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Abstract: Classification of gliomas based on genetic alternations was of great significance in understanding tumor 
behavior and treating individually. Immunohistochemistry (IHC) offered an easy, cheap and efficient way to detect 
mutations, compared to direct sequencing. Herein, we characterized the mutations of IDH-1 and ATRX detected by 
IHC, in a cohort of 217 glioblastomas. IDH-1R132H mutations was more common in younger patients (42.31 ± 1.56 vs. 
53.45 ± 1.02, P=0.000) and secondary glioblastomas [12.8% (23/180) vs. 75.7% (28/37), P=0.000]. ATRX loss 
was closely correlated with a younger age (44.59 ± 1.94 vs. 52.51 ± 1.00, P=0.000) and secondary glioblasto-
mas [51.4% (19/37) vs. 15.0% (27/180), P=0.000]. IDH-1R132H mutations were significantly overlapped with ATRX loss 
[56.9% (29/51) vs. 10.2% (17/166), P=0.000]. Moreover, the median overall survival significantly differed among 
IDH-1R132H-mut-ATRXneg (28.70 months, 95% CI 12.44-44.96), IDH-1R132H-mut-ATRXpos (20.87 months, 95% CI 9.57-
32.17), IDH-1R132H-wt-ATRXneg (14.27 months, 95% CI 10.01-18.53) and IDH-1R132H-wt-ATRXpos (12.20 months, 95% 
CI 10.33-14.07). Also patients in the group of IDH-1R132H-mut-ATRXneg or IDH-1R132H-mut-ATRXpos were both significantly 
younger than those had IDH-1R132H-wt-ATRXpos subtypes (P<0.05). In conclusion, immunostaining of IDH R132H and 
ATRX proteins help better classify glioblastomas. We recommend IHC as a necessary tool to diagnose glioblastomas, 
when direct sequencing was not performed.
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Introduction

Glioblastomas accounts for 15.1% in central 
nervous system (CNS) tumors, with a median 
survival of 1.5 years approximately [1, 2]. 
Glioblastomas are further classified as primary 
and secondary (pGBM & sGBM), and the later 
originates from lower-grade gliomas [3, 4]. 
Alternatively, glioblastomas are divided into 
classical, mesenchymal, neural and proneural 
subtypes, according to gene expression. 
Interestingly, there is a varied proportion of pri-
mary and secondary glioblastomas in the 
molecular subtypes [5-7]. Because mutations 
of IDH1/2 (isocitrate dehydrogenase), TP53, 
and ATRX (alpha thalassemia/mental retarda-
tion syndrome X-linked) are more frequent in 
secondary GBMs than in pGBM [4, 8-13]. 
Recently, the WHO 2016 classification of CNS 
tumors is revised with the inclusion of IDH sta-
tus and 1p19q co-deletion [14]. 

Most importantly, molecular classification 
helps us better understand tumorgenesis, clini-

cal behavior, and treat individually. However, 
gene testing is expensive and complicated,  
and is unlikely to be performed globally espe-
cially in developing countries. IHC offered a 
robust, cheap and efficient to detect mutations, 
especially in IDH-1R132H and ATRX [9, 15-18]. 
Moreover, it is well observed that mutations of 
IDH and ATRX could subclassify gliomas [9, 
19-22]. In this study, we investigate the status 
of IDH and ATRX with the method of IHC, in  
a single institute. We hope this IHC method 
could provide an efficient classification for 
glioblastomas. 

Materials and methods

Study population

From 2009 to 2015, 217 cases with glioblasto-
ma were retrospectively reviewed in the study. 
All of them underwent an operation at Sanbo 
Brain Hospital. Postoperative therapies were 
adjuvant chemoradiotherapy according to 
Stupp protocols [2]. Unluckily, only 58 (59.8%) 
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patients were administered with full treatment 
protocols (adjuvant chemoradiotherapy plus 
concomitant temozolomide). Overall survival 
(OS) was defined as the period from operation 
to death or censored. Only 2 cases are missing 
from the follow-up. The deadline of the follow-
up was Feb, 2016. The study was approved by 
the ethics committee of Sanbo Brain Hospital, 
and a written informed consent was obtained 
from all patients.

Immunohistochemical staining and assess-
ment

Immunoperoxidase staining for IDH1R132H and 
ATRX was performed on formalin-fixed, paraf-
fin-embedded tissue sections as previously 
reported [13]. Each slide stained for IDH1R132H 
(Dianova 1:100) and ATRX (1:1000 sigma) was 
individually reviewed and scored by 2 indepen-
dent observers. The cutoff values were 10% for 
IDH1R132H and ATRX. Briefly, the cytoplasm 
Primary antibodies against IDH1R132H and ATRX 
were applied overnight at 4°C. After washing 

with PBS, the sections were then incubated 
with poly-HRP Anti-Mouse/Rabbit IgG Detection 
System (PV-9000 ZSGB-BIO, China) for 30 min 
at 37°C. Two experienced pathologists (Xue-
ling Qi and Kun Yao) reviewed the sections 
under microscope (Leica DM3000) indepen-
dently, blind to clinical outcomes. 

Statistical analysis

SPSS 22.0 was used for data analysis. χ2 test 
and student test were used for data analysis 
appropriately. Survival curves were evaluated 
by the Kaplan-Meier method, and confirmed by 
log-rank test. Multivariate analysis was per-
formed with Cox regression model. P<0.05 was 
defined as statistically significant.

Results

Immunohistochemistry 

Immunohistochemistry of IDH-1R132H and ATRX 
was carried on 217 patients. Positive expres-

Figure 1. Immunostaining for IDH-1R132H mut positive (A), negative (B), ATRX expression (C), loss (D).
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and secondary glioblastomas [51.4% (19/37) 
vs. 15.0% (27/180), P=0.000], corresponding 
well to Ikemura’s study [18]. 

Prognosis based on molecular subtypes

In the multiple analyses, we only observed 
complete chemoradiotherapy and IDH-1R132H 

mutations that served as an independent prognos-
tic marker (Table 2). The median OS  
of 23.97 months (95% CI 7.85-40.09) in the 
IDH-1R132H mut group, was longer than the medi-
an OS of 12.30 months (95% CI 10.73-13.87) 
in IDH-1R132H wt group (P=0.000, log-rank test). 

Table 1. Patients characteristics
Variables No mOS (95% CI) months HR (95% CI) P value
Age
    <60 152 15.13 (12.65-17.61) 0.62 (0.45-0.86) 0.005 
    ≥60 65 11.67 (10.02-13.33)
Gender
    Female 85 14.63 (10.84-18.42) 0.91 (0.65-1.26) 0.908
    Male 132 13.50 (11.52-15.48)
Preoperative KPS
    ≤70 99 11.56 (9.23-13.89) 0.75 (0.55-1.04) 0.082
    >70 118 16.17 (13.52-18.82)
Pathology
    pGBM 180 13.50 (11.33-15.67) 1.42 (0.89-2.25 0.143 
    sGBM 37 16.90 (7.10-26.70)
Location
    Frontal 47 15.13 (10.15-20.11) 1.03 (0.94-1.13) 0.550
    Temporal 34 17.00 (8.32-25.68)
    Parietal 13 12.00 (10.32-13.68)
    Other site 39 8.53 (6.64-10.42)
    Mixed 84 15.50 (12.65-18.35)
Size
    ≤5 cm 91 13.33 (9.26-17.40) 1.09 (0.79-1.50) 0.585 
    >5 cm 126 13.83 (10.70-16.96)
Resection
    GTR 152 13.83 (10.98-16.68) 0.74 (0.52-1.03) 0.076
    Non-GTR 65 12.60 (8.44-16.76)
Chemoradiotherapy
    Incomplete 76 7.73 (5.75-9.71) 0.35 (0.25-0.49) 0.000
    Complete 141 16.77 (15.06-18.48)
IDH-1R132H

    Mutant 51 23.97 (7.85-40.09) 0.48 (0.31-0.73) 0.001
    Wild-type 166 12.30 (10.73-13.87)
ATRX
    Loss 46 16.23 (13.00-19.46) 0.70 (0.46-1.05) 0.082
    Expression 171 12.80 (11.18-14.42)

sion of IDH-1R132H (Figure 
1A) was observed in cyto-
plasm, while ATRX expres-
sion (Figure 1C) was found 
in nuclear. Notably, endo-
thelial cells served as posi-
tive controls, when ATRX 
(Figure 1D) loss was pre-
sented in glioblastomas. 

Patient characteristics

There were 180 pGBM  
and 37 sGBM involved in  
this study, comprising 85 
females and 132 males. 
The mean age was 50.83 
± 13.50 years, and the 
median was 52 years. In 
the univariate analysis, we 
observed that improved 
survival was significantly 
associated with age, com-
plete treatment posto- 
peratively, and IDH-1R132H 

mut. (Table 1) Moreover, 
IDHR132H mutation was more 
common in secondary glio-
blastomas [75.7% (28/37) 
vs. 12.8% (23/180), P= 
0.000], younger patients 
(42.31 ± 1.56 vs. 53.45 ± 
1.02, P=0.000) and ATRX 
loss. Our results were in 
consistence with the pre- 
vious studies [12, 13, 23- 
25]. ATRX loss was sig- 
nificantly associated with 
younger age (44.59 ± 1.94 
vs. 52.51 ± 1.00, P=0.000) 

Table 2. Multivariate analysis of clinicopatho-
logical factors 
Independent  
variables HR 

95% 
P value

Lower Upper
Age .746 .527 1.056 .098
Gender 1.227 .871 1.728 .243
KPS≤70 .785 .568 1.086 .144
Classification .892 .655 1.216 .892
Surgical resection .841 .591 1.196 .334
Chemoradiotherapy 3.349 2.302 4.871 .000
IDH-1R132H mutation .502 .176 .755 .007
ATRX expression 1.018 .642 1.612 .941
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ATRX loss was associated with improved OS in 
the IDH-1R132H mut group [median 16.23 months 
(95% CI 13.00-19.46) vs. 12.80 months (95% 
CI 11.18-14.42)]; however, the association was 
not significant (P=0.082, log-rank test).

Next, we subdivided glioblastomas with the 
inclusion of ATRX status. Patients’ age signifi-
cantly differed among IDH-1R132H-mut-ATRXneg 
(43.31 ± 2.14), IDH-1R132H-mut-ATRXpos (41.00 ± 
2.28), IDH-1R132H-wt-ATRXneg (46.76 ± 3.81) and 
IDH-1R132H-wt-ATRXpos (54.21 ± 1.03). There is 
significant difference in age between the group 
of IDH-1R132H-wt-ATRXpos and IDH-1R132H-mut-
ATRXneg (P=0.000) or IDH-1R132H-mut-ATRXpos (P= 
0.000). Moreover, the median overall survival 
was 28.70 months (95% CI 12.44-44.96) in 
IDH-1R132H-mut-ATRXneg, 20.87 months (95% CI 
9.57-32.17) in IDH-1R132H-mut-ATRXpos, 14.27 
months (95% CI 10.01-18.53) in IDH-1R132H-wt-
ATRXneg and 12.20 months (95% CI 10.33-
14.07) in IDH-1R132H-wt-ATRXpos respectively, with 
a significant difference (P=0.006, Figure 2).

Discussion

In the present study, we investigated genetic 
alternations including IDH mutations and ATRX 
loss, in a cohort of glioblastomas with IHC. IDH-
1R132H Mutations and ATRX loss were significantly 
associated with younger age and secondary 
glioblastomas. ATRX loss was significantly over-
lapped with IDH-1R132H mut, and the later was a 
predictive marker in this study. Our results cor-
responded well to the previous data [12, 13, 
18, 23-25]. 

It was well established that IDH mutation and 
ATRX loss was more frequent in lower grade 
gliomas (WHO II-III). The incidence of IDH muta-

tions in ATRX-loss gliomas was also higher in 
lower grade gliomas [9, 10, 19, 20, 24, 26]. 
Moreover, TERT (telomerase reverse transcrip-
tase) mutations and 1p19q co-deletion was 
more frequent in lower gliomas [27]. These 
results suggested a completely different genet-
ic alternation in lower-grade gliomas, compared 
to the glioblastomas. Interestingly, IDH muta-
tions and ATRX loss were used to subclassify 
gliomas. Cai et al divided astrocytomas (II-IV) 
into three types based on IDH mutations and 
decreased ATRX mRNA. The type of IDH-mut 
plus ATRX-low had the best clinical outcome 
[21]. In another study, detection of IDH muta-
tion and ATRX loss by IHC proved is predictive in 
a cohort of lower-grade gliomas [20]. Similar 
results were also observed either grade II [28] 
or grade III gliomas [10]. However, little data 
was published investigating the IDH mutations 
and ATRX loss in subdividing glioblastomas. In 
a cohort of 163 glioblastomas, subtypes based 
on IDH mutations and ATRX loss were most 
obvious [25]. The subtype of IDH-1R132H-mut-
ATRXneg in their study also had best clinical out-
come, which matched our results. Additionally, 
we also found that patients carrying on IDH 
mutations and ATRX loss were younger than 
others. These results all indicated that IDH 
mutations and ATRX loss could subclassify glio-
mas, not only in lower-grade gliomas, but also 
in glioblastomas. In conclusion, IHC for detect-
ing the mutations of IDH and ATRX was a reli-
able, robust and efficient method, and was rec-
ommended when classifying glioblastomas.

Acknowledgements

This work was supported by grants from the 
National Science Fund of China (No. 81372694) 
and Key Projects in the National Science & 
Technology Pillar Program during the Twelfth 
Five-year Plan Period (No. 2014BAI04B01) 
from China.

Disclosure of conflict of interest

None.

Address correspondence to: Drs. Chun-Jiang Yu  
and Chang-Xiang Yan, Department of Neurosurgery, 
Sanbo Brain Hospital, Capital Medical University, 
Beijing Building 1, Ward 6, China. Tel: 0086-10-
62856706; Fax: 0086-532-83780029; E-mail: 
cjyu1955@sina.com (CJY); yancx65828@sina.com 
(CXY)

Figure 2. IDH-1R132H mutations and ATRX loss in predicting 
OS in glioblastomas.

mailto:yancx65828@sina.com


Immunostaining of IDH-1R132H and ATRX proteins in glioblastomas

12853	 Int J Clin Exp Pathol 2016;9(12):12849-12854

References

[1]	 Ostrom QT, Gittleman H, Fulop J, Liu M, Blanda 
R, Kromer C, Wolinsky Y, Kruchko C and 
Barnholtz-Sloan JS. CBTRUS Statistical Report: 
Primary Brain and Central Nervous System 
Tumors Diagnosed in the United States in 
2008-2012. Neuro Oncol 2015; 17 Suppl 4: 
iv1-iv62.

[2]	 Stupp R, Mason WP, van den Bent MJ, Weller 
M, Fisher B, Taphoorn MJ, Belanger K, Brandes 
AA, Marosi C, Bogdahn U, Curschmann J, 
Janzer RC, Ludwin SK, Gorlia T, Allgeier A, 
Lacombe D, Cairncross JG, Eisenhauer E, 
Mirimanoff RO; European Organisation for 
Research and Treatment of Cancer Brain 
Tumor and Radiotherapy Groups; National 
Cancer Institute of Canada Clinical Trials 
Group. Radiotherapy plus concomitant and ad-
juvant temozolomide for glioblastoma. N Engl J 
Med 2005; 352: 987-996.

[3]	 Louis DN, Ohgaki H, Wiestler OD, Cavenee WK, 
Burger PC, Jouvet A, Scheithauer BW and 
Kleihues P. The 2007 WHO classification of tu-
mours of the central nervous system. Acta 
Neuropathol 2007; 114: 97-109.

[4]	 Aldape K, Zadeh G, Mansouri S, Reifenberger 
G and von Deimling A. Glioblastoma: patholo-
gy, molecular mechanisms and markers. Acta 
Neuropathol 2015; 129: 829-848.

[5]	 Verhaak RG, Hoadley KA, Purdom E, Wang V, Qi 
Y, Wilkerson MD, Miller CR, Ding L, Golub T, 
Mesirov JP, Alexe G, Lawrence M, O’Kelly M, 
Tamayo P, Weir BA, Gabriel S, Winckler W, 
Gupta S, Jakkula L, Feiler HS, Hodgson JG, 
James CD, Sarkaria JN, Brennan C, Kahn A, 
Spellman PT, Wilson RK, Speed TP, Gray JW, 
Meyerson M, Getz G, Perou CM, Hayes DN; 
Cancer Genome Atlas Research Network. 
Integrated genomic analysis identifies clinical-
ly relevant subtypes of glioblastoma character-
ized by abnormalities in PDGFRA, IDH1, EGFR, 
and NF1. Cancer Cell 2010; 17: 98-110.

[6]	 Van Meir EG, Hadjipanayis CG, Norden AD, Shu 
HK, Wen PY and Olson JJ. Exciting new advanc-
es in neuro-oncology: the avenue to a cure for 
malignant glioma. CA Cancer J Clin 2010; 60: 
166-193.

[7]	 Li R, Li H, Yan W, Yang P, Bao Z, Zhang C, Jiang 
T and You Y. Genetic and clinical characteris-
tics of primary and secondary glioblastoma is 
associated with differential molecular subtype 
distribution. Oncotarget 2015; 6: 7318-7324.

[8]	 Huse JT and Aldape KD. The evolving role of 
molecular markers in the diagnosis and man-
agement of diffuse glioma. Clin Cancer Res 
2014; 20: 5601-5611.

[9]	 Reuss DE, Sahm F, Schrimpf D, Wiestler B, 
Capper D, Koelsche C, Schweizer L, Korshunov 

A, Jones DT, Hovestadt V, Mittelbronn M, 
Schittenhelm J, Herold-Mende C, Unterberg A, 
Platten M, Weller M, Wick W, Pfister SM, von 
Deimling A. ATRX and IDH1-R132H immuno-
histochemistry with subsequent copy number 
analysis and IDH sequencing as a basis for an 
“integrated” diagnostic approach for adult as-
trocytoma, oligodendroglioma and glioblasto-
ma. Acta Neuropathol 2015; 129: 133-146.

[10]	 Wiestler B, Capper D, Holland-Letz T, 
Korshunov A, von Deimling A, Pfister SM, 
Platten M, Weller M and Wick W. ATRX loss re-
fines the classification of anaplastic gliomas 
and identifies a subgroup of IDH mutant astro-
cytic tumors with better prognosis. Acta 
Neuropathol 2013; 126: 443-451.

[11]	 Killela PJ, Pirozzi CJ, Healy P, Reitman ZJ, Lipp 
E, Rasheed BA, Yang R, Diplas BH, Wang Z, 
Greer PK, Zhu H, Wang CY, Carpenter AB, 
Friedman H, Friedman AH, Keir ST, He J, He Y, 
McLendon RE, Herndon JE 2nd, Yan H, Bigner 
DD. Mutations in IDH1, IDH2, and in the TERT 
promoter define clinically distinct subgroups of 
adult malignant gliomas. Oncotarget 2014; 5: 
1515-1525.

[12]	 Ohgaki H and Kleihues P. The definition of pri-
mary and secondary glioblastoma. Clin Cancer 
Res 2013; 19: 764-772.

[13]	 Wang PF, Liu N, Song HW, Yao K, Jiang T, Li SW 
and Yan CX. IDH-1R132H mutation status in 
diffuse glioma patients: implications for clas-
sification. Oncotarget 2016; 7: 31393-400.

[14]	 Louis DN, Perry A, Reifenberger G, von Deimling 
A, Figarella-Branger D, Cavenee WK, Ohgaki H, 
Wiestler OD, Kleihues P and Ellison DW. The 
2016 World Health Organization Classification 
of Tumors of the Central Nervous System: a 
summary. Acta Neuropathol 2016; 131: 803-
20.

[15]	 Agarwal S, Sharma MC, Jha P, Pathak P,  
Suri V, Sarkar C, Chosdol K, Suri A, Kale SS, 
Mahapatra AK and Jha P. Comparative study  
of IDH1 mutations in gliomas by immuno- 
histochemistry and DNA sequencing. Neuro 
Oncol 2013; 15: 718-726.

[16]	 van den Bent MJ, Hartmann C, Preusser M, 
Strobel T, Dubbink HJ, Kros JM, von Deimling A, 
Boisselier B, Sanson M, Halling KC, Diefes KL, 
Aldape K and Giannini C. Interlaboratory com-
parison of IDH mutation detection. J 
Neurooncol 2013; 112: 173-178.

[17]	 Tanboon J, Williams EA and Louis DN. The 
Diagnostic Use of Immunohistochemical 
Surrogates for Signature Molecular Genetic 
Alterations in Gliomas. J Neuropathol Exp 
Neurol 2015; 75: 4-18.

[18]	 Ikemura M, Shibahara J, Mukasa A, Takayanagi 
S, Aihara K, Saito N, Aburatani H and Fukayama 
M. Utility of ATRX immunohistochemistry in di-



Immunostaining of IDH-1R132H and ATRX proteins in glioblastomas

12854	 Int J Clin Exp Pathol 2016;9(12):12849-12854

agnosis of adult diffuse gliomas. Histopatho- 
logy 2016; 69: 260-7.

[19]	 Zeng A, Hu Q, Liu Y, Wang Z, Cui X, Li R, Yan W 
and You Y. IDH1/2 mutation status combined 
with Ki-67 labeling index defines distinct prog-
nostic groups in glioma. Oncotarget 2015; 6: 
30232-8.

[20]	 Cai J, Zhu P, Zhang C, Li Q, Wang Z, Li G, Wang 
G, Yang P, Li J, Han B, Jiang C, Sun Y and Jiang 
T. Detection of ATRX and IDH1-R132H immu-
nohistochemistry in the progression of 211 
paired gliomas. Oncotarget 2016; 16384-95.

[21]	 Cai J, Yang P, Zhang C, Zhang W, Liu Y, Bao Z, 
Liu X, Du W, Wang H, Jiang T and Jiang C. ATRX 
mRNA expression combined with IDH1/2 mu-
tational status and Ki-67 expression refines 
the molecular classification of astrocytic tu-
mors: evidence from the whole transcriptome 
sequencing of 169 samples samples. 
Oncotarget 2014; 5: 2551-2561.

[22]	 Jiao Y, Killela PJ, Reitman ZJ, Rasheed AB, 
Heaphy CM, de Wilde RF, Rodriguez FJ, 
Rosemberg S, Oba-Shinjo SM, Nagahashi 
Marie SK, Bettegowda C, Agrawal N, Lipp E, 
Pirozzi C, Lopez G, He Y, Friedman H, Friedman 
AH, Riggins GJ, Holdhoff M, Burger P, McLendon 
R, Bigner DD, Vogelstein B, Meeker AK, Kinzler 
KW, Papadopoulos N, Diaz LA, Yan H. Frequent 
ATRX, CIC, FUBP1 and IDH1 mutations refine 
the classification of malignant gliomas. 
Oncotarget 2012; 3: 709-722.

[23]	 Liu XY, Gerges N, Korshunov A, Sabha N, 
Khuong-Quang DA, Fontebasso AM, Fleming A, 
Hadjadj D, Schwartzentruber J, Majewski J, 
Dong Z, Siegel P, Albrecht S, Croul S, Jones DT, 
Kool M, Tonjes M, Reifenberger G, Faury D, 
Zadeh G, Pfister S, Jabado N. Frequent ATRX 
mutations and loss of expression in adult dif-
fuse astrocytic tumors carrying IDH1/IDH2 
and TP53 mutations. Acta Neuropathol 2012; 
124: 615-625.

[24]	 Takano S, Ishikawa E, Sakamoto N, Matsuda 
M, Akutsu H, Noguchi M, Kato Y, Yamamoto T 
and Matsumura A. Immunohistochemistry on 
IDH 1/2, ATRX, p53 and Ki-67 substitute mo-
lecular genetic testing and predict patient 
prognosis in grade III adult diffuse gliomas. 
Brain tumor Pathol 2016; 33: 107-116.

[25]	 Chaurasia A, Park SH, Seo JW and Park CK. 
Immunohistochemical Analysis of ATRX, IDH1 
and p53 in Glioblastoma and Their Correlations 
with Patient Survival. J Korean Med Sci 2016; 
31: 1208-1214.

[26]	 Cai J, Chen J, Zhang W, Yang P, Zhang C, Li M, 
Yao K, Wang H, Li Q, Jiang C and Jiang T. Loss 
of ATRX, associated with DNA methylation pat-
tern of chromosome end, impacted biological 
behaviors of astrocytic tumors. Oncotarget 
2015; 6: 18105-15.

[27]	 Eckel-Passow JE, Lachance DH, Molinaro AM, 
Walsh KM, Decker PA, Sicotte H, Pekmezci M, 
Rice T, Kosel ML, Smirnov IV, Sarkar G, Caron 
AA, Kollmeyer TM, Praska CE, Chada AR, 
Halder C, Hansen HM, McCoy LS, Bracci PM, 
Marshall R, Zheng S, Reis GF, Pico AR, O’Neill 
BP, Buckner JC, Giannini C, Huse JT, Perry A, 
Tihan T, Berger MS, Chang SM, Prados MD, 
Wiemels J, Wiencke JK, Wrensch MR, Jenkins 
RB. Glioma Groups Based on 1p/19q, IDH, 
and TERT Promoter Mutations in Tumors. N 
Engl J Med 2015; 372: 2499-2508.

[28]	 Leeper HE, Caron AA, Decker PA, Jenkins RB, 
Lachance DH and Giannini C. IDH mutation, 
1p19q codeletion and ATRX loss in WHO grade 
II gliomas. Oncotarget 2015; 6: 30295-305.


