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Abstract Despite accumulating knowledge regarding

molecular backgrounds, the optimal management strategy for

low-grade gliomas remains controversial. One reason is the

marked heterogeneity in the clinical course. To establish an

accurate subclassification of low-grade gliomas, we retro-

spectively evaluated isocitrate dehydrogenase-1 (IDH1)

mutation in clinical specimens of diffuse astrocytomas (DA)

and oligodendroglial tumors separately. No patients were

treated with early radiotherapy, and modified PCV

chemotherapy was used for postoperative residual tumors or

recurrence in oligodendroglial tumors. Immunohistochemical

evaluation of IDH status, p53 status, O6-methylguanine

methyltransferase expression, and the MIB-1 index were per-

formed. The 1p and 19q status was analyzed with fluorescence

in situ hybridization. Ninety-four patients were followed for a

median period of 8.5 years. For DAs, p53 was prognostic for

progression- free survival (PFS) and IDH1 was significant for

overall survival (OS)withmultivariate analysis. In contrast, for

oligodendroglial tumors, none of the parameters was signifi-

cant for PFS or OS. Thus, the significance of IDH1mutation is

not clear in oligodendroglial tumors that are homogeneously

indolent and chemosensitive. In contrast, DAs are heteroge-

neous tumors including somepotentiallymalignant tumors that

can be predicted by examining the IDH1 mutation status.
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Introduction

The therapeutic strategy for adult low-grade gliomas is still

controversial, especially regarding postoperative early radio-

therapy [1–3]. Heterogeneity in the natural history of the

tumor makes application of a uniform treatment standard

difficult [4, 5]. Some tumors remain dormant, whereas others

rapidly transform into higher-grade gliomas [6]. Beyond the

histological diagnosis, several molecular markers have been

proposed as more precise predictors of outcome in patients

with low-grade gliomas [5]. TP53 mutation is frequently

observed in diffuse astrocytomas (DA), but its prognostic or

predictive role is controversial and no consistent association

with a response to therapy has been reported [7–9]. Methy-

lation of the promoter region of O6-methylguanine methyl-

transferase (MGMT) predicts a favorable outcome in patients

with anaplastic gliomas (WHO grade III) treated with DNA-

damaging agents including radiotherapy [10], but its signifi-

cance in low-grade gliomas (WHO grade II) remains unclear

[11]. Combined deletion of chromosomes 1p and 19q (1p/19q

co-deletion), which results from an unbalanced translocation,

is common in oligodendroglial tumors [12]. 1p/19q co-dele-

tion is a prognostic and predictive marker for anaplastic

oligodendrogliomas but not established as a prognostic mar-

ker in grade II oligodendrogliomas [13, 14].

A somatic mutation in the gene encoding isocitrate

dehydrogenase 1 (IDH1) is frequently observed in WHO

grade II and III gliomas [15, 16]. This genetic abnormality

occurs earlier than TP53 mutation or 1p/19q deletion in low-

grade gliomas (WHOgrade II) [17]. Themost frequent IDH1
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mutation (G395A) leads to the replacement of arginine with

histidine at codon 132 (R132H), which is in the enzymatic

active site [18]. This IDH1mutation reduces production ofa-
ketoglutarate (a-KG) from isocitrate and also converts a-KG
to 2-hydroxyglutarate (2-HG) [19]. The change in the

metabolites induces extensive DNA hypermethylation by

suppressing ten-eleven translocated (TET) function [20, 21].

The IDH1 mutation is associated with a good prognosis in

high-grade gliomas [15, 22–24]. Because this gene mutation

is not usually observed in primary glioblastoma which con-

tains hypomethylated DNA, the mutation may be useful for

excluding low-grade gliomas with a potential for rapid

malignant transformation. However, inconsistent results

have been reported regarding the prognostic value of IDH1

mutation in low-grade gliomas [24–27], partly because most

previous studies included patients with heterogeneous his-

tological types who underwent different treatments. We

studied the prognostic value of the IDH1mutation separately

in WHO grade II DA and oligodendroglial tumors that were

homogeneously treated without early radiotherapy.

Methods

Patients and treatment

All patients were histologically confirmed to haveWHOgrade

II DA, oligodendroglioma (O) or oligoastrocytoma (OA). Age,

sex, neurological symptoms, tumor location, tumor size,

pathological diagnosis, and extent of resection were retro-

spectively reviewed. The histological diagnosiswas verified by

a neuropathologist other than the initial diagnostician. In the

Chiba University Hospital, all patients with low-grade gliomas

are homogeneously treated with maximum surgical resection

and without early radiotherapy. Patients with DA were care-

fully followed-up after maximal surgical resection without any

additional treatment. Patients havingO/OAwithpost-operative

residual tumors were treated with a standard nitrosourea-based

chemotherapy (PAV, amodifiedPCV). For this chemotherapy,

lomustine (CCNU) was replaced with nimustine (ACNU; [1-

(4-amino-2-methyl-5-pyrimidinyl)-methyl-(2-chloroethyl)-3-

nitrosourea hydrochloride]) which is a water- and lipid-soluble

nitrosourea derivative. Magnetic resonance imaging was per-

formed at 2-month intervals in all patients. A salvage surgery

was performed for most of the patients with recurrent tumor.

This study was approved by the Ethics Committee of Chiba

University Hospital, and patients who needed chemotherapy

were required to provide written informed consent.

Immunohistochemistry

Formalin-fixed paraffin-embedded tissue sections were

deparaffinized in xylene on microscopic slides. Antigen

retrieval was performed by microwaving the sections in

10 mM citric acid buffer (H 7.2). The primary antibodies

used in this study were: anti-human IDH1-R132H mono-

clonal antibody and anti-human IDH1-R132S monoclonal

antibody (1:100, IBL Co., Ltd, Gunma, Japan), MIB-1

monoclonal antibody against the Ki-67 antigen (1:100,

Immunotech, Westbrook, ME), anti-p53 monoclonal anti-

body DO-1 (1:100, Santa Cruz Biotechnology, Inc., Santa

Cruz, CA), and anti-MGMT monoclonal antibody MT3.1

(1:200, Chemicon, Inc., Temecula, CA, USA). The samples

were incubated with the primary antibody overnight, fol-

lowed by incubation with a biotinylated secondary antibody

(1:500, Dako, Tokyo, Japan). The bound antibodies were

visualized using the avidin biotin peroxidase complex

method and diaminobenzidine tetrachloride (Santa Cruz

Biotechnology, Inc.). To evaluate IDH1 staining, strong

cytoplasmic staining in any number of cells was scored as

positive. For MIB-1, p53, and MGMT scoring, the positive

cells in a 200 9 field (minimum of 1000 nuclei) were

counted, and the labeling index was expressed as the percent

of labeled tumor cells. A MIB-1 labeling index C3 %, p53

protein accumulation C10 %, and MGMT protein expres-

sion C10 % were considered positive.

1p19q FISH

Chromosome 1p and 19q deletion analyses were performed

using standard fluorescence in situ hybridization (FISH) of

fixed cytogenetic preparation of fresh tumor tissues [23].

FISH probes for 1p were the target region of 1p36 with a

control region of 1q25, and those for 19q were the control

region of 19p13 with the target region of 19q13. The total

number of signals was counted, and a ratio of 1p:1q or

19q:19p of\0.5 was diagnosed as a loss. Parallel loss of

both arms was considered 1p19q co-deletion.

Statistical analysis

Progression-free survival (PFS) was calculated from the

date of diagnosis until the first sign of radiological pro-

gression, death, or last follow-up. Overall survival (OS)

was calculated from the date of diagnosis until the date of

death or last follow-up. The Kaplan–Meier method was

used to estimate survival rates and the log-rank test was

applied to compare the survival differences using StatView

software (SAS Institute Inc., Cary, NC). Cox’s proportional

hazard regression model was used to perform multivariate

analysis of the possible prognostic variables including age,

Karnofsky performance status (KPS), extent of resection,

1p19q status, MIB-1 labeling index, and expression of p53,

MGMT, and mutant IDH1 proteins (SPSS, Inc., Chicago,

IL). A p value\0.05 was considered significant.
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Results

Patient profile

A total of 94 patients with histologically proven WHO

grade II low-grade gliomas were identified between 1996

and 2013 and retrospectively analyzed (Table 1). Thirty-

eight patients had DA, 47 had O, and nine had OA. Fifty-

four men and 40 women with a mean age of 41 years

(range 22–84 years) were analyzed. The KPS score was

70 % or more in 74 patients (79 %). Forty-six patients

(49 %) underwent gross total resection, 27 patients (29 %)

underwent subtotal tumor resection, and the other 21

(22 %) underwent partial resection. IDH1 mutation was

examined with immunohistochemistry using anti-IDH1-

R132H antibody, which specifically recognizes IDH1 with

the R132H mutation and not wild-type IDH1, and showed

that 78 cases (87.6 %) among 89 cases examined had

mutated IDH1. The negative cases were also confirmed as

negative for anti-IDH1R132S antibody. The patients were

followed up for a median period of 8.5 years and no patient

was lost during the follow-up period.

DA

The 5- and 10-year PFS rate were 63.8 and 53.4 %, respec-

tively, and the median PFS was 147 months. The OS rate was

77.3 % at 5 years and 68.5 % at 10 years of observation

Table 1 Patients characteristics
Characteristics Diffuse astrocytoma (n = 38) Oligodendroglial tumors (n = 56)

Age

\50 29 (76 %) 38 (68 %)

]50 9 (24 %) 18 (32 %)

Sex

Male 21 (55 %) 36 (64 %)

Female 17 (45 %) 20 (36 %)

Karnofsky performance score

]70 28 (74 %) 46 (82 %)

\70 10 (26 %) 10 (18 %)

Tumor size (cm)

]5 24 (63 %) 32 (57 %)

\5 14 (37 %) 24 (43 %)

Histology

Diffuse astrocytoma 38 (100 %) –

Oligodendroglioma – 47 (84 %)

Oligoastrocytoma – 9 (16 %)

Extent of surgery

Gross total 20 (42 %) 26 (46 %)

Subtotal/partial 18 (58 %) 30 (54 %)

IDH1 mutation

Mutated 27 (82 %) 51 (91 %)

Not mutated 6 (18 %) 5 (9 %)

MGMT protein expression

Yes 14 (47 %) 22 (44 %)

No 16 (53 %) 28 (56 %)

p53 protein expression

Yes 15 (48 %) 9 (24 %)

No 16 (53 %) 28 (76 %)

1p/19q co-deletion

Yes 1 (6 %) 37 (71 %)

No 16 (94 %) 15 (29 %)

MIB-1 labeling index (%)

]3 12 (32 %) 16 (28 %)

\3 26 (68 %) 40 (72 %)
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(Fig. 1a). Older patients ([50 years) had a significantly

shorterPFS (p = 0.0017) andOS(p = 0.0002) (Fig. 1b).The

KPS score was not significantly associated with PFS or OS.

The tumor size ([5 cm) and extent of surgical resection were

both significant for PFS (p = 0.0456 and 0.0060, respec-

tively) but not OS (Fig. 1c, d). MIB-1 labeling index C3 %

was observed in 12 cases (32 %), and was a significant factor

both for PFS and OS (p = 0.0003 and 0.0072, respectively)

(Fig. 1e). p53 protein expression was observed in 15 cases

(48 %), and was a significant factor for PFS (p = 0.0278)

(Fig. 1f). Mutant IDH1 protein was expressed in 27 cases

(82 %) and was a significant prognostic factor for OS

(p = 0.0030) (Fig. 1g). In contrast, among six patients with

negative IDH-R132H staining, four experienced malignant

progression and survived a significantly shorter time than

thosewith positive staining.Multivariate analysis showed that

age,KPS, tumor size, extent of surgery, andMIB-1 indexwere

no longer significant prognostic factors, but p53 for PFS and

IDH1 for OS remained independent prognostic factors

(p = 0.0258 and 0.0108, respectively) (Table 2). A salvage

second surgery was performed in 15 patients, and malignant

transformation was observed in 13 patients (87 %).

O/OA

The 5- and 10-year PFS rates were 72.3 and 46.9 %,

respectively, and the median PFS was 100 months. The OS

rate was 97.4 % at 5 years and 89.6 % at 10 years of

Fig. 1 Kaplan–Meier survival curves for the progression-free sur-

vival (PFS) and overall survival (OS) of the diffuse astrocytoma

patients, comparing the potential prognostic factors. All patients (a),
age (b) (blue line\50, red line C50), tumor size (c) (blue line\5 cm,

red line C5 cm), extent of surgery (d) (blue line total removal, red

non-total), MIB-1 labeling index (e) (blue line\3 %, red line C3 %),

p53 protein expression (f) (blue line\10 %, red line C10 %), IDH1-

R132H expression (g) (blue line negative, red line positive)
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observation (Fig. 2a). Age (Fig. 2b), KPS, and extent of

surgery (Fig. 2c) did not significantly affect PFS or OS.

A MIB-1 index C3 % was observed in 16 patients (28 %)

who experienced recurrence significantly earlier than those

with\3 % (p = 0.0049) (Fig. 2d). Such patients tended to

survive for a shorter time, but the result was not statisti-

cally significant (p = 0.1316). A histopathological diag-

nosis of oligoastrocytoma was obtained in nine patients

(16 %) who survived for a significantly shorter period than

patients with pure O (p = 0.0238). 1p/19q co-deletion was

observed in 37 of 52 patients (71 %) who were analyzed

with FISH. Loss of only 1p or only 19q was observed in

two patients. The median PFS for patients with 1p/19q co-

deleted tumors was 96 months and that for non-deleted

tumors was 57 months. A median OS was not reached for

either group. We found no significant difference in PFS or

OS between patients with 1p/19q co-deleted tumors and

those without co-deletion (p = 0.1616 and 0.6835,

respectively) (Fig. 2e). Patients with MGMT protein

expression had a significantly shorter PFS than those

without expression of the protein (Fig. 2f). Mutant IDH1

protein was expressed in 51 cases (91 %), and was not a

significant factor for PFS or OS although the number of

negative cases was small for a powerful statistical detection

(Fig. 2g). The multivariate analysis showed that age, extent

of resection, 1p19q status, and IDH1 were not significantly

associated with the length of survivals. A salvage second

surgery was performed in 16 patients, and malignant

transformation was observed in seven cases (44 %). Six

patients developed grade III anaplastic oligoden-

drogliomas, and one patient with OA developed

glioblastoma.

Discussion

As shown with IDH1-R132H immunostaining, the present

study demonstrated that patients with low-grade gliomas

had a high rate of IDH1 mutation (87 %), including 82 %

of DA and 91 % of O/OA. Patients with IDH1-mutated DA

lived significantly longer than those with wild-type IDH1

tumors, whereas the survival times of patients with O/OA

were not different regardless of IDH1 status when not

treated with early radiotherapy. Thus, IDH1 mutation is a

prognostic factor for DA but not for low-grade oligoden-

droglial tumors. The influence of the IDH1 mutation on

survival of patients with low-grade gliomas is unclear due

to inconsistent results reported [24–30]. Sanson et al.

described an association of IDH1 mutations with improved

survival in patients with low-grade gliomas [24]. Houillier

et al. also showed that the IDH1 mutation is a significant

marker of a positive prognosis in patients with low-grade

gliomas, whereas its impact on the course of untreated

tumors is limited [25]. Sabha et al. showed that patients

with low-grade diffuse gliomas with the IDH1 mutation

survived significantly longer than those without the muta-

tion in a cohort not treated with radiation therapy [26]. In

contrast, Kim et al. reported no significant influence of

IDH1 mutations on survival in more than 300 low-grade

glioma patients who were heterogeneously treated [27].

Mukasa et al. and Boots-Sprenger et al. also reported that

IDH1 mutation is prognostic only for patients with grade

III gliomas and not for those with grade II gliomas treated

with early radiotherapy [28, 29]. Although these studies

included both astrocytic tumors and oligodendroglial

tumors, the prognostic significance of the IDH1 mutation in

astrocytic tumors and oligodendroglial tumors should be

evaluated separately because these tumors are completely

distinct both genetically and clinically [5]. Although many

reports included heterogeneously treated patients, separate

analysis of each treatment modality or at least a description

of the rate of each modality is desirable. In addition, the

method of evaluation was also different among studies

including direct sequencing or immunohistochemistry.

Several important reports have separately analyzed the

influence of the status of IDH1 according to histological

types [31–37]. Dubbink et al. showed that the presence of

the IDH1 mutation in DA is associated with a significantly

improved OS in a cohort not treated with early radiother-

apy [32]. Hartmann et al. showed that patients with IDH1-

Table 2 Multivariate analyses

for the prognostic factors for

diffuse astrocytoma

Variables Progression-free survival Overall survival

Hazard ratio p value Hazard ratio p value

Age (\50 vs. C50) 4.354 0.1087 5.572 0.0876

KPS (C70 vs.\70) 1.537 0.5258 3.215 0.2435

Tumor size (\5 vs. C5 cm) 2.726 0.1479 1.564 0.4247

Extent of resection (total vs. non-total) 5.368 0.0652 1.857 0.5438

MIB-1 (\3 vs. C3 %) 2.986 0.2231 2.373 0.3622

MGMT protein (negative vs. positive) 1.563 0.5946 1.801 0.5463

p53 protein (negative vs. positive) 4.982 0.0258 1.925 0.3327

IDH1-R132H (positive vs. negative) 2.438 0.2009 6.972 0.0108
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mutated DA survive longer than those with a non-IDH1

mutated tumor when not treated with early radiotherapy

[33]. In contrast, Ahmadi et al. reported no association

between the IDH1 mutation status and PFS or OS in DA in

which the patient cohort was heterogeneously treated with

early radiotherapy in 38 % of the patients [34]. These

previous reports suggest that the IDH1 mutation is a

prognostic marker in DA when no additional genotoxic

therapies such as radiation therapy are performed, and that

radiation therapy may affect the clinical course of patients

with wild type IDH1 DA, providing a better outcome [35,

36]. In contrast, because clinical trials have failed to

demonstrate a survival benefit with early radiation therapy

in DA as a whole, patients with ‘‘true DA’’ harboring

mutated IDH1 have a disease that is basically dormant and

not responsive to radiation therapy.

Regarding oligodendroglial tumors, few studies have

dealt primarily with oligodendroglial tumors concerning

the influence of the IDH1 mutation on patient survival, and

the results have been inconsistent [38, 39]. Many studies of

low-grade gliomas showing a positive correlation between

the IDH1 mutation and a favorable survival have included

many patients with oligodendroglial tumors, suggesting

that a significant contribution of the IDH1 mutation exists

regarding the prognosis of oligodendroglial tumors [24, 25,

40, 41]. In contrast, Lee et al. showed a negative result for

Fig. 2 Kaplan–Meier survival curves for the progression-free sur-

vival (PFS) and overall survival (OS) of the patients with oligoden-

droglial tumors, comparing the potential prognostic factors: All

patients (a), age (b) (blue line\50, red line C50), extent of surgery

(c) (blue line total removal, red non-total), MIB-1 labeling index

(d) (blue line\3 %, red line C3 %), 1p/19q co-deletion (e) (blue line
positive, red line negative), MGMT protein expression (f) (blue line

\10 %, red line C10 %), IDH1-R132H expression (g) (blue line

negative, red line positive)
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an IDH1 contribution to the survival of patients with

oligodendrogliomas, most of whom were not treated with

early radiotherapy [38]. In a study of patients who were

homogeneously not treated with early radiotherapy, Hart-

mann et al. reported a result similar to our present study

showing that oligodendroglial tumors have similar prog-

nosis regardless of the IDH1 mutational status [33].

The prognostic or predictive role of 1p/19q loss is well

defined for anaplastic oligodendrogliomas [42, 43], whereas

the prognostic relevance is less well defined for low-grade

oligodendroglial tumors [44–48]. Although some reports

have shown that patients with low-grade oligodendroglial

tumors harboring 1p/19q deletion survive longer than those

without these deletions, Weller et al. reported that 1p/19q

deletion loses its prognostic impact when the tumors are not

treated with radiation therapy or chemotherapy after surgery

[48]. Thus, we speculate that radiation therapy will nega-

tively modify the survival of patients with oligodendroglial

tumors without 1p/19q loss, whereas radiation therapy may

be partially effective for patients with IDH1-wild type DA.

Both 1p/19q deletion and IDH1 mutation are candidate

predictive markers for response to radiation therapy.

The limitations of this study are the small number of

patients, especially in the IDH1 mutation-negative cases, and

the retrospective nature of the study design. However, our

results suggest that the prognostic value of IDH1 mutation

for DA should be validated in future prospective study.
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