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Anaplastic Oligodendroglioma
Jaishri Blakeley, MD and Stuart Grossman, MD

Opinion statement

Although uncommon, anaplastic oligodendrogliomas (AODs) are important to recognize, as they
have unique molecular, histologic, and clinical features. Patients with new seizures or new focal
neurologic deficits should be referred for brain MRI with contrast. If the MRI suggests a
malignant glioma, maximal feasible tumor resection is advised for accurate diagnosis and for
relief of tumor-related neurologic symptoms. Radiation therapy (XRT) is the most commonly
prescribed postsurgical therapy for patients with AODs. The role and timing of adjuvant
chemotherapy are less clear. Tumor responses to PCV (the combination of procarbazine,
lomustine, and vincristine) and to temozolomide have been documented in patients with AODs.
However, two prospective phase 3 trials in patients with newly diagnosed AOD have shown no
difference in overall survival when PCV is added to XRT. Ongoing trials investigating the benefit
of temozolomide plus XRT in patients with newly diagnosed AOD will inform about the value of
this common practice.

The recognition that 1p19q codeletion is a marker of oligodendroglial differentiation and the
subsequent prospective confirmation of this marker’s importance in predicting better prognosis
have been critical discoveries. Tumors with intermediate oligodendroglial features or mixed
astrocytic features should be referred for 1p19q assessment. Identification of 1p19q status is also
required in clinical trials for patients with AOD, given the association of 1p19q codeletion with
improved response to therapies and overall prognosis. There are not yet sufficient data to guide
individual treatment planning based on 1p19q status, but several planned and ongoing trials will
address this issue. Unfortunately, AOD remains a terminal brain cancer even with maximal
therapies. As more therapeutic options become available and the full significance of molecular
markers is understood, 1p19q and other markers are expected to help guide optimal antitumor
therapies, and it is hoped that survival and function will improve for all patients with AOD.

Introduction

Malignant gliomas are composed of neoplastic astrocytes and oligodendrocytes. Based on
morphologic features, the World Health Organization (WHQ) has categorized them into
astrocytoma, oligodendroglioma (OD), and mixed oligoastrocytoma (MOA) [1]. Within
each classification, the tumors are ordered to reflect low grade (WHO grade I1) or high
grade (WHO grade I11 or 1V) based on histologic features (including high cellularity, the
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presence of mitotic figures, or irregular vasculature) and their predilection for aggressive
behavior (Table 1). Although this classification scheme is clinically useful in most cases, the
distinction of the various subtypes and grades is subjective, with high interrater variability.
Moreover, it remains unclear whether various phenotypes of glioma reflect distinct diseases
or heterogeneous expressions of neoplasia derived from a shared glial lineage [1, Class IlI;
2, Class I1]. Recent discoveries in the molecular features of gliomas have raised the
possibility of more accurate classification of tumors based on molecular diagnostics [1,
Class I11]. The identification of specific genetic markers of anaplastic oligodendroglioma
(AOD) that correlate with response to therapy has been the most important of these
discoveries to date and has resulted in dramatically increased interest in AOD in the past 15
years [3, Class Il; 4, Class Il1].

Oligodendroglial tumors are the least commaon of the gliomas, accounting for 3% to 20% of
all glial tumors [4, Class I11]. Of these, roughly 70% are low-grade OD and 30% are AOD
[5, Class I1]. About 20 years ago, it was recognized that tumors with oligodendroglial
components have improved responses to therapy and better prognosis than other malignant
gliomas [6, 7, Class I11]. Since that time, the reported incidence of oligodendroglial tumors
has risen steadily, with a corresponding decrease in the incidence of astrocytic tumors [8,
Class I1]. This change is thought to be due in part to less stringent histologic criteria for
oligodendroglial tumors in the most recent WHO classification scheme as well as to a bias in
favor of presenting the most favorable diagnosis to patients whenever feasible [8, Class I1; 9,
Class I11]. More recently, however, the validation of genetic markers for identifying
oligodendroglial tumors has curbed the frequency of diagnosis of AOD.

HISTOLOGY

Oligodendroglial tumors have unique histologic features. Low-grade OD (WHO grade I1)
has a pathognomonic histology that includes monotonous, regular, rounded, well-
demarcated cells with abundant clear cytoplasm and a perinuclear halo, lending them an
appearance classically referred to as “fried eggs.” These cells are often seen in conjunction
with a background of a fine mesh of vasculature that is thought to resemble “chicken wire”
[10ee, Class I11]. AODs (WHO grade I11) often arise from low-grade OD and hence share
many of these features. However, AODs also have markers of malignancy, including mitotic
figures, high cellular density, irregular cells, and endothelial hyperplasia and proliferation.
There are no firm diagnostic criteria to differentiate AOD from low-grade OD beyond the
recognition of the predominance of these features of anaplasia. Hence, there may be a
continuum between these classifications that can complicate grading [4, 10ee, Class I11].

MOA s are gliomas that have histologic features of both oligodendroglial and astrocytic
tumors. MOAs may include tumors with isolated areas of predominantly astrocytes or
oligodendrocytes, or tumors with heterogeneity of cells throughout the sample. There are no
strict criteria for the ratio of astrocytic and oligodendroglial features that is required to label
a sample MOA rather than pure oligodendroglial or astrocytic tumor. For these reasons,
MOAs are among the most difficult tumors to assess histologically [10ee, Class I11].
Although they have been recognized as their own subcategory in the WHO classification, it
is not clear whether they represent a unique histologic diagnosis or are an extension of the
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continuum of tumors derived from glial progenitor cells. The latter hypothesis is favored
based on their mixed histologic features, their primarily astrocytic molecular markers, and
clinical behavior that is intermediate between AOD and anaplastic astrocytoma (AA) [4,
Class I11].

Limitations of tumor classification based on histology include interobserver variability for
tumors such as MOA and clinical bias potentially influencing the distinction of
oligodendroglial tumors from astrocytic tumors. However, histology remains the most
validated and practical diagnostic approach; it is accurate in predicting the clinical course for
most gliomas. Recent advances in molecular testing may further enhance diagnostic
accuracy in challenging glioma cases and in identification of genetic subpopulations of
gliomas that are likely to respond to specific therapies.

GENETICS

The recognition that codeletion of the short arm of chromosome 1 (1p) and the long arm of
chromosome 19 (19q) is a diagnostic marker for oligodendroglial tumors that is associated
with improved clinical outcome was a pivotal discovery [11, Class I1]. It has subsequently
been validated in two prospective trials as a prognostic marker for patients with AOD and
anaplastic MOA [12es, 13, Class I]. 1p19q deletion is the most common chromosomal
lesion in oligodendroglial tumors; it may be seen in as many as 60% to 90% of low-grade
OD and 50% to 70% of AOD [4, 14, Class Il1]. It is also the earliest genetic change in these
tumors and persists at the time of tumor progression or recurrence [11, Class II; 14, Class
I11; 15, Class I1]. These findings suggest that the codeletion may be a marker of a genetically
clonal cancer cell population with unique clinical features. In support of this hypothesis,
1p19q codeletion has been reliably associated with classic oligodendroglial histologic
features; specific MRI findings; tumor locations, growth patterns, and response to therapies;
and ultimately, survival [4, 10ee, Class I1l; 11, Class II; 12¢, 13+, Class I; 15-17, 18+, Class
I1] (Table 2).

These findings have led to increasing clinical application of genetic profiling of gliomas.
Techniques such as loss of heterozygosity (LOH) analysis using microsatellite markers,
fluorescence in situ hybridization (FISH) analysis, and comparative genome hybridization
are feasible in routine clinical practice and are reasonably reliable [10ee, Class Il1].
However, there is not yet wide agreement about the value of routine testing of 1p19q status
[19, Class I1]. There are not yet sufficient prospective data to permit treatment planning
based on 1p19q status alone. However, 1p19q testing can be invaluable for some patients. It
is particularly useful to help define the underlying tumor type in those with ambiguous glial
histologic features. Hence, 1p19q testing is recommended by most experts to confirm
diagnosis in patients with oligodendroglial features [1, 4, 10ee, Class Il1]. In the setting of
clinical trials, patients with 1p19q codeletion should be considered separately from those
with intact alleles, given the demonstrated difference in treatment response and prognosis
between these groups [16, Class 11]. Ongoing trials that stratify patients based on 1p19q
status are expected to provide needed information about the value of genetic profiling in
clinical practice. As data regarding the clinical significance of 1p19q deletion continue to
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mature, it is likely that 1p19q testing will be included in the diagnosis of oligodendroglial
tumors.

The significance of isolated 1p or 199 loss remains unclear. Some data suggest that isolated
1p deletion is associated with improved treatment response and prognosis, but not to the
same extent as combined deletion with 19q [3, Class I1]. There is no apparent prognostic
benefit with isolated 19q deletion [3, Class I1]. New evidence shows that a whole-arm
(centrosomic and pericentrosomic) translocation of 1p and 19q alleles may be a critical
genetic event that defines oligodendroglial tumors [20e, Class 11]. As mentioned, 1p19q
status appears to be preserved across the life of the tumor and is independent of grade or
recurrence [15, 17, Class I1]. Collectively, these data suggest that codeletion of 1p19q may
be the causal event in the genesis of a subtype of oligo dendroglial tumors and that
combined loss of 1p19q (possibly via translocation) defines a specific tumor type associated
with a more favorable prognosis.

Additional molecular changes in AOD support the hypothesis that tumors with 1p19q
codeletion are distinct from other glial tumors. Genetic abnormalities, including the deletion
of the cyclin-dependent kinase inhibitor gene CDKN2C (chromosome 9p), TP53 mutation
(chromosome 17p), and epidermal growth factor receptor (EGFR) amplification have been
identified in some AOD [3, 11, Class Il; 14, Class I11]. Compared with 1p19g LOH, these
mutations are all associated with a worse prognosis. In fact, there is an inverse relationship
between 1p19q codeletion and the presence of TP53, 10qg, and PTEN mutations [3, Class I1].
Clinical outcome similarly is most favorable in the setting of 1p19q LOH and least favorable
with TP53, 10q, or PTEN mutations [3, Class Il; 4, Class 111]. Because 1p19q LOH is not
fully predictive of treatment response or prognosis, efforts are ongoing to identify and
validate additional markers that may increase diagnostic accuracy. To date, however, 1p19q
analysis is the only molecular test that has been prospectively validated in AOD.

Anaplastic MOA may share some molecular features with AOD. However, most MOAs do
not have 1p19q co deletion, but rather express markers more commonly seen in pure
astrocytic tumors including TP53, 10q, and PTEN mutations [15, Class I1]. Their clinical
course reflects the significance of these markers, as fewer cases of anaplastic MOA are
responsive to chemotherapy, and overall survival (OS) for patients with anaplastic MOA
without 1p19q is more similar to that seen with AA than with AOD.

CLINICAL PRESENTATION

AOD tumors occur most commonly in adults. The peak age of onset is 35 to 44 years, with
low-grade OD presenting in younger patients and AOD presenting in older patients [5, Class
I1]. Oligodendroglial tumors are very rare in children, accounting for only 2% to 4% of
primary pediatric brain tumors; the great majority of these are low-grade [5, Class I]. In
both children and adults, there is a slight predilection for OD tumors in males, with a male to
female ratio of roughly 1.4:1.

AOD occur in white matter and the cortex. Their location is most commonly supratentorial,
particularly in the frontal lobes, but they can present throughout the central nervous system,
including the brainstem and spinal cord. When oligodendroglial tumors are found
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infratentorially or in the deep nuclei, they are generally thought to represent a more
aggressive phenotype [4, Class 111]. AOD almost always present as single lesions. There are
case reports of multifocal AOD, leptomeningeal spread of AOD, and extraneural metastases
from AOD. However, these cases are rare and may simply reflect the natural history of a
glioma associated with prolonged survival [4, 21, Class I1].

The clinical presentation largely depends on the tumor’s location and grade. Seizures are the
most common symptom at presentation for all OD (50%-90% of patients) [4, 22, Class I1].
Seizures are particularly common with low-grade OD, which grow slowly and cause
irritation before symptoms due to mass effect. AODs may also present with seizures but are
more likely to present with acute to subacute onset of neurologic symptoms such as
headache, focal weakness, vision changes, or cognitive deficits due to mass effect from the
tumor.

On both CT and MRI, most AODs have enhancement after administration of exogenous
contrast. This represents an abnormal blood-brain barrier within the tumor and possibly
tumor angiogenesis. MRI is the preferred modality for assessing AOD because of its
superior ability to assess the neuroanatomic location of tumor and the extent of signal
abnormality. T2-weighted MRI often shows a mixed-intensity central core with diffuse
surrounding signal hyperintensity [18e, Class 11]. The T1-weighted sequence without
gadolinium often shows hypointensity, but hyperintensity may be seen if calcification is
present. CT is often needed to confirm calcification. The presence of calcifications on neuro-
imaging is likely to be a marker of long-standing or chronic disease rather than a specific
biologic effect. The presence of calcification has been correlated with 1p19g LOH [18e, 23,
Class 11]. AODs may also be associated with spontaneous intratumoral hemorrhage, and
some have suggested that this is more likely in AOD than in other gliomas [24, 25, Class
I]. 1t is possible that hemorrhage is related to the specific microstructure of OD
vasculature, but this connection has not been confirmed [25, Class I11]. Finally, unlike other
malignant gliomas, oligodendroglial tumors are often noted on MRI to have sharp
demarcations between normal brain and tumor core. Recently, this imaging feature was
correlated with 1p19q status: patients with 1p19g LOH were more likely to have a diffuse
tumor border on MRI, whereas patients with intact alleles had the appearance of a sharp
border [18s, 23, Class II].

Functional MRI techniques have recently been applied to AOD. There appears to be
increased thallium-201 uptake on MR single-photon emission computed tomography
(SPECT) in AOD patients with LOH at 1p19q regardless of grade [17, Class I1]. However,
functional MRI techniques have not yet been validated to distinguish subtypes of
oligodendroglial tumors, and the clinical relevance of this observation is not yet clear.

«  Maximal feasible tumor resection is first-line therapy for AOD. Surgery provides
tissue to confirm the diagnosis and to perform additional histologic and genetic
testing to determine the glioma subtype. In patients who present with neurologic
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symptoms due to mass effect, debulking may provide significant improvement in
neurologic function. For patients with low-grade OD, it may also offer relief of
tumor-related seizures and may potentially prolong the time to recurrence or
progression [26, 27, Class I11]. Hence, surgical resection is indicated as first-line
therapy for oligodendroglial tumors, for both diagnosis and improvement of clinical
symptoms.

The extent of surgical resection required is highly controversial. It is widely
believed that large-volume resection is optimal, as it provides the greatest volume
of tumor for pathologic testing (avoiding the confounding factor of sampling error),
reduces mass effect contributing to neurologic dysfunction, and provides tumor
cytoreduction that potentially may improve the efficacy of adjuvant therapies.
However, AODs are widely infiltrative tumors that currently cannot be cured with
surgery, and they often involve critical areas of the brain. Postoperative neurologic
complications may reduce performance status. As performance status is a well-
recognized, powerful prognostic factor and an important determinant of quality of
life (QOL), every effort must be made to ensure that patients are as neurologically
intact as possible.

Several reports suggest that radical tumor resection (> 90% of contrast-enhancing
volume) results in improved progression-free survival (PFS) and OS in both adults
and children across all malignant gliomas [28, 29, Class I11]. However, all of these
investigations are uncontrolled (and often retrospective), and it is possible that
tumor location, patient features such as age and comorbid disease, and basic tumor
biology account for the observed differences in survival after radical versus partial
resection or biopsy alone. Moreover, the data regarding the relationship between
degree of resection and OS do not appear to differ for AOD versus other glioma
subtypes. Studies in which patients with AOD are reported independently have had
mixed results, with some suggesting no difference in survival after complete versus
partial resection or biopsy and others suggesting a survival benefit with maximal
resection [30, Class I11]. Overall, it is recommended that patients with AOD
undergo resection of the largest volume of tumor possible while minimizing the
risks of postoperative neurologic deficit.

Postoperative XRT, the standard of care for malignant gliomas such as
glioblastoma multiforme (GBM) and AA, is similarly widely considered to be the
standard of care for AOD [12es, 13ee, Class I; 19, Class I1]. Although XRT has not
been investigated prospectively specifically for AOD, it has been shown in
randomized, controlled trials to be an effective therapy for high-grade gliomas of
all subtypes. Moreover, several retrospective studies have suggested the efficacy of
XRT for AOD, and two recent randomized, prospective trials have confirmed its
position in the management of AOD [12ee, 13+, Class I]. Hence, postoperative
XRT to a total dose of roughly 60 Gy over 30 fractions is recommended for
patients with AOD.

Curr Treat Options Neurol. Author manuscript; available in PMC 2014 April 22.
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Recently, some specialists have suggested that XRT could potentially be omitted
for patients with AOD and 1p19q codeletion [3, Class I11; 31, Class I1]. A recent
survey showed that up to 34% of neuro-oncologists recommended delaying XRT in
such patients [19, Class I1]. This practice is based on the observed responsiveness
of these tumors to chemotherapy and on the concern about long-term
neurocognitive effects that may be associated with XRT. However, there are
currently no prospective data to support delaying or omitting XRT for patients with
AOD. Given that AODs are infiltrative malignant gliomas that are invariably fatal,
it seems prudent to offer standard therapy for malignant gliomas until additional
evidence is available. Clinical trials to address the efficacy of delayed XRT are
planned, and patients with 1p19q LOH should be considered for these trials to
better address this important question.

The role of XRT in low-grade OD is controversial. In a randomized, controlled trial
of early versus delayed XRT for all low-grade gliomas, there was no difference in
OS if XRT was delayed until the time of progression (defined as changes on CT)
[32, Class 1]. PFS was improved, but it was not clear from study results whether
this prolonged PFS was associated with better patient performance. These data and
prior reports on the response to XRT of patients with low-grade OD support an
approach in which patients with low-grade OD who have undergone complete
resection and have no additional tumor-related neurologic deficits have XRT
deferred until the time of clinical progression [32, Class I; 33-35, Class I1]. In
contrast, patients with large volumes of residual tumor or neurologic deficits are
likely to benefit from early postoperative XRT [34, 36, Class I1I].

Pharmacologic treatment

AOD is unique among the malignant gliomas in being responsive to a range of
chemotherapies. This response was first recognized by Cairncross and Macdonald
[6, Class I11], who reported eight patients with AOD that showed radiographic and
clinical response to chemotherapy at the time of first recurrence after XRT. Initial
studies suggested that AOD may be particularly sensitive to combined
chemotherapy with procarbazine, lomustine, and vincristine (PCV), but a growing
body of literature suggests that AODs are responsive to a variety of therapies
(Table 3).

Procarbazine, lomustine, and vincristine (PCV)

Several uncontrolled, phase 2 studies have confirmed the initial observation that
AOD are more responsive to PCV than other gliomas and that AOD respond to
PCV both at the time of diagnosis and at first recurrence after XRT [7, 37-39,
Class 11]. However, uncertainty remained about the optimal timing of PCV for
these tumors. Two recent randomized, phase 3 trials investigated the benefit of
PCV therapy in newly diagnosed AOD. The Radiation Therapy Oncology Group
(RTOG) investigated the benefit of PCV prior to XRT (RTOG 9402) [13ee, Class
I]. The European Organisation for Research and Treatment of Cancer (EORTC)
investigated PCV given after XRT (EORTC 26951) [12¢e, Class I] (Table 3). The
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two trials showed very similar results. In both trials, PCV added to XRT resulted in
improved PFS, but there was no significant difference in OS. In the EORTC trial,
79% of patients randomized to XRT alone received chemotherapy at the time of
progression [12¢, Class I]. Hence, the studies showed that there is no apparent
difference in OS between up-front PCV versus PCV at the time of recurrence in
patients with AOD treated with XRT. In both studies, the improvement in PFS was
associated with significant toxicity attributed to the PCV: 20% to 33% of the
patients could not complete the prescribed therapy because of chemotherapy-
related toxicity. A follow-up study assessed patient-reported QOL during the
EORTC study and showed no difference in QOL between the XRT-only group and
the XRT-plus-PCV group [40, Class I1]. Hence, although PFS was prolonged with
the addition of PCV, there was no concomitant improvement in QOL when
adjuvant chemotherapy was given. In addition, the PCV toxicity contributed to
decreased QOL for a period of time. As a result of these two decades of careful
research, PCV therapy is not currently recommended as first-line therapy for AOD.

Importantly, both RTOG 9402 and EORTC 26951 evaluated the 1p19q status
prospectively and confirmed that 1p19q codeletion results in better OS in patients
treated with XRT and PCV or XRT alone [12ee, 13+, Class I]. Among patients with
1p19q codeletion, there was no difference in OS when PCV was added before or
after XRT [12e¢e, Class I]. These data support the hypothesis that 1p19q codeletion
predicts better overall prognosis in patients with AOD given standard therapeutic
modalities (surgery, XRT, PCV), but not necessarily better response to any one
specific therapy.

Temozolomide

Temozolomide (TMZ) is an oral alkylating therapy that is better tolerated than
PCV and has been demonstrated to cross the blood-brain barrier. It has been shown
to improve OS when given with XRT and as an adjuvant after XRT versus XRT
alone in patients with newly diagnosed GBM [41, Class I].

Recent trials have demonstrated that AOD and anaplastic MOA are responsive to
TMZ [42-44, Class I1]. This was first confirmed by Yung et al. [45, Class Il] in a
mixture of patients with progressive anaplastic MOA, AOD, or OD. The PFS was
5.8 months for patients with anaplastic MOA. Of note, all patients had prior XRT
and 69% had prior nitrosourea-based therapies. Chinot et al. [42, Class 11] showed
that patients with AOD or anaplastic MOA previously treated with XRT and
subsequent PCV had an objective rate of response to TMZ of 44%; median OS was
10 months. Subsequently, van den Bent et al. [43, Class 1] confirmed response to
TMZ in patients with AOD or anaplastic MOA previously treated with PCV, but
the response was somewhat less robust, at only 25%. Methodologic differences and
possibly prognostic variables such as 1p19q status explain these differences.
Importantly, TMZ was well tolerated in these heavily treated populations; most
patients completed the prescribed doses.

TMZ has also been investigated as first-line chemotherapy for oligodendroglial
tumors progressive after XRT. van den Bent et al. [46, Class I1] showed that TMZ

Curr Treat Options Neurol. Author manuscript; available in PMC 2014 April 22.
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at the time of first recurrence after XRT resulted in a 53% response rate and a
median 12-month PFS of 40%. Similarly, Brandes et al. [44, Class 1] reported that
TMZ had a response rate of 46% in patients with AOD or anaplastic MOA
progressive after surgery and XRT. In this study, 1p19q status and O6-
methylguanine DNA methyltransferase (MGMT) status were recorded.
Methylation of MGMT renders it inactive, making the cell less able to repair
alkylating injuries (eg, from TMZ or PCV) and resulting in increased cell death. It
has been hypothesized that one of the reasons AODs are more responsive to PCV
and TMZ than other gliomas is enhanced MGMT methylation. Brandes et al. [44,
Class I1] found that 1p19g LOH was correlated with response to TMZ and OS
similar to those in other reports. Further, MGMT methylation was associated with
1p19q codeletion. However, MGMT methylation was not directly associated with
improved response or enhanced survival.

TMZ has been applied up front with XRT in patients with newly diagnosed AOD
because of three observations: 1) AOD responds to TMZ at the time of both first
and second recurrence; 2) TMZ plus XRT is effective in newly diagnosed GBM;
and 3) overall, TMZ is well tolerated [19, Class 11]. However, there are currently no
prospective data to support this practice. In the RTOG 0131 trial, patients with
AOD or anaplastic MOA are treated with neoadjuvant TMZ for 6 months, followed
by TMZ and concurrent XRT [47, Class I1]. The interim report suggests that
combination therapy with TMZ and XRT is well tolerated by these patients.
Assessment of 1p19q status revealed that PFS was improved in patients with 1p19q
codeletion versus those with intact 1p19q alleles who received this regimen [47,
Class I1]. OS data are pending. Final results from this study and ongoing clinical
trials combining TMZ and XRT at the time of diagnosis will address the safety and
efficacy of this approach for patients with AOD.

Chemotherapy and recurrent disease

At the time of recurrence, AOD tumors are sensitive to multiple agents, with
documented response rates of 53% to TMZ and 50% to PCV [9, Class Il1]. Since
TMZ is better tolerated than PCV, it has become first-line for chemotherapy-naive
patients with recurrent or progressive AOD. Patients with progressive AOD who
have previously been treated with TMZ are less responsive to PCV as salvage
therapy, with response rates of only 10% to 20% [48e, Class I1]. Similarly, patients
with AOD that progressed on PCV had a response rate to TMZ of 25% [43, Class
I1]. Several other agents have been tried in recurrent AOD with variable results.
Reports in the literature list numerous agents that have resulted in at least transient
tumor response, including carmustine, carboplatin, etoposide, cisplatin, melphalan,
thiotepa, and paclitaxel [49, Class I11]. However, all these reports have involved
limited, retrospective series, and benefit has not been proven. Hence, patients with
recurrent AOD after standard therapies may be good candidates for research
protocols.

Curr Treat Options Neurol. Author manuscript; available in PMC 2014 April 22.
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Chemotherapy with deferred radiation therapy

The observation that oligodendroglial tumors with 1p19q codeletion are responsive
to chemotherapy has led to the suggestion that chemotherapy can be used as first-
line therapy in patients with newly diagnosed AOD with 1p19q deletion, deferring
XRT for progression [3, Class Il; 31, Class I11]. This suggestion is based in part on
concern that XRT has a risk of long-term cognitive injury that may be particularly
salient in patients expected to have long survival. However, no survival data are
available to support this hypothesis, and the true impact of modern XRT
approaches on cognition is not clear.

In the ongoing RTOG 0131 trial, early reports show a 33% rate of complete or
partial response to TMZ prior to XRT; only 10% of patients with newly diagnosed
AOD or anaplastic MOA progressed while on TMZ monotherapy [47, Class I1].
Again, response was correlated with 1p19q status. In this trial, however, all patients
go on to receive XRT; hence the duration of response and OS with up-front
chemotherapy and deferred XRT will not be assessed. Other trials using TMZ
monotherapy in patients with newly diagnosed AOD or anaplastic MOA are
ongoing, using various TMZ dosing schedules. The final results of the RTOG 0131
trial and complementary trials with up-front therapy with or without concurrent
XRT will help to better define the optimal combination of XRT and chemotherapy
for patients with newly diagnosed oligodendroglioma.

In the interim, it is most prudent to offer standard therapy for malignant gliomas to
all patients with AOD or anaplastic MOA. Given that the optimal therapy for AOD
both at the time of diagnosis and at recurrence remains unclear, patients with AOD
at all stages of disease are excellent candidates for clinical investigations and
should be encouraged to explore participation in promising trials.

Pharmacologic treatment

Procarbazine

Standard dosage 60 mg/m? daily on days 8-21.

Contraindications  Hypersensitivity to drug or components, myelosuppression.

Main drug interactions  Disulfiram-like interaction with alcohol. Tricyclic antidepressants and sympathomimetics

may induce hypertensive crisis. Rare cases of encephalopathy.

Main side effects ~ Encephalopathy, nausea, vomiting, myelosuppression, photosensitivity.

Special points  Weak monoamine oxidase inhibitor requiring patients to avoid foods that are tyramine-rich.
Best taken on an empty stomach at bedtime. Dosed in 50-mg tablets; a patient’s individual
dose should be rounded to the nearest 50 mg based on dry weight.

Cost  $24 per pill, roughly $1000 per cycle.

Lomustine (CCNU)

Standard dosage 110 mg/m? on day 1; repeat every 8 weeks.

Contraindications  Hypersensitivity to nitrosoureas, inadequate bone marrow function, history of pulmonary

fibrosis.

Curr Treat Options Neurol. Author manuscript; available in PMC 2014 April 22.
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Main drug interactions
Main side effects

Special points

Cost
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Phenobarbital may decrease efficacy.
Nausea, vomiting, myelosuppression, pulmonary fibrosis.

Premedicate with antiemetics and dose on an empty stomach (usually around bedtime) to
minimize nausea. Maximum lifetime dose of 1400 mg/m2.

$26 per 300-mg capsule.

Vincristine

Standard dosage

Contraindications

Main drug interactions
Main side effects

Special points

Cost

1.4 mg/m? (intravenous) on days 8 and 29.

Hypersensitivity to the drug or components, intrathecal administration, history of familial or
other advanced peripheral neuropathy.

Cytochrome P450 inhibitors may increase vincristine serum concentrations.
Neuropathy (peripheral or autonomic) is the most common, dose-limiting toxicity.

There is debate about the efficacy of vincristine for many adult primary tumors, particularly
because preclinical models have shown that it has very little access to the central nervous
system. It is difficult to tolerate and requires special precautions for administration because
of its vesicant activity. Hence, in some centers procarbazine and lomustine are offered
without vincristine.

About $40 per infusion.

PCV combination therapy

Standard dosage ~ Given every 6-8 weeks in the following order: CCNU (110 mg/m?) on day 1; intravenous
vincristine (1.4 mg/m?) on days 8 and 29; oral procarbazine (60 mg/m?) daily on days 8-21.

Temozolomide

Standard dosage

Contraindications

Main drug interactions

Main side effects

Special points

Cost

75 mg/m? daily for about 42 consecutive days when given with XRT. The adjuvant dosage
is 150-200 mg/m? for 5 of every 28 days.

Hypersensitivity to TMZ or dacarbazine; pregnancy, nursing.

Administration of valproic acid decreases oral clearance of TMZ by about 5%; the clinical
implication of this effect is not known.

Nausea, vomiting, myelosuppression (thrombocytopenia).

Auvailable in 5-mg, 20-mg, 100-mg, 140-mg, 180-mg and 250-mg doses. Doses rounded up
to the nearest 10 mg. During XRT, should be taken 1 hour before XRT. In the adjuvant
phase, best taken at bedtime on an empty stomach.

About $400 per 250-mg capsule ($13,000 for use concurrent with XRT therapy, $2000/mo
for adjuvant therapy).
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Table 1

World Health Organization classification of tumors with oligodendroglial features

Class Grade

Oligodendroglial tumors
Oligodendroglioma 1l
Anaplastic oligodendroglioma 11

Mixed gliomas

Oligoastrocytoma 1l

Anaplastic oligoastrocytoma 11
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Table 2

Anaplastic oligodendroglioma: features and 1p19q status

Page 16

1p19q codeleted

1p19q intact

Classic OD: monotonous, round cells; regular, round
nuclei; bland chromatin; perinuclear halo

Histologic features [10e¢]

Imaging features [17,18¢,23] Indistinct border on T2 and FLAIR sequences
Mixed signal intensity on T1 and T2 sequences
Calcification present (best seen on CT)

Possibly elevated thallium-201 and !8FFDG uptake on
SPECT
Localization [50] Frontal > parietal/occipital

Growth pattern [18¢] Mixed or solid growth

Some features of classic OD; astrocytic features,
GFAP positive

Distinct borders on T2 and FLAIR sequences
Homogeneous on T1 and T2 sequences

Rare calcification

Temporal, diencephalon, infratentorial

Infiltrative growth

FLAIR—fluid-attenuated inversion recovery; GFAP—qglial fibrillary acidic protein; OD—oligodendroglioma; SPECT—single-photon emission

computed tomography.
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