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AbstrAct

Introduction

The EORTC22033-26033 clinical trial (NCT00182819) investigated whether initial 

temozolomide (TMZ) chemotherapy confers survival advantage compared to radio-

therapy (RT) in low grade glioma patients (LGG). In this study we performed gene 

expression profiling on tissues from this trial in order to identify markers associated 

with progression free survival and treatment response.

Methods

Gene expression profiling, performed on 195 samples, was used to assign tumors to one 

of six intrinsic glioma subtypes (IGS; molecularly similar tumors as previously defined 

using unsupervised expression analysis) and to determine the composition of immune-

infiltrate. DNA copy number changes were determined using OncoScan arrays.

results

We confirm that IGS-subtypes are prognostic in the EORTC22033-26033 clinical trial. 

Specific genetic changes segregate in distinct IGS subtypes: most samples assigned to 

IGS-9 have IDH-mutations and 1p19q codeletion, samples assigned to IGS-17 have 

IDH-mutations without 1p19q codeletion and samples assigned to other intrinsic 

subtypes often are IDH-wildtype. A trend towards benefit from RT was observed for 

samples assigned to IGS-9 (HR for TMZ is 1.90, P=0.065), but not for samples as-

signed to IGS-17 (HR 0.87, P=0.62). We did not identify genes significantly associated 

with progression free survival (PFS) within intrinsic subtypes, though follow-up time 

is limited. We also show that LGGs and GBMs differ in their immune-infiltrate which 

suggests that LGGs are less amenable to checkpoint inhibitor type immune therapies. 

Gene-expression analysis also allows identification of relatively rare subtypes. Indeed, 

one patient with a pilocytic astrocytoma (PA) was identified.

conclusion

Intrinsic glioma subtypes are prognostic for PFS in EORTC22033-26033 clinical trial 

samples.
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IntroductIon

Low grade or grade II gliomas (LGGs) are a heterogeneous set of primary brain tumors 

that mainly occur in the 4th and 5th decade of life 1,2. The incidence is relatively low 

(< 1 per 100.000 persons/year) and, as they are slow growing tumors, patients have 

a relatively favorable prognosis, especially compared to gliomas of higher grade. Nev-

ertheless, LGGs have the tendency to evolve into gliomas of higher grade, and most 

patients will ultimately die from the disease 3,4. Based on their histological appearance, 

three subtypes of LGG can be distinguished: oligodendrogliomas, astrocytomas and 

mixed oligoastrocytomas. The current WHO classification has incorporated molecular 

markers (1p19q codeletion, and mutations in the IDH1/2 and ATRX genes) to delin-

eate astrocytoma and oligodendroglioma, but no longer considers oligoastrocytomas 

as a separate entity as they cannot molecularly be distinguished from other entities. 2,5

Treatment options for LGG patients include surgery, radiotherapy (RT) and chemo-

therapy (or combinations thereof), or a watchful waiting strategy can be adopted 4,6. 

Nevertheless, the optimal management of patients with a LGG has remained controver-

sial and only relatively few randomized phase III clinical trials have been performed. 

Earlier trials focusing on the effect of RT showed no effect of RT dosing on overall 

survival and, in a separate trial, there was no effect of early vs delayed RT after surgery 

on overall survival 7-9. Data from two large randomized clinical trials recently reported 

on the efficacy of chemotherapy in LGGs. Firstly, the RTOG9802 clinical trial, ex-

amining the role of the addition of procarbazine, lomustine and vincristine (PCV) 

chemotherapy after RT, showed improved survival of this regimen when compared 

to RT only 10. Second, the EORTC22033-26033 clinical trial examined the role of RT 

vs temozolomide (TMZ) chemotherapy and found no difference between the two on 

progression free survival (PFS) or in quality of life 11,12. Because of the limited follow-

up time, data on overall survival is not available.

Interestingly, correlative molecular marker analysis in the EORCT22033-26033 

study identified a subpopulation of patients that benefit from RT: Within the group 

of patients harboring tumors with an IDH mutation and in which the 1p and 19q 

chromosomal arms were not codeleted (‘Molecular Astrocytomas’), an improved PFS 

was noted when they were treated with RT. No such benefit was observed within the 

group of IDH-mutated, 1p19q-codeleted tumors (‘Molecular Oligodendrogliomas’) 11. 

We have previously shown that gene-expression profiling and subsequent molecular 

subtyping based on the gene-expression profile (intrinsic glioma subtypes) can iden-

tify prognostic subgroups and identify genes and subtypes that are associated with 

response to treatment 13-15. In this study we have therefore performed gene expression 
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profiling, and associated immunophenotyping, of 195/477 samples included in the 

EORTC22033-26033 clinical trial to identify markers associated with survival and to 

aid in the identification of patients that benefit most from RT or TMZ treatment.

Methods

Patient samples

Patients were considered eligible in the EORTC22033-26033 trial (clinical trial identi-

fier NCT00182819), if they had been diagnosed with a histologically confirmed supra-

tentorial, diffusely infiltrating grade II glioma (either astrocytoma, oligoastrocytoma or 

oligodendroglioma) according to the WHO 2006 classification 16. Patients should present 

with at least one high-risk feature (age ≥40 years, progressive tumor disease, tumor size 

>5 cm, tumor crossing the midline, neurological symptoms). Details of the eligibility 

criteria and the consolidated standards on reporting trials (Consort) flow diagram have 

been described previously 11. Patients were registered for the trial at any time after initial 

diagnosis (allowing for tissue collection and molecular analysis) and randomized at a 

time-point when treatment was required. A total of 707 patients were registered in the 

EORTC22033-26066 study of which 477 were randomized to receive either RT or TMZ. 

For this analysis a clinical cut-off date of 17th of January 2013 was used and the database 

was locked on 7th of August 2013. IDH mutation status and 1p/19q codeletion status were 

obtained as described in Baumert et al 11. MGMT methylation status was determined using 

the MGMT-STP27 algorithm based on genome wide methylation array data 17 (Bady et al, 

submitted). All patients gave written informed consent for correlative molecular analysis.

rnA isolation and array hybridization

Sufficient material for expression analysis was available for 203/477 randomized pa-

tients. Eight samples failed QC so that expression profiles from a total of 195 samples are 

presented here. Of these, RNA was isolated from FFPE tissue blocks (n=166) or from 

snap frozen tissue samples (n=29). RNA extraction, purification and quantification 

from FFPE and FF material was reported previously 18,19. Purified RNA (250 ng) was 

used for labeling and hybridization on DASL beadchips (Illumina, San Diego, CA) that 

were run by Service XS, Leiden, the Netherlands. Expression data were quantile normal-

ized and corrected for batch effects using preprocessCore (Bioconductor) and ber (R) 

packages respectively. RNA expression profiles were then assigned to one of six intrinsic 

molecular subtypes of glioma as previously defined 18, using the ClusterRepro R package 
20. These intrinsic subtypes can be recapitulated on FFPE material with high concordance 

and using various expression profiling platforms 13,14,19. SAM analysis was performed 

on FFPE samples using SAMR, an R package 21. The SAM approach to identify genes 
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associated with treatment response is similar to previously reported 14,22. Expression data 

are available via NCBI GEO datasets, GSE107850. Analysis of the immune infiltrate was 

assessed using the immunophenoscore R script (https://github.com/MayerC-imed/Im-

munophenogram) 23. Glioblastoma samples of patients treated in the BELOB trial were 

used for immunophenotype comparison between low and high-grade gliomas14.

dnA isolation and Genotyping

DNA was extracted for genotyping on a subset of samples using a QIAamp DNA FFPE 

tissue kit (Qiagen). Genotyping was performed using the OncoScan FFPE assays Kit 

(Affymetrix, Santa Clara, CA), a platform that allows determing copynumber changes 

and loss of heterozygosity (LOH) in FFPE samples using molecular inversion probes 24,25. 

Copynumber changes were analyzed using Nexus Express for Oncoscan (Affymetrix).

statistical analysis

Distribution of frequencies were compared between subtypes using the Chi-squared 

test. A Fishers’ exact test was used in case the assumptions for chi-square distribution 

were violated as indicated in the respective tables. Kaplan–Meier survival curves were 

compared using the log-rank test using the survival package in R26. PFS was calculated 

from the time of initial diagnosis/surgery to the date of clinical or radiological progres-

sion or death (whichever occurred first). The significance of prognostic factors was 

determined with a multivariate analysis using Cox regression.

results

Expression data was generated successfully for 195/477 samples and most parameters 

were balanced between the ‘included’ (i.e. those with gene expression data) and the ‘not 

included’ cohort. However, the ‘included’ subset contained fewer biopsies, which may be 

expected due to the limited amounts of tissue available from this type of material (table 

1). The included cohort also contained a higher proportion of astrocytomas and IDH-

wt tumors. Interestingly, both variables are correlated with type of surgery: biopsies are 

more frequently performed in WHO2006 astrocytomas compared to non-astrocytomas 

(91/189 [48%] v. 75/287 [26%], P<0.0001) and biopsies are more often performed on 

IDH-wt tumors (41/65 [74%] v. 107/326 [33%], P<0.0001). Despite these differences, 

progression free survival of included vs not included patients was similar (39.8 vs 43.8 

months respectively, supplementary figure 1). Progression free survival of included vs 

not included was also similar within the molecularly defined subgroups ‘IDH-mutated, 

1p19q codeleted (molecular olidogendrogliomas)’, ‘IDH-mutated, 1p19q non-codeleted 

(molecular astrocytomas)’ and ‘IDH-wt’ (supplementary table 1).
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Intrinsic glioma subtypes are prognostic in eortc22033-26033 trial samples

Expression data from clinical trial samples were assigned to one of six ‘Intrinsic Glioma 

Subtypes’ (IGS-9, IGS-16, IGS-17, IGS-18, IGS-22 or IGS-23) as previously defined 17. 

As can be expected in LGGs, the majority of samples were assigned to the prognosti-

cally favorable subtypes IGS-9 and IGS-17 (n=74 and 115 respectively, figure 1 and 

table 2). In concordance with previously published data, samples assigned to IGS-9 

predominantly had an IDH mutation (68/69), had 1p19q codeletion (45/68) and were 

diagnosed as oligodendroglioma (52/74, supplementary table 2) 13,18. Samples assigned 

to IGS-17 predominantly contained tumors with an IDH-mutation (97/108), but 1p19q 

codeletion was rarely observed (17/102) and tumors were more frequently diagnosed, 

Table 1. Comparison between included vs not included samples

variable All Included Not inc P

Treatment RT 240 96 144 0.760

TMZ 237 99 138

Type of surgery Biopsy 189 38 151 <0.001*

Partial resection 206 116 90

Total resection 81 41 40

n/a 1 0 1

Histology Astrocytoma 167 51 116 0.002

Oligoastrocytoma 118 51 67

Oligodendroglioma 192 93 99

Performance 0 294 122 172 0.86

1 165 65 100

2 18 8 10

Gender Female 202 85 117 0.71

Male 275 110 165

IDH mutation status Mutated 327 166 161 <0.001

Normal 65 14 51

n/a 85 15 70

1p19q status Codeleted 117 63 54 0.25*

Intact 240 112 128

n/a 120 20 100

MGMT methylation Methylated 113 102 11 1 **

Unmethylated 7 7 0

Age Age (years) mean ± SD 44.6 ± 11.7 43.9 ± 11.1 45.1 ± 12.2 0.31

< Median 238 101 137 0.55

> Median 239 94 145

Abbreviations: RT: radiotherapy; TMZ: temozolomide. Performance: ECOG performance score. Chi squared 
test comparison between included vs not included samples only; Note on performance score, Chi-square test 
without performance score 2 also has P<0.001. *: Chi-squared test performed without n/a samples, **: Fish-
ers’ exact test.
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based on local diagnosis, as astrocytoma or oligoastrocytoma (76/115). In the samples 

assigned to other molecular subtypes (n=6), IDH-mutations were infrequent (1/5) as 

was 1p19q codeletion (1/5).

Patients with most favorable prognosis were those with tumors assigned to IGS-9 (PFS 

53 months) or IGS-17 (PFS 40 months), and patients with worst prognosis were those 

assigned to other molecular subtypes (11.8 months, figure 2). Differences between all 

groups were significant (logrank P<0.0001), differences between the two most favor-

able subtypes, IGS-9 and IGS-17, were however, not significant (P=0.17, HR 0.74, 

95% CI [0.49-1.13], though this could be related to limited follow-up time in which 

relatively few events have occurred. The IGS-‘other’ subtype remained significant in a 

multivariate analysis that included other known prognostic factors such as age, type of 

surgery, histological diagnosis, treatment and performance score (table 3).

treatment response per IGs-subtype

A trend towards benefit from RT compared to TMZ was observed for samples as-

signed to IGS-9 (HR for TMZ is 1.90, 95% CI [0.95, 3.80], P=0.065, figure 3). No 

such difference was observed for samples assigned to IGS-17 (HR for TMZ vs RT is 

0.87, 95% CI[0.50, 1.51], P=0.62). Too few patients were assigned to other molecular 

Figure 1. Heatmap showing association of gene-expression with clinical, pathological and other molecular 
data (IDH-mutation status, MGMT-promoter methylation status, 1p19q codeletion, intrinsic glioma subtype 
and immunophenoscore). As can be seen, most patients assigned to IGS-9 have 1p19q codeletion and are 
diagnosed as oligodendrogliomas.
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subtypes to assess response to treatment. Our gene expression data therefore provides 

preliminary evidence that patients with tumors assigned to IGS-9 can benefit from RT 

whereas no such benefit is observed in tumors assigned to IGS-17. It should be stressed 

however, that this is a post-hoc analysis performed on a subset of samples included in 

the EORTC22033-26033 clinical trial.

No genes were found to be significantly associated with progression free survival 

within molecular subgroups by SAM analysis, also not when subgroups were stratified 

by treatment. Identification of such genes may require a more mature dataset.

Table 2. Association between specific genetic changes, histology and IGS-subtype

variable IGS-9 IGS-17 IGS other not inc P

All samples 74 115 6 282

Treatment RT 38 54 4 144 0.66

TMZ 36 61 2 138

Type of surgery Biopsy 13 22 3 151 0.87

Partial resection 46 67 3 90

Total resection 15 26 0 40

n/a 0 0 0 1

Histology Astrocytoma 11 38 2 116 p<0.001

Oligoastrocytoma 11 38 2 67

Oligodendroglioma 52 39 2 99

Performance 0 58 61 3 172 <0.001

1 16 46 3 100

2 0 8 0 10

Gender Female 35 48 2 117 0.55

Male 39 67 4 165

IDH status Mutated 68 97 1 161 0.09

Normal 1 9 4 51

n/a 5 9 1 70

1p19q status Codeleted 45 17 1 54 < 0.001

Intact 23 85 4 128

n/a 6 13 1 100

MGMT Methylated 45 56 1 11 0.04

Unmethylated 0 7 0 02

Age Age (years) mean ± SD 47.2 ± 10.7 42.1 ± 11.0 38.8 ± 7.5 45.1 ± 12.2 0.013*

< 44.6 years 25 72 4 137 <0.001

> 44.6 years 49 43 2 145

Chi squared test comparison between IGS-9 and IGS-17 only; Note on performance score, Chi-square test 
without performance score 2 also has P<0.001. IDH-mutation status was done using a Fishers’ exact test. *: 
Anova based on all categories, anova on only IGS-9 and IGS-17: P= 0.002; anova of IGS-9, IGS-17 and IGS-
other: P=0.004.
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Immunophenotyping

Transcriptomic analysis has recently proved a valuable tool in the prediction of response 

to checkpoint inhibitors in various tumor types. This response prediction is done by a 

deconvolution of the gene expression data and subsequent cataloguing of the immune 

infiltrate of the tumor 23. ‘Immunophenotyping’ has thus far only been performed on 

historical and archival samples which makes it difficult to estimate the relevance of 

potential confounding clinical and patient parameters. We therefore analysed the im-

mune infiltrate of samples included in the EORTC22033-26033 clinical trial. We also 

included data from the BELOB trial, a randomized phase II trial on recurrent glioblas-

tomas (GBM, n=110, expression data from the initial tumor) to allow comparisons 

between LGG and GBM 14. Such comparison is possible as the GBM samples were run 

on the same platform, and processed in batches alongside the EORTC22033-26033 

samples. Any analysis involving clinical parameters were analyzed within the indi-

vidual clinical trials to avoid potential patient bias.

In general, LGGs have a slightly lower overall immunophenoscore (IPS, a score derived 

from immunophenotyping that is associated with response to checkpoint inhibitors 

in melanomas) than GBMs (P=0.004). Specifically, LGGs score higher on checkpoint 

(CP) and suppressor cell (SC) populations, but score lower on the effector cell (EC) and 

antigen processing (MHC) populations. This difference was apparent per IPS score 

(supplementary figure 2). For example, LGGs and GBMs with IPS score of 4 have an 

MHC score of respectively 0.86±0.16 and 1.21±0.24 (P<0.0001, n=77 and n=25). 

Similarly, LGGs with an IPS score of 5 have an SC score of 0.005±0.13 whereas GBMs 

have a score of -0.29±0.18 (P<0.001).

Table 3. Multivariate analysis for PFS

HR SE p 95% CI

Age 0.97 0.01 0.014 0.95-0.99

Type of Surgery Partial resection vs. Biopsy 0.80 0.27 0.424 0.47-1.37

Total resection vs .Biopsy 0.76 0.33 0.409 0.40-1.45

Histology Oligoastrocytoma vs. Astrocytoma 0.87 0.29 0.620 0.49-1.52

Oligodendroglioma vs. Astrocytoma 0.89 0.24 0.650 0.55-1.45

Treatment TMZ vs RT 1.41 0.22 0.113 0.92-2.14

Gender Male vs. Female 1.21 0.21 0.375 0.80-1.82

Performance ECOG 1 vs. ECOG 0 0.77 0.23 0.267 0.49-1.22

ECOG 2 vs. ECOG 0 4.49 0.45 0.001 1.87-10.73

IGS-subtype IGS-9 vs. IGS-17 0.96 0.24 0.864 0.60-1.54

IGS-other vs. IGS-17 7.40 0.50 0.000 2.75-19.89

n= 195, number of events= 101

IGSs are prognostic for PFS in EORTC 22033-26033 clinical trial samples 9



Within the EORTC22033-26033 samples, the Immunophenoscore was significantly 

correlated to histological subtype of the tumor (P< 0.001), presence or absence of 

IDH mutations (P= 0.03), but not to gender, age, MGMT-promoter methylation 

status, 1p19q codeletion or IGS-subtype (Chi squared test). Within the BELOB trial, 

correlation between immunophenoscore and IDH-mutations could not be confirmed, 

though the number of IDH-mutated tumors in that cohort was low (n=5). In fact, 

the immunophenoscore was not associated with any clinical or molecular parameter 

in this trial (age, gender, IGS-subtype, treatment, MGMT-promoter or IDH-mutation 

status). In neither trial, IPS score was associated with outcome (supplementary figure 

3). In summary, IPS score appears to be independent of known clinical and prognostic 

molecular markers. Moreover, the higher IPS score in GBMs suggests that LGGs are 

less amenable to checkpoint inhibitor type immune therapies.
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Figure 2. Intrinsic glioma subtypes are prognostic for progression free survival in patients treated within the 
EORTC22033-26033 clinical trial. Patients with most favorable prognosis were those with tumors assigned 
to IGS-9 (grey) or IGS-17 (dotted), and patients with worst prognosis were those assigned to other molecular 
subtypes (black), P<0.0001.
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Identification of pilocytic astrocytoma in 22033 clinical trial samples

Three out of the 195 samples were assigned to IGS-16 in the EORTC-22033 dataset. 

A hallmark of IGS-16 is that pilocytic astrocytomas (PAs, gliomas with favorable 

prognosis) are almost always assigned to this specific subtype 18. However, this expres-

sion based intrinsic subtype does not only contain PAs; other histological subtypes of 

gliomas (including GBMs) may also be assigned to IGS-16. As it is sometimes difficult 

to distinguish between pilocytic and grade II astrocytomas by histology, it is therefore 

possible that one or more of the three EORTC 22033 samples assigned to IGS-16 are 

actually PAs 27. Additional genetic testing to determine diagnosis is therefore required.

We therefore screened for typical genetic hallmarks of PAs (i.e. tandem duplication of 

7q34 involving the BRAF locus 28 29) in samples assigned to IGS-16. Genotyping arrays 

were used to determine the genetic changes in these samples. One of the three samples 

assigned to IGS-16 indeed showed the characteristic tandem duplication on 7q34, and 

a lack of other genetic changes (figure 4). The centromeric breakpoint lies within the 

BRAF locus. Of note, 12 samples from the TCGA dataset (combined LGG and GBM) 

are also assigned to IGS-16 30-32, and analysis of the genotype confirms that one of these 

samples (TCGA-HT-7691) harbors a BRAF-KIAA1549 gene-fusion (and no other 

notable mutations and/or copy number aberrations). Genotyping analysis therefore 

indicates that at least one sample of the EORTC22033 clinical trial (and one TCGA 

sample in other datasets) can molecularly be classified as a pilocytic astrocytoma.
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Figure 3. Progression free survival stratified by IGS-subtype and treatment: Samples assigned to IGS-9 show 
a trend towards benefit from RT compared TMZ (left panel, HR for TMZ is 1.90, P=0.065). No such difference 
was observed for samples assigned to IGS-17 (right panel, HR for TMZ vs RT is 0.87, P=0.62. Too few patients 
were assigned to other molecular subtypes to assess response to treatment (not shown).
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dIscussIon

In this study we have performed gene-expression profiling on samples of patients that 

were treated within the EORTC22033-26033 clinical trial. We show that intrinsic 

glioma subtypes show overlap with histological and molecular subtypes of glioma and 

that the IGS- subtypes are prognostic for PFS. Our data are in line with other stud-

ies that demonstrated the prognostic significance of gene-expression-based molecular 

subtypes in gliomas, but is only the second to be performed on randomized phase III 

clinical trial material 13,18,31,33,34. We confirm earlier observations that specific genetic 

changes segregate in defined IGS-subtypes 13,14,18.

The randomized phase III clinical trial EORTC22033-26033 was initiated to optimize 

treatment for LGG patients. The overall trial result demonstrated equal efficacy of RT 

v. TMZ monotherapy in LGG patients both on PFS and quality of life 11,12. Interestingly, 

correlative molecular marker analysis provided evidence for reduced benefit from TMZ 

in patients with IDH-mutated, 1p19q intact tumors. Our gene expression data did not 

support this observation: we show that samples assigned to IGS-17, of which most are 

IDH- mutated and 1p19q intact, have equal benefit from RT and TMZ.

The difference in the predictive effect between IGS-subtype and IDH-mutant, 1p19q 

codeleted tumors (despite a large degree of overlap in samples), may be explained by 

the fact that IGS subtyping probes a different type of tumor characteristic and thus 

Chr 1 2 YX201817161514131211109876543 22
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Figure 4. Identification of a pilocytic astrocytoma in a sample of the EORTC22033-26033 clinical trial. Three 
out of the 195 samples were assigned to IGS-16, a subtype to which pilocytic astrocytomas are assigned. In one 
of these samples we identified classical hallmark genetic changes of PAs: a tandem duplication on 7q34 (lower 
panel) and a marked absence of other genetic changes (upper panel). The centromeric breakpoint lies within 
the BRAF gene between 140.5 and 140.57 Mb, the Q-terminal breakpoint lies between 142.65 and 143.03 Mb.
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is not identical to molecular marker analysis of 1p19q and IDH-status. Analysis of 

DNA markers such as 1p19q and IDH-status do not take epi-genetic or phenotypic 

variability (such as those associated with tumor grade) into account. Alternatively, our 

gene-expression analysis only examined a subset of tumors, and those contained fewer 

biopsies and fewer astrocytomas compared to the entire dataset. The difference in the 

predictive effect between IGS-subtype and 1p19q (intact or codeleted) in IDH-mutant 

tumors may however, at least in part, also be explained by an incorrect determina-

tion of molecular markers. For example, IGS-subtyping has a degree of error due to 

e.g. intratumoral heterogeneity or effects of RNA-quality on tumor classification 35,36. 

Alternatively, the various methods to determine 1p19q codeletion also do not always 

give concordant results 37,38.

Several older trials have also analyzed the efficacy of alkylating chemotherapy in 1p19q 

intact low grade gliomas. One trial demonstrated efficacy of procarbazine, CCNU and 

vincristine (PCV) monotherapy in LGG, and the efficacy was not associated with 

1p/19q codeletion (though numbers for correlative marker analysis were small) 39. A 

separate trial that examined the efficacy of the addition of chemotherapy to RT also 

showed that both LGG tumors with and without 1p19q codeletion responded to TMZ, 

though tumors with 1p19q codeletion showed a higher response rate 40. Since 1p19q 

codeletion is associated with histological subtype, data from the recently published 

RTOG9802 trial also confirm the efficacy of combined RT + PCV treatment: efficacy 

was observed in all histological subtypes. Similar data, but on grade III gliomas, confirm 

the efficacy of PCV chemotherapy in both 1p19q codeleted and non codeleted tumors 
41-43 44. Data from these trials and data obtained in the current study therefore suggest 

that alkylating chemotherapy is effective in IDH-mutated, 1p19q intact gliomas, though 

it is possible that the response duration is shorter than in 1p19q codeleted gliomas.

Checkpoint inhibitors have recently gained attention as novel therapeutic agents in 

various cancer types including GBMs 45-48. Since only a subset of patients benefit from 

these treatments, identification of (bio-) markers associated with response is of clinical 

relevance. The mutational load, i.e. the number of mutations that lead to a neo-epitope 

of the tumor, has been coined as predictive response marker. However, analysis of the 

tumors’ immune infiltrate, which can be done by a deconvolution of the gene expression 

data, also can identify tumors likely to respond 23. Such ‘Immunophenotyping’ has thus 

far only been performed on historical and archival samples which makes it difficult to 

estimate the relevance of potential confounding clinical and patient parameters. Our 

gene expression data from the EORTC22033-26033 and BELOB clinical trials there-

fore can help determine the relevance of immunophenotyping in glioma samples. Our 

data show that in neither trial, IPS score was associated with outcome and that the IPS 
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score appears to be independent of known clinical and prognostic molecular markers. 

Nevertheless, GBMs in general have a higher IPS score and score higher on the effector 

cell and antigen processing populations than LGGs (even within defined IPS scores). 

These data suggest that LGGs are less amenable than GBMs to checkpoint inhibitor 

type immune therapies, which is in concordance with findings from other groups 49.

Our gene expression analysis has also identified one patient treated within 

EORTC22033-26033 with the hallmark genetic change of PAs: tandem duplication of 

7q34. It is important to identify such patients as they have better prognosis and require 

a different treatment than diffuse low grade gliomas50. We identified this patient based 

on the assignment of the tumor to IGS-16. However, IGS-16 does not only contain PAs: 

a few samples (of other histological subtypes with associated poorer prognosis) are also 

assigned to IGS-16, which necessitates additional molecular testing. The PA identified 

in the EORTC22033-26033 clinical trial also highlights difficulties to distinguish this 

tumor type by histology27. In addition to the EORTC22033-26033 trial sample, we also 

identify a PA sample in the TCGA dataset. Additional genomic testing of samples as-

signed to IGS-16 therefore may be warranted.

To summarize, gene-expression profiling of samples included in the EORTC22033-26033 

clinical trial confirmed the prognostic relevance of IGS subtyping. We failed to find 

evidence for differential treatment benefit in one or more specific molecular subgroups. 

IGS-subtyping has also identified one PA in the EORTC22033-26033 clinical trial and 

one in the TCGA database.
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Supplementary Table 1. Survival per molecular subtype included vs not included

Molecular subset inc/not inc n events median 0.95LCL 0.95UCL

all patients included 195 101 43.5 37.7 52.7

not included 282 161 39.8 35.3 47.7

IDH-mutated, 1p19q codeleted included 60 26 55.1 35.3 NR

not included 44 15 NR 41.2 NR

IDH-mutated, 1p19q intact included 92 47 46.5 40.5 56.8

not included 73 37 48.2 34.7 NR

IDH-wt included 14 10 16.6 9.6 NR

not included 51 42 20.6 15.1 27.3

NR: not reached

Supplementary Table 2. correlation of molecular markers with IGS-subtype

IDH status 1p19q status IGS-9 IGS-17 IGS-other not included

IDH mutated 1p19q 43 17 0 44

no codel 20 71 1 73

undetermined 5 9 0 44

IDH wt 1p19q 0 0 1 6

no codel 0 7 3 32

undetermined 1 2 0 13

IDH undetermined 1p19q 2 0 0 4

no codel 3 7 0 23

undetermined 0 2 1 43
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Supplementary Figure 1. Survival between ‘included’ and ‘not-included’ (i.e. those in which gene expression 
analysis was performed or not). No differences between included and not included were identified, also not 
when stratified by molecular subgroup (IDH-mutation and 1p19q codeletion, not shown).
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Supplementary Figure 2. Immunophenotypes in 22033 and BELOB clinical trials. A: distribution of IPS 
scores in the EORTC22033-26033 (LGG) and BELOB (GBM) clinical trials. As can be seen, GBMs tend to 
have higher IPS scores than LGGs. Other figures represent the immune infiltrate per IPS score stratified by 
the EORTC22033-26033 (LGG) and BELOB (GBM) trials. As can be seen, GBMs have more MHC expression 
(B) and higher effector cell population (C) per IPS score. In contrast LGGs have higher suppressor and im-
munemodulator (D and E).
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