
Phase III Trial of Chemoradiotherapy for Anaplastic
Oligodendroglioma: Long-Term Results of RTOG 9402
Gregory Cairncross, Meihua Wang, Edward Shaw, Robert Jenkins, David Brachman, Jan Buckner, Karen Fink,
Luis Souhami, Normand Laperriere, Walter Curran, and Minesh Mehta

See accompanying editorial on page 299 and article on page 344

Gregory Cairncross, University of Calgary,
Calgary, Alberta; Luis Souhami, McGill
University, Montreal, Quebec; Normand
Laperriere, University of Toronto, Toronto,
Ontario, Canada; Meihua Wang, Radiation
Therapy Oncology Group, American
College of Radiology, Philadelphia, PA;
Edward Shaw, Wake Forest University,
Winston-Salem, NC; Robert Jenkins and
Jan Buckner, Mayo Clinic, Rochester, MN;
David Brachman, Arizona Oncology
Services Foundation, Phoenix, AZ; Karen
Fink, Baylor University Medical Center,
Dallas, TX; Walter Curran, Emory Univer-
sity, Atlanta, GA; and Minesh Mehta,
Northwestern University, Chicago, IL.

Published online ahead of print at
www.jco.org on October 15, 2012.

Written on behalf of the Radiation Therapy
Oncology Group, North Central Cancer
Treatment Group, Southwest Oncology
Group, National Cancer Institute of Canada
Clinical Trials Group, and Eastern Coopera-
tive Oncology Group.

The contents of this article are the sole
responsibility of the authors and do not
necessarily represent the views of the
National Cancer Institute or Canadian
Cancer Society.

Authors’ disclosures of potential conflicts
of interest and author contributions are
found at the end of this article.

Clinical trial information: NCT00002569.

Corresponding author: J. Gregory
Cairncross, MD, Department of Clinical
Neurosciences, Foothills Medical Centre,
1403 29th St NW, Calgary, Alberta, Canada
T2N 2T9; e-mail: jgcairnx@ucalgary.ca.

© 2012 by American Society of Clinical
Oncology

0732-183X/13/3103-337/$20.00

DOI: 10.1200/JCO.2012.43.2674

A B S T R A C T

Purpose
Anaplastic oligodendrogliomas, pure (AO) and mixed (anaplastic oligoastrocytoma [AOA]), are
chemosensitive, especially if codeleted for 1p/19q, but whether patients live longer after
chemoradiotherapy is unknown.

Patients and Methods
Eligible patients with AO/AOA were randomly assigned to procarbazine, lomustine, and vincristine
(PCV) plus radiotherapy (RT) versus RT alone. The primary end point was overall survival (OS).

Results
Two hundred ninety-one eligible patients were randomly assigned: 148 to PCV plus RT and 143 to
RT. For the entire cohort, there was no difference in median survival by treatment (4.6 years for
PCV plus RT v 4.7 years for RT; hazard ratio [HR] � 0.79; 95% CI, 0.60 to 1.04; P � .1). Patients
with codeleted tumors lived longer than those with noncodeleted tumors (PCV plus RT: 14.7 v 2.6
years, HR � 0.36, 95% CI, 0.23 to 0.57, P � .001; RT: 7.3 v 2.7 years, HR � 0.40, 95% CI, 0.27
to 0.60, P � .001), and the median survival of those with codeleted tumors treated with PCV plus
RT was twice that of patients receiving RT (14.7 v 7.3 years; HR � 0.59; 95% CI, 0.37 to 0.95;
P � .03). For those with noncodeleted tumors, there was no difference in median survival by
treatment arm (2.6 v 2.7 years; HR � 0.85; 95% CI, 0.58 to 1.23; P � .39). In Cox models that
included codeletion status, the adjusted OS for all patients was prolonged by PCV plus RT
(HR � 0.67; 95% CI, 0.50 to 0.91; P � .01).

Conclusion
For the subset of patients with 1p/19q codeleted AO/AOA, PCV plus RT may be an especially
effective treatment, although this observation was derived from an unplanned analysis.

J Clin Oncol 31:337-343. © 2012 by American Society of Clinical Oncology

INTRODUCTION

Anaplastic oligodendroglioma (AO) is an uncom-
mon brain cancer with distinctive histopathology;
when copopulated with neoplastic astrocytes, a
diagnosis of anaplastic oligoastrocytoma (AOA)
is rendered.1 In addition to microscopic similarities,
AO/AOA have a common molecular ancestry:
Both harbor mutations of isocitrate dehydroge-
nase (IDH) and display the hypermethylation
phenotype,2-4 which in AO is accompanied by fre-
quent whole-arm losses of chromosomes 1p and
19q and mutations CIC, and in AOA, by mutations
of TP53.5-8 Standard treatment for AO/AOA is sur-
gical resection followed by radiotherapy (RT).9 With
treatment, survival times are much longer for AO/
AOA than for glioblastoma (GBM), a related can-
cer.9 Another distinction between AO/AOA and

GBM is the role of chemotherapy in their initial
management. For GBM, there is strong evidence of
benefit from temozolomide chemotherapy given
during and after RT.10 Currently, there is no such
evidence for AO/AOA despite the widespread use of
chemotherapy to treat these cancers.

Interest in chemotherapy for AO/AOA sur-
faced 25 years ago when responses to procarba-
zine, lomustine, and vincristine (PCV) were
reported in small series of patients with recurrent
tumors,11,12 which subsequently were confirmed
in prospective trials13,14 and when reports describ-
ing the feasibility of pre-RT PCV surfaced.15,16 These
findings led to randomized trials designed to clarify
the role of PCV chemotherapy in AO/AOA. In this
study by the Radiation Therapy Oncology Group
(RTOG), an intensive PCV regimen was given be-
fore RT. In the European Organization for Research
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and Treatment of Cancer (EORTC) trial, standard-dose PCV was
used after RT. Both began before the genetic features of AO/AOA were
known, but nevertheless, tissues were collected for molecular studies.
Soon thereafter, frequent 1p/19q codeletion was observed in oligo-
dendrogliomas,5 and later, its potential prognostic and predictive util-
ity was first described.17,18

Early results from RTOG 9402 and EORTC 26951 showed that
progression-free survival (PFS) was prolonged by adding PCV to RT
and that patients with codeleted tumors lived longer.19,20 In RTOG
9402, the progression-free survival benefit was only seen in the code-
leted subset. Early results from 9402 did not identify a survival benefit
after PCV plus RT in either codeleted or noncodeleted cases.19 Here
we report the results of 9402 after long follow-up.

PATIENTS AND METHODS

Eligibility Criteria

Patients � 18 years of age with AO or AOA were eligible. The criteria for
anaplasia and mixed histology are described elsewhere.19 Diagnoses were
confirmed by central review before randomization. Other criteria were post-
operative Karnofsky performance status (KPS) � 60 and adequate marrow
and other organ function. Patients with other serious illnesses and pregnant
patients were ineligible. All centers (n � 76) had institutional review board
approval, and all patients consented.

Study Design and Treatment

Patients were stratified by age less than 50 versus � 50 years, KPS 60 to 70
versus � 80, and moderately anaplastic versus highly anaplastic19 then ran-
domly assigned within 8 weeks to intensive PCV followed by immediate
involved-field RT (experimental arm) or RT alone (control arm) in a per-
muted block design. Patients started treatment within 1 week of randomiza-
tion. In the PCV arm, four cycles were given every 6 weeks before RT, as
follows: lomustine 130 mg/m2 orally on day 1; procarbazine 75 mg/m2 orally
daily, days 8 through 21; and vincristine 1.4 mg/m2 intravenously on days 8
and 29.19 There was no 2-mg limit on vincristine. Compliance was assessed by
case reviews.

RT was prescribed as follows: 59.4 Gy in 33 fractions (1.8 Gy each), 5 days
a week. Patients randomly assigned to PCV plus RT began RT within 6 weeks
of the last chemotherapy dose. Megavoltage irradiation (� 4 MV) was used.
RT was planned with gadolinium-enhanced magnetic resonance imaging
(MRI) obtained within 2 weeks of randomization. The initial field was the
T2-weighted abnormality plus a 2-cm margin (50.4 Gy in 28 fractions). The
boost field was the enhanced T1-weighted abnormality plus a 1-cm margin (9
Gy in five fractions). After complete resection, the surgical cavity and T2
change with a 2-cm margin received 50.4 Gy; the cavity with a 1-cm margin got
the boost. Quality assurance was gauged by case reviews.

The primary end point was overall survival (OS). PFS, toxicities, cogni-
tion, and quality of life were also compared. Anticonvulsants, antiemetics, and
corticosteroids were prescribed as needed for symptom control. The status of
chromosomes 1p and 19q was assessed by fluorescence in situ hybridization.18

Surveillance and Follow-Up

Baseline evaluations included blood counts, pulmonary and biochemis-
try screening, MRI or computed tomography (CT), neurologic assessment,
and mini-mental status examination (MMSE).19,21 Quality of life (QOL) was
also measured.22 During PCV, counts were checked weekly, and chemistries
were checked before each cycle. During RT, patients were reviewed weekly.
Follow-up MRI or CT scans were performed before each cycle and 4 to 6 weeks
after RT; thereafter, scans were done at increasing intervals, and after 5 years,
annually, or as needed. Assessments, MMSE, and QOL evaluations were
scheduled similarly. Progression was defined using standard criteria.23 At
progression, PCV was recommended for those randomly assigned to RT.19

Toxicity was graded using the National Cancer Institute Common Toxicity

Criteria (version 1). For RT, RTOG acute morbidity criteria and RTOG/
EORTC late morbidity criteria were used.

Statistical Methods

The study was designed to enroll 146 patients per arm, giving 80% power
to detect a 50% increase in median OS from 3.8 years with RT to 5.7 years with
PCV plus RT (hazard ratio [HR] for death, 0.67) with a type I error rate of 0.05.
Survival was analyzed by the Kaplan-Meier method with two-sided log-rank
statistics. OS was the time from randomization to death from any cause,
and PFS was the time from randomization to progression or death. Anal-
yses were performed on case-eligible (n � 291) and all-case (n � 299) bases
with similar results. Only case-eligible results are presented. Cox propor-
tional hazards models were fitted to adjust for stratification factors and
confounding clinical and chromosomal variables. Likelihood ratio tests
were performed to determine the increase in predictive ability of a given
model after inclusion of chromosomal status and its interaction with
treatment. �2 tests were used to compare patient characteristics by treat-
ment and chromosomal deletion status. All P values are two-tailed and
have not been adjusted for multiple comparisons.

RESULTS

Patient Characteristics

From 1994 to 2002, 291 eligible patients were randomized to
PCV plus RT (n � 148) or RT (n � 143; Fig 1). Eight randomly
assigned cases were ineligible: In the PCV plus RT arm, ineligibility
was due to pregnancy (n � 1), missing KPS (n � 1), absent planning
MRI (n � 1), and wrong diagnosis (n � 1). In the RT arm, no
pathology review (n � 2) and wrong diagnosis (n � 2) were the
reasons. Sixty-nine percent of patients were younger than 50 years,
88% had a resection, 90% had a KPS � 80%, and 52% had an AO.
Arms were balanced for clinical features, AO versus AOA, degree of
anaplasia, and corticosteroid use (Table 1). The median duration of
follow-up was 11.3 years (range, 0.5 to 16.8 years). The status of 1p or
19q could be ascertained in 91% of cases. (In 2006, at the time of initial
reporting of 9402, 1p/19q data was available on only 70% of eligible
cases because of insufficient tumor tissue, technical difficulties, or
other reasons.19 In the intervening years, a concerted effort was made
to retest and retrieve missing tissues.)

Protocol Compliance

PCV was administered per protocol or acceptably in 95% of
patients; the percentage receiving four, three, two, one, and no cycles
was 54%, 22%, 9%, 12%, and 2%, respectively.19 PCV was stopped for
progression or death in 17%, toxicity in 20%, and other reasons in
15%. RT was given per protocol or acceptably in 76% of PCV cases
and 82% of controls; unacceptable variations occurred in 6% and 8%.
RT was halted because of progression, death, or other reasons in 10%
of PCV cases and 5% of controls. Lost to follow-up rates were 3% at 3
years and 10% at 10 years.

Survival by Treatment

As of December 2011, 209 patients had died (72%). For the entire
cohort, long-term follow-up revealed that PCV plus RT did not pro-
long the median survival time, which was 4.6 years after PCV plus RT
versus 4.7 years after RT (Fig 2). The HR for death after PCV plus RT
versus RT was 0.79 (95% CI, 0.60 to 1.04); log-rank P � .1. Baseline
clinical features and treatment were evaluated in Cox proportional
hazards models of OS. In stepwise multivariate analyses that consid-
ered age at diagnosis, sex, corticosteroid use, number of lesions, neu-
rologic function, type of surgery, KPS, AO versus AOA, degree of
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anaplasia, treatment arm, and codeletion status, OS was prolonged by
PCV plus RT (HR � 0.67; 95% CI, 0.50 to 0.91; P � .01; Appendix
Table A1, online only). The likelihood ratio test for the interaction of
treatment with codeletion status was not statistically significant, how-
ever. As previously reported and confirmed here, PCV plus RT pro-
longed PFS (Appendix Figs 1 through 5, online only).

Deletion Status and Survival

Data on 1p/19q status are summarized in Table 1. Loss of 1p was
detected in 142 (54%) of 262 informative cases: 66 (49%) of 134 in the
PCV plus RT group and 76 (59%) of 128 in the RT group. Loss of 19q
was found in 167 (63%) of 264 informative cases: 85 (63%) of 135 in
the PCV plus RT arm and 82 (64%) of 129 in the RT arm. Codeletion
of 1p/19q was detected in 126 (48%) of 263 informative cases: 59
(44%) of 135 in the PCV plus RT arm and 67 (52%) of 128 in the RT
arm. Codeletion was more frequent in AO than AOA (76% v 24%,
P � .001) and in those not being treated with corticosteroids (49% v
34%, P � .01). Codeletion status was unknown in 28 cases (10%).
Patients with codeleted tumors lived much longer than all others
(PCV plus RT: 14.7 v 2.6 years, HR � 0.36, 95% CI, 0.23, 0.57,
P � .001, Fig 3; RT: 7.3 v 2.7 years, HR � 0.40, 95% CI, 0.27 to 0.60,
P � .001, Fig 4), and their PFS was also longer (PCV plus RT: 8.4 v 1.2
years, HR � 0.38, 95% CI, 0.25 to 0.58, P � .001; RT: 2.9 v 1.0 years,
HR � 0.50, 95% CI, 0.35 to 0.73, P � .001). In data not shown, IDH
status, an important prognostic factor,2 was balanced between
the arms.

Treatment and Deletion Status

Fifty-nine patients with codeleted tumors were randomly as-
signed to PCV plus RT, and 67 were randomly assigned to RT. Long-

term follow-up revealed that OS and PFS were longer after combined
therapy. The median survival was 14.7 years in the PCV plus RT arm
versus 7.3 years after RT (HR � 0.59; 95% CI, 0.37 to 0.95; P � .03; Fig
5). The median PFS was 8.4 years after PCV plus RT versus 2.9 years
after RT alone (HR � 0.47; 95% CI, 0.30 to 0.72; P � .001). For
patients with noncodeleted tumors, there were no median survival
differences. Their median survival was 2.6 years after PCV plus RT
versus 2.7 years after RT (HR � 0.85; 95% CI, 0.58 to 1.23; P � .39; Fig
6); their PFS was 1.2 years after PCV plus RT versus 1.0 year after RT
(HR � 0.81; 95% CI, 0.56 to 1.16; P � .24).

Clinical features and therapy were evaluated in Cox models of
OS. For patients with codeleted tumors, PCV plus RT was significant
in a model that considered corticosteroid use, number of lesions, type
of surgery, and neurologic function (P � .1 in the univariate analysis)
with treatment (adjusted HR � 0.51; 95% CI, 0.31 to 0.83; P � .007).
For patients with noncodeleted tumors, treatment was not statistically
significant in the Cox model.

Safety

Patients who were randomly assigned to PCV plus RT had more
acute toxicities; the most frequent and serious toxicities were myelo-
suppression, cognitive or mood change, peripheral or autonomic neu-
ropathy, vomiting, hepatic dysfunction, and allergic rash.19 Two early
deaths were attributable to PCV-induced neutropenia. Serious imme-
diate toxicities related to RT were uncommon, as were serious late
toxicities. No instances of leukemia, severe dementia, or radionecrosis
have been reported in either treatment arm. Both groups had similar
MMSE and QOL scores until the last year of life, when scores declined
equally rapidly.24

Assessed for eligibility
(n = 299)

Patients randomly assigned
(n = 291)

Allocated to PCV + RT (n = 148)
  Received allocated intervention (n = 148)
  Did not receive allocated intervention (n = 0)

Allocated to RT alone (n = 143)
  Received allocated intervention (n = 140)
  Did not receive allocated intervention (n = 3)

)1=n(noissergorP
)2=n(rehtO

)841=n(dezylanA
Excluded from analysis (n = 0)

)341=n(dezylanA
Excluded from analysis (n = 0)

)8=n(dedulcxE
  Ineligible histology (n = 3)
  Central pathology not documented (n = 2)

)3=n(snosaerrehtO

)0=n(pu-wollofottsoL
  Discontinued intervention (n = 79)

)8=n(htaeD
)12=n(noissergorP
)92=n(yticixoT
)21=n(lasufeR
)9=n(rehtO

)0=n(pu-wollofottsoL
  Discontinued intervention (n = 7)

)3=n(htaeD
)3=n(noissergorP
)1=n(lasufeR

Fig 1. CONSORT diagram. PCV, pro-
carbazine, lomustine, and vincristine;
RT, radiotherapy.
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Treatment at Progression

Different treatments were prescribed at progression, including
surgery, reirradiation, PCV, temozolomide, and investigational ther-
apies. Surgery rates were similar between the treatment arms, 43%
after PCV plus RT versus 56% after RT. However, rates of use of
salvage chemotherapy were different: 41% after PCV plus RT versus
79% after RT (P � .001). In the codeleted subset, reoperative rates
were again similar, 43% after PCV plus RT versus 54% after RT, but
rates of chemotherapy were different, 57% after PCV plus RT versus
81% after RT (P � .04). Despite more intense therapy at progression,
1p/19q codeleted cases had inferior survival after RT alone.

Table 1. Clinical and Molecular Characteristics

Characteristic

PCV/RT
(n � 148) RT (n � 143)

No. % No. %

Age, years
Median 43 43
Range 18-75 19-76

Age, years�

� 50 102 69 99 69
� 50 46 31 44 31

Sex
Male 90 61 84 59
Female 58 39 59 41

Neurologic function
No symptoms 47 32 47 33
Minor symptoms 73 49 69 48
Moderate (active) 17 12 12 8
Moderate (inactive) 11 7 14 10
Unknown 0 0 1 1

KPS�

60-70 15 10 15 10
80-100 133 90 128 90

Surgery
Total resection 40 27 53 37
Partial procedure 85 57 75 52
Biopsy only 21 14 14 10
No details 2 1 1 1

Tumor type
AO 77 52 73 51
AOA (oligodendroglioma dominant) 28 19 37 26
AOA (neither element dominant) 24 16 15 11
AOA (astrocytoma dominant) 19 13 18 13

Tumor grade�

Moderately anaplastic 80 54 81 57
Highly anaplastic 68 46 62 43

Multifocal tumor
Yes 15 10 10 7
No 132 89 131 92
Unknown 1 1 2 1

Corticosteroids at baseline
Yes 92 62 79 55
No 56 38 64 45

Chromosome 1p†
Known 134 128
1p deleted 66 49 76 59
1p intact 68 51 52 41
Unknown 14 15

Chromosome 19q†
Known 135 129
19q deleted 85 63 82 64
19q intact 50 37 47 36
Unknown 13 14

Chromosomes 1p & 19q†
Known 135 128
Both deleted 59 44 67 52
One or neither deleted 76 56 61 48
Unknown 13 15

Abbreviations: AO, anaplastic oligodendroglioma; AOA, anaplastic oligoastro-
cytoma; KPS, Karnofsky performance status; PCV, procarbazine, lomustine,
and vincristine; RT, radiotherapy.

�Stratification factors at randomization.
†No. and % of known.
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HR, 0.79 (95% CI, 0.60 to 1.04)
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No. at risk
PCV + RT 148 103 75 61 50 42 26
RT 143 104 77 57 36 20 16

 Dead Total
PCV + RT   96 148
RT 113 143

Fig 2. Kaplan-Meier estimates of overall survival by treatment group. The hazard
ratio (HR) for survival of patients treated with procarbazine, lomustine, and
vincristine (PCV) plus radiotherapy (RT) compared with RT alone was 0.79 (95%
CI, 0.60 to 1.04; P � .1).
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No. at risk
1p/19q codeleted 59 53 43 37 32 27 18
One or neither 76 41 28 22 17 14 7

P < .001
HR, 0.36 (95% CI, 0.23 to 0.57)

 Dead Total
1p/19q codeleted 28 59
One or neither 58 76

Fig 3. Kaplan-Meier estimates of overall survival by genotype for procarbazine,
lomustine, and vincristine plus radiotherapy arm. The hazard ratio (HR) for overall
survival of patients with 1p/19q codeleted anaplastic oligodendroglioma (AO)/
anaplastic oligoastrocytoma (AOA) compared with those with AO/AOA in whom
one or neither allele was deleted was 0.36 (95% CI, 0.23 to 0.57; P � .001).
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DISCUSSION

RTOG 9402 tested the hypothesis that dose-intense PCV immediately
before RT would prolong the lives of patients with AO/AOA com-
pared with RT alone. When RTOG 9402 began, postoperative RT was
the standard of care for all high-grade gliomas. Although therapy for
GBM has since evolved, RT remains the standard for AO/AOA. Two
aspects of RTOG 9402, dose-intense and pre-RT chemotherapy, were
unusual at the time in brain cancer trials, but reflected schools of
thought that were prevalent in oncology in the early 1990s when
RTOG 9402 began: better tumor control with higher drug doses,

therapeutic synergy when drugs accompany RT, and better drug de-
livery to nonirradiated tumors. Although the idea of dose-intensity
has faded, the goal of combining traditional chemotherapeutics and
targeted agents optimally with radiation treatment remains an impor-
tant therapeutic concept. Indeed, daily TMZ with RT seems to have
been a key step in the evolution of better treatment for GBM.10

Although the contribution of dose-intensity to the results of
RTOG 9402 is unknown, and the sequencing of PCV/RT is likely less
important than once thought,20,25 RTOG 9402 demonstrates the im-
portance of precise diagnosis and long-term follow-up. In RTOG
9402, when histology was the sole metric for diagnostic accuracy, PCV
plus RT did not afford a detectable survival benefit in the unadjusted
analysis. With chromosomal testing, however, it became clear that
patients with 1p/19q codeleted tumors had a doubling of survival after
PCV plus RT. This interpretation is made cautiously, however, be-
cause RTOG 9402 was not powered for a subgroup analysis, and
retrospective stratification by codeletion status was also unplanned.
Furthermore, stricter histologic criteria, such as eliminating AOA
cases, would not have obviated the need for chromosomal assessment
because 29% of AOs had intact 1p or 19q alleles and 24% of AOAs
were codeleted. Best results seem to have occurred when codeleted
cases received PCV plus RT. The apparent doubling of survival in this
subset was not detectable in 2006 when the median follow-up was 5
years and 1p/19q information was available on only 70% of partici-
pants.19 The implication that PCV plus RT may be a superior initial
treatment for codeleted AO/AOA emerged with mature follow-up
and was aided by thorough tissue retrieval.

When RTOG 9402 was planned, molecular heterogeneity, inter-
actions with therapy, and consequences for clinical trials were not
considered in designing randomized studies. This issue, described
elsewhere,26 had the potential to obscure an important therapeutic
effect in 9402 because AO/AOA is genetically heterogeneous: Some are
1p/19q codeleted, whereas others are 1p deleted only, 19q deleted
only, or 1p and 19q intact. AO/AOA with codeletion has a distinctive
biology. This knowledge is now incorporated into clinical trial design.
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HR, 0.40 (95% CI, 0.27 to 0.60)

 Dead Total
1p/19q codeleted 47 67
One or neither 53 61

Fig 4. Kaplan-Meier estimates of overall survival by genotype for radiotherapy
arm. The hazard ratio (HR) for overall survival of patients with 1p/19q codeleted
anaplastic oligodendroglioma (AO)/anaplastic oligoastrocytoma (AOA) compared
with those with AO/AOA in whom one or neither allele was deleted was 0.40
(95% CI, 0.27 to 0.60; P � .001).
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Fig 5. Kaplan-Meier estimates of overall survival by treatment for patients with
1p/19q codeleted anaplastic oligodendroglioma (AO)/anaplastic oligoastrocytoma
(AOA). The hazard ratio (HR) for overall survival of patients with codeleted
AO/AOA treated with procarbazine, lomustine, and vincristine (PCV) plus radio-
therapy (RT) compared with those treated with RT alone was 0.59 (95% CI, 0.37
to 0.95; P � .03).
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Fig 6. Kaplan-Meier estimates of overall survival by treatment for patients with
anaplastic oligodendroglioma (AO)/anaplastic oligoastrocytoma (AOA) in whom
one or neither allele (1p or 19q) was deleted. The hazard ratio (HR) for overall
survival of those with noncodeleted AO/AOA treated with procarbazine, lomus-
tine, and vincristine (PCV) plus radiotherapy (RT) compared with those treated
with RT alone was 0.85 (95% CI, 0.58 to 1.23; P � .39).
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The results of RTOG 9402 suggest that chemoradiotherapy may
be a highly effective treatment for patients with codeleted AO/AOA,
but will PCV plus RT emerge as their new standard of care? Uncer-
tainty arises because temozolomide is also effective for AO/AOA,27-29

and PCV is more toxic. Perhaps temozolomide plus RT, as prescribed
for GBM,10 will be a more acceptable (if untested) new standard.
Notwithstanding the lack of data on the relative efficacy of PCV and
temozolomide, and a 1,000-patient retrospective study suggesting that
PCV is highly effective for codeleted AO/AOA,30 clinicians may be
reluctant to revisit PCV because it depletes marrow reserve and is
sometimes debilitating.19 Indeed, two recent surveys suggest that on-
cologists prefer temozolomide or temozolomide plus RT for AO/
AOA.31,32 Furthermore, experience from RTOG 9402, in which an
early PFS benefit in codeleted cases19 became an OS benefit 6 years
later, suggests that PFS may be an earlier end point for future AO/AOA
trials. This is important because studies, like RTOG 9402, that take 20
years to complete are impractical.

Codeletion of chromosomes 1p/19q identifies a cancer that
grows slowly, responds to chemotherapy, and is controlled for many
years by PCV plus RT. Moreover, RTOG 9402 provides the strongest
evidence to date that in the setting of PCV for AO/AOA, 1p/19q
codeletion is both a predictive and prognostic biomarker. However,
two additional observations suggest that the molecular elements that
underlie the interaction of combined 1p/19q allelic loss with PCV plus
RT are more complex than codeletion status alone. First, the survival
curves for patients with codeleted tumors did not diverge for 5 years,
long after RT with or without PCV, suggesting that not all patients
with codeleted tumors benefited equally from PCV plus RT, or that
some were effectively treated with salvage therapy at progression.
Second, for patients with noncodeleted AO/AOA, the survival curves
also diverged in favor of PCV plus RT, but this did not occur until after
the median survival had been reached for this subset of cases. Whether
this reflects errors in codeletion testing and incorrect assignment,
benefit from PCV plus RT in the absence of visible codeletion, or other
factors is unknown at this time. Furthermore, for the entire study
cohort (codeleted and noncodeleted), the adjusted OS favored PCV
plus RT at diagnosis. How do we interpret such findings, and how do
they guide care and research?

Since 1p/19q codeletion status was not flawlessly predictive of
benefit from PCV plus RT in either the codeleted or noncodeleted
cases, clinicians are likely to be reluctant to make treatment decisions
for their patients with AO/AOA based on 1p/19q information alone.
Indeed, such was the experience in GBM, where O6-methyguanine-
DNA methyltransferase promoter methylation status did not emerge
as a predictive clinical test, especially because it failed to identify all
patients with GBM who would have longer survival after temozolo-
mide plus RT.33 Our data underscore that 1p/19q codeletion status is
a marker, not a mechanism of sensitivity to PCV plus RT. Further-
more, 1p/19q codeletion is only one component of a cluster of molec-
ular genetic alterations that define the AO/AOA cancer family; the
other alterations include IDH mutations, promoter and histone hy-
permethylation, and mutations of CIC. In a recent sequencing analysis
of AO, 1p/19q codeletion and mutations of IDH and CIC were closely
associated.7 Currently, we are investigating the possibility that benefit
from PCV plus RT can be predicted with so-called clinical-grade
precision using a molecular approach that incorporates codeletion
status with other biomarkers that characterize AO/AOA cancers.
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