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Abstract
Anaplastic oligodendroglioma (AO) is rare in children. Treatment typically consists of varying combinations of surgery, chemotherapy, and radiotherapy. We present a pediatric case of frontal lobe
AO with periventricular subcallosal extension and local leptomeningeal involvement. The isocitrate dehydrogenase (IDH) wild-type tumor was MGMT methylated and contained an ATRX mutation, BRAF alteration, and 1p/19q co-deletion; a combination of alterations mostly encountered in
pediatric oligodendrogliomas. The patient underwent a near total resection and had a complete,
durable response to temozolomide alone, suggesting that conservative management without radiation may be appropriate in some cases. We review the literature of this uncommon subtype of
glioma in children.
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INTRODUCTION

prognostic role in isocitrate dehydrogenase (IDH) mutant oligodendroglioma in adults; in a phase III adult trial, patients with diffuse

Anaplastic oligodendroglioma (AO) is a central nervous system (CNS)
adults.1

gliomas harboring 1p/19q loss had a significantly longer survival time,

In

lower hazard ratio for death, and lower risk of tumor progression when

adults, AO is molecularly defined according to the World Health Orga-

compared to those without the codeletion.6 Current standard of care

nization (WHO) 2016 classification scheme by codeletion of the short

for AO in adults consists of maximum surgical resection and radiother-

arm of chromosome 1 and the long arm of chromosome 19 (1p/19q

apy. In contrast, the prognostic significance of 1p/19q codeletion in the

loss) in combination with IDH1 or IDH2 mutation. This is frequently

absence of IDH1/2 mutation in children is unknown. Treatment reg-

FUBP1.2

imens for pediatric oligodendroglioma vary based on the age of the

However, 1p/19q codeletion is less common in children, where it is

patient and tumor location. A >90% resection improves both progres-

most frequently encountered in older adolescents in combination with

sion free survival and overall survival, but these studies were not cor-

IDH1 or IDH2 mutation.3 The genetics of pediatric diffuse gliomas

related with tumor genetic markers.7 We present a case of an AO in

are distinct from their adult counterparts, with most pediatric oligo-

a child with a 1p/19q codeletion but IDH wild-type status, who had

dendrogliomas lacking IDH1/2 mutation and 1p/19q co-deletion, and

a complete, prolonged response to surgery and temozolomide (TMZ)

instead harboring BRAF or FGFR1 mutation or rearrangement.4,5

alone, suggesting that conservative management should be considered

tumor that is uncommon in children and seen primarily in

accompanied by mutations in the TERT promoter and CIC or

Clinical outcomes and optimal treatment strategies for pediatric

in pediatric IDH wild-type oligodendrogliomas.

oligodendrogliomas, based on the underlying genetic alterations,
have not been thoroughly studied. 1p/19q codeletion has a strong

2
Abbreviations: AO, anaplastic oligodendroglioma; CNS, central nervous system; IDH,
isocitrate dehydrogenase; MRI, magnetic resonance imaging; PCV, procarbazine, lomustine,
and vincristine; TMZ, temozolomide; WHO, World Health Organization
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RESULTS

An 8-year-old male child presented with a 1-week history of headache,
nausea, and vomiting. Magnetic resonance imaging (MRI) showed a left
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F I G U R E 1 Magnetic resonance imaging of the brain. (A and B) T2-weighted axial images at diagnosis show a heterogeneous, hyperintense mass
in the left inferomedial frontal lobe that extends to the left periventricular subcallosal region. Fluid level in the left occipital horn from hemorrhage
(arrow). (C) Precontrast T1 sagittal image at diagnosis shows areas of T1 hyperintensity in the mass and in the left ventricle from hemorrhage. (D)
Postcontrast T1 axial image shows enhancement in the solid components of the mass, separate from areas of hemorrhage (arrows). (E) T2 axial
image 3-week posttumor resection shows residual hyperintense mass in the splenium of corpus callosum (arrow). (F) T1 axial postcontrast image
at 3-week postresection shows enhancement in the residual mass in the genu of corpus callosum (arrow). The enhancement in the margin of the
resection cavity and in the pachymeninges is postsurgical reactive change. (G) T2 axial image at most recent follow-up 42 months off therapy shows
gliosis in the genu of corpus callosum at the site of residual tumor and around the resection cavity reaching the ventricular margin. (H) Postcontrast
T1 axial image at most recent follow-up shows hypointensity in the same area with no solid enhancement. The linear enhancement is in a vein
(arrow)

frontal lobe tumor that extended posteriorly to the inferior genu and

(WHO grade II) and exhibit a low frequency of histologic progression;

subcallosal area reaching the left frontal horn with evidence of hemor-

in a series of 50 patients, approximately 25% of tumors were anaplas-

rhage (Fig. 1). He underwent a near total resection and pathology was

tic (WHO grade III) and only one of eight low-grade tumors sequen-

consistent with AO, WHO grade III (Fig. 2), based on a mitotic index

tially surveyed progressed to anaplasia.10 Unlike their adult counter-

of up to eight of ten high-power fields, Ki-67 labeling index of 15%,

parts, pediatric oligodendroglioma is poorly understood due to sparse

and presence of both microvascular proliferation and palisading necro-

molecular studies reported to date. In adults, the molecular profile of

sis. Microscopic examination demonstrated leptomeningeal extension.

oligodendroglioma may predict survival and therapy response. While

The tumor was negative for IDH1 R132H mutant protein expression

adult data can be used to guide pediatric treatment, the classic codele-

by immunohistochemistry. FISH demonstrated 1p/19q codeletion, and

tion of 1p/19q seen in adult oligodendroglioma is not commonly seen in

MGMT gene promoter methylation was confirmed by Sanger sequenc-

children. In a retrospective review of 28 pediatric oligodendrogliomas

ing of bisulfite-treated tumor DNA. Spinal MRI and cerebrospinal fluid

(20 grade II and eight grade III), only three had whole arm 1p/19q

cytology specimens were negative. Based on the favorable cytoge-

codeletion.11 One of the three cases was anaplastic. More cytogenetic

netics (but prior to the IDH sequencing, which was only available

abnormalities were seen in the anaplastic cases (n = 5). In a sepa-

daily for 5 days

rate retrospective review of 40 oligodendrogliomas in patients ≤ 20

every 28 days for 12 cycles was employed. Therapy was well toler-

years old, only 10 (25%) had the codeletion, and eight of the 10 were

ated with one delay for thrombocytopenia and minor nausea relieved

≥15 years old.10 Similarly, Suri et al. found 1p19q codeletion in four

with ondansetron. At most recent follow-up, 42 months off-therapy,

of seven patients, 19–25 years old, and no codeletions in children <15

the patient had no evidence of disease (Fig. 1) and a Karnofsky score

years old.3 The sequencing data from our patient’s tumor support a

of 100.

pediatric rather than adult-type diffuse glioma due to the BRAF alter-

later), conservative management with TMZ 200 mg/m2

To characterize the tumor further, next-generation sequencing
was recently performed as previously described.8 Analysis confirmed

ation, which typically correlates with oligodendroglial morphology, and
the lack of IDH1/IDH2 mutation.4,5

1p/19q codeletion and identified ATRX mutation, BRAF gene rear-

Standard of care for AO treatment in adults has traditionally con-

rangement, and CHEK1 frameshift mutation (Supplementary Fig. S1).

sisted of gross total resection and radiation; however, more recently,

No mutations were found in IDH1, IDH2, TERT promoter, CIC, or FUBP1.

adjuvant chemotherapy was proven efficacious. Two randomized
trials, EORTC 26951 and RTOG 9402, demonstrated that newly
diagnosed patients with AO and 1p/19q codeletion benefitted from

3

adding procarbazine, lomustine, and vincristine (PCV) to radiation.12,13

DISCUSSION

There were significant toxicities seen with this regimen as nearly
Oligodendroglioma is a rare childhood tumor representing approximately 1% of primary pediatric CNS

tumors.9

Most are low grade

two-thirds of patients had grade III or IV toxicities most frequently
hematologic, neurologic (cognitive or mood change and peripheral or
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F I G U R E 2 Histopathology of pediatric anaplastic oligodendroglioma. Hematoxylin and eosin stain (A–D) as well as immunohistochemistry for
GFAP (E) and MIB-1 (F). Microscopic examination demonstrates a glial neoplasm composed of cells having relatively uniform, round nuclei and
prominent perinuclear halo (A and B). Occasional mitotic figures (B), focal microvascular proliferation (C), and foci of pseudopalisading necrosis (D)
are identified

autonomic neuropathy), gastrointestinal (nausea and vomiting), hep-

after recurrence with TMZ compared to PCV are unknown; therefore,

atic, or dermatologic.6 This led to studies exploring less toxic agents

a variety of factors should be considered when deciding which regimen

including TMZ. In a prospective adult study of AO recurrent after

to use in children such as degree of resection, tumor location, MGMT

surgery and radiotherapy, 39 patients were treated with TMZ 150–

methylation status, expected toxicities, and family input.

mg/m2

for 5 days every 28-day cycle. Treatment was well toler-

Our patient’s complete, durable response 42 months off-therapy

ated, and the response rate was 61.5%. A positive correlation existed

with TMZ alone suggests that conservative management is a promis-

between the response rate and 1p/19q deletion, and MGMT pro-

ing approach. Observation alone with close follow-up may also be a

moter methylation and presence of the codeletion, indicating that sin-

reasonable strategy for well-resected pediatric IDH wild-type oligo-

200

AO.14

Furthermore, a phase

dendrogliomas. Solitary treatment with TMZ in select patients such as

II trial of primary TMZ in grade III oligodendroglial tumors, includ-

ours avoids upfront radiation, which is especially important in younger

ing 11 AO, demonstrated that TMZ was active and well tolerated.15

patients, and reserves radiotherapy if the tumor progresses. With this

All patients with AO showed MGMT methylation. Our patient’s tumor

approach, careful radiographic follow-up for many years is imperative.

gle agent TMZ was active in recurrent

was MGMT methylated, consistent with his excellent response to
TMZ.
TMZ versus PCV with or without radiotherapy has not been com-
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