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A B S T R A C T

Purpose
Intrinsic glioma subtypes (IGSs) are molecularly similar tumors that can be identified based on
unsupervised gene expression analysis. Here, we have evaluated the clinical relevance of these
subtypes within European Organisation for Research and Treatment of Cancer (EORTC) 26951, a
randomized phase III clinical trial investigating adjuvant procarbazine, lomustine, and vincristine
(PCV) chemotherapy in anaplastic oligodendroglial tumors. Our study includes gene expression
profiles of formalin-fixed, paraffin-embedded (FFPE) clinical trial samples.

Patients and Methods
Gene expression profiling was performed in 140 samples, 47 fresh frozen samples and 93 FFPE
samples, on HU133_Plus_2.0 and HuEx_1.0_st arrays, respectively.

Results
All previously identified six IGSs are present in EORTC 26951. This confirms that different
molecular subtypes are present within a well-defined histologic subtype. Intrinsic subtypes are
highly prognostic for overall survival (OS) and progression-free survival (PFS). They are prognostic
for PFS independent of clinical (age, performance status, and tumor location), molecular (1p/19q
loss of heterozygosity [LOH], IDH1 mutation, and MGMT methylation), and histologic parameters.
Combining known molecular (1p/19q LOH, IDH1) prognostic parameters with intrinsic subtypes
improves outcome prediction (proportion of explained variation, 30% v 23% for each individual
group of factors). Specific genetic changes (IDH1, 1p/19q LOH, and EGFR amplification) segregate
into different subtypes. We identified one subtype, IGS-9 (characterized by a high percentage of
1p/19q LOH and IDH1 mutations), that especially benefits from PCV chemotherapy. Median OS in this
subtype was 5.5 years after radiotherapy (RT) alone versus 12.8 years after RT/PCV (P � .0349; hazard ratio,
2.18; 95% CI, 1.06 to 4.50).

Conclusion
Intrinsic subtypes are highly prognostic in EORTC 26951 and improve outcome prediction when
combined with other prognostic factors. Tumors assigned to IGS-9 benefit from adjuvant PCV.

J Clin Oncol 31:328-336. © 2012 by American Society of Clinical Oncology

INTRODUCTION

Unsupervised analysis of gene expression profiling
identifies subgroups of tumors that are molecularly
similar. This approach has been used to identify
distinct intrinsic subtypes of cancer and provides an
objective method to classify tumors.1-4 In gliomas,
the identified intrinsic subtypes reportedly correlate
better with patient prognosis than histology.5-9 In-

trinsic glioma subtypes (IGSs) are not only similar
on the RNA level, but specific genetic changes also
segregate in distinct intrinsic subtypes.8,10 There-
fore, it is likely that each molecular subtype will
require its own treatment paradigm.

True validation of the prognostic relevance of
the IGSs requires analysis on homogeneously and
prospectively treated patients, ideally within a ran-
domized clinical trial. One of the main problems in
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analyzing clinical trial samples is that they are often of poor quality;
most are formalin-fixed, paraffin-embedded (FFPE) samples.11 How-
ever, recent technologic advances have enabled high-throughput anal-
ysis of FFPE material, including expression arrays.12-14 In a large
cohort of paired fresh frozen (FF) -FFPE samples, we recently demon-
strated that differences in mRNA expression are retained in FFPE
samples. Importantly, the assignment to one of six IGSs was identical
between the FF-FFPE matched samples in 87% of cases,15 and the
intrinsic subtypes remain highly prognostic for survival. These results
demonstrate that FFPE material can be used for expression profiling.

Not all patients with glioma respond similarly to treatment. For
example, glioblastomas with a methylated O6-methylguanine-
methyltransferase (MGMT) promoter respond better to treatment
with temozolomide.16,17 In oligodendrogliomas, uncontrolled trials
indicated that loss of heterozygosity (LOH) on 1p/19q is predictive for
response to procarbazine, lomustine, and vincristine (PCV) chemo-
therapy.18,19 Selection of patients who benefit most from particular
therapeutic regimens helps to improve treatment efficacy and to po-
tentially avoid toxicity in patients who are unlikely to benefit from that
therapy anyway.

European Organisation for Research and Treatment of Cancer
(EORTC) 26951 is a randomized phase III clinical trial investigating
whether the addition of PCV chemotherapy to radiotherapy (RT)
would improve overall survival (OS) and progression-free survival
(PFS) in patients with anaplastic oligodendroglioma (AOD) or ana-
plastic mixed oligoastrocytoma (AOA). This trial showed that the
addition of six cycles of PCV after 59.4 Gy of RT increases OS and PFS
in these tumors.20 However, some patients seemed to benefit more
from the addition of PCV treatment than others.21 Here, we have
evaluated the clinical relevance of intrinsic subtypes within EORTC
26951. Our study is the first to use gene expression profiling on FFPE
clinical trial samples. Our data validate that intrinsic subtypes of gli-
oma are prognostic for survival. Intrinsic subtypes improve outcome
prediction when combined with other known prognostic parameters
(1p/19q LOH and IDH1 mutation), although this increase is not
significant. Our data also indicate that patients with tumors assigned
to a specific intrinsic subtype benefit from PCV treatment.

PATIENTS AND METHODS

Patient Samples

Patients were considered eligible for EORTC 26951 if they had been
diagnosed by the local pathologist with an AOD or an AOA according to the
1993 WHO classification. Details of the eligibility criteria and the CONSORT
flow diagram have been described previously21 and are shown in Figure 1. A
central pathology review was conducted on 345 of 368 samples and on 136 of
140 samples used in the present study. Four samples were omitted in the
multivariate analysis that included review diagnosis as a factor. All analysis
using histologic diagnosis made use of the review diagnosis. Patient and sam-
ple characteristics are detailed in the Data Supplement. Analysis of 1p/19q
LOH, EGFR amplification, IDH1 mutations, and MGMT promoter methyl-
ation on EORTC 26951 samples has been described previously.21-23

RNA Isolation and Array Hybridization

Total RNA extraction, purification, and quantification from FF and
FFPE material were reported previously.8,15 RNA (150 ng) from FF and FFPE
tissues was used for expression profiling. FF samples (n � 47) were profiled as
described on HU133plus 2.0 arrays (Affymetrix, High Wycombe, United
Kingdom)8; FFPE samples (n � 93) were profiled using HuEx_1.0_st arrays
(Affymetrix) in combination with Nugen Ovation kits (Nugen, San Carlos,
CA), as reported.13,15

Statistical Analysis

Samples were assigned to one of the six intrinsic molecular subtypes of
glioma using ClusterRepro (an R package; http://crantastic.org/packages/clus-
terRepro) as described previously, omitting control cluster 0.8,24 Previously,
these intrinsic subtypes were designated cluster followed by the cluster number
(0, 9, 16, 17, 18, 22, or 23). Here, we annotate these clusters as IGSs followed by
the same cluster number (eg, IGS-9). Other groups have also described mo-
lecular classification methods7,9,10; the overlap with The Cancer Genome Atlas
classification is detailed in the Data Supplement (for other comparisons, see
Gravendeel et al8). Samples assigned to IGS-9 and IGS-17 generally are as-
signed to the proneural subtype, IGS-18 to the classical subtype, and IGS-23 to
the mesenchymal subtype. Neural subtypes are assigned to either IGS-17
or IGS-23.

Differences between the Kaplan-Meier survival curves were calculated
using the log-rank (Mantel-Cox) test using GraphPad Prism version 5.00 for
Windows (GraphPad Software, San Diego, CA). Comparisons between fre-
quencies were calculated using the Fisher’s exact test. In this exploratory
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Table 1. Comparison of Baseline Demographics and Clinical Characteristics

Demographic or Clinical
Characteristic

Patients Included in the Cluster Analysis
Total Patients

(N � 368)

P

No (n � 228) Yes (n � 140)

No. % No. % No. %

Age, years .57
Median 49.5 49.4 49.5
Range 19.4-68.7 18.6-68.7 18.6-68.7

Sex .08
Male 123 53.9 89 63.6 212 57.6
Female 105 46.1 51 36.4 156 42.4

Performance status .75
0 81 35.5 53 37.9 134 36.4
1 107 46.9 64 45.7 171 46.5
2 36 15.8 22 15.7 58 15.8

Histologic diagnosis .04
AOD 173 75.9 93 66.4 266 72.3
AOA � 25% O 53 23.2 47 33.6 100 27.2

Central diagnosis .02
AOD 100 43.9 76 54.3 176 47.8
AOA 46 20.2 36 25.7 82 22.3
LGG 28 12.3 11 7.9 39 10.6
HGG 26 11.4 13 9.3 39 10.6
Other 10 4.4 0 0.0 10 2.7
Missing 18 7.9 4 2.9 22 6.0

Tumor location .83
Elsewhere 119 52.2 71 50.7 190 51.6
Frontal 109 47.8 69 49.3 178 48.4

IDH1 mutation .37
Normal 41 18.0 58 41.4 99 26.9
Mutated 39 17.1 44 31.4 83 22.6

1p/19q LOH .51
Not codeleted 141 61.8 95 67.9 236 64.1
Codeleted 44 19.3 36 25.7 80 21.7

EGFR mutation .76
Normal 111 48.7 82 58.6 193 52.4
Amplified 32 14.0 26 18.6 58 15.8

MGMT promoter
methylation

.61

Unmethylated 14 6.1 17 12.1 31 8.4
Methylated 57 25.0 64 45.7 121 32.9

PFS .21
Observation events, No. 181 117
HR 1.00 1.16

95% CI 0.92 to 1.46
Median, months 19.65 14.52

95% CI 15.38 to 33.35 9.63 to 21.13
PFS at 2 years (%) 48.02 39.29

95% CI 41.39 to 54.34 31.20 to 47.26
OS .06

Observation events, No. 168 113
HR 1.00 1.25

95% CI 0.99 to 1.59
Median, months 43.89 26.87

95% CI 30.03 to 61.17 18.69 to 38.31
OS at 2 years (%) 63.44 51.43

95% CI 56.81 to 69.33 42.87 to 59.33

NOTE. P � .01 is considered statistically significant. Missing values are not included in the table and are the remaining percentages
Abbreviations: AOA, anaplastic oligoastrocytoma; AOD, anaplastic oligodendroglioma; HGG, high-grade glioma (glioblastomas and anaplastic astrocytoma); HR,

hazard ratio; LGG, low-grade glioma; LOH, loss of heterozygosity; O, oligo component; OS, overall survival; PFS, progression-free survival.
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analysis, P � .05 was considered to indicate significant differences. The impor-
tance of groups of prognostic factors was compared using the percentage of
explained variation (PEV) developed by Heinze and Schemper25 for Cox
regression using SAS macros (SAS Institute, Cary, NC). A PEV of at least 20%
is considered a minimum requirement for a model to provide sufficiently
precise individual PFS or OS predictions.26,27 PFS and OS were computed
from random assignment to date of event (progression and/or death) or
censored at the date of last visit.

RESULTS

Patients and Samples

Out of 368 patients within the EORTC 26951 trial, a total of 140
samples of were available for the current study; for the other patients,
the amount of material was insufficient. Of the samples, 47 were FF
and 93 were FFPE. Seventy-three patients had been assigned to the RT
plus PCV chemotherapy arm, and 67 patients had been assigned to the
RT only arm. Our cohort of samples from the EORTC 26951 study did
not differ from the entire EORTC 26951 cohort (368 patients) with
respect to age, sex, performance status, diagnosis, tumor location,
IDH1 mutation, 1p/19q LOH, EGFR amplification, MGMT promoter
methylation, OS, and PFS (Table 1). However, OS within the RT only
treatment arm of included patients was worse compared with OS in
patients not included (OS: 1.6 v 3.7 years, respectively; P � .009;
hazard ratio [HR], 1.59; 95% CI, 1.12 to 2.25; PFS: 0.8 v 1.4 years,
respectively; P � .012; HR, 1.55; 95% CI, 1.10 to 2.17), even when
corrected for known clinical (age, extent of resection, sex, and perfor-
mance status) and molecular (1p/19q LOH) characteristics and histo-
logic review diagnosis. There were no such differences in the RT-PCV
arm. This effect is likely a result of difference in patient selection in the
hospitals but not related to tissue sampling. Of note, at the time of
random assignment, patients were stratified per center. Of the in-
cluded samples, there were no differences in clinical, molecular, or
histologic characteristics between the two treatment arms (Data Sup-
plement). A detailed analysis of patients included versus not included
is shown in the Data Supplement.

Intrinsic Subtypes Are Prognostic for OS and PFS

Expression profiling was performed on a total of 140 samples of
patients treated within EORTC 26951. All expression profiles were
then assigned to one of six predefined intrinsic subtypes. These mo-
lecularly similar intrinsic subtypes were identified previously and are
based on unsupervised gene expression analysis.8 All six IGSs were
identified, which shows that patients with different molecular sub-
types were enrolled within this trial under the same histopathologic
diagnosis. After assignment, IGS-9, IGS-16, IGS-17, IGS-18, IGS-22,
and IGS-23 contained 50, two, 26, 27, eight, and 27 patients, respec-
tively. The histologic composition (both original and review diagno-
sis) of subtypes is depicted in the Data Supplement. The intrinsic
subtypes were highly prognostic for both OS and PFS. The median OS
times for IGS-9, IGS-17, IGS-18, and IGS-23 were 8.5, 2.8, 1.2, and 1.0
years, respectively; and the median PFS times were 5.7, 1.8, 0.5, and 0.5
years, respectively (Fig 2). IGS-16 and IGS-22 contained too few sam-
ples to draw conclusions. Details for IGS-22 are listed in the Data
Supplement. The subtype-specific differences in survival were highly
similar to previously reported differences using FF archival samples
and confirm the prognostic power of intrinsic subtyping.8 Even within
the 1p/19q codeleted patient cohort, IGS subtyping remained prog-
nostic. Conversely, 1p/19q status was also prognostic within patients
assigned to IGS-9 (Data Supplement).

In multivariate analysis, intrinsic subtype was a significant prog-
nostic factor that was independent from clinical (age, sex, perfor-
mance status, and type of surgery), molecular (1p/19q LOH), and
histologic (local diagnosis or review diagnosis) parameters (Table 2).
Tissue type (FF or FFPE) was not a prognostic variable in univariate or
multivariate analysis. When IDH1 mutation status was included in
this analysis, intrinsic subtyping remained an independent prognostic
factor for PFS (P � .003) but not OS (P � .052). When MGMT
promoter methylation was included, intrinsic subtyping remained an
independent prognostic factor for both PFS (P � .001) and OS (P �
.008), although the number of patients analyzed became relatively
small (n � 80). Of note, even in the confirmed AOD tumors at central
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pathology review, each histologic subtype was found to contain several
intrinsic subtypes. Within the group of central pathology review–
confirmed AOD and AOA tumors or within the group of tumors with
1p/19q LOH, intrinsic subtype remains an independent prognos-
tic factor.

Distribution of 1p/19q LOH (P � .001), MGMT (P � .007),
IDH1 (P � .001), and EGFR (P � .001) was significantly different
between clusters. 1p/19q LOH was significantly more frequently pres-
ent in tumors assigned to IGS-9 (29 of 46 samples, 63%) compared
with IGS-17 (six of 25 samples, 24%), IGS-18 (zero of 26 samples,
0%), and IGS-23 (zero of 25 samples, 0%; Fig 3). EGFR amplification
was predominantly observed in IGS-18 (14 of 24 samples, 58%) and,
to a lesser extent, in IGS-23 (eight of 21 samples, 38%). EGFR ampli-
fication was rarely observed in samples assigned to IGS-9 (three of 39
samples, 7.6%) and IGS-17 (zero of 19 samples, 0%). IGS-9 and
IGS-17 were more often associated with MGMT methylation and/or
IDH1 mutation compared with IGS-18 and IGS-23 (Fig 3 and Data
Supplement). As previously reported, CpG island methylation pheno-
type–positive tumors segregated in IGS-9 and IGS-17, whereas CpG
island methylation phenotype–negative tumors segregated in IGS-18
and IGS-23.17

Molecular parameters28 (IDH1 and 1p/19q LOH) and intrinsic
subtypes are both important prognostic factors. To assess the added
predictive value for PFS of intrinsic subtyping, we combined molecu-
lar (IDH1 and 1p/19q LOH) data with intrinsic subtypes and assessed
the PEV by the two models. Both molecular parameters and intrinsic
subtypes had comparable PEV (Data Supplement). This does not
mean that both models explain the same variability. However, the
combined model has a larger PEV of 30% compared with 23% for
each individual group of factors, although this difference is not statis-
tically significant.

Prediction of Benefit From Adjuvant PCV

We then evaluated whether the benefit from adjuvant PCV chemo-
therapy was specific to selected intrinsic subtypes. The addition of adju-
vant PCV improved OS in samples assigned to IGS-9 (12.8 years in the
RT-PCV arm v 5.5 years in the RT only arm; P � .035; HR, 2.18; 95% CI,
1.06to4.50);animprovementwasalsoobservedforPFS(12.8years inthe
RT-PCV arm v 3.6 years in the RT only arm; P � .0018; HR, 3.18; 95%
CI, 1.54 to 6.59). Data are shown in Figure 4 and Table 3. PCV
treatment also improved PFS, but not OS, in samples assigned to

IGS-18 (0.8 years in the RT-PCV arm v 0.4 years in the RT only arm;
P � .028; HR, 2.51; 95% CI, 1.10 to 5.69). A trend toward an increase
in both OS and PFS was observed between the two treatment arms in
samples assigned to IGS-17 (OS: 5.4 v 1.8 years in RT-PCV and RT
only arms, respectively; P � .096; HR, 2.21; 95% CI, 0.87 to 5.60; PFS:
2.2 v 1.0 years in RT-PCV and RT only arms, respectively; P � .109;
HR, 2.12; 95% CI, 0.85 to 5.30). No difference in PFS or OS was
observed between the treatment arms in samples assigned to IGS-23.
Interaction tests for the effects of treatment across intrinsic subtypes
were not significant for both PFS and OS (Data Supplement).

DISCUSSION

In this study, we performed intrinsic subtyping within a prospective
clinical trial, EORTC 26951. Our data demonstrate that all six IGSs are
present in EORTC 26951, despite the fact that only AODs and AOAs
(as diagnosed by the local pathologist) were included in this study.
After central pathology review, each histologic diagnosis still con-
tained various intrinsic subtypes. Similar to reports in archival sam-
ples, the intrinsic subtypes are an independent prognostic factor both
for OS and PFS. Combining known molecular (1p/19q LOH and
IDH1) prognostic parameters with intrinsic subtypes improves out-
come prediction, although this difference is not significant (PEV of
30% v 23% for individual groups of factors).

Histologic classification of gliomas is troublesome and subject to
interobserver variation.29 In this study, we confirm that expression

Table 2. Analysis of Overall Survival by Intrinsic Subtype and Other Variables

Variable P HR 95% CI for HR

Intrinsic subtype .001 1.06 1.03 to 1.12
Age .002 1.03 1.01 to 1.05
Sex .530 0.87 0.57 to 1.34
Type of surgery .016 0.67 0.49 to 0.93
Performance status .011 1.46 1.09 to 1.94
1p/19q LOH .000 0.32 0.17 to 0.59
Review diagnosis .086 0.82 0.66 to 1.03

NOTE. Calculations are based on 126 observations. Type of surgery catego-
ries included biopsy, partial resection, and total resection. Performance status
is based on WHO–Eastern Cooperative Oncology Group scoring (0, 1, or 2).20

All categories were used as variable in the analysis.
Abbreviations: HR, hazard ratio (compared to radiotherapy only arm); LOH,

loss of heterozygosity.
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profiling, compared with the diagnoses made by the local pathologists,
is a more accurate and objective method to classify gliomas.6-10,30-34

Also similar to reports on archival samples, specific genetic changes
(IDH1, 1p/19q LOH, and EGFR amplification) segregate into differ-
ent subtypes. Therefore, intrinsic subtypes are not only similar in their
RNA expression profile, but are also similar on the DNA level in their
genetic aberrations. Our data validate the prognostic significance of
intrinsic subtypes, and therefore intrinsic subtyping can be used to
determine the molecular heterogeneity of samples included in clini-
cal trials.

As said, clinical trial samples are often of poor quality because
most are FFPE samples.11 However, recent technologic advances have
indicated that expression profiling is feasible on FFPE material.12,13,15

One of the limitations of the current study is that we were unable
to determine the intrinsic subtype of all samples from EORTC 26951.
Although most characteristics of samples included versus those not
included are similar, this argues for a validation of our results in an
independent cohort.

1p/19q and IDH are powerful low-cost tools for molecular clas-
sification. However, these single molecular markers provide limited
information and may miss, for example, tumors with only partial
1p/19q deletions.35 In addition, approximately 30% of tumors with
1p/19q LOH do not have an IDH1 mutation. Because of these limita-
tions, we believe that single molecular marker analysis will be replaced
by high-throughput assays. Here, we demonstrate that IGS classifica-
tion improves outcome prediction and thus provides additional value
for patients.

Long-term follow-up of this trial shows that adjuvant PCV im-
proves OS in AOA and AOD. Here, we further demonstrate that not
all patients benefit equally from this treatment. Samples assigned to
IGS-9 (characterized by a high percentage of 1p/19q LOH and IDH1
mutations) significantly benefit from PCV chemotherapy, whereas
samples assigned to IGS-23 do not show any improvement in out-
come (neither PFS nor OS). This outcome for IGS-9 samples is re-
markable because there was a large degree of crossover in the RT only
arm at time of progression.21

Tumors with 1p/19q LOH have been reported to show durable
responses to chemotherapy.18,19,36 Independently, both the EORTC
26951 trial and its North American counterpart Radiation Therapy
Oncology Group (RTOG) 9402 have shown that the addition of PCV
to RT improved OS in 1p/19q codeleted oligodendrogliomas.37,38 Our
data validate these observations because IGS-9 contains gliomas with
the highest percentage 1p/19q LOH. Moreover, the median survival
time between the RT-PCV and RT only arm is highly comparable to
the median survival observed in RTOG 9402 (14.7 years in the RT-

PCV arm v 7.3 years in the RT only arm in the RTOG 9402 trial and
12.8 years in the RT-PCV arm v 5.5 years in the RT only arm for IGS-9
samples in the EORTC 26951 trial). It should be noted that not all
tumors assigned to IGS-9 had 1p/19q LOH (19 of 46 tumors), and
conversely, not all tumors with 1p/19q LOH were assigned to IGS-9
(29 of 36 tumors). Similarly, 18 of 55 tumors assigned to IGS-9 or
IGS-17 did not have an IDH1 mutation, and seven of 44 tumors with
an IDH1 mutation were not assigned to IGS-9 or IGS-17. Although we
show that combining known molecular (1p/19q LOH and IDH1)
prognostic parameters with intrinsic subtypes improves outcome pre-
diction, which of these techniques can best predict response to PCV
chemotherapy remains to be determined; numbers in the current
study are too low for a formal comparison.

Identifying patients who do not benefit from PCV chemotherapy
is of equal clinical relevance. In our study, samples assigned to IGS-18
or IGS-23 showed no benefit from PCV chemotherapy in OS (al-
though an increase in PFS was observed for IGS-18). In RTOG 9402,
OS was not improved by PCV chemotherapy in AODs and AOAs that
retained either 1p and/or 19q. Combined, these data indicate that
patients harboring an AOD or AOA that have retained 1p and/or 19q,
assigned to IGS-18 or IGS-23, do not show a benefit in OS from
PCV chemotherapy.

Samples assigned to IGS-17 showed a trend toward improved
outcome from PCV chemotherapy, both in PFS and OS. IGS-17
contains predominantly tumors that have retained 1p/19q but have
IDH1 mutations. A similar trend toward improved outcome was
observed in the entire EORTC 26951 cohort tumors with retained
1p/19q and mutated IDH1. Nevertheless, our sample cohort is rela-
tively modest in size (N � 140), and our analysis is post hoc (retro-
spective testing), which is hypothesis generating. Therefore, our data
should be validated in an additional independent cohort to firmly
establish the predictive effect of these intrinsic molecular subtypes.

Interestingly, in a separate clinical trial (EORTC 22981/26981)
on glioblastoma, patients with tumors assigned to IGS-18 also did not
show a marked response to the addition of temozolomide to RT.8,39 In
this study, too few samples were assigned to other subtypes to draw
firm conclusions. It should be noted that there are some important
differences between EORTC 26951 and EORTC 22981/26981. For
example, EORTC 22981/26981 examined the efficacy of temozolo-
mide chemotherapy in combination with RT as opposed to PCV.
However, PCV and temozolomide are both alkylating agents with
similar mechanism of action. Another important difference is the
histologic subtype investigated; only glioblastomas were included in
EORTC 22981/26981, whereas EORTC 26951 included AODs and

Table 3. Overall Survival and Progression-Free Survival by Treatment Arm

IGS

Overall Survival Progression-Free Survival

Median (years)

Hazard Ratio 95% CI P

Median (years)

Hazard Ratio 95% CI PRT RT/PCV RT RT/PCV

IGS-9 5.5 12.8 2.18 1.06 to 4.50 .0349 3.6 12.8 3.18 1.54 to 6.59 .0018
IGS-17 1.8 5.4 2.21 0.87 to 5.60 .0962 1.0 2.2 2.12 0.85 to 5.30 .1086
IGS-18 1.1 1.4 1.43 0.66 to 3.12 .3669 0.4 0.8 2.51 1.10 to 5.69 .0280
IGS-23 1.1 1.0 0.89 0.39 to 2.02 .7771 0.6 0.5 0.98 0.44 to 2.18 .9678

Abbreviations: IGS, intrinsic glioma subtype; PCV, procarbazine, lomustine, and vincristine; RT, radiotherapy.
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AOAs. However, intrinsic subtypes have similar molecular and clini-
cal characteristics and are independent of histologic diagnosis. There-
fore, we hypothesize that samples assigned to a defined intrinsic
subtype will show similar responses to similar chemotherapy regimens
regardless of histologic diagnosis.

In summary, we demonstrate, on clinical trial samples and using
FFPE material, that intrinsic molecular subtypes are highly prognostic
for OS and PFS. Our data indicate that at least one intrinsic subtype of
glioma responds favorably to PCV chemotherapy. Intrinsic subtypes
are easily determined, and therefore, this approach provides a novel,
straightforward, and promising way to improve outcome prediction
when combined with other prognostic factors.
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■ ■ ■

GLOSSARY TERMS

1p/19q: A genetic alteration that consist in the loss of the
heterozygosity of chromosomes 1p and 19q, that has been shown
to be a powerful predictor of survival and chemosensitivity in
oligodendroglial tumors.

Expression profiling: The expression of a set of genes in a
biologic sample (eg, blood, tissue) using microarray technology.

Formalin-fixed, paraffin-embedded: Formalin-fixed,
paraffin-embedded (FFPE) tissue is the standard for tissue
preparation in anatomic pathology. The processing of tissue
historically has included cutting into thin (5-mm) sections,
then placing a cassette for fixation in formalin in a tissue pro-
cessor, followed by infusion of paraffin and embedding on the
block for subsequent sectioning for histologic evaluation or
immunohistochemistry.

Gene expression profiling: Identifying the expression
of a set of genes in a biologic sample (eg, blood, tissue) using
microarray technology.

HuEx_1.0_st arrays (Affymetrix): Microarrays that
measure expression of individual exons.

IDH1 (gene encoding isocitrate dehydrogenase 1): IDH1 converts
isocitrate to �-ketoglutarate in the cytoplasm. IDH1 mutations in cancer result
in a novel enzymatic activity whereby �-ketoglutarate is converted to D-2 hy-
droxyglutarate (R-2 hydroxyglutarate).

Intrinsic subtype: A subset of tumors that share similarities in their
gene expression profile. Subtypes are identified by unsupervised analysis
of gene expression.

Predictive: Markers, biologic or molecular, that determine which
treatment will increase the efficacy and improve outcome.

Prognostic factor: A measurable patient characteristic that is associated
with the subsequent course of disease (whether or not therapy is administered).
The identification of a prognostic factor does not necessarily imply a cause-and-
effect relationship. However, within a suitable outcome model, the measure-
ment of a prognostic factor contributes to an estimate of an outcome proba-
bility (eg, the probability of disease-free survival within a given time interval).

Prognostic (prognostic marker): A marker that predicts the prog-
nosis of a patient (eg, the likelihood of relapse, progression, and/or
death) independent of future treatment effects. A factor can be both
prognostic and predictive.
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