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ABSTRACT

Oligodendroglial tumors continue to receive much at-
tention because of their relative sensitivity to chemo-
therapy. The histological diagnosis of oligodendroglial
tumors is subject to considerable interobserver varia-
tion. The revised 2007 World Health Organization
classification of brain tumors no longer accepts the
diagnosis “mixed anaplastic oligoastrocytoma” if ne-
crosis is present; these tumors should be considered
glioblastomas (perhaps with oligodendroglial fea-
tures). The 1p/19q codeletion that is associated with
sensitivity to chemotherapy is mediated by an unbal-

anced translocation of 19p to 1q. Randomized studies
have shown that patients with 1p/19q codeleted tu-
mors also have a better outcome with radiotherapy.
Histologically more atypical tumors are less likely to
have this 1p/19q codeletion; here, other alterations
usually associated with astrocytic tumors are often
found. Some patients with tumors with classic histo-
logical features but no 1p/19q codeletion still have a
very favorable prognosis.

Currently, the best approach for newly diagnosed
anaplastic oligodendroglial tumors is unclear. Early ad-
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juvant chemotherapy does not provide a better outcome
than chemotherapy at the time of progression. The
value of combined chemoirradiation with temozolomide
has not been proven in these tumors, and could at least
theoretically be associated with greater neurotoxicity.
Tumors with 1p and 19q loss can also be managed with
early chemotherapy, while deferring radiotherapy to
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the time of further progression. The presently available
second-line chemotherapy results are modest, and bet-
ter salvage treatments are necessary. The molecular ex-
planation for the greater sensitivity of 1p/19q codeleted
tumors is still unclear, and this could, in part, be ex-
plained by more frequent MGMT promoter gene meth-
ylation. The Oncologist 2009;14:155-163

INTRODUCTION

Oligodendroglioma (OD) and mixed oligoastrocytoma
(OA) constitute 5%—-20% of all glial tumors. They are pre-
dominantly tumors of adulthood, with a peak incidence be-
tween the fourth and sixth decade of life; low-grade ODs
tend to arise in slightly younger patients. Until some 15
years ago, the diagnosis of OD was merely a pathological
entity, which changed with the recognition of the marked
sensitivity to procarbazine, lomustine, and vincristine
(PCV) chemotherapy of these tumors [1, 2]. A second de-
velopment was the identification of the combined loss of
the short arm of chromosome 1 (1p) and the long arm of
chromosome 19 (19q) as the typical genetic lesions of OD,
occurring in 60%—-90% of ODs [3—6]. This was followed by
the recognition that these 1p/19q codeleted tumors, in par-
ticular, have an excellent response to chemotherapy [4,
7-9]. Patients with ODs with the combined loss of 1p and
19q not only have a better response to chemotherapy, they
also have a more indolent clinical course and a longer last-
ing response to radiotherapy (RT). These observations have
led to the current tendency to consider 1p and 19q loss low-
grade OD and anaplastic oligodendroglioma (AOD) as a
separate biological entity, at least within clinical trials [8,
10]. New data at least question this assumption.

HISTOLOGY

The current World Health Organization (WHO) definition
of OD is “a well-differentiated, diffusely infiltrating tumor
of adults, typically located in the cerebral hemispheres and
composed predominantly of cells morphologically resem-
bling oligodendroglia” [11]. By definition, mixed OA tu-
mors have morphologic characteristics of both astrocytic
tumors and pure ODs. Recent European Organization for
Research and Treatment of Cancer (EORTC) and Radiation
Therapy Oncology Group (RTOG) trials used the presence
of 25% oligodendroglial elements as the arbitrary cutoff
point for the diagnosis of a mixed tumor. Since the results of
one study that noted that the outcome of patients with mixed
anaplastic oligoastrocytoma (AOA) with necrosis was sim-
ilar to that of glioblastoma patients were available, the re-
cent 2007 WHO classification of brain tumors no longer

accepts the diagnosis of mixed OA if necrosis is present [0,
12]. These tumors are now considered amongst the glio-
blastomas, perhaps with the addition of “with oligodendro-
glial features.” Whether or not there is any clinical
significance, however, to identifying such oligodendroglial
components in glioblastomas is unclear. Previous studies
have shown that these tumors do indeed have a molecular
pattern comparable with that of glioblastoma, with epider-
mal growth factor receptor gene (EGFR) amplification,
phosphatase and tensin homologue deleted on chromosome
10 gene (PTEN) mutations, and loss of chromosome 10, but
rarely combined 1p and 19q loss [13-15]. Of note, how-
ever, another large study did report somewhat better sur-
vival in patients with so-called grade 4 OAs (the diagnosis
of which required necrosis) than in glioblastoma patients
[16]. The median survival time in the AOA grade 4 group
was 15.6 months, compared with 10.9 months in the glio-
blastoma group.

In pure AOD, the impact of necrosis is unclear. Miller et
al. [6] did not find any impact of necrosis in pure AOD, nor
did a review analysis of the North American prospective
randomized study on oligodendroglial tumors [17]. In con-
trast, a similar European study found that both endothelial
proliferation and necrosis were related to survival in AOD
patients [18]. These subtle differences may be related to dif-
ferences in the rather subjective histological criteria. From
all studies, it is clear though that the outcome of AOD pa-
tients, even with necrosis, remains distinctly better than that
of glioblastoma patients, which is not the case for mixed
AOAs with necrosis.

RELIABILITY OF THE HISTOLOGICAL DIAGNOSIS

Several studies have shown that considerable interobserver
variation is present in the diagnosis of grade III tumors, in-
cluding oligodendroglial tumors. In one project, 114 sam-
ples from a large prospective European trial were reviewed
by nine independent pathologists [19]. The panel reached
consensus (six or more of the nine agreeing on the diagno-
sis) on the diagnosis of AOD in 52% of the tumors that had
been diagnosed as AOD by the local pathologists, whereas
only 8% of the local diagnoses of AOA were confirmed

Onicologist

6002 ‘2 Ydo£e |\ uo AQq woo 3s160]00uUOsY L MMM WO} papeo JuMoQ


http://theoncologist.alphamedpress.org

Bromberg, van den Bent

with consensus. The k coefficients of the individual panel-
ists for the 52 cases with a consensus diagnosis of AOD
were in the range of 0.46—0.72. A similar study on the
North American randomized study investigated the interob-
server variation in the diagnosis of “classical for oligoden-
droglioma* (CFO) (loosely defined as round regular nuclei,
monomorphic appearance, perinuclear haloes, etc.) among
experienced neuropathologists (Fig. 1) [17]. Tumor speci-
mens from 247 patients were available for this review. Al-
though the authors considered the outcome of the study
supportive of an approach to clinical trials on OD, in which
patients can only be included after central review, the inter-
observer agreement was only modest (k = 0.55), and one
reviewer did not identify 22% of the CFO cases identified
by consensus. In the above-mentioned study on CFO,
which used five independent reviewers, a consensus diag-
nosis (four of five neuropathologists agreeing) was ob-
tained in 83% of cases. In another series, a rather high
degree of agreement was reported [20]. Most likely, close
interaction among pathologists leads to a better diagnostic
agreement, although that holds an element of subjectivity
(e.g., within that specific group).

GENETICS: 1P/19Q CODELETION
AND TRANSLOCATION

It was recently demonstrated that the combined loss of 1p
and 19q is mediated by an unbalanced translocation of 19p
to 1q [21, 22]. Most likely, a centrosomal or pericentroso-
mal translocation of chromosomes 1 and 19 results in
two derivative chromosomes, der(1,19)(p10;q10) and
der(1,19)(q10;p10), after which the derivative chromosome
with the short arm of chromosome 1 and the long arm of
chromosome 19 is lost. A possible explanation for this
translocation is the strong homology of the centromeric re-
gions of chromosomes 1 and 19. For the analysis of 1p loss
in OD, it is important that the loss of the entire short arm of
chromosome 1 is assessed. Partial 1p deletions do occur in
glioblastoma, are not associated with 19q loss, and carry a
poor prognostic significance [23]. Because fluorescence in
situ hybridization probes used to assess 1p loss are often lo-
cated on 1p36.6, one needs to be aware that this will also
pick up loss of the tip of 1p. In tumors in which codeletion
of 1p and 19q is present, the codeletion is generally distrib-
uted throughout the tumor, even in areas with more astro-
cytic morphology [24]. Furthermore, the loss of 1p and 19q
is retained at the time of progression, regardless of morpho-
logical changes, suggesting that 1p/19q loss is an early ge-
netic event [15, 25].
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Figure

h fried egg ap-
pearance (which actually is an artificial fixation artifact).

HISTOMORPHOLOGY AND 1P/19Q CODELETION

A clear association exists between codeletion of 1p and 19q
and a classic histological appearance (perinuclear halo,
chicken-wire vascular pattern) [8, 17, 26]. The 1p/19q
codeletion is present in 61%—89% of AOD cases, but in
only 13%-20% of patients with AOA [6, 27]. Of note, Mc-
Donald et al. [27] confirmed the close association between
CFO and 1p/19q codeletion, with a higher likelihood of 1p
and 19q loss if more pathologists judged the tumor to be
CFO. In mixed OAs with predominant oligodendroglial
morphology, the percentage of tumors showing 1p and 19q
loss drops to 39%, emphasizing that even the presence of
minor astrocytic elements significantly reduces the chance
of finding 1p and 19q loss [15].

Still, some atypical ODs have 1p/19q codeletions and
some typical ODs do not show 1p and 19q loss. However,
the outcome of patients with non-1p/19q codeleted tumors
but with typical histological appearance was reported to be
equally favorable in a large prospective U.S. trial [17]. An-
other study reported loss of 1p and 19q to be related, in par-
ticular, to outcome in patients with tumors with classic
histologic features [27].

OTHER GENETIC ABERRATIONS

Compared with low-grade ODs, AODs usually have addi-
tional chromosomal deletions, in particular loss of het-
erozygosity for 9p and/or deletion of the CDKN2A gene
(p16) [15]. These occur in 33%—-50% of AODs and are as-
sociated with tumor progression. As a rule, other chromo-
somal abnormalities are found in low-grade and in high-
grade ODs with atypical morphological features. These are
typically associated with astrocytomas and are usually mu-
tually exclusive with 1p/19q codeletion (e.g., TP53 muta-
tions in low-grade tumors and EGFR amplification, 10q
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loss, and PTEN mutations in anaplastic tumors) [15, 28—
31]. Deletions on chromosome 10 have been reported in
19%-25% of anaplastic oligodendroglial tumors (AOTs)
[15, 32]. Amplification of the EGFR gene on chromosome
7p occurs in 20%-30% of AOTs, but reportedly never in
those with deletion of 1p and 19q, and correlates with a poor
prognosis [14, 15, 33, 34]. Similarly, molecular analysis of
the prospective EORTC study on AOTs observed more fre-
quent loss of chromosome 10 and amplification of the
EGFR gene in tumors diagnosed as mixed OAs with necro-
sis [18]. Again, these aberrations were inversely correlated
with the 1p/19q codeletion. This suggests that these tumors
are derived from different precursor cells. This hypothesis
is supported by the marked differences in outcome and
prognosis, with a superior outcome in the presence of 1p
and 19q loss, and with poor survival in AODs with the loss
of 10q and/or the amplification of EGFR [30]. The presence
of 10q loss or EGFR amplification in pure AODs is suffi-
ciently rare to suggest an alternate diagnosis (e.g., small cell
glioblastoma) [15]. AOAs do not appear to constitute a
fixed class of tumors, but rather a morphological continuum
between pure ODs and astrocytomas. Only in exceptional
cases do mixed tumors show genetically distinct clones of
tumor within histologically different areas [35].

In an intriguing study on 70 patients with grade II and I1I
oligodendroglial tumors, a number of prognostically unfa-
vorable genomic alterations were identified, in particular,
gain of 7p and 8q and loss of 9p, 10q, and 18q [36]. In the
anaplastic tumors, the presence of the 1p/19q codeletion
was a favorable prognostic factor, particularly if no other
unfavorable genomic aberrations had been identified. Sim-
ilarly, outcome was equally favorable in patients without
1p/19q codeletion and also without other unfavorable
genomic aberrations. However, if 1p and 19q loss was ac-
companied by unfavorable alterations, the prognosis was
poor. Others have reported that the prognostic impact of 1p
and 19q loss is mainly present in tumors with classic AOD
morphology, but not in oligodendroglial tumors with atyp-
ical features or in mixed AOAs [6, 27].

METHYL GUANINE METHYLTRANSFERASE GENE
(MGMT) AND ALKYLTRANSFERASE

No clear explanation is yet available for the favorable re-
sponse to chemotherapy of AOTs as compared with astro-
cytic tumors. Previous studies suggested that the nuclear
enzyme alkyltransferase, also known as methyl guanine
methyltransferase (MGMT), which mediates at least part of
the cell resistance to alkylating and methylating agents, is
less expressed in ODs and perhaps even more so in 1p/19q
codeleted tumors [37]. MGMT expression can be silenced
by MGMT promoter gene methylation, which was initially
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reported to occur in 47% of low-grade ODs without a cor-
relation with 1p/19q codeletion [38]. Other studies did,
however, find a correlation between 1p/19q codeletion and
MGMT promoter methylation, which was observed in up to
80%—-90% of 1p/19q codeleted tumors [39-41]. MGMT
promoter gene methylation occurs in up to 40%-50% of
glioblastomas; it is therefore unlikely that this event alone
accounts for the entire difference in sensitivity to chemo-
therapy between astrocytic tumors and oligodendroglial tu-
mors, or for the greater chemosensitivity in 1p/19q
codeleted tumors.

WhY ARE 1P/19Q CODELETED TUMORS MORE
SENSITIVE TO TREATMENT?

Why 1p/19q codeleted tumors are more sensitive to RT and
chemotherapy remains an unanswered question. There are a
number of possible explanations: loss of genes that mediate
resistance to treatment, the assumption that 1p and 19q
loss is an epiphenomenon that identifies a tumor that is
more sensitive to treatment (e.g., with less frequent other
unfavorable mutations/alterations), or an association be-
tween lp and 19q loss and other genetic events (e.g.,
MGMT promoter gene methylation). It is clear that ODs
with 1p and 19q loss have gene expression profiles that
differ from those of other gliomas [42]. The gene expres-
sion profile of 1p/19q codeleted ODs partially resembles
that of the normal brain (proneural expression pattern)
[43].

Several studies have shown that other specific epige-
netic aberrations are observed in 1p/19q codeleted tumors.
The maternally imprinted DIRAS3 tumor suppressor gene is
located on 1p31, the expression of which is significantly de-
creased because of methylation in ODs with 1p loss [44].
Biallelic DIRAS3 inactivation has been associated with sur-
vival. Similarly, the expression of the CITED4 gene on
1p34.2 seems decreased through hypermethylation [45].
Again, CITED4 hypermethylation has been associated with
longer survival. EMP3, located at 19q13.3, is another ex-
ample of a gene that is frequently hypermethylated in OD
and astrocytoma, but not in primary glioblastoma [46]. In
all these cases, one allele is silenced because of loss and the
other through hypermethylation. These findings support a
major role for epigenetic phenomena in the pathogenesis
of OD.

Is 1p/19Q CODELETION PREDICTIVE OF OUTCOME
TO CHEMOTHERAPY, OR PROGNOSTIC?

Initial studies observed that response and survival rates
were better in patients with OD with combined 1p and 19q
loss than in those without 1p and 19q loss. Several studies
have found the presence or absence of combined loss of 1p
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Table 1. Median survival time and 5-year overall survival rate according to combined 1p and 19q loss status in the EORTC
26951 and RTOG 9402 trials on (neo-)adjuvant PCV chemotherapy in anaplastic oligodendroglial tumors [47, 48]

Overall survival

Median, mos (95% CI)

5-Year, % (95% CI)

Chromosomal loss RT/PCV RT RT/PCV RT
Combined 1p and 19q loss
EORTC NR NR 74 (57-85) 75 (55-87)
RTOG NR NR (3.4-NR) 72 (54-83) 66 (50-78)
No combined 1p and 19q loss
EORTC 25.2 (18.9-42.6) 21.4 (17.6-30.0) 34 (24-43) 28 (19-36)
RTOG 2.7 (2.0-5.5) 2.8(1.9-4.4) 37 (24-50) 31 (19-45)

Oncology Group.

Abbreviations: CI, confidence interval; EORTC, European Organization for Research and Treatment of Cancer; NA, not
available; NR, not reported; PCV, procarbazine, lomustine, and vincristine; RT, radiotherapy; RTOG, Radiation Therapy

and 19q to be the most important prognostic factor for over-
all survival in AOTs [5, 47, 48]. The median survival dura-
tion was >6-7 years in the presence of the 1p/19q
codeletion, and 2-3 years in the absence of the codeletion.
For low-grade OD or OA, median survival time were 12—15
years for 1p/19q codeleted patients and 5-8 years for pa-
tients without the deletion [15, 21]. In all these studies, pa-
tients were treated with either chemotherapy or RT, and the
longer progression-free survival time in RT-only treated
patients suggests that the 1p/19q codeletion is more a prog-
nostic than a predictive factor [26, 48]. This view was cor-
roborated by studies that suggested that ODs have a more
indolent behavior, even prior to the initiation of treatment
[8, 10]. Indeed, a study measuring growth speed in low-
grade gliomas observed a slower growth rate in 1p/19q
codeleted ODs [49]. However, in a recent study of untreated
low-grade ODs and AOTs, on multivariate analysis, the
presence of 1p and 19q loss was found not to be prognostic
for progression-free survival [20]. The overall picture that
emerges from this is that 1p/19q codeleted tumors tend to
have slower growth rates and to be more responsive to treat-
ment than tumors without this codeletion. In that sense, the
1p/19q codeletion identifies a favorable prognostic sub-
group, although it also predicts outcome to treatment. How-
ever, it may not really help in deciding on chemotherapy
or not, because RT is also likely to give good treatment
results.

TREATMENT OF LOW-GRADE TUMORS

Following the favorable response of AOTs to chemother-
apy, chemotherapy as initial treatment, employing either
PCV or temozolomide, for patients with progressive low-
grade ODs has been investigated in a limited number of ret-
rospective or phase II studies. Radiological response rates,
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including the category minor response, of 30%—70% have
been reported with PCV or with temozolomide, with a me-
dian time to progression of 2-3 years [49-52]. Response
may be delayed—one series described a median time to
maximum response of 12 months—and clinical response
(e.g., better seizure control) is frequently more impressive
than radiological response. Response rates are higher and
time to progression is longer in 1p/19q codeleted tumors.
Whether first-line chemotherapy for low-grade OD is supe-
rior to RT is unknown; the results of a current EORTC
phase III study on this subject are awaited. In the meantime,
for patients requiring large RT portals for large tumors, up-
front treatment with PCV or temozolomide to avoid or de-
lay the risk for late cognitive defects is a reasonable
treatment option.

TREATMENT OF ANAPLASTIC TUMORS

Newly Diagnosed AOD and AOA: (Neo-)adjuvant
Chemotherapy Trials

Two prospective, randomized, controlled trials in AOTs
have shown that (neo)adjuvant PCV chemotherapy given in
addition to 60 Gy of RT does not result in a longer overall
survival time, although it does lead to a longer progression-
free survival time. The first of these trials, RTOG 94-02,
randomized patients to either four cycles of upfront inten-
sified PCV chemotherapy followed by RT to a dose of 60
Gy or RT only [47]. The second trial (EORTC 26951) ran-
domized patients to 60 Gy of RT followed by six cycles ad-
juvant PCV or to 60 Gy of RT only [48]. Table 1
summarizes the progression-free survival and overall sur-
vival results of these studies. In both trials, the majority of
patients randomized to the RT arm received PCV at pro-
gression, which most likely explains the longer progres-
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sion-free survival time without a longer overall survival
time. Because of this, these trials in fact investigated early
(adjuvant) versus delayed (at the time of progression) PCV
chemotherapy. Even in the 1p/19q loss subgroup analysis,
no overall survival benefit of early (i.e., adjuvant or neoad-
juvant) PCV could be demonstrated (Table 1). The conclu-
sion of both trials is that in AOD, early PCV given
sequentially with RT does not provide a superior outcome
to initial RT only followed by chemotherapy at the time of
recurrence.

In a rather complex recent German study, patients with
grade III tumors (anaplastic astrocytoma, AOA, AOD)
were randomized to either RT or chemotherapy; within the
chemotherapy arm, patients were further randomized be-
tween PCV and temozolomide [53]. The trial design in-
cluded crossover to the other treatment (chemotherapy or
RT) at the time of progression. Neither the initial random-
ization (RT or chemotherapy) nor the type of chemotherapy
regimen impacted survival. In the first analysis of the study,
MGMT methylation status appeared to be a more important
prognostic factor than 1p/19q status.

Chemoirradiation with Temozolomide?

The current clinical question is whether combined chemoir-
radiation with temozolomide should also be used for AOTs.
The negative outcome of the adjuvant PCV trials is in con-
trast to the observed survival benefit in glioblastoma pa-
tients of combined chemoirradiation with temozolomide,
especially in tumors with a methylated MGMT promoter
gene [54, 55]. A particular consideration here is that pa-
tients with anaplastic tumors with combined 1p and 19q
loss have a median survival duration >6-7 years. Hence,
the late neurotoxicity of a combined radiochemotherapy ap-
proach is potentially an issue. This is clearly less so for tu-
mors without 1p and 19q loss, but here the benefit of the
combined regimen is also unproven. Current studies are in-
vestigating the role of combined chemoirradiation in
AODs, including other grade III tumors, with separate trials
for tumors with and without combined 1p and 19q loss.

Upfront Chemotherapy in Newly Diagnosed AOT
The chemosensitivity of OTs has made upfront chemother-
apy strategies (with or without subsequent RT) increasingly
popular. The major rationale for upfront chemotherapy is
the wish to defer RT. A few medium-sized and uncontrolled
studies are available, in particular, employing temozolo-
mide. One showed, in a young population (median age, 42
years) with 81% of patients having a Karnofsky Perfor-
mance Status score of 90/100, a median progression-free
survival time of 27 months with a 1-week-on/1-week-off
dose-dense temozolomide regimen [56]. A small trial on

Biology and Treatment of Oligodendroglioma

upfront temozolomide chemotherapy showed a very short
time to progression (8 months) in patients without 1p loss,
in contrast to all seven patients with 1p loss who were still
free from progression at 24 months [57]. In a prospective
phase II study carried out by the RTOG, 39 eligible patients
were neoadjuvantly treated with 6 months of 1-week-on/1-
week-off 150 mg/m? temozolomide, followed by concur-
rent chemoirradiation with temozolomide [58]. In 32% of
patients, an objective response was observed; 10% of pa-
tients progressed during neoadjuvant temozolomide. In 28
patients, the 1p/19q status could be assessed; all 17 patients
with the 1p/19q codeletion were free from progression at 6
months. No less than 16 of the 20 patients tested had MGMT
promoter methylation, all were free from progression at 6
months. Thirteen of the 16 patients with MGMT promoter
methylation also had 1p/19q codeletion. The overall sur-
vival rate at 30 months was 81%; the 1p/19q codeletion was
related to survival. The obvious difficulty in the interpreta-
tion of this trial is the short follow-up and absence of control
patients, limiting conclusions beyond the well-established
superior outcome for patients with 1p/19q codeleted AOTs
with upfront temozolomide.

In a phase II trial in 69 patients with newly diagnosed
anaplastic or aggressive OD, the intensive PCV regimen
was followed by high-dose thiotepa with autologous stem
cell rescue, without RT. The median progression-free sur-
vival time in the 39 patients who received the autologous
stem cell procedure was 78 months, and the median overall
survival time had not been reached. Eighteen patients
(46%) had relapsed [59]. In view of the patient selection
and the absence of a control arm, final conclusions on the
meaning of these results are impossible to draw; many pa-
tients with AOTs have similar survival times without such
intensive treatments. The trial showed, though, that a longer
progression-free survival time without initial RT is possi-
ble. The German NOA4 trial showed that patients treated
with chemotherapy first had a similar survival benefit to
patients managed with RT first [53]. That trial, which
basically studied sequential treatment (RT first or chemo-
therapy first), demonstrated that whatever sequence is fol-
lowed, the results are comparable. The choice for
chemotherapy or RT may well come down to deciding be-
tween side effects: local side effects of a short series of RT
or systemic side effects of (expensive) chemotherapy of
1-year duration.

Second-Line Chemotherapy in Recurrent AOTs

Second-line PCV after failure with temozolomide induced
a response in only 17% of patients, but 50% were still free
from progression at 6 months and 21% were still free from
progression at 12 months [60]. Similarly, 25% of patients
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had an objective response to temozolomide after PCV and
29% and 11% of patients were free from progression after 6
and 12 months, respectively [61]. Occasionally, patients
that do not respond to one regimen are responsive to the
other. However, in general, response rates to second-line
chemotherapy are modest, even in 1p/19q codeleted tumors
(and regardless of the sequence chosen—temozolomide
first or PCV first). Still, very few other agents have been
systematically evaluated in AOTs. One trial found PCV
chemotherapy followed by an autologous bone marrow
transplantation after a myeloablative procedure with mel-
phalan to be too toxic, without clearly producing superior
results [62]. Response to carboplatin monotherapy was
similar to that of temozolomide, with 13% of patients re-
sponding and with 35% and 9% 6- and 12-month progres-
sion-free survival times, respectively [63]. These results
were obtained, however, at the cost of considerable myelo-
toxicity. In a study of CPT-11 on 22 patients with 1p/19q
codeleted AODs, the response rate was 23% and the 6- and
12-month progression-free survival times were 33% and
4.5%, respectively [64]. Despite the upregulation of plate-
let-derived growth factor (PDGF) signaling pathways in
most ODs, the PDGF receptor tyrosine kinase inhibitor
imatinib did not show any activity in recurrent OD or AOD/
AOA [65]. Clearly, for a further improvement in outcome
after failing first-line chemotherapy and RT, other ap-
proaches need to be developed.

CONCLUSIONS

The histological diagnosis of OD is still hampered by sig-
nificant interobserver variation. The clear correlation be-
tween classic histology and 1p/19q codeletion has led some
to use this codeletion as a marker for OD, and it has even
been suggested to build this into the diagnosis. However, it
is becoming increasingly questionable whether this nice
and simple conclusion is justified. Several studies have now
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observed that patients with tumors with classic oligoden-
droglial morphology, even without 1p/19q codeletions,
have a better prognosis than those with astrocytic tumors
[17, 36, 53]. This argues in favor of the use of more strict
morphological criteria for oligodendroglial tumors, al-
though even in the hands of experts up to 20% of CFO cases
may not be agreed upon [17]. The recently modified WHO
classification considers necrosis to no longer be compatible
with the diagnosis of mixed AOA, which should thus be
considered glioblastoma (with some oligodendroglial fea-
tures).

The basic molecular characteristic of 1p/19q codeletion
and the explanation for the sensitivity of these tumors to RT
and chemotherapy is still unresolved. It is also unclear
whether that sensitivity is to be expected in tumors with
classic morphology in the absence of the 1p/19q codeletion.
Despite the recent data suggesting a favorable subset of
these tumors, the initial studies suggested that 1p/19q status
was better correlated with response to chemotherapy than
with morphology [7, 8].

For today’s patients, sequential treatment with RT and
chemotherapy, depending on the expected side effects and
treatment efficacy, seems to be the optimal approach, with
currently no solid data available to help in making the
choice between initial RT and initial chemotherapy [53].
The value of concurrent chemoirradiation with temozolo-
mide in these tumors has not been established, nor has it
been established whether or not this treatment will induce
long-term side effects in patients with an expected long sur-
vival time.
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