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Abstract Isocitrate dehydrogenase (IDH) mutations are

beginning to drive decisions on therapy for glioma patients.

Here we sought to determine the impact of adjuvant treat-

ment in patients with IDH-mutant, 1p/19q non-codeleted

secondary high-grade astrocytoma (sHGA) WHO grades III/

IV. Clinical data of 109 sHGA patients grades III/IV, in

addition to IDH mutation-, 1p/19q-codeletion- and MGMT-

promoter methylation status—were retrospectively ana-

lyzed. Survival analysis in relation to adjuvant treatment

modalities and molecular profiling were performed. Out of

109 patients, 88 patients (80.7 %) harbored IDH mutations,

30 patients had a 1p/19q-codeletion (27.5 %) and 69 patients

(63.3 %) exhibited a methylated MGMT-promoter status. At

a median follow-up of 9.8 years, 62 patients (57 %) died.

The postsurgical treatment included: radio-chemotherapy

(RT-CT; 54.5 %), RT alone (19.3 %), and CT alone

(22.7 %). The median overall survival (OS) in the entire

group was 3.4 years (1.9–6.7 years). Patients who received

RT-CT had a significantly longer OS compared with those

who underwent RT alone (6.5 vs. 1.2 years, HR 0.35, CI

0.32–0.51, p = 0.011). In the IDH-mutant 1p/19q non-

codeleted sHGA subgroup the RT-CT cohort had a sig-

nificantly longer OS in comparison to the RT cohort (6.4 vs.

1.2 years, HR 2.7, CI 1.1–6.5, p = 0.022). In the stepwise

multivariable Cox model for OS of all 88 IDH-mutant

sHGA patients, survival was strongly associated with only

one factor, namely, adjuvant RT-CT at diagnosis of a sHGA.

This retrospective long-term study demonstrates that RT and

CT (mostly PCV) significantly improves progression-free

and overall survival in IDH-mutant secondary high-grade

astrocytoma patients, regardless of 1p/19q-codeletion status.

Keywords IDH mutation � 1p/19q-codeletion �
Secondary high-grade astrocytomas � Radio-

chemotherapy � PCV MGMT-promoter status

Introduction

Secondary high-grade astrocytomas (sHGA) are rare tumors

which develop in younger patients through progression from

diffuse astrocytoma or mixed oligoastrocytoma (WHO

grade II). Typical for sHGA are isocitrate dehydrogenase

(IDH) gene mutations which were first described in sec-

ondary glioblastomas [1] and subsequently found in
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*70–80 % of sHGA [2]. IDH-mutant gliomas are charac-

terized by the subsequent acquisition of further lineage-

defining mutations, in particular 1p/19q-codeletion and

TERT-mutations in oligodendroglioma, while the astrocy-

toma pathway is driven by TP53 and ATRX mutations [3].

Until recently, sHGA were treated similar to primary

HGG. However, there is increasing knowledge about the role

of the aforementioned molecular markers and their asso-

ciations with patients’ survival. Long-term follow-up data of

the randomized phase III Radiation Therapy Oncology

Group (RTOG) trial 9402 and the EORTC trial 26951

demonstrated an improved outcome—in both progression-

free and overall survival—in 1p/19q-codeleted anaplastic

oligodendroglial tumors when procarbazine, lomustine and

vincristine chemotherapy (PCV) was added to RT [4, 5].

Moreover, the RTOG 9402 trial concluded that even patients

with non-codeleted 1p/19q but IDH-mutant oligoden-

droglial tumors lived longer after radio-chemotherapy.

Still, there is a lack of data examining the efficacy of

radio-chemotherapy (RT-CT) in comparison to radio-

therapy alone (RT) in astrocytic gliomas and in sHGA, in

particular. We, therefore, sought to evaluate the efficacy of

chemotherapy (CT) and RT in patients with IDH-mutant,

1p/19q non-codeleted secondary high-grade astrocytomas.

Methods and patients

Patients and samples

Samples and treatment data of 109 patients with astrocy-

tomas grades III and IV, developed from histologically

confirmed low-grade astrocytoma grade II (LGA) were

available. All patients were treated for their sHGA between

1995 and 2013 in our institution. The diagnosis of sHGA

and LGA was performed in our institute of neuropathology,

according to the latest WHO classification for brain tumors

[6]. Due to the fact that our patient collection extends

across two WHO classifications, all pathological samples

of our populations were recently reviewed by our senior

neuropathologist (K.D.G.). All patients were at least

18 years of age at diagnosis and provided written consent

for molecular analysis of tumor tissue and clinical data

collection. Some of the clinical data of 64 individuals in

this patients’ cohort have been published previously [7].

The study was approved by the local ethics committee.

IDH1/2 mutations and MGMT-promoter status

assessment

Data of IDH1/2 mutations, O-6-methylguanine-DNA

methyltransferase (MGMT) promoter methylation status

MGMT-promoter methylation status, as well as 1p/19q

status were available in all patients and were correlated to

clinical data.

IDH1/2 mutations were assessed using direct DNA se-

quencing, as previously described [7]. To ensure a tumor

cell content of at least 80 % for DNA extraction, control

slides stained with hematoxylin and eosin were examined

by our local neuropathologist. The MGMT-promoter status

was determined by methylation-specific polymerase chain

reaction (MsPCR), as described by Esteller et al. [8].

Detection of 1p/19q-codeletion

1p/19q-codeletion was detected by fluorescence-in situ-

hybridization analysis on samples of paraffin-embedded

tumor tissues, as reported previously [9], according to the

guidelines of the European Confederation of Neuropatho-

logical Societies [10].

P53 immunohistochemistry

Expression of p53 was performed in 77 patients using

immunohistochemical staining (IHC). As addressed by

Kelley et al., a positive immunoreaction by IHC in more

than 50 % of tumor cell nuclei was interpreted as being a

presence of TP53 mutation [11].

Treatment/radiotherapy

The postoperative adjuvant therapy was RT alone, CT

alone, or sequential radio- plus chemotherapy (RT-CT).

Radiotherapy was prescribed to 60 or 59.4 Gy in

1.8–2 Gy fractions to the surgical cavity and the contrast-

enhancing tumor region visible in the post-operative T1

weighted MRI plus a margin of 20 mm in all directions,

excluding anatomical borders like bone, tentorium or falx.

Non-contrast-enhancing tumor areas detected in T2 or

FLAIR were always included in the target volume, if

necessary by enlarging the above mentioned margin. Tar-

get volumes were compromised in vicinity to organs at

risk, e.g. brainstem or optical nerves. From 2010 on, the

target volume concept was slightly changed and specified

to the definition of a clinical target volume (CTV) con-

sisting of the surgical cavity and contrast-enhancing tumor

areas (‘‘gross tumor volume, GTV’’) plus 20 mm and a

planning target volume (PTV) consisting of the CTV? a

further margin of 3–5 mm, thus enlarging the total distance

from the GTV to the PTV to 23–25 mm.

Treatment/chemotherapy

The CT was applied with alkylating agents including:

procarbazine/CCNU/vincristine (PCV), temozolomide

(TMZ), or rarely nimustine (ACNU). Of 109 patients, 82
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patients underwent chemotherapy after the malignant

transformation of their low-grade astrocytoma (57 patients

received sequentially RT-CT and 25 only CT). 57 patients

received PCV (70 %) as adjuvant chemotherapy after

malignant progression, 23 received TMZ and two nimus-

tine. The interval between end of RT and initiation of CT

was in average 4 weeks.

There were no specific molecular or clinical criteria for

the treatment modalities. E.g. most patients who underwent

RT alone were treated because this treatment strategy was

favored for malignant glioma patients in the late 1990s.

Other patients who underwent RT alone or received CT

alone, had secondary anaplastic astrocytomas WHO Grade

III which were treated following the recommendations of

the NOA-4 trial (RT or CT alone) [12].

Additionally, it should be mentioned that 13 patients

received an early RT for their low-grade tumor, which was

a common treatment strategy in the 1990s. All of those

patients were treated with CT alone after progression to a

sHGA. On the other hand, none of the patients in the entire

group underwent chemotherapy alone at the time of the

LGA-diagnosis.

Consequently, we focused our outcome comparison only

on patients treated with RT alone or with sequential RT-CT.

In this retrospective analysis, only patients with proven

astrocytic tumor histology of their low-grade tumor were

included. Therefore, we excluded patients with pure oligo-

dendrogliomas. Furthermore, we excluded sHGA patients

with progression from anaplastic astrocytomas, or those

without available tissue for molecular analysis. In addition,

patients lost to follow-up were not considered in our analysis.

Progression and survival

Progression-free survival (PFS) was defined as the time

from first diagnosis of sHGA to tumor progression or end

of follow-up. Overall survival (OS) was the time from the

day of first confirmation of a sHGA to death or end of

follow-up. All patient data were updated on January 09,

2015. The minimum follow up was 1 year after the diag-

nosis of a sHGA, developed from histologically confirmed

LGA WHO II. Patients who were operated on a sHGA with

less than one year of follow-up were excluded.

Statistical analysis

Kaplan–Meier survival curves were plotted and the log-

rank test was used to investigate survival differences

among groups. The prognostic significance of the afore-

mentioned molecular marker for PFS and OS were first

analyzed by univariate analysis. The Fisher’s exact test was

used to test for association of clinical variables and mole-

cular markers. Cox proportional hazards modeling was

performed, adjusting for predictors associated with survival

on univariate analysis. A p value \0.05 was considered

statistically significant.

Results

The clinical and molecular characteristics of the 109 pa-

tients—in relation to their treatment—are summarized in

Table 1. The median OS from the diagnosis of LGA to last

follow-up in the entire group was 8 years (1.4–27.3 years). It

was 8.9 years (1.65–27.3) in the IDH-mutant tumor group

and 4.9 years (1.4–19.4) in the IDH wild-type group. The

interval between LGA diagnosis and sHGA for all 88 IDH-

mutant LGA patients (time to malignant transformation) was

4.8 years (0.6–18.6 years). The median time until malignant

transformation of LGA patients with IDHmutation and early

RT was 6.7 years (1.1–18.6 years), which was significantly

longer than in IDH-mutant LGA patients who did not un-

dergo early RT with 4.1 years (0.7–17.4 years, p\ 0.05).

The median age at sHGA diagnosis was 42.5 years

(23.4–76.8 years). 56 % of the patients were male (n = 61).

88 patients harbored IDH1 or -2 mutations (80.7 %; IDH1,

n = 87; IDH2, n = 1), 30 patients had a 1p/19q-codeletion

(27.5 %), and 69 patients (63.3 %) exhibited a methylated

MGMT-promoter status. Of 77 patients, a p53 overexpres-

sion was present in 32 cases (41.5 %). The initial histology

of the low-grade tumor was diffuse astrocytoma grade II in

74 patients (67.8 %) and mixed oligo-astrocytoma grade II

in 35 patients (32.1 %). The median follow-up of this cohort

from the initial diagnosis was 9.8 years, and 62 patients

(57 %) had died.

Of 88 patients with an IDH mutation, 30 patients had 1p/

19-codeleted tumors (34.1 %) and 58 a methylated MGMT-

promoter status (66 %) (The clinical and molecular char-

acteristics of the 88 patients with an IDH mutation are

summarized in Table S1, suppl. Data). The median OS of all

patients in the entire group was 3.4 years (1.9–6.7 years),

5.3 years (1.9–17.4 years) in the IDH-mutant group, and

1.3 years (0.3–6.8 years) in the IDH wild-type group

(p = 0.12). The median PFS of all patients was 2.0 years

(1.4–2.6 years), it was 2.2 years (1.7–2.5 years) in the IDH-

mutant cohort, compared with 1.0 years in the IDH wild-

type group (0.3–1.4 years). The longest survival was seen in

IDH-mutant, 1p/19q-codeleted sHGA patients with a

methylated MGMT-promoter (n = 21). These patients had a

median OS of 5.7 years (3.3–18 years).

The postsurgical treatment of the 88 IDH-mutant sHGA

included: RT alone in 17 patients (19.3 %), a sequential

RT-CT in 48 patients (54.5 %) and CT alone in 20 patients

(22.7 %). Three patients in the IDH-mutant group did not

receive any adjuvant treatment after the initial diagnosis

due to poor neurological function after surgery.
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The OS in patients who received RT-CT was 6.5 years,

which is significantly longer compared with those who

underwent RT alone (1.2 years, hazard ratio 0.35, 95 % CI

0.32–0.51. p = 0.011; Fig. 1). Moreover, the PFS in the

RT-CT group was 3.4 years, which was significantly

longer compared with 0.9 years in the group treated with

RT alone (p = 0.007).

Among sHGA patients with an IDH mutation but

without a 1p/19q-codeletion and with any adjuvant treat-

ment (n = 55), there was a significantly improved OS in

the RT-CT cohort (n = 33) in comparison to patients who

received RT alone (n = 10, 6.4 vs. 1.2 years, hazard ratio

2.7, 95 % CI 1.1–6.5, p = 0.022). Furthermore, a trend

toward improved OS was seen in the RT-CT group when

compared with those who underwent CT alone (n = 12,

6.4 vs. 1.6 years, hazard ratio 2. 95 % CI 0.8–4, p = 0.097;

Fig. 2). In other words, patients who received RT alone had

a 2.7 fold higher likelihood of dying in comparison to those

who received RT-CT. Also, the median PFS of the RT-CT

cohort was significantly longer than in the RT group (3.12

vs. 0.5 years, p = 0.005; Fig. 3). There were significantly

more 5- and 10-year survivors after RT plus CT than with

RT alone in the IDH-mutant cohort (58 and 39 vs. 29 and

29 %; p\ 0.05; Figs. 1 and 2).

All patients with 1p/19q-codeleted sHGA (n = 30; all

of them oligoastrocytomas) harbored an IDH mutation;

they had a median OS of 5.7 years (2.8–8.5 years), which

was non-significantly longer than the OS of patients with

IDH-mutant non-codeleted tumors (3 years, range

0.8–5.3 years, p = 0.30). Of 30 1p/19q codeleted sHGA

patients, 7 received RT and 15 RT-CT; all of those PCV.

After adjustment of median OS in relation to treatment,

the median OS in patients with codeleted IDH-mutant

sHGA after RT-CT (n = 15) was not reached in compar-

ison with non-codeleted IDH-mutant sHGA patients

(n = 33, median OS 6.5 years, 1.9–11 years); however,

this was not significant: p = 0.79.

The median OS of sHGA patients with a methylated

MGMT-promoter who received RT-CT (n = 39) was not

significantly different in comparison to patients with a

methylated MGMT-promoter who received RT or CT alone

(n = 66; 8.2 vs. 9.43 years, p = 0.089). However, the

Table 1 Shows the patients’ characteristics of the entire population (n = 109)

Radiotherapy alone

(n = 22)

Chemotherapy alone

(n = 25)

Radio- and chemotherapy

(n = 57)

p value

Median age at malignant transformation 47.4 years 40 years 40.1 years n.s.

Gender

Female (n = 48) 8 12 24

Male (n = 61) 14 13 33 n.s.

Initial histology

Pure astrocytoma (n = 74) 15 17 38

Oligoastrocytoma (n = 35) 7 8 19 n.s.

Previous resection of LGG WHO II� 22 25 57 n.s.

Previous RT after resection of LGG (n = 13) None 13 None n.s.

IDH 1/2 gene status

Wild-type (n = 21) 5 5 9

Mutant (n = 88) 17 20 48 n.s.

1p/19q status

Non-codeleted (n = 79) 15 17 42

Codeleted (n = 30) 7 8 15 n.s.

MGMT-promoter status

Unmethylated (n = 40) 11 8 19

Methylated (n = 69) 11 17 38 n.s.

Histology at malignant transformation

WHO Grade III (n = 40) 10 9 19

WHO Grade IV (n = 69) 12 16 38 n.s.

There were no significant differences in any of the patients’ characteristics in relation to adjuvant treatment

Five patients did not receive any adjuvant treatment and were not considered in this table

All patients were treated for their secondary high-grade astrocytomas between 1995 and 2013

LGG low grade gliomas, WHO world health organization, RT radiotherapy, IDH isocitrate dehydrogenase, MGMT O-6-methylguanine-DNA

methyltransferase
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interaction of IDH and methylated MGMT-promoter as a

parameter in the multivariate analysis was proven to be

significant (p = 0.019, data not shown). Remarkably, pa-

tients with an unmethylated MGMT-promoter had a

similarly long OS after RT-CT compared to those who

received RT alone (n = 19, 9.46 years, p = 0.801).

Of the 32 patients with p53 overexpression, 27 patients

harbored an additional IDH mutation (84.3 %) and 18 pa-

tients a methylated MGMT-promoter (56.2 %). The median

OS of the IDH-mutant sHGA patients who presented a p53

overexpression was 3.2 years (0.3–7 years). Their median

OS was non-significantly longer than the median OS of pa-

tients with IDH-mutant and codeleted tumors without p53

over expression (n = 30, median OS 5.7 years, p = 0.58).

In the stepwise multivariable Cox model for OS of all 88

IDH-mutant sHGA patients, which incorporated the variables

of age, gender, 1p/19q-codeletion, MGMT-promoter methy-

lation status, and treatment modalities (RT alone vs. RT-CT

vs. CT alone), survival was strongly associated with only one

factor, namely, RT-CT as adjuvant treatment at diagnosis of a

sHGA (HR 2.6; 95 % CI 1.2–5.5; p = 0.014; Table 2).

After addition of p53 overexpression as a variable to the

stepwise multivariable Cox model for OS (n = 62), RT-CT

continued to be the only significant factor which was as-

sociated with a prolonged survival (p = 0.010).

Of the 17 HGA patients with RT alone after malignant

progression, eight patients underwent a second surgery at

recurrence followed with PCV in three cases, TMZ in one

case, Gliadel wafer in two cases and no CT in two cases. The

remaining five patients did not receive further therapy due to

bad neurological conditions upon massive tumor progres-

sion, whereas four patients with a secondary anaplastic as-

trocytoma are still progression-free at follow-up.

Discussion

This retrospective long-term study shows that the addition

of alkylating agents (mainly PCV) to RT significantly

improves progression-free and overall survival in IDH-

mutant secondary high-grade astrocytoma patients, re-

gardless of 1p/19-codeletion status. In contrast, neither the

methylation of MGMT-promoter nor TP53 overexpression

demonstrates a significant treatment-related increase in

patients’ survival in this study.

The RTOG 9402 trial demonstrated an improved out-

come in 1p/19q-codeleted anaplastic oligodendroglial tu-

mor patients when PCV was added to RT [4,]. The median

OS of 1p/19q non-codeleted IDH-mutant sHGA patients

who received RT-CT or RT in our study was comparable

Number at risk

RT 16 9 5 4 3 2 2 1 1 0

RT/CT 47 42 36 26 17 6 3 1 0 0

CT 19 15 12 4 1 0 0 0 0 0

Fig. 1 Kaplan–Meier estimates

of overall survival (OS) in

relation to treatment [radio-

chemotherapy (RT-CT) or

radiotherapy (RT) or

chemotherapy (CT)] in all 88

IDH-mutant secondary high-

grade astrocytomas. The OS in

patients who received RT-CT

was significantly longer

compared with those who

underwent RT alone (1.2 years,

hazard ratio 0.35, 95 % CI

0.32–0.51. p = 0.011; median

OS RT-CT group: 6.5 years,

median OS RT group:

1.2 years)
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with the reported OS in the RTOG 9402 trial (Table 3) [4, 5].

These results implicate that IDH-mutant sHGA patients might

show the same clinical benefit after sequential CT–RT like

patients with de novo anaplastic oligodendroglial gliomas. As

opposed to the EORTC 26951 trial, MGMT-promoter

methylation failed to show a significant association with pa-

tients’ outcome in our study as a solely parameter. However,

the combination of IDH mutation and methylated MGMT-

promoter was superior toMGMT-promoter methylation alone

in predicting survival of sHGA patients in our study. This is in

accordance to recently published data [13–15].

Further on, multivariate analyses identified only one

significant favorable prognostic variable in the IDH-mutant

patients’ cohort: the use of RT-CT. In this cohort, the risk

of dying was increased by a factor of 2.7 when patients

underwent only RT compared to RT-CT. None of the other

investigated factors—such as 1p/19q-codeletion, MGMT-

promoter methylation, p53 overexpression, age or gen-

der—had a significant influence on patients’ survival as a

solely parameter. Additionally, these data are in concor-

dance with the results of the RTOG 9402 and EORTC

26951 trials [4, 5].

In general, IDH-mutant gliomas, regardless of their

WHO grade, are markedly different in their clinical

presentation, genetic alterations, and overall natural history

when compared with IDH wild-type gliomas. As reported

previously, post-malignant progression survival among

patients with IDH-mutant low-grade astrocytomas is im-

proved compared to patients with IDH wild-type astrocy-

tomas [7, 16]. In this regard, our recent study may provide

so far a strong evidence for differential responsiveness and

outcomes in relation to different treatment modalities (RT

vs. RT-CT) in IDH-mutant sHGA patients. This observa-

tion supports the hypothesis that IDH mutation might not

only be a prognostic but also a predictive marker for sur-

vival in sHGA patients.

Further typical anatomical and radiological characteris-

tics of IDH-mutant gliomas are the frequent location in the

frontal lobe, the bi-hemispheric involvement, and the

relatively low enhancement in comparison to IDH wild-

type high-grade gliomas [9]. IDH-mutant gliomas are more

amenable to surgical resection of enhancing tumor; a fact

which might contribute to the better prognosis observed in

this patient population [17]. Furthermore, an increased ra-

diosensitivity of IDH-mutant gliomas has been reported.

This effect was clinically translated as improved survival

[16]. Furthermore, recent in vitro results [18] and clinical

data from EORTC trial 26951 [19] support the hypothesis

Number at risk

RT 9 5 3 2 2 2 2 1 1 0

RCT 32 30 25 18 13 6 3 1 0 0

CT 11 8 5 2 1 0 0 0 0 0

Fig. 2 Kaplan–Meier estimates

of overall survival (OS) in

relation to treatment

[Radiochemotherapy (RT-CT)

or Radiotherapy (RT) or

chemotherapy (CT)] in IDH-

mutant and 1p/19q non-

codeleted patients. The curves

estimate a significantly

improved OS in the RT-CT

cohort (n = 33) in comparison

to patients who received RT

alone (n = 10, hazard ratio 2.7,

95 % CI 1.1–6.5, p = 0.022,

median OS 6.4 versus 1.2 years)
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that IDH-mutant gliomas are highly sensitive to RT. This

sensitivity might be due the fact that wild-type IDH en-

zymes protect cells against gamma irradiation by main-

taining NADPH levels that buffer against irradiation-

induced reactive oxygen species, thus protecting cells from

apoptosis [20, 21]. Furthermore, a recently published study

demonstrated that IDH-mutant glioblastomas have a more

pronounced radiographic response to chemo-radiation

therapy by serial quantitative MR volumetry than do their

IDH wild-type counterparts [22].

We acknowledge that our retrospective study has several

limitations including: The sample size for each treatment

modality was small; the non-randomized allocation of treat-

ment and the administration of different alkylating agents

(CCNU, TMZ or rarely ACNU). A further limitation is that

TP53 mutations are identified indirectly by p53 overexpres-

sion rather than sequencing techniques. In addition, the fact

that out of 13 of 25 patients received an early RT after the

diagnosis of a low-grade astrocytoma—all treated with CT

alone after malignant progression—is one of the limitations

which led us to focus our outcome comparison only on pa-

tients treated with RT alone or RT-CT. It should be mentioned,

that in our cohort of patients with sHGA there was no sug-

gestion for improved outcome after early RT compared to

those patients who received RT at their HGA diagnosis.

On the other hand, our study is the first study which

demonstrates a treatment-related survival improvement in

IDH-mutant secondary high-grade astrocytoma patients—

different from the RTOG 9402 and EORTC 26951 trials

which focused on anaplastic oligodendroglial tumors. An

additional strength of the current study is the long-term

follow-up (median of 9.8 years) in this rare patient sub-

population. However, the results of the ongoing CATNON

(NCT00626990), multicenter phase III trial will shed more

light on the best treatment concepts of affected patients.

This trial will help to determine the predictive value of

IDH mutation in anaplastic gliomas.

In summary, sHGA are heterogeneous tumors with a

variable response to treatment. This clinical variability

underlines the urgent need for marker that can reliably

guide clinical decision-making. Our long-term follow-up

data have suggested that patients with IDH-mutant sHGA

should be treated with addition of alkylating chemotherapy

to radiation, irrespective 1p/19q deletion status. Radio-

chemotherapy (mostly PCV) has significantly improved

progression-free and overall survival in our patients cohort

compared with radiotherapy or chemotherapy alone. On the

other hand, MGMT-promoter methylation status was

merely in combination with IDH mutation a marker for

outcome in relation to radio-chemotherapy.

Table 2 Multivariate analysis of all 88 IDH-mutant secondary high-

grade astrocytoma Patients: in the stepwise multivariable Cox model

survival was strongly associated with only one factor: namely,

radiotherapy plus chemotherapy as adjuvant treatment at diagnosis of

the high-grade astrocytoma

Overall survival in years Univariate (median (range) p value Multivariate HR(95 % CI) p value

Gender

Male (n = 50) 3.5 (1.5–5.4) 0.75 n.s.

Female (n = 38) 5.6 (2.0–9.1)

Age

B50 years (n = 62) 4.3 (0–9.1) 0.12 n.s.

[50 years (n = 26) 2.3 (0.3–4.4)

Initial histology

Astrocytoma (n = 53) 2.4 (0–5.1) 0.71 n.s.

Oligoastrocytoma (n = 35) 4.3 (1.3–7.4)

1p/19q status

Codeleted (n = 30) 5.7 (2.8–8.5) 0.31 n.s.

Non-codeleted (n = 58) 3.0 (0.8–5.3)

MGMT-promoter status

Methylated (n = 58) 5.6 (3.5–7.7) 0.30 n.s.

Unmethylated (n = 30) 2.0 (1.0–2.9)

Treatment after malignant progression

Radio-chemotherapy (n = 48) 6.5 (3.4–9.5) 0.03 2.6 (1.2–5.5) 0.014

Radiotherapy alone (n = 17) 1.2 (0–2.8)

Chemotherapy alone (n = 20) 2.9 (1.9–3.9)

MGMT O-6-methylguanine-DNA methyltransferase, ns non-significant
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