Treatment of oligodendroglioma: An update
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Oligodendrogliomas are rare primary brain tumors.
Significant attention has recently been focused on these
interesting neoplasms because of their unique
chemosensitivity and the durability of some of these
responses. Surgery and radiation continue to play
important roles in the treatment of oliogoden-
drogliomas. Molecular genetic analyses have given new
insight into the allelic deletions that distinguish these
tumors and their progression from indolent to more
aggressive forms. In the future, molecular genetic analy-
sis may guide therapeutic decisions concerning patients
with oligodendroglioma and may help us learn more
about how to best treat other malignant brain neo-
plasms. Neuro-Oncology 1, 61-68, 1999 (Posted to
Neuro-Oncology [serial online], Doc. 98-10, January 19,
1999. URL <neuro-oncology.mc.duke.edu>)

ligodendrogliomas are much less prevalent than
Oastrocytomas, representing 4-5% of primary

brain tumors (Merk et al., 1985) and 4-15% of
primary glial tumors (Kallio, 1990; Soffietti et al.,
1994). They have been appreciated as a distinct neo-
plastic entity since the 1920s (Bailey and Bucy, 1929;
Bailey and Cushing, 1926; Bailey and Hiller, 1924).
While they have always been intriguing, because of
their unique neuropathologic and clinical features, they
were not treated differently than astrocytomas until the
past decade. Significant attention has now been focused
on oligodendrogliomas because of their unique
chemosensitivity (Cairncross and Macdonald, 1988)
and the link between drug response and allelic loss of

1p, the latter recognized only recently (Cairncross et
al., 1998).

Received 31 July 1998, accepted 1 October 1998.

'Address correspondence and reprint requests to Nina A. Paleologos,
MD, Division of Neurology, Evanston Hosptial, 2650 Ridge Avenue,
Evanston, IL 60201.

2Abbreviations used are as follows: CCNU, 1-(2-chloroethyl)-3-
cyclohexyl-1-nitrosourea; FLAIR, fluid attenuated inversion recovery;
PCV, procarbazine/CCNU [lomustine]/vincristine; RT, radiation therapy;
TTP, time to tumor progression.

Oligodendrogliomas typically have an indolent
course, yet the majority are incurable tumors from
which most patients will ultimately die. Median sur-
vival may be greater than 10 years in low-grade oligo-
dendrogliomas (Leighton et al., 1997), whereas patients
with anaplastic oligodendrogliomas have a median sur-
vival time after surgery of less than 5 years (Celli et al.,
1994; Gannett et al., 1994; Ludwig et al., 1986; Nijjar
etal., 1993; Shaw et al., 1992, 1994; Smith et al., 1983;
Wilkinson et al., 1987).

The median age at diagnosis is 40-50 years, with one-
quarter of patients being diagnosed after the age of 60
and very few before the age of 18 (Bullard et al., 1987;
Celli et al., 1994; Ludwig et al., 1986; Mork et al., 1985;
Shaw et al., 1992). There is a slight predominance of
occurrence of oligodendrogliomas in male patients.
Occasional familial clustering is seen (Kros et al., 1994a;
Roelvink et al., 1986; Roosen et al., 1984); however,
most occur sporadically without any clear pattern of
inheritance. If there are genetic risk factors for the devel-
opment of oligodendrogliomas, they are not yet obvious.

The majority of oligodendrogliomas and mixed
oligoastrocytomas are single lesions located in the cere-
bral hemispheres and typically involve the subcortical
white matter and overlying cortex (Celli et al., 1994;
Ludwig et al., 1986; Mork et al., 1985; Shaw et al.,
1992; Sun et al., 1988). While oligodendrogliomas may
eventually invade deep grey structures, only rarely are
they confined to these areas (Russell and Rubenstein,
1989). Occasionally, they occur in the cerebellum, brain-
stem, spinal cord, or optic nerve; however, these loca-
tions are most unusual (Fortuna et al., 1980; Garza-Mer-
cado et al., 1987; Nijjar et al., 1993; Pagni et al., 1991).
Intraventricular oligodendrogliomas have been reported
(Dolinskas and Simeone, 1987; Lee and Kelly, 1990).
However, many central neurocytomas were once mis-
taken for intraventricular oligodendrogliomas, the for-
mer distinguished by the presence of Homer-Wright
rosettes and synaptophysin expression (Russell and
Rubenstein, 1989; Yuen et al., 1992). At times, extension
of an intraparenchymal oligodendroglioma into the lep-
tomeninges is seen. Considering their extensive cortical
involvement, this is not surprising. Recently there were
two reports of oligodendroglioma confined solely to the
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leptomeninges without parenchymal brain or spinal cord
involvement (Chen et al., 1995; Rogers et al., 1995). Sys-
temic metastases are rarely seen, occurring usually in
patients with anaplastic tumors who have enjoyed longer
survival and who have been treated with intensive multi-
modality therapy (Macdonald et al., 1989). Dissemina-
tion at time of relapse, within and outside the nervous
system, may become more common in the future as local
therapies improve and patients live longer.

As with all brain tumors, the symptoms and signs are
related to tumor location and size and can be focal or
due to raised intracranial pressure. Seizures occur very
commonly as a presenting symptom in more than 50%
of patients and will occur at some time during the
course of the illness in up to 88% of patients (Ludwig
et al., 1986; Mork et al., 1985; Nijjar et al., 1993; Shaw
et al.,, 1992). While seizures occur in all supratentorial
brain tumors, their particularly high incidence in
patients with oligodendrogliomas is thought to be due
to the propensity of these tumors to involve the cerebral
cortex. The duration of time between onset of symp-
toms and diagnosis varies widely, from hours to years
(Mork et al., 1985; Nijjar et al., 1993; Shaw et al.,
1992), with delayed diagnosis becoming increasingly
uncommon as radiologic imaging studies have
improved and their availability has increased (Celli et
al., 1994; Lee and Tassel, 1989).

Neuroimaging

Neuroimaging studies are never specific but frequently
can suggest oligodendroglioma. Older studies found that
plain skull radiographs revealed calcification in about
one-half of the cases. CT typically demonstrates a well-
demarcated hypodense mass, often near the cortical sur-
face. Frequently, intratumoral calcification is seen and
occasionally subclinical or symptomatic hemorrhage is
detected (Lee and Tassel, 1989; Vonokakos et al., 1979).
Contrast enhancement, when seen, is typical of aggres-
sive or anaplastic tumors. MRI does not detect intratu-
moral calcification as effectively as CT, but in all other
respects is the neuroimaging modality of choice. The T1
images usually reveal a hypointense mass, and the T2
images disclose a hyperintense lesion that extends
beyond what is appreciated on most CT scans (Margain
et al.,, 1991). FLAIR” imaging may prove to be even
more effective in showing extent of disease. FLAIR
images usually reveal a hyperintense mass that is larger
than is seen on T2 images. As with CT, anaplastic or
aggressive oligodendrogliomas usually enhance follow-
ing intravenous gadolirium infusion (Fig. 1). Most
enhancing oligodendrogliomas do so in a patchy or
homogeneous fashion; ring-enhancing tumors are
uncommon and seldom respond to treatment (Cairn-
cross et al., 1998).

Histology

As discussed by Bigner et al. (1999) elsewhere in this vol-
ume, the histologic appearance of oligodendrogliomas is
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distinctive; moreover, in our experience, this unique
morphology, when textbook in nature, is highly predic-
tive of response to chemotherapy. On the other hand,
oligodendrogliomas with atypical morphology, mixed
histology, or a resemblance to small-cell glioblastomas
are much less likely to be chemosensitive. Accurate
histopathologic diagnosis is important. There is still
some controversy regarding histologic criteria for the
diagnosis and which grading system is best. Molecular
diagnosis, particularly if predictive of response or sur-
vival, will become an important adjunct to traditional
histopathologic diagnosis (Cairncross et al., 1998).

Treatment

The treatment of oligodendroglioma is evolving and
should depend on the circumstances of an individual
patient. Decisions are usually based on tumor location
and size, patient symptoms, extent of surgical resection
possible, degree of histologic anaplasia, and tumor
aggressiveness. In the future, molecular genetic analyses
may influence treatment selection. Currently, there is a
trend for less intense treatment for patients with tumors
behaving indolently and more intense therapy for
patients whose tumors are anaplastic, recurrent, or
aggressive. The principal therapies for oligoden-
drogliomas are surgery, radiotherapy, and chemo-
therapy. Increasingly, chemotherapy is replacing radia-
tion as the initial postoperative treatment because of a
better CNS toxicity profile. Radiation may be the more
potent tumor therapy, but it has significant brain toxic-
ity in some cases.

Surgery

Historically, surgical resection has been the mainstay of
treatment for oligodendroglioma and establishes the
histopathologic diagnosis. Resection has been found, in
several retrospective studies, to be a significant inde-
pendent prognostic factor for survival in patients with
pure oligodendroglioma and mixed oligoastrocytoma
(Celli et al., 1994; Lindegaard et al., 1987; Mork et al.,
1985; Shaw et al., 1992, 1994). In one retrospective
study, patients who underwent gross total resection had
a median survival time and 5- and 10-year survival
rates of 12.6 years and 74 and 59%, respectively, com-
pared with 4.9 years and 46 and 23%, respectively, for
patients who had subtotal resection (Shaw et al., 1992).
In another retrospective study of 105 evaluable
patients, only the subset with benign histology, seizures
as initial symptoms, and normal neurologic examina-
tion at diagnosis lived significantly longer after total
tumor resection compared with patients having subto-
tal resection or biopsy (Celli et al., 1994). For the entire
group, Celli et al. (1994) did not find extent of resection
to be a positive prognostic factor, but did observe that
surgery done in the era of modern neuro-imaging was a
positive prognostic factor.

Today, it is generally thought that the most extensive
surgical resection compatible with preserved neurologic
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Fig. 1: Anaplastic oligodendroglioma before and after one cycle of intensive procarbazine/CCNU [lomustinel/vincristine.

function should be performed. The level of risk to neu-
rologic function that is considered acceptable depends
on many factors. An important consideration is
whether the tumor is behaving indolently or aggres-
sively; admittedly, a distinction that can be difficult to
make. Cortical mapping in awake patients may facili-
tate more complete and safer surgical resection in
patients with tumors in or near eloquent areas of brain.
In patients with low-grade tumors located in non-elo-
quent areas, gross total resection alone may be the opti-
mal initial therapy; however, close monitoring of these
patients with serial scans is advised to detect early on
tumors that are behaving more aggressively than antic-
ipated, based on their initial clinical, radiologic, and
pathologic features. Some patients may then benefit
from reoperation (again depending on location of the

tumor and technical feasibility of resection with low
risk to neurologic function) followed by radiotherapy
or chemotherapy or both.

Radiation Therapy

The role of radiation therapy in the treatment of oligo-
dendrogliomas is not entirely clear. No prospective ran-
domized trials have been performed to assess the efficacy
of radiation therapy. Nevertheless, radiation therapy is
almost certainly effective, although there may be subsets
of patients for whom it may be more prudent to defer
treatment. In 1992, Shaw et al. reviewed the records of
81 patients and found no overall survival benefit in 63
patients with oligodendrogliomas who received postop-
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erative radiation. However, in the subset of patients who
had a subtotal resection, postoperative radiation
appeared to improve survival. Also noted was a dose-
response relationship to radiation with patients who
received in excess of 50 Gy, faring better than those who
received lower doses. In an earlier study by Lindegaard
et al. (1987), a dose-response effect was not seen,
although the median survival and 5-year survival were
better in patients receiving radiation (38 months, 36%)
compared with those having surgery alone (26.5
months, 27%). The 8-year survival rates were similar,
however, 17% of patients receiving radiation compared
with 14% receiving surgery alone, suggesting that there
was little effect on long-term survival. Additionally, in
the same study, radiation therapy did not seem to
improve prognosis for patients in whom the surgeon
considered the tumor to have been totally resected.
Mork et al. (1985) also showed the benefit of radiation
therapy, but also did not show a benefit in patients with
gross total resection. Most evidence from other retro-
spective studies also supports the use of postoperative
radiation, showing improved median survival times and
prolonged 5- and 10-year survival rates, although not in
all groups (Gannett et al., 1994; Merk et al., 1985;
Shimizu et al., 1993; Wallner et al., 1988). Several stud-
ies do not reflect these findings and show no beneficial
effect of radiation therapy (Bullard et al., 1987; Kros et
al., 1994b; Nijjar et al. 1993; Reedy et al. 1983).

Evaluating these studies to determine treatment deci-
sions is difficult because of their retrospective uncon-
trolled nature, small sample sizes, heterogeneous
patient populations, broad range of radiation dosages,
and wide range of years predating the modern neuro-
imaging era, among other factors. Contributing to the
role of radiation controversy is the unclear definition of
tumor pathology; nor is grade or degree of anaplasia
always clear or comparable between groups of patients
within the population reviewed as a whole or from
study to study.

In low-grade oligodendroglioma, as in low-grade
astrocytoma, the controversy seems more crucial. These
patients frequently have normal or near normal func-
tion, tumors with indolent natural courses, and tumors
that involve large areas of brain requiring large treat-
ment ports, perhaps exposing more normal brain to the
deleterious long-term effects of radiation. In an interest-
ing recent study, Celli et al. (1994) looked at survival
data related to the clinical syndrome rather than the
grade of tumor or the extent of resection, and observed
that postoperative radiation prolonged median survival
times and 5-year survival rates for many patients with
oligodendrogliomas, but not for the subset of patients
with indolent tumors. They did not define these patients
by grade or degree of anaplasia, but rather by behavior,
these patients having had seizures only and a normal
neurologic status. They considered separately low-grade
oligodendroglioma patients who had symptoms other
than seizures or who had intracranial hypertension.

Until a well-organized prospective randomized trial
is done, careful review of retrospective data and an
understanding of the limitations of these studies are
needed to treat patients optimally. The authors cur-
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rently recommend postoperative radiation therapy for
patients with anaplastic tumors and enlarging tumors,
but increasingly recommend neoadjuvant PCV chemo-
therapy for these patients. In patients with low-grade
neoplasms that have been completely or largely
resected, or who have relatively asymptomatic tumors
that are not growing, it seems prudent to defer both
chemotherapy and radiation, provided they are fol-
lowed closely with serial neuro-imaging studies. It is
unclear whether it is safe to defer radiation in patients
with anaplastic tumors that have had gross total resec-
tion and other treatment such as chemotherapy.

Chemotherapy

Through the 1970s and 1980s, phase II and phase III
chemotherapy trials for glioma included both astrocy-
tomas and oligodendrogliomas. Many did not actively
include oligodendrogliomas, nor were oligoden-
drogliomas specifically excluded. Because of their rela-
tively small numbers oligodendrogliomas were, for the
most part, lost in the crowd. It was not until relatively
recently that their unique and predictable response to
chemotherapy was first appreciated. In 1988, Cairn-
cross and Macdonald reported that recurrent anaplastic
oligodendroglioma  responded  predictably to
nitrosourea-based chemotherapy, especially PCV, a reg-
imen developed by Levin et al. (1980). They reported
eight consecutive patients with recurrent malignant
oligodendroglioma who were treated with chemo-
therapy; all of them responded to treatment (one com-
pletely and seven partially). All responses were durable,
lasting >30 to >78 weeks. Six of the eight patients were
treated with PCV, one with carmustine (BCNU) and
one with diaziquone (AZQ). Subsequently, Saarinen et
al. (1990) reported a complete response to thiotepa in a
pediatric patient with a malignant oligodendroglioma
that had recurred for a third time. Also in 1990, The
Central Nervous System Cancer Consortium conducted
a phase II study of intravenous melphalan for treatment
of recurrent anaplastic glioma and found that patients
with anaplastic oligodendrogliomas were more likely to
respond (55%) than were those with nonoligoden-
drogliomas (11%) (Brown et al., 1990).

Encouraged by successful chemotherapy for recur-
rent disease (Fig. 1), Macdonald et al. (1990) began
treating patients who had newly diagnosed aggressive
oligodendrogliomas by using chemotherapy before
radiotherapy and again observed responses. In this
small series, the term “aggressive” was used to describe
both anaplastic oligodendrogliomas and nonanaplastic
oligodendrogliomas that were symptomatic, enlarging,
and contrast-enhancing.

Anaplastic mixed oligodendrogliomas also appear to
be chemosensitive tumors. Glass et al. (1992) reported
complete or partial responses to PCV chemotherapy in
9 of 10 patients with mixed oligoastrocytoma treated
before irradiation, and 2 of 4 treated after irradiation
(no recurrence). Other reports appear to confirm this
finding (Kyritsis et al., 1993), but uncertainty regarding
the chemosensitivity of mixed gliomas has been
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Table 1. Standard and intensive PCV chemotherapy

Regimen

Dose and schedule

Frequency

Standard PCV
CCNU
Procarbazine
Vincristine

Intensive PCV
CCNU
Procarbazine
Vincristine

110 mg/m?, p.o., day 1

130 mg/m?, p.o., day 1

Every 8 weeks

60 mg - m? - day”, p.o., days 8-21
1.4 mg/m2 (maximum, 2.0 mg), i.v., days 8 and 29

Every 6 weeks

75mg - m? - day”, p.o., days 8-21
1.4 mg/m2 (no maximum), i.v., days 8 and 29

Abbreviations: CCNU, 1-(2-chloroethyl)-3-cyclohexyl-1-nitrosourea; PCV, procarbazine/CCNU [lomustine]/vincristine.

expressed by others. The lack of consistency in the diag-
nosis of mixed tumors leaves open the possibility that
responding oligodendrogliomas at one center might be
called “mixed tumors” at another. Likewise, non-
responding mixed tumors at one center might be called
“astrocytomas” at another. Molecular analysis may yet
clarify these issues. Genetically speaking, mixed
gliomas are of two types, those with 1p deletions and
those with p53 mutations (Maintz et al., 1997); the for-
mer are likely sensitive to PCV (Cairncross et al., 1998).

Reports on small numbers of patients from single
institutions may overestimate the effectiveness of new
or newly appreciated treatments. Consequently, the
National Cancer Institute of Canada conducted a mul-
ticenter phase II trial of intensive PCV for treatment of
new or recurrent pure anaplastic oligodendrogliomas
and observed a 75% response rate (38% complete)
(Cairncross et al.,, 1994). At the time the study was
reported, the median time to tumor progression (TTP)
had not been reached for patients with complete
response and was at least 25.2 months. TTP for partial
responders (38% of patients) was 14.2 months. An
update on that study 1 year later reported the TTP for
complete responders to be at least 36.1 months (Cairn-
cross and Eisenhauer, 1995). It is unknown whether the
intensive formulation of PCV is superior to the stan-
dard formulation (Table 1). Both formulations can be
given safely, although intensive PCV is certainly more
toxic (Cairncross et al., 1994; Mason et al., 1996).

Increasingly, newly diagnosed patients with anaplas-
tic and aggressive oligodendroglioma (as defined by
Macdonald et al., 1990) are being given PCV before
radiation therapy. In a retrospective analysis of newly
diagnosed patients treated with neoadjuvant (pre-radio-
therapy) PCV or intensive PCV, 75% of patients
responded. Twenty-five percent needed early RT due to
chemotherapy resistance or toxicity. Neoadjuvant
chemotherapy, deferring RT while prescribing four to
six cycles of PCV, seemed safe for many patients, espe-
cially those who were complete responders or who had
gross total resections (Paleologos et al., 1995). Whether
RT can be deferred indefinitely for those subsets
remains unclear. Deferring RT in those patients with
gross total resection is also supported by studies that
did not show a clear benefit of early postoperative RT
in that group of patients (Lindegaard et al., 1987; Mark
et al., 1985; Shaw et al., 1992).

To determine the value of adjuvant chemotherapy in
addition to radiation, the Radiation Therapy Oncology
Group is conducting a phase III randomized trial com-
paring PCV plus radiation versus radiation alone for
patients with newly diagnosed pure and mixed anaplas-
tic oligodendrogliomas. This trial has accrued in excess
of 160 patients (accrual goal, 292).

Little is known about what agents may be best used
as salvage therapy for tumor progression in patients pre-
viously treated with PCV or other chemotherapy. Peter-
son et al. (1996), reporting for the Oligodendroglioma
Tumor Study Group, observed responses to etoposide
plus cisplatin in 40% of patients who were initially
treated with PCV and then relapsed. In that report,
seven of eight patients who had been exposed to regi-
mens other than PCV responded to PCV at the time of
progression. In a few cases only, re-treating with PCV
after prior administration of PCV seemed ineffective.
Soffietti et al. (1995) treated with carboplatinum seven
patients who had progressed after initial PCV chemo-
therapy. One of those patients had a partial response
with clinical improvement lasting more than 6 months.

While most newly diagnosed patients respond to
PCV, with some responses being durable, most patients
are not cured. Because of this and because treatment is
limited by bone marrow reserves, a strategy for
improving treatment might include high-dose chemo-
therapy with autologous bone marrow or peripheral
stem cell reconstitution. Individual patients with com-
plete responses to this approach have been reported
(Kedar et al., 1994; Saarinen et al., 1990). To this end,
The Oligodendroglioma Tumor Study Group has initi-
ated phase II multicentered trials of high-dose chemo-
therapy followed by hematopoietic reconstitution for
patients with recurrent and newly diagnosed pure or
mixed anaplastic or aggressive oligodendroglioma.
Patients with recurrent tumors occasionally have
durable responses, but may experience significant tox-
icity, including profound anorexia and chronic
encephalopathy. Preliminary experience with newly
diagnosed patients in whom radiation is deferred
includes tolerance of high-dose thiotepa and some long
disease-free survival times with good neurologic func-
tion. The wasting/encephalopathy syndrome, observed
in some patients with recurrent anaplastic oligoden-
droglioma treated this way, has not been seen (Cairn-
cross et al., 1997).
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In addition to dose intensification protocols for
anaplastic and aggressive tumors, the use of PCV to treat
patients with lower grade, more indolent tumors is begin-
ning to be explored. Experience is limited however. In the
series reported by Glass et al. (1992), two patients with
oligodendroglioma were treated with PCV, one before and
one after irradiation. The one treated before radiotherapy
had stable disease after three cycles and the other, treated
after radiotherapy and one cycle of melphalan, had
rapidly progressive disease and died 8 months after PCV
initiation. Postmortem examination revealed that a small
portion of the tumor was a grade IV astrocytoma.
Whether either of these cases had contrast enhancement
on neuro-imaging studies is unclear. Paleologos et al.
(1994) reported on five patients with low-grade oligoden-
droglioma, all with nonenhancing masses on MRI, all
with grade I (one patient) or grade II (four patients) oligo-
dendroglioma confirmed by two independent neu-
ropathologists. Three of the five had partial responses.
One of these had a significant decrease in seizure fre-
quency, which was ascribed to the PCV. The other two
had stable disease. Mason et al. (1996) treated nine
patients. One patient was treated at time of recurrence
after radiotherapy and had what the authors referred to as
“prominent enhancement” on MRI. Eight patients were
treated at presentation or shortly thereafter. Two of those
patients had enhancement on MRI; the other six had his-
tologically confirmed low-grade oligodendroglioma and
no enhancement on MRI. Four of the eight patients
treated at time of presentation responded to PCV. Only
one of those is described as having significant enhance-
ment. Others have also noted responses in low-grade
oligodendrogliomas treated with PCV (Soffietti et al.,
1994). We have seen that the low-grade tumors respond
less dramatically and more slowly (over multiple cycles)
than do anaplastic or aggressive oligodendrogliomas.

While much has been done in the past decade, there
are many questions still unanswered regarding the best
treatment of patients with oligodendroglioma. Cur-

rently, PCV plays an important role, but we still do not
know whether there are better or less toxic regimens.
The long-term effects of PCV on patients is unknown.
Concern regarding the possibility of secondary malig-
nancies or other toxicity in the long-term survivor is
particularly warranted when considering treatment of
patients with low-grade oligodendroglioma who have
inherently longer survival times. Reduced bone marrow
reserves in these patients may also limit later treatment
options. A randomized prospective trial comparing
chemotherapy with radiation as initial treatment in
symptomatic patients would be needed to determine
which method is superior and associated with less tox-
icity. Studies that address these issues may be possible in
the future using intergroup trial mechanisms.

The appreciation that oligodendrogliomas respond to
chemotherapy, particularly PCV, has had a significant
impact on patient care and has been one of the more
interesting recent developments in neuro-oncology. The
recent discovery of a specific molecular diagnostic
marker associated with chemosensitivity will be another
important development in oligodendroglioma therapeu-
tics. The reason for their unique chemosensitivity is
unknown. Because oligodendrogliomas appear less per-
meable than astrocytomas, which are relatively
chemoresistant, better drug delivery does not appear to
be the explanation (Paleologos et al., 1992). Evidence
suggests that oligodendroglia may have impaired DNA
repair mechanisms, rendering them vulnerable to drugs
that alkylate DNA. Low levels of O-alkylguanine-DNA
alkyltransferase, a DNA repair enzyme, have been found
in oligodendroglial lineage cells in the rat (Nutt et al.,
1995) and some human oligodendroglial tumors
(Frosina et al., 1990; Nutt et al., 1995; Wiestler et al.,
1984). These speculations notwithstanding, our under-
standing of the biochemical basis of oligodendroglioma
chemosensitivity will likely await the cloning of genes on
1p and 19q, which give rise to this fascinating clinical,
morphologic, and treatment-sensitive glioma.
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