
Neuro-Oncology
Neuro-Oncology 18(11), 1529–1537, 2016
doi:10.1093/neuonc/now133
Advance Access date 1 July 2016

1529

10.1093/neuonc/now133

Long-term analysis of the NOA-04 randomized phase III trial
of sequential radiochemotherapy of anaplastic glioma with PCV
or temozolomide

Wolfgang Wick, Patrick Roth, Christian Hartmann, Peter Hau, Makoto Nakamura, Florian Stockhammer, Michael
C. Sabel, Antje Wick, Susanne Koeppen, Ralf Ketter, Peter Vajkoczy, Ilker Eyupoglu, Rolf Kalff, Caroline Happold,
Norbert Galldiks, Friederike Schmidt-Graf, Michael Bamberg, Guido Reifenberger, Michael Platten, Andreas von
Deimling, Christoph Meisner, BenediktWiestler‡, andMichael Weller for the NeurooncologyWorking Group (NOA)
of the German Cancer Society

Department of Neurology Clinic, University of Heidelberg, Heidelberg, Germany (W.W., A.W., M.P., B.W.); Clinical Cooperation Unit (CCU
Neurooncology), German Cancer Consortium (DKTK), German Cancer Research Center (DKFZ), Heidelberg, Germany (W.W., B.W.);
Department of Neurology, University Hospital and University of Zurich, Zurich, Switzerland (P.R., C.H., M.W.); Department of
Neuropathology, Hannover Medical School, Hannover, Germany (C.H.); Department of Neurology, Regensburg University, Regensburg,
Germany (P.H.); Department of Neurosurgery Clinic, Hannover Medical School, Hannover, Germany (M.N.); Department of
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Background. Optimal treatment and precise classification for anaplastic glioma are needed.

Methods. The objective for long-term follow-up of NOA-04 is to optimize the treatment sequence for patients with anaplastic
gliomas. Patients were randomized 2:1:1 to receive the standard radiotherapy (RT) (arm A), procarbazine, lomustine and vincris-
tine (PCV) (arm B1), or temozolomide (TMZ) (arm B2).

Results. Primary endpoint was time-to-treatment-failure (TTF), defined as progression after 2 lines of therapy or any time before if
no further therapy was administered. Exploratory analyses examined associations of molecular marker status with TTF, progres-
sion-free survival (PFS), and overall survival (OS). At 9.5 (95% CI: 8.6–10.2) years, no difference between arms (A vs B1/B2) was
observed: median TTF (4.6 [3.4–5.1] y vs 4.4 [3.3–5.3) y), PFS (2.5 [1.3–3.5] y vs 2.7 [1.9–3.2] y), and OS (8 [5.5–10.3] y vs 6.5
[5.4–8.3] y). Oligodendroglial versus astrocytic histology—but more so the subgroups according to CpG island methylator pheno-
type (CIMP) and 1p/19q co-deletion status—revealed a strong prognostic value of CIMPpos with (CIMPcodel) versus without 1p/19
co-deletion (CIMPnon-codel) versus CIMPneg. but no differential efficacy of RT versus chemotherapy for any of the endpoints. PFS was
better for PCV- than for TMZ-treated patients with CIMPcodel tumors (HR B1 vs B2 0.39 [0.17–0.92], P¼ .031). In CIMPneg. tumors,
hypermethylation of the O6-methyl-guanyl-DNA methyltransferase promoter (MGMT) provided a risk reduction for PFS with
chemotherapy.
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110624) had no role in the study design, collection, analysis, or
interpretation of the data or in writing the initial study report,
manuscript, or this long-term outcome analysis. Access to
the raw data was limited to W.W., C.M., B.W., A.v.D., G.R., and
M.W. The corresponding author had full access to all data
and the final responsibility for submitting the publication.

Statistics

After collection on case record forms with on-site support from
a clinical project manager (P.R.) with a cutoff on December 31,
2014, forms of all long-term datawere fed into the database at
the coordinating study center in Heidelberg.

Kaplan-Meier estimator and Cox proportional hazards re-
gression were performed to assess survival data. To compare
the performance of Cox regression models, prediction error
curves were generated using the R package pec,18 and anal-
ysis of deviance tables was computed. Processing and analy-
sis of Illumina HumanMethylation 450k arrays as well as
molecular subgrouping are described in Supplementary
Methods. A P value ,.05 was considered statistically signifi-
cant without adaption for multiple tests. All tests were
2-sided. All tests were explorative as the long-term analysis
was not the primary endpoint of the study. Analyses were
carried out using R version 3.2.0 and Stata IC version 12.1
(StataCorp LP).

Results

Patient Characteristics

From June 1999 to February 2005, 318 patients with centrally
confirmed anaplastic gliomas were randomized to receive RT
(160 patients) or chemotherapy (78 PCV and 80 TMZ). The ITT
population included 139 patients in Arm A and 135 in Arm B1/
B2 (Fig. 1).

Sixty-four percent of patients were younger than aged 50
years, 80% had complete or partial resection, 90% had a
KPS≥ 80%, and 52% had an anaplastic astrocytoma (AA).
Arms were balanced for clinical features, histology, and cortico-
steroid use (Table 1). Data on the status of IDH, 1p/19q, and O6-
methylguanine-DNA-methyltransferase (MGMT) were available
for 74%, 72%, and 74% of cases, respectively. There was no dif-
ference in the baseline characteristics between the full and bio-
marker cohorts. Since the initial report in 2009,17 molecular
analyses on 115 samples using 450 k methylation arrays
have been performed,5,19 and a comprehensive molecular clas-
sification into 3 groups has been proposed: IDH wild-type
(CIMPneg.), IDH mutant and 1p/19q intact (CIMPnon-codel), and
IDH mutant and 1p/19q co-deleted (CIMPcodel).5

Clinical Efficacy

At a median follow-up of 9.5 years (95% CI: 8.6–10.2), 78%
(arm A) and 79% (arms B1/B2) progression events have been
observed. The primary endpoint TTF has been reached by
66% and 67% of patients, respectively. About half of the pa-
tients have died in both arms (48% in arm A and 53% in
arms B1/B2). Data are relevantly more mature as the initial
publication had a maximal follow-up of 4.5 years, and a TTF
event was documented for 42.7% of patients.

The unadjusted HR for PFS in arms B1/B2 versus arm A was
0.97 (95% CI: 0.74–1.26; log-rank P¼ .8), for TTF 0.99 (95%
CI: 0.74–1.33; log-rank P¼ .97), and for the OS 1.11 (95% CI:
0.8–1.55; log-rank P¼ .53). Median PFS (2.7 [1.9–3.2] y vs 2.5
[1.3–3.5] y), TTF (4.4 [3.3–5.3] y vs 4.6 [3.4–5.1] y), and OS
(6.5 [5.4–8.3] y vs 8 [5.5–10.3] y) demonstrated no difference
between arms (B1/B2 vs A), although the median OS
favors arm A (Fig. 2). No difference in PFS between patients
treated with PCV versus TMZ was observed (median PFS: 2.52
[1.62–4.02] y vs 2.71 [1.57–3.62] y). As opposed to the proto-
col plan, rechallenge with chemotherapy was not commonly
done (,20%) in arms B and C, precluding a detailed
assessment.

Prognostic and Predictive Factors

The major prognostic factors defined for adult glioma
patients were confirmed (Supplementary material, Fig. 1).
Efficacy analyses were performed in the different histopatho-
logical subgroups (astrocytic vs oligodendroglial) and
according to biomarkers assessed for a total of 198 patients
(Fig. 1).

PFS, TTF, and OS were longer in patients with oligodendrog-
lial gliomas compared with those having astrocytic anaplastic
gliomas (Fig. 3A and Table 2). Importantly, molecular classifica-
tion of samples based on IDH and 1p/19q status into 3 sub-
groups was prognostically superior to histological classification
for PFS, TTF, and OS (Fig. 3B and C): In multivariate Cox models
including both histology and molecular diagnosis, only the latter
was associated with survival (Tables 3 and 4). However, no evi-
dence was found to indicate that size of the treatment effect
was influenced by histology or molecular status as indicated
by the test of interaction between treatment and subgroup fac-
tor. In none of these molecular subgroups did initial RT in arm A
or initial chemotherapy in arms B1/B2 demonstrate differential
efficacy for PFS, TTF, and OS (Supplementary material, Fig. 2
and Table 2, Supplementary material, Fig. 3). The present long-
term analysis confirmed the marked prognostic relevance of the
IDH mutation regardless of the treatment arm for PFS (Table 2).
While the positive prognostic impact of 1p/19q codeletion was
confirmed, there was no signal to suggest a greater benefit
from primary chemotherapy (Table 2 and Supplementary mate-
rial, Fig. 2, Tables 5 and 6), and alpha-thalassemia/mental retar-
dation syndrome X-linked or human telomerase reverse
transcriptasewere neither prognostic nor predictive (Supplemen-
tary material, Fig. 4). When comparing TMZ and PCV in the sub-
groups, patients with CIMPcodel tumors had better PFS and a
trend toward better TTF with PCV versus TMZ, whereas OS was
not different but did show a limited number of events. This dif-
ferencewas not visible in CIMPnon-codel or CIMPneg tumor patients
(Supplementary material, Fig. 5). The data consistently suggest-
ed a superior PFS with RT compared with TMZ (Table 6), while RT
and PCV conferred a similar outcome. MGMT promoter methyla-
tion was associated with improved PFS in chemotherapy-treated
patients only in the subgroup of patients with tumors harboring
wild-type IDH status. In patients with IDH-mutant tumors
(either with or without 1p/19q codeletion), an unmethylated
MGMT promoter was rare (15% in CIMPnon-codel and 9% in
CIMPcodel) and neither prognostic nor predictive (Supplementary
material, Table 2).
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Classification and treatment of anaplastic gliomas (World
Health Organization [WHO] grade III) are intensely debated
topics in neuro-oncology. Co-deletions of chromosomal arms
1p and 19q in the tumor tissue define a favorable prognostic
group of patients with anaplastic, mostly oligodendroglial glio-
mas. These patients have been shown to benefit from com-
bined radiochemotherapy (RT) with procarbazine, lomustine
(CCNU) and vincristine (PCV) in 2 independent long-term sub-
group analyses from cooperative group trials (EORTC 26951
and RTOG 9402) originating in the 1990s.1,2 In line with these
results, patients with WHO grade II gliomas with risk factors
(ie, less than total resection or age .40 years benefit consider-
ably from RT-PCV compared with RTalone,3 althoughmolecular
subgroup information from this trial is awaited. Optimizing the
standard of care for these patient groups is a major challenge
given the younger age of these patient groups as well as
their relatively long OS and the relevant risk of neurocognitive,
functional, and quality-of-life impairment resulting from ag-
gressive treatment of a tumor located in the brain,. To this
end, a leading hypothesis in the international scientific debates
and day-to-day management of these patients seems to be re-
ducing the initial treatment to the potentially most relevant
part (ie, alkylating chemotherapy) and thereby delaying RT.
One necessary prerequisite for primary monotherapy with
temozolomide (TMZ) or PCV and the deferred use of RT only
for salvage is demonstration of comparable OS with monoche-
motherapy as compared with radiochemotherapy.

Anaplastic gliomas are developing into a disease best de-
scribed not solely by histopathology but rather based on bio-
markers. Mutations of the isocitrate dehydrogenase (IDH)
genes 1 or 2, which lead to the glioma CpG island methylator
phenotype (G-CIMP) assessed by methylation analyses, allow
separation into 3 separate different disease entities in which
the IDH-mutant tumors show amore benign course of disease4

that is biologically and prognostically further subdivided by
1p/19q status.5–8 IDHwild-type anaplastic gliomas, in contrast,
by and large share biological and clinical similarities with glio-
blastoma.6–10 In these tumors, methylation of the promoter of
O6-methylguanine-DNA methyltransferase (MGMT) is predic-
tive of benefit from alkylating chemotherapy.11 By adding
alpha-thalassemia/mental retardation syndrome X-linked
(ATRX) status to these biomarkers, it seems possible to sub-
group IDH-mutant anaplastic oligoastrocytoma with ATRX
loss into the group of anaplastic astrocytoma. IDH-mutant an-
aplastic oligoastrocytomas with 1p/19q co-deletion, on the
other hand, correspond molecularly and prognostically with
anaplastic oligodendroglioma,12 thus eliminating the category
of mixed gliomas.13,14 Taking this to the next level, we and oth-
ers are proposing a molecularly based classification of anaplas-
tic gliomas into 3 biologically and prognostically relevant
subgroups that goes beyond the current WHO classification:
(i) IDH wild-type (IDHwt–glioblastoma-like, which are called
CIMPneg, to reflect biological relevance of the mutation),

(ii) IDH mutant and 1p/19q intact (IDH mut/1p/19q intact–
CIMPnon-codel), and (iii) IDH mutant and 1p/19q co-deleted
(IDH mut/1p/19q codel–CIMPcodel).5,7,8

NOA-04 offers the unique opportunity to test the hypothesis
that primarymonochemotherapy with TMZ or PCV is superior to
primary RT, specifically in the subgroup of patients with tumors
harboring the IDH mutant and 1p/19q co-deleted genotype
and allowing deferral of primary RT. The trial helps generate hy-
potheses on the potential differential efficacy of TMZ versus
PCV. In addition, the present analysis with more events and a
comprehensive molecular workup should provide mature and
substantial data aiding day-to-day treatment as well as the de-
velopment of new trial concepts.

Patients and Methods

Patients, Evaluations, and Ethics

The NOA-04 trial (NCT00717210) for patients with newly diag-
nosed anaplastic gliomas compared the efficacy and safety of
initial RT, followed by chemotherapy (TMZ or PCV) at progres-
sion or occurrence of unacceptable toxicity with the inverse se-
quence in patients with newly diagnosed anaplastic gliomas.
Central pathology review demonstrated a high concordance
between local and central histological diagnoses (k¼ 0.7;
95% CI: 0.62–0.79). In the meantime, the diagnosis of mixed
anaplastic oligoastrocytoma has been challenged and will be
discouraged in the upcoming revision of the present WHO
classification.15,16

In this trial, both sequences achieved similar results in the
first analysis conducted after a median follow-up of 5.4
years.17 Median follow-up time for the present analysis is 9.5
years (95% CI: 8.6–10.2) (for assessment see Supplementary
Patients and Methods). All patients consented to exploratory
molecular analyses performed with the study data and mate-
rials. The original phase III trial was approved by the Ethics
Committee at the University of Tuebingen, Germany, and sub-
sequently by all local ethics committees of the participating
clinical centers. NOA-04 enrolled patients after written in-
formed consent including future molecular analyses at 39
sites in Germany (details in the Supplementary Patients and
Methods). The primary endpoint, time-to-treatment-failure
(TTF) was defined as progression after 2 lines of therapy,
death, or at any time before if no further indicated therapy
was administered.17

This trial is registered as an International Standard Random-
ized Controlled Trial at the German Cancer Trials Registry (ID
291) and with ClinicalTrials.gov (NCT00717210).

Role of the Funding Sources

The funding source (formerly Schering Plough and now Merck
Sharp & Dohme) and the German Cancer Aid (grant number
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110624) had no role in the study design, collection, analysis, or
interpretation of the data or in writing the initial study report,
manuscript, or this long-term outcome analysis. Access to
the raw data was limited to W.W., C.M., B.W., A.v.D., G.R., and
M.W. The corresponding author had full access to all data
and the final responsibility for submitting the publication.

Statistics

After collection on case record forms with on-site support from
a clinical project manager (P.R.) with a cutoff on December 31,
2014, forms of all long-term datawere fed into the database at
the coordinating study center in Heidelberg.

Kaplan-Meier estimator and Cox proportional hazards re-
gression were performed to assess survival data. To compare
the performance of Cox regression models, prediction error
curves were generated using the R package pec,18 and anal-
ysis of deviance tables was computed. Processing and analy-
sis of Illumina HumanMethylation 450k arrays as well as
molecular subgrouping are described in Supplementary
Methods. A P value ,.05 was considered statistically signifi-
cant without adaption for multiple tests. All tests were
2-sided. All tests were explorative as the long-term analysis
was not the primary endpoint of the study. Analyses were
carried out using R version 3.2.0 and Stata IC version 12.1
(StataCorp LP).

Results

Patient Characteristics

From June 1999 to February 2005, 318 patients with centrally
confirmed anaplastic gliomas were randomized to receive RT
(160 patients) or chemotherapy (78 PCV and 80 TMZ). The ITT
population included 139 patients in Arm A and 135 in Arm B1/
B2 (Fig. 1).

Sixty-four percent of patients were younger than aged 50
years, 80% had complete or partial resection, 90% had a
KPS≥ 80%, and 52% had an anaplastic astrocytoma (AA).
Arms were balanced for clinical features, histology, and cortico-
steroid use (Table 1). Data on the status of IDH, 1p/19q, and O6-
methylguanine-DNA-methyltransferase (MGMT) were available
for 74%, 72%, and 74% of cases, respectively. There was no dif-
ference in the baseline characteristics between the full and bio-
marker cohorts. Since the initial report in 2009,17 molecular
analyses on 115 samples using 450 k methylation arrays
have been performed,5,19 and a comprehensive molecular clas-
sification into 3 groups has been proposed: IDH wild-type
(CIMPneg.), IDH mutant and 1p/19q intact (CIMPnon-codel), and
IDH mutant and 1p/19q co-deleted (CIMPcodel).5

Clinical Efficacy

At a median follow-up of 9.5 years (95% CI: 8.6–10.2), 78%
(arm A) and 79% (arms B1/B2) progression events have been
observed. The primary endpoint TTF has been reached by
66% and 67% of patients, respectively. About half of the pa-
tients have died in both arms (48% in arm A and 53% in
arms B1/B2). Data are relevantly more mature as the initial
publication had a maximal follow-up of 4.5 years, and a TTF
event was documented for 42.7% of patients.

The unadjusted HR for PFS in arms B1/B2 versus arm A was
0.97 (95% CI: 0.74–1.26; log-rank P¼ .8), for TTF 0.99 (95%
CI: 0.74–1.33; log-rank P¼ .97), and for the OS 1.11 (95% CI:
0.8–1.55; log-rank P¼ .53). Median PFS (2.7 [1.9–3.2] y vs 2.5
[1.3–3.5] y), TTF (4.4 [3.3–5.3] y vs 4.6 [3.4–5.1] y), and OS
(6.5 [5.4–8.3] y vs 8 [5.5–10.3] y) demonstrated no difference
between arms (B1/B2 vs A), although the median OS
favors arm A (Fig. 2). No difference in PFS between patients
treated with PCV versus TMZ was observed (median PFS: 2.52
[1.62–4.02] y vs 2.71 [1.57–3.62] y). As opposed to the proto-
col plan, rechallenge with chemotherapy was not commonly
done (,20%) in arms B and C, precluding a detailed
assessment.

Prognostic and Predictive Factors

The major prognostic factors defined for adult glioma
patients were confirmed (Supplementary material, Fig. 1).
Efficacy analyses were performed in the different histopatho-
logical subgroups (astrocytic vs oligodendroglial) and
according to biomarkers assessed for a total of 198 patients
(Fig. 1).

PFS, TTF, and OS were longer in patients with oligodendrog-
lial gliomas compared with those having astrocytic anaplastic
gliomas (Fig. 3A and Table 2). Importantly, molecular classifica-
tion of samples based on IDH and 1p/19q status into 3 sub-
groups was prognostically superior to histological classification
for PFS, TTF, and OS (Fig. 3B and C): In multivariate Cox models
including both histology and molecular diagnosis, only the latter
was associated with survival (Tables 3 and 4). However, no evi-
dence was found to indicate that size of the treatment effect
was influenced by histology or molecular status as indicated
by the test of interaction between treatment and subgroup fac-
tor. In none of these molecular subgroups did initial RT in arm A
or initial chemotherapy in arms B1/B2 demonstrate differential
efficacy for PFS, TTF, and OS (Supplementary material, Fig. 2
and Table 2, Supplementary material, Fig. 3). The present long-
term analysis confirmed the marked prognostic relevance of the
IDH mutation regardless of the treatment arm for PFS (Table 2).
While the positive prognostic impact of 1p/19q codeletion was
confirmed, there was no signal to suggest a greater benefit
from primary chemotherapy (Table 2 and Supplementary mate-
rial, Fig. 2, Tables 5 and 6), and alpha-thalassemia/mental retar-
dation syndrome X-linked or human telomerase reverse
transcriptasewere neither prognostic nor predictive (Supplemen-
tary material, Fig. 4). When comparing TMZ and PCV in the sub-
groups, patients with CIMPcodel tumors had better PFS and a
trend toward better TTF with PCV versus TMZ, whereas OS was
not different but did show a limited number of events. This dif-
ferencewas not visible in CIMPnon-codel or CIMPneg tumor patients
(Supplementary material, Fig. 5). The data consistently suggest-
ed a superior PFS with RT compared with TMZ (Table 6), while RT
and PCV conferred a similar outcome. MGMT promoter methyla-
tion was associated with improved PFS in chemotherapy-treated
patients only in the subgroup of patients with tumors harboring
wild-type IDH status. In patients with IDH-mutant tumors
(either with or without 1p/19q codeletion), an unmethylated
MGMT promoter was rare (15% in CIMPnon-codel and 9% in
CIMPcodel) and neither prognostic nor predictive (Supplementary
material, Table 2).
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Classification and treatment of anaplastic gliomas (World
Health Organization [WHO] grade III) are intensely debated
topics in neuro-oncology. Co-deletions of chromosomal arms
1p and 19q in the tumor tissue define a favorable prognostic
group of patients with anaplastic, mostly oligodendroglial glio-
mas. These patients have been shown to benefit from com-
bined radiochemotherapy (RT) with procarbazine, lomustine
(CCNU) and vincristine (PCV) in 2 independent long-term sub-
group analyses from cooperative group trials (EORTC 26951
and RTOG 9402) originating in the 1990s.1,2 In line with these
results, patients with WHO grade II gliomas with risk factors
(ie, less than total resection or age .40 years benefit consider-
ably from RT-PCV compared with RTalone,3 althoughmolecular
subgroup information from this trial is awaited. Optimizing the
standard of care for these patient groups is a major challenge
given the younger age of these patient groups as well as
their relatively long OS and the relevant risk of neurocognitive,
functional, and quality-of-life impairment resulting from ag-
gressive treatment of a tumor located in the brain,. To this
end, a leading hypothesis in the international scientific debates
and day-to-day management of these patients seems to be re-
ducing the initial treatment to the potentially most relevant
part (ie, alkylating chemotherapy) and thereby delaying RT.
One necessary prerequisite for primary monotherapy with
temozolomide (TMZ) or PCV and the deferred use of RT only
for salvage is demonstration of comparable OS with monoche-
motherapy as compared with radiochemotherapy.

Anaplastic gliomas are developing into a disease best de-
scribed not solely by histopathology but rather based on bio-
markers. Mutations of the isocitrate dehydrogenase (IDH)
genes 1 or 2, which lead to the glioma CpG island methylator
phenotype (G-CIMP) assessed by methylation analyses, allow
separation into 3 separate different disease entities in which
the IDH-mutant tumors show amore benign course of disease4

that is biologically and prognostically further subdivided by
1p/19q status.5–8 IDHwild-type anaplastic gliomas, in contrast,
by and large share biological and clinical similarities with glio-
blastoma.6–10 In these tumors, methylation of the promoter of
O6-methylguanine-DNA methyltransferase (MGMT) is predic-
tive of benefit from alkylating chemotherapy.11 By adding
alpha-thalassemia/mental retardation syndrome X-linked
(ATRX) status to these biomarkers, it seems possible to sub-
group IDH-mutant anaplastic oligoastrocytoma with ATRX
loss into the group of anaplastic astrocytoma. IDH-mutant an-
aplastic oligoastrocytomas with 1p/19q co-deletion, on the
other hand, correspond molecularly and prognostically with
anaplastic oligodendroglioma,12 thus eliminating the category
of mixed gliomas.13,14 Taking this to the next level, we and oth-
ers are proposing a molecularly based classification of anaplas-
tic gliomas into 3 biologically and prognostically relevant
subgroups that goes beyond the current WHO classification:
(i) IDH wild-type (IDHwt–glioblastoma-like, which are called
CIMPneg, to reflect biological relevance of the mutation),

(ii) IDH mutant and 1p/19q intact (IDH mut/1p/19q intact–
CIMPnon-codel), and (iii) IDH mutant and 1p/19q co-deleted
(IDH mut/1p/19q codel–CIMPcodel).5,7,8

NOA-04 offers the unique opportunity to test the hypothesis
that primarymonochemotherapy with TMZ or PCV is superior to
primary RT, specifically in the subgroup of patients with tumors
harboring the IDH mutant and 1p/19q co-deleted genotype
and allowing deferral of primary RT. The trial helps generate hy-
potheses on the potential differential efficacy of TMZ versus
PCV. In addition, the present analysis with more events and a
comprehensive molecular workup should provide mature and
substantial data aiding day-to-day treatment as well as the de-
velopment of new trial concepts.

Patients and Methods

Patients, Evaluations, and Ethics

The NOA-04 trial (NCT00717210) for patients with newly diag-
nosed anaplastic gliomas compared the efficacy and safety of
initial RT, followed by chemotherapy (TMZ or PCV) at progres-
sion or occurrence of unacceptable toxicity with the inverse se-
quence in patients with newly diagnosed anaplastic gliomas.
Central pathology review demonstrated a high concordance
between local and central histological diagnoses (k¼ 0.7;
95% CI: 0.62–0.79). In the meantime, the diagnosis of mixed
anaplastic oligoastrocytoma has been challenged and will be
discouraged in the upcoming revision of the present WHO
classification.15,16

In this trial, both sequences achieved similar results in the
first analysis conducted after a median follow-up of 5.4
years.17 Median follow-up time for the present analysis is 9.5
years (95% CI: 8.6–10.2) (for assessment see Supplementary
Patients and Methods). All patients consented to exploratory
molecular analyses performed with the study data and mate-
rials. The original phase III trial was approved by the Ethics
Committee at the University of Tuebingen, Germany, and sub-
sequently by all local ethics committees of the participating
clinical centers. NOA-04 enrolled patients after written in-
formed consent including future molecular analyses at 39
sites in Germany (details in the Supplementary Patients and
Methods). The primary endpoint, time-to-treatment-failure
(TTF) was defined as progression after 2 lines of therapy,
death, or at any time before if no further indicated therapy
was administered.17

This trial is registered as an International Standard Random-
ized Controlled Trial at the German Cancer Trials Registry (ID
291) and with ClinicalTrials.gov (NCT00717210).

Role of the Funding Sources

The funding source (formerly Schering Plough and now Merck
Sharp & Dohme) and the German Cancer Aid (grant number
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Embedding NOA-04 Into Current Trial Data

In light of the data from 3 randomized trials in subsets of pa-
tients withWHO grades II and III gliomas showing a superiority
of chemoradiotherapy over RT alone,1–3 the present results of

at best equal clinical outcome with chemotherapy versus RT
do not support the use of primary monochemotherapy in this
disease subgroup (Supplementary material, Table 1) and even
suggest that TMZ monotherapy may confer a worse outcome
(Table 6). Also, OS in NOA-04, although not statistically differ-
ent, numerically favors first-line RT (Fig. 2C). Further, data
from these other randomized trials1–3 contradict the general
sentiment that monochemotherapy may be a sufficient

Table 1. Baseline patient characteristics

PCV or TMZ
(n¼ 135)

Radiotherapy
(n¼ 139)

Median age (range), y 42 (20–77) 44 (23–74)
Sex (female/male), n 61/74 55/84
Local/centrala histopathology, n
Anaplastic astrocytoma 66/74 65/70
Anaplastic oligoastrocytoma 41/44 41/47
Anaplastic oligodendroglioma 27/17 33/22

k-value (concordance between local and
reference histopathology)

0.7 (0.62–0.79)

Median KPS (range) [%] 90 (70–100) 90 (70–100)
Median Mini-Mental State Examination

score (out of 30) (range)
30 (21–30) 30 (21–30)

Resection, n
Complete 47 53
Partial 57 61
Biopsy 31 25

Median time from surgery to study
treatment (range) [days]

28 (9–111) 46 (7–175)

Steroids, n 33 27
1p/19q codel, n
Yes 32 37
No 65 63
Missing 38 39

MGMT promoter, n
Methylated 73 74
Unmethylated 28 28
Missing 34 37

IDH, n
Mutated 73 71
Wild-type 30 28
Missing 32 40

ATRX
Lost 21 23
Expressed 46 43
Missing 68 73

TERT promoter
Mutated 29 19
Wild-type 40 52
Missing 66 68

Molecular group
CIMPcodel 33 35
CIMPnon-codel 36 36
CIMPneg 30 28
Missing 36 40

Abbreviations: PCV, procarbazine, lomustine and vincristine; TMZ,
temozolomide; y, years.
aPatients were assessed centrally prior to inclusion into NOA-04. Diag-
noses from both local and central pathology are given for information.

Fig. 2. Principal efficacy outcomes per treatment. Data of progression-
free survival (PFS; (panel A), time-to-treatment failure (TTF; panel B),
and overall survival (OS; panel C) were analyzed by treatment arm.
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Discussion

Summary

NOA-04 long-term data do not support a differential efficacy
of primary TMZ monotherapy or PCV polychemotherapy versus

RT in any of the histological or molecular subgroups of
anaplastic glioma. Specifically, the patients with the best
prognosis (ie, patients with CIMPcodel anaplastic gliomas) do
not seem to benefit selectively from one of the therapies,
(Table 6).

Fig. 1. CONSORT diagram of patient disposition. Forty-four patients (21 in arm A; 23 in arm B1/B2) were excluded from the intention-to-treat
analysis because of study site closure, missing data, or withdrawal of consent. The numbers of patients with an event, a documented
progression (PD) at the time of the analysis (31.12.2014), reaching the primary endpoint treatment failure (TF), and death (OS), and the
number of patients in the biomarker subset are indicated.
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subgroup with molecular pathology and course of disease
more closely resembling glioblastoma, initial treatment may
be given as if for WHO grade IV gliomas. This is also supported
by initial releases on the CATNON data (looking at patients with
non-codeleted anaplastic gliomas), which advocated adding
TMZ to the therapy of patients originally randomized into the
arm of primary monoradiotherapy.

Other than for classification purposes, IDHmutations serve as
the target for immunotherapy (IDH1 R132H)24 within the trial
NCT02454634 and targeted approaches with inhibitors aiming
to block the generation of 2-hydroxygutarate.25 Trials with IDH
inhibitors are NCT02073994 with AG-120, NCT02273739 with
AG-221 and NCT02381886 with IDH305.

The 1p/19q co-deletion is predictive for a better outcome
with combined chemoradiotherapy with PCV. The ongoing
CODEL trial may show whether the same efficacy with less tox-
icity can be achieved with chemoradiotherapy using TMZ in-
stead of PCV (NCT00887146).

NOA-04 has also helped to better define the use of MGMT
status in anaplastic gliomas. In the first publication, we had de-
termined the mere prognostic role for MGMT. The present long-
term analysis confirms the hypothesis11 that MGMT promoter
methylation is a predictive biomarker for benefit from alkylating
chemotherapy in CIMPneg. gliomas only.

Table 2. Differential treatment efficacy according to histology and molecular markers

PCV/TMZ Radiotherapy

Histology, AO(A) vs AA [Hazard ratiosa]
PFS 0.51 (95% CI: 0.35–0.76; P¼ .001) 0.44 (95% CI: 0.3–0.65; P, .001)
TTF 0.48 (95% CI: 0.31–0.73; P, .001) 0.5 (95% CI: 0.33–0.76; P, .001)
OS 0.49 (95% CI: 0.3–0.78; P¼ .003) 0.37 (95% CI: 0.22–0.61; P, .001)

CIMPNon-Codel vs CIMPneg.

PFS 0.57 (95% CI: 0.34–0.97; P¼ .041) 0.59 (95% CI: 0.34–1.0; P¼ .052)
TTF 0.46 (95% CI: 0.26–0.81; P¼ .007) 0.55 (95% CI: 0.31–0.97; P¼ .04)
OS 0.41 (95% CI: 0.22–0.77; P¼ .006) 0.63 (95% CI: 0.33–1.2; P¼ .17)

CIMPCodel vs CIMPneg.

PFS 0.22 (95% CI: 0.12–0.41; P, .001) 0.25 (95% CI: 0.14–0.48; P, .001)
TTF 0.26 (95% CI: 0.14–0.49; P, .0001) 0.22 (95% CI: 0.11–0.43; P, .0001)
OS 0.24 (95% CI: 0.12–0.48; P, .001) 0.14 (95% CI: 0.06–0.36; P, .001)

IDH mutated vs wild-type
PFS 0.33 (95% CI: 0.21–0.54; P, .001) 0.38 (95% CI: 0.23–0.62; P, .001)
TTF 0.34 (95% CI: 0.21–0.55; P, .0001) 0.34 (95% CI: 0.2–0.58; P, .0001)
OS 0.31 (95% CI: 0.18–0.53; P, .001) 0.34 (95% CI: 0.18–0.64; P¼ .001)

1p/19q codeleted vs non-codeleted
PFS 0.29 (95% CI: 0.17–0.48; P, .001) 0.34 (95% CI: 0.2–0.58; P, .001)
TTF 0.39 (95% CI: 0.22–0.68; P, .001) 0.32 (95% CI: 0.18–0.57; P, .0001)
OS 0.35 (95% CI: 0.19–0.67; P¼ .001) 0.24 (95% CI: 0.11–0.49; P, .001)

Abbreviations: AA, anaplastic astrocytoma; AO(A), anaplastic oligodendroglioma/oligoastrocytoma; CI, confidence interval; OS, overall survival;
PFS, progression-free survival: TTF, time-to-treatment failure; PCV, procarbazine, lomustine and vincristine; TMZ, temozolomide.
arisk reduction in the comparison.

Table 3. Multivariate Cox regression of histology and molecular
classification for time-to-treatment failure

Factor Hazard Ratio (95% CI) P value

Histology, AO(A) vs AA 0.7 (0.48–1.02) .065
CIMPNon-Codel vs CIMPneg. 0.5 (0.34–0.75) .001
CIMPCodel vs CIMPneg. 0.25 (0.15–0.40) ,.001

Abbreviation: CI, confidence interval.

Table 4. Integrated Brier scores for time-to-treatment failure

Factor Integrated Brier score

Reference 0.199
Histology 0.187
Molecular classification 0.168
Histology+molecular classification 0.167

Table 5. Hazard ratios for chemotherapy versus radiotherapy in
CIMPcodel

Hazard Ratio 95% CI P value

PFS, ChT vs RT 1.30 0.70–2.38 .416
TTF, ChT vs RT 1.35 0.68–2.70 .381
OS, ChT vs RT 0.46 0.86–5.56 .101

Abbreviations: ChT, chemotherapy;HR, hazard ratio; OS, overall survival;
PFS, progression-free survival; RT, radiotherapy;
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treatment, although prospectively controlled data are missing
and the field is still divided into believers of primary monoche-
motherapy and combined chemoradiation and assessed in an
ongoing trial (NCT00887146). In the large retrospective analy-
sis,20 no difference had been reported in the median OS of pa-
tients with 1p/19q-codeleted gliomas who had been initially

treated with chemotherapy alone (median: 10.5 y) versus
those treated with chemoradiotherapy (median: 8.4 y). It is in-
teresting to speculate that the inferior outcome of TMZ in the
best-prognosis patients in NOA-04 within the limitations of
the small numbers is also supporting the current standard of
care of chemoradiation with PCV.

The performance of TMZ/PCV in NOA-04 is not explained by
obvious principal differences in the patient cohorts between
EORTC 26951/RTOG 9402 and NOA-04 after focusing on the in-
tended patient cohorts with anaplastic oligodendroglial tumors
of the EORTC and RTOG trials (which both demonstrated supe-
riority of chemoirradiation with PCV over RT alone). Despite this
and despite the limitations of cross-trial comparisons, it is sur-
prising that the RT-treated patients with CIMPcodel anaplastic
gliomas showed a better course of disease in NOA-04 than in
the international trials (Supplementary material, Table 1). An
explanation for the relatively high RTefficacymay lay in the lim-
itation to stringently define these patients despite molecular
markers. A limitation of NOA-04 even with this long-term eval-
uation (median follow up time 9.5 y [95% CI: 8.6–10.2]) is the
still-immature OS with ,50% events being observed overall
and an especially low event rate in the best prognosis CIMPcodel

group (29% deceased).
NOA-04 allows investigation of possible differential efficacy

of PCVand TMZ. In the retrospective series reported by Lassman
et al.,20 there was a positive signal for OS for PCV in 1p/19q
codeleted patients, which was supported by the PFS data in
the CIMPcodel patients of NOA-04 (Tables 5 and 6 and Supple-
mentary material, Fig. 5) with the TTF and OS data not yet ma-
ture for final assessments (Supplementary material, Fig. 5) and
no difference between the 2 chemotherapies in the patients
with CIMPnon-codel or CIMPne. The current CODEL trial is conduct-
ed under the assumption that chemoradiotherapy using TMZ or
PCV will have similar efficacy but a favorable safety profile and
potentially other patient-related outcome measures such as
neurocognitive function and health-related quality of life for
TMZ. Whereas lower toxicity has already been reported in the
first report of NOA-04,17 the present long-term analysis pro-
vides the first randomized data to suggest that there might
be a superiority of PCV alone over TMZ alone in the best-
prognosis subset of patients, although no sign of superiority
of PCValone over RTalonewas seen (Tables 5 and 6). In the pre-
maturely stopped RTOG 9813 trial for anaplastic astrocytoma,
RT+ TMZ seemed no different for OS compared with RT+
nitrosourea.21

In NOA-04, molecular diagnosis is superior to histology in
terms of biological and clinical separation of different prognos-
tic groups (Table 2 and Fig. 3B and C). For optimal management
of patients with anaplastic gliomas, there is a clinical need for
reliable information on IDH, 1p/19q, MGMT, and ATRX sta-
tus.22,23 Of note, ATRX is not prognostic for the full dataset
(Supplementary material, Fig. 4A), but ATRX loss helps to iden-
tify the better-prognosis anaplastic astrocytoma (P¼ .02) (Sup-
plementary material, Fig. 4B).12 There is accumulating evidence
that the IDH mutation molecularly defines a tumor group with
the molecular characteristics of low-grade or anaplastic diffuse
gliomas. On the other hand, IDH wild-type WHO grade III glio-
mas, specifically anaplastic astrocytomas, match the poor clin-
ical course of glioblastoma and often exhibit methylation and
mutation profiles similar to glioblastoma.6–10 In looking at this

Fig. 3. Efficacy outcomes according to histological and molecular
subgroups. Data for time-to-treatment failure (TTF) according to
histology (panel A) or molecular subtypes (panel B) and prediction
error curves for TTF in Cox regression models including histology only,
molecular classification only, or molecular classification and histology
(both) (panel C) are depicted.
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subgroup with molecular pathology and course of disease
more closely resembling glioblastoma, initial treatment may
be given as if for WHO grade IV gliomas. This is also supported
by initial releases on the CATNON data (looking at patients with
non-codeleted anaplastic gliomas), which advocated adding
TMZ to the therapy of patients originally randomized into the
arm of primary monoradiotherapy.

Other than for classification purposes, IDHmutations serve as
the target for immunotherapy (IDH1 R132H)24 within the trial
NCT02454634 and targeted approaches with inhibitors aiming
to block the generation of 2-hydroxygutarate.25 Trials with IDH
inhibitors are NCT02073994 with AG-120, NCT02273739 with
AG-221 and NCT02381886 with IDH305.

The 1p/19q co-deletion is predictive for a better outcome
with combined chemoradiotherapy with PCV. The ongoing
CODEL trial may show whether the same efficacy with less tox-
icity can be achieved with chemoradiotherapy using TMZ in-
stead of PCV (NCT00887146).

NOA-04 has also helped to better define the use of MGMT
status in anaplastic gliomas. In the first publication, we had de-
termined the mere prognostic role for MGMT. The present long-
term analysis confirms the hypothesis11 that MGMT promoter
methylation is a predictive biomarker for benefit from alkylating
chemotherapy in CIMPneg. gliomas only.

Table 2. Differential treatment efficacy according to histology and molecular markers

PCV/TMZ Radiotherapy

Histology, AO(A) vs AA [Hazard ratiosa]
PFS 0.51 (95% CI: 0.35–0.76; P¼ .001) 0.44 (95% CI: 0.3–0.65; P, .001)
TTF 0.48 (95% CI: 0.31–0.73; P, .001) 0.5 (95% CI: 0.33–0.76; P, .001)
OS 0.49 (95% CI: 0.3–0.78; P¼ .003) 0.37 (95% CI: 0.22–0.61; P, .001)

CIMPNon-Codel vs CIMPneg.

PFS 0.57 (95% CI: 0.34–0.97; P¼ .041) 0.59 (95% CI: 0.34–1.0; P¼ .052)
TTF 0.46 (95% CI: 0.26–0.81; P¼ .007) 0.55 (95% CI: 0.31–0.97; P¼ .04)
OS 0.41 (95% CI: 0.22–0.77; P¼ .006) 0.63 (95% CI: 0.33–1.2; P¼ .17)

CIMPCodel vs CIMPneg.

PFS 0.22 (95% CI: 0.12–0.41; P, .001) 0.25 (95% CI: 0.14–0.48; P, .001)
TTF 0.26 (95% CI: 0.14–0.49; P, .0001) 0.22 (95% CI: 0.11–0.43; P, .0001)
OS 0.24 (95% CI: 0.12–0.48; P, .001) 0.14 (95% CI: 0.06–0.36; P, .001)

IDH mutated vs wild-type
PFS 0.33 (95% CI: 0.21–0.54; P, .001) 0.38 (95% CI: 0.23–0.62; P, .001)
TTF 0.34 (95% CI: 0.21–0.55; P, .0001) 0.34 (95% CI: 0.2–0.58; P, .0001)
OS 0.31 (95% CI: 0.18–0.53; P, .001) 0.34 (95% CI: 0.18–0.64; P¼ .001)

1p/19q codeleted vs non-codeleted
PFS 0.29 (95% CI: 0.17–0.48; P, .001) 0.34 (95% CI: 0.2–0.58; P, .001)
TTF 0.39 (95% CI: 0.22–0.68; P, .001) 0.32 (95% CI: 0.18–0.57; P, .0001)
OS 0.35 (95% CI: 0.19–0.67; P¼ .001) 0.24 (95% CI: 0.11–0.49; P, .001)

Abbreviations: AA, anaplastic astrocytoma; AO(A), anaplastic oligodendroglioma/oligoastrocytoma; CI, confidence interval; OS, overall survival;
PFS, progression-free survival: TTF, time-to-treatment failure; PCV, procarbazine, lomustine and vincristine; TMZ, temozolomide.
arisk reduction in the comparison.

Table 3. Multivariate Cox regression of histology and molecular
classification for time-to-treatment failure

Factor Hazard Ratio (95% CI) P value

Histology, AO(A) vs AA 0.7 (0.48–1.02) .065
CIMPNon-Codel vs CIMPneg. 0.5 (0.34–0.75) .001
CIMPCodel vs CIMPneg. 0.25 (0.15–0.40) ,.001

Abbreviation: CI, confidence interval.

Table 4. Integrated Brier scores for time-to-treatment failure

Factor Integrated Brier score
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treatment, although prospectively controlled data are missing
and the field is still divided into believers of primary monoche-
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sis,20 no difference had been reported in the median OS of pa-
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those treated with chemoradiotherapy (median: 8.4 y). It is in-
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best-prognosis patients in NOA-04 within the limitations of
the small numbers is also supporting the current standard of
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The performance of TMZ/PCV in NOA-04 is not explained by
obvious principal differences in the patient cohorts between
EORTC 26951/RTOG 9402 and NOA-04 after focusing on the in-
tended patient cohorts with anaplastic oligodendroglial tumors
of the EORTC and RTOG trials (which both demonstrated supe-
riority of chemoirradiation with PCV over RT alone). Despite this
and despite the limitations of cross-trial comparisons, it is sur-
prising that the RT-treated patients with CIMPcodel anaplastic
gliomas showed a better course of disease in NOA-04 than in
the international trials (Supplementary material, Table 1). An
explanation for the relatively high RTefficacymay lay in the lim-
itation to stringently define these patients despite molecular
markers. A limitation of NOA-04 even with this long-term eval-
uation (median follow up time 9.5 y [95% CI: 8.6–10.2]) is the
still-immature OS with ,50% events being observed overall
and an especially low event rate in the best prognosis CIMPcodel
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of PCVand TMZ. In the retrospective series reported by Lassman
et al.,20 there was a positive signal for OS for PCV in 1p/19q
codeleted patients, which was supported by the PFS data in
the CIMPcodel patients of NOA-04 (Tables 5 and 6 and Supple-
mentary material, Fig. 5) with the TTF and OS data not yet ma-
ture for final assessments (Supplementary material, Fig. 5) and
no difference between the 2 chemotherapies in the patients
with CIMPnon-codel or CIMPne. The current CODEL trial is conduct-
ed under the assumption that chemoradiotherapy using TMZ or
PCV will have similar efficacy but a favorable safety profile and
potentially other patient-related outcome measures such as
neurocognitive function and health-related quality of life for
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Limitations

Shortcomings of the present trial are the limited number of
samples for biomarker analyses, which resulted in limited pa-
tient numbers in the biological subgroups, although the results
reached statistical significance. For prognostic factors, interpre-
tation of the impact of resection needs to be done within the
limitations of an assessment, which not necessarily had to be
done on the basis of an early postoperative MRI, which should
be standard in today’s trials. Another limitation impacting in-
terpretation of the data is that 50% of the patients are still
alive, which obviously precludes final statements on survival-
related questions. This hopeful finding also indicates that
many patients with anaplastic gliomas, particularly those
with IDH-mutant tumors, are experiencing long-term survival
today.

Conclusion
NOA-04 shows that primary monochemotherapy is not superi-
or to primary RT. The trial allows the definition of biologically
and clinically relevant subgroups, not only for oligodendroglial
but for all anaplastic gliomas. Data in the 1p/19q co-deleted
subgroup are supporting (i) the use of primary chemoradiother-
apy (most likely using PCV in clinical routine) and (ii) the concept
of the current CODEL trial, while (iii) not demonstrating superior
efficacy of monochemotherapy compared with monoradio-
therapy. Ultimately NOA-04, in conjunction with the concurrent
trials,1–3 would support closing the book on primary monoche-
motherapy in these molecularly defined tumor subgroups.
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