 2
cases were not adequate to evaluate. However, 2 addi-
tional cases considered to otherwise be grade II tumors
had high Ki-67 labeling indices (>500/10 hpf; >10%)
(Fig. 2).

Three tumors were malignant neoplasms with the
characteristics of anaplastic oligodendroglioma. Case 9
appeared typical for an oligodendroglioma; however,
some regions showed nuclear pleomorphism, a high
mitotic rate, endothelial proliferation, and foci of
necrosis, consistent with anaplastic oligodendroglioma
(grade III). Immunostains for GFAP, NFP, and syn-
aptophysin were negative in this case. Cases 8 and 10 on
the other hand did not show classic histology, but
appeared to demonstrate an oligodendroglioma-like
pattern. Immunohistochemical markers for NFP,

GFAP, EMA, and LCA were negative in both cases.
Synaptophysin was negative in case 8, but could not be
performed on case 10 due to lack of material. These
tumors showed a high mitotic index and marked pleo-
morphism (Fig. 3), together warranting a diagnosis of
anaplastic oligodendroglioma (grade III) for each case.

The remaining three patients had tumor specimens
showing the histopathological features of oligoastrocy-
tomas. Two of these (cases 11 and 12) demonstrated two
distinct histological regions, one compatible with oligo-
dendroglioma, the other with astrocytoma. These
components were clearly defined by immunohistochem-
ical staining with an antibody to GFAP; the

Fig. 1 Representative section from case 7 showing the typical
morphology of a grade II tumor with regular nuclei and some
perinuclear halos

Fig. 2 Case 13 shows the typical histopathology of an oligoden-
droglioma (other regions showed astrocytoma in this mixed
oligoastrocytoma); however, numerous mitotic figures were seen
(arrows) along with a high Ki67 labeling index (data not shown, see
text)

Fig. 3 The histopathology of case 8 (like case 10, data not shown)
shows a malignant neoplasm with pleomorphism and anaplasia. As
described in the text, these tumors have oligodendroglioma-like
morphology and cytology, prompting the diagnosis of anaplastic
oligodendroglioma, grade III
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oligodendroglioma areas were negative, while the
astrocytoma regions showed strong labeling. Both tu-
mors were considered grade II. Synaptophysin staining
was negative in both cases. Case 13 was an anaplastic
tumor with a high degree of pleomorphism and kar-
yorrhexis. There were areas characteristic of oligoden-
droglioma and areas resembling astrocytoma, suggesting
an oligoastrocytoma, although the astrocytoma areas
did not label with GFAP in either the biopsy or the
autopsy specimens. The autopsy specimen demonstrated
a relatively low mitotic index; however, the biopsy and
autopsy specimens were deemed high grade based upon
cellular anaplasia and the high Ki-67 labeling index
(>500 labeled cells/10 hpf; >10%) in the biopsy.
Immunohistochemistry for synaptophysin was negative
in both the biopsy and autopsy material.

Genetic analysis for losses of 1p and 19q was per-
formed on all 20 tumor specimens (representing 19 pa-
tients) using FISH. Only 1 specimen (case 9, an
anaplastic oligodendroglioma) demonstrated a deletion
of 1p within tumor cells; 19q remained intact in this case
(Fig. 4). The 13 specimens from the remaining 12 oli-
godendroglioma/oligoastrocytoma patients each dem-
onstrated two copies of 1p and 19q. The 6 excluded cases
(2 PNETs, 3 AT/RTs, and 1 astrocytoma) showed no
losses of 1p or 19q.

Discussion

Diagnosis of oligodendrogliomas remains problematic
in part because of the lack of a specific marker. Recent

studies indicate that a subset of anaplastic oligoden-
drogliomas in adults have losses of 1p and/or 19q and
that such genetic changes predict a better response to
therapy and longer survival [1, 3, 6, 15]. In addition, a
clear relationship exists between the classic histological
appearance and the presence of 1p and 19q loss [2, 14].
However, similar to the only other study of oligoden-
drogliomas in childhood [12], our results demonstrate
that similar genetic alterations are significantly less
common in pediatric oligodendrogliomas when com-
pared with adults. These data have several important
implications.

Although oligodendrogliomas are relatively rare
pediatric neoplasms, they can be confused with other
neoplasms commonly seen in children. In particular
pilocytic astrocytomas and dysembryoplastic neuroepi-
thelial tumors may contain oligodendroglioma-like
components. Lack of specific immunohistochemical
markers has necessitated diagnoses of oligodendroglio-
mas on routine hematoxylin and eosin-stained sections.
For this reason, a molecular genetic marker for pediatric
oligodendrogliomas could be diagnostically useful. Our
data, in combination with those from Raghavan et al.
[12], indicate that 1p and 19q status unfortunately can-
not be used as a marker for oligodendrogliomas in the
pediatric population.

Despite the lack of molecular genetic similarities be-
tween adult and pediatric oligodendrogliomas, the his-
topathological and immunohistochemical features of the
tumors are similar. Both the low- and high-grade neo-
plasms, with the exceptions of cases 8 and 10 as previ-
ously stated, showed the classic light microscopic
features characteristic of oligodendrogliomas. This
included round to oval nuclei, prominent fine-branching
vasculature, and microgemistocytes in most cases. Two
of the three mixed tumors showed GFAP immunore-
activity in the astrocytic component but not in the
oligodendroglioma regions; one was entirely negative for
GFAP. Given the lack of available molecular markers,
light microscopy remains as the only diagnostic criteria
for oligodendroglioma in children.

Furthermore, because there have been close correla-
tions noted in adult oligodendrogliomas between histo-
logical appearance and genotype that encourage a
stricter definition of oligodendroglioma (see above), we
would encourage similarly strict histological definitions
for the diagnosis of pediatric oligodendroglioma.
Indeed, our review of cases diagnosed at a single
institution over three decades suggests that recognition
of new entities such as dysembryoplastic neuroepithelial
tumor and atypical teratoid/rhabdoid tumor has already
served to narrow the definition of oligodendroglioma in
the pediatric population.

In adult patients with anaplastic oligodendrogliomas,
the therapeutic and prognostic influence of 1p and 19q
loss presumably reflects alterations in specific regulatory
pathways that may include the putative tumor suppres-
sor genes that map to 1p and 19q. Rarity of these
molecular changes in pediatric oligodendrogliomas

Fig. 4 Fluorescence in situ hybridization results in case 9 show two
green control signals (1q12) and one red signal (1p36), indicating 1p
deletion
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suggests one of several possibilities. Childhood oligo-
dendrogliomas may arise via distinct molecular path-
ways, involving different genomic events and different
growth regulatory pathways. Alternatively, pediatric
oligodendrogliomas may inactivate the same regulatory
pathways but in different ways, i.e., by different genomic
or transcriptional defects. For instance, mouse models
of oligodendrogliomas, which appear histologically
identical to their human counterparts, do not lose the
syntenic regions of 1p or 19q but may dysregulate sim-
ilar signal transduction pathways [4]. The lack of 1p and
19q loss in these tumors also raises the question of
whether pediatric oligodendrogliomas will demonstrate
similar dramatic responses to therapy as are seen in
adult anaplastic oligodendrogliomas. Large studies that
directly test the responsiveness of these tumors in chil-
dren are obviously required, although they will require
multicenter trials given the low incidence of the tumor. If
similar therapeutic responses are noted, such tumors
should be studied with expression profiling, to determine
if therapeutically responsive oligodendrogliomas in
children have similar gene expression profiles to
responsive adult tumors.

FISH analyses for 1p and 19q showed one tumor
with 1p loss, but this tumor had both copies of 19q. This
patient was a teenager. Similar to that seen in the cases
reported by Raghavan et al. [12], none of the patients
from the first decade showed a defect. Although the
small number of cases prevents a determination of
whether losses begin to occur more commonly in older
children, such an age correlation has been noted for
TP53 mutations in children with only rare mutations in
children under the age of 4, but similar percentages to
those in adults being found in older children [10].
Raghavan et al. [12] detected losses of chromosomes 1p
and/or 19q in 5 of 26 childhood oligodendroglial neo-
plasms; however, we found only 1 in 13 cases to harbor a
loss of 1p and none of 19q, suggesting such alterations
may be even less common than previously suggested. It
is also impossible to draw any conclusions regarding 1p
status and clinical outcome or response to therapy. The
one patient whose tumor had 1p loss was treated with
subtotal resection, vincristine, CCNU, and radiation
therapy. The tumor recurred 1 year following initial
therapy and the patient died about 4 months post-
recurrence.

In conclusion, despite having histological features
similar to those of adult oligodendrogliomas, pediatric
oligodendrogliomas rarely demonstrate losses of 1p and
19q, suggesting that pediatric oligodendrogliomas have
a distinct molecular pathogenesis. The findings argue
that 1p and 19q loss cannot be used as a molecular
diagnostic marker for oligodendrogliomas in children,
and raise the challenge of identifying other genetic
alterations that might characterize these tumors.
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