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Introduction

Gliomas with mutations in the isocitrate dehydrogenase 
(IDH) genes 1 or 2 often affect young to middle-aged adults 
[1]. Beyond the frequent manifestation by an epileptic sei-
zure, patients are typically asymptomatic or oligosymp-
tomatic [2, 3]. The prognosis of patients with IDH-mutant 
glioma is highly variable. Some patients die within months 
whereas others may survive for decades [4]. Due to the typi-
cally long survival times of patients with CNS WHO grade 
2 gliomas and in contrast to CNS WHO grade 3 astrocyto-
mas, prospective studies might not reach median survival 
times [5–7]. In CNS WHO grade 3 astrocytomas, the CAT-
NON trial has reported a median overall survival (OS) of 
8.1 years for grade 3 and 4.7 years for grade 4 astrocytomas. 
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Abstract
Background Survival times of patients with IDH-mutant gliomas are variable and can extend to decades. Many studies 
provide progression-free rather than overall survival times and prognostic factors remain ill-defined. Here we explored char-
acteristics of short- and long-term survivors within a cohort of patients with extended follow-up.
Methods This single-center, case-control study included 86 patients diagnosed between 1998 and 2023 who either died 
within 6 years after diagnosis or survived at least 15 years. Patient characteristics and prognostic factors were stratified by 
short- (< 6 years) versus long-term (≥ 15 years) survival.
Results Forty-seven patients (55%) diagnosed with astrocytoma and 39 patients (45%) with oligodendroglioma were 
included retrospectively. Median follow-up of the survivors was 16.6 years (range 15-28.9). Thirty-four deaths (40%) had 
been reported at database closure. Long-term survival was associated with CNS WHO grade 2 (p < 0.01), smaller tumor 
volumes (p = 0.01), lack of contrast enhancement (p < 0.01), wait-and-scan strategies (p < 0.01) and female sex (p = 0.04). In 
multivariate analyses for oligodendroglioma, larger T2 tumor volumes were associated with shorter survival (HR 1.02; 95% 
CI 1.01–1.05; p = 0.04). In patients with astrocytoma, lack of contrast enhancement (HR 0.38; 95% CI 0.15–0.94; p = 0.04) 
and wait-and-scan strategies (HR 5.75; 95% CI 1.66–26.61; p = 0.01) were associated with longer survival.
Conclusion Large T2 tumor volume and contrast enhancement may be important risk factors for shorter survival, while 
age might be of lesser importance. Wait-and-scan strategies may yield excellent long-term survival in some patients with 
astrocytoma.
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Several risk factors for poor OS have been described, but 
some of these remain controversial. Higher age, neurologi-
cal deficits, and larger tumor burden at diagnosis as well as 
larger postoperative residual tumor volume seem to be asso-
ciated with shorter progression-free survival (PFS) and OS 
in patients with WHO grade 2 and 3 gliomas [8–12]. Initial 
contrast enhancement has been described as a poor prognos-
tic factor, too [13]. Higher WHO grade as an independent 
risk factor remains debated because of high interrater vari-
ability in histological grading, divergent study results and 
a treatment bias [4, 14]. Recent studies have highlighted 
the prognostic implications of homozygous deletions of the 
cyclin-dependent kinase inhibitor 2 A or B (CDKN2A/B) 
since patients with such tumors show especially poor out-
come [15, 16]. These findings have been implemented in 
the 2021 WHO classification. IDH-mutant astrocytomas are 
classified as CNS WHO grade 4 if a CDKN2A/B homozy-
gous deletion is detected, irrespective of histological fea-
tures such as necrosis or microvascular proliferation [17]. 
CDKN2A/B analysis has, however, not yet been imple-
mented in daily clinical routine in most centers.

In summary, there is no clear consensus on risk factor 
assessment and weighting in patients with IDH-mutant 
gliomas and thus, treatment recommendations may vary 
substantially between centers. Evidence-based guidance is 
provided by the current EANO and ASCO-SNO guidelines 
on the diagnosis and treatment of diffuse gliomas of adult-
hood that acknowledge age, neurological status, and post-
operative residual tumor volume as independent risk factors 
and gives leeway for wait-and-scan strategies in younger 
patients and after gross total resection [14, 18]. It is unclear 
whether wait-and-scan strategies, i.e., leaving the tumor to 
its natural evolution, can jeopardize long-term outcome. 
Early versus delayed radiotherapy was not associated with 
survival differences in patients with WHO grade 2 gliomas, 
admittedly in a now historical study [19]. Tumor-specific 
therapy options comprise sequential radiochemotherapy 
with procarbazine, CCNU (lomustine) and vincristine 
(PCV) or, less evidence-based, temozolomide. These regi-
mens have yielded excellent long-term tumor control rates, 
but the corresponding clinical trials oftentimes recruited 
patients with WHO grade 3 gliomas or were conducted 
before the implementation of the IDH status as the major 
stratification factor for gliomas of adulthood [5, 8, 20–24]. 
It also remains to be determined whether tumor-specific 
therapy can push some gliomas towards a more aggressive 
evolution through selective pressure. A few studies indicate 
induction of hypermutation associated with inferior OS in 
some patients treated with temozolomide, although this has 
not been validated in prospective trials, and clinical implica-
tions are yet to be determined [25–28].

With the present scenario of potentially toxic and exhaust-
ing treatment regimens for relatively young, oftentimes 
asymptomatic patients who might survive for decades, mul-
tidimensional risk factors analysis may provide important 
guidance to determine time point, necessity, and modality of 
tumor-specific therapy. Here we compare a large cohort of 
long-term survivors with an OS of 15 years or longer after 
diagnosis of an IDH-mutant oligodendroglioma or astrocy-
toma with a reference group of patients with less favour-
able outcome to determine prognostic factors for long-term 
survival. Based on the results of previous studies, we set 
a cutoff of 6 years for short-term survival in patients with 
IDH-mutant gliomas [5–7]. Within the framework of preex-
isting literature on risk factors for short OS, we hypothesize 
that tumor size and contrast enhancement on MRI might be 
important markers for prognosis. Furthermore, we hypoth-
esize that patient age at diagnosis might be a less important 
risk factor for patients with IDH-mutant as opposed to IDH-
wildtype gliomas.

Patients and methods

Patient evaluation

The single-center, retrospective, case-control study was 
waived by the local ethical review committee of the LMU 
University Hospital, LMU Munich (project number 20–513 
and project number 21–0612). The institutional database 
was screened for patients with IDH-mutant gliomas, con-
firmed by sequencing, and available 1p/19q-status between 
the years 1998 and 2023. Patients who had received a sus-
pected magnetic resonance imaging (MRI)-based diagno-
sis of glioma or who had a tissue sample obtained before 
IDH and 1p/19q status was routinely determined but who 
then had molecular confirmation later in the clinical course 
were also retrospectively included (Fig. 1). Patients were 
included if they had undergone stereotactic biopsy or maxi-
mal safe resection [29, 30]. Clinical status was assessed ret-
rospectively according to the Karnofsky Performance Status 
(KPS). Demographic data were collected. After baseline 
MRI, e.g., after completion of tumor-specific therapy, and in 
case of stable clinical status and imaging, routine intervals 
for MRI scans were 6 months in WHO grade 2 and 3 glio-
mas and 3 months in WHO grade 4 gliomas. For patients 
having undergone tumor resection, baseline MRI was 
defined as the first postoperative MRI scan. Data on PFS 
and OS were collected as outcome measures. For PFS, rec-
ommendations by the RANO group (Response Assessment 
in Neuro-Oncology) were followed and applied retrospec-
tively [31]. Accordingly, either of the following observa-
tions determined progression: increase in tumor volume of 
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25% or more, any new lesion, or clinical deterioration not 
otherwise explicable. OS was defined as the time between 
date of first suspected diagnosis through MRI and date of 
death. Patients having died from conditions not related to 
tumor progression or therapy were not included in the study.

Histopathology and molecular analyses

Histological samples underwent a thorough investigation 
and grading according to the WHO 2021 Classification of 
Tumours of the Central Nervous System by neuropathologi-
cal consensus with the limitation of not having performed 
CDKN2A/B analyses. Accordingly, some CNS WHO grade 
2 or 3 astrocytomas might have been classified as CNS 
WHO grade 4 in the WHO 2021 classification [17]. CNS 
WHO grade 2 and 3 oligodendrogliomas as well as CNS 
WHO grade 2, 3 and 4 astrocytomas were included. IDH1 
and IDH2 mutations were confirmed both by immunohisto-
chemistry and pyrosequencing of hotspot mutations in all 
patients. Quantitative microsatellite marker analysis was 
used to determine the 1p/19q status [32].

Neuroimaging

Tumor location was assessed. Tumor volumes were mea-
sured by manual segmentation of T2 weighted images with 
3-dimensional reconstruction. To this end, the commercially 

available Smartbrush Elements Software was utilized 
(Brainlab Elements Smartbrush, Munich, Germany). Con-
trast enhancement on T1-weighted sequences was assessed 
qualitatively. For differentiation between tumor infiltration 
and edema, criteria published by Lasocki et al. were applied 
by a neuroradiologist (C.T.) [33].

Statistical analysis

The overall cohort was split according to survival and fol-
low-up times in 2 groups: tumor-related death occurring < 6 
years after diagnosis or survival of ≥ 15 years. Both groups 
were compared and then stratified according to glioma entity. 
All statistical testing was performed on GraphPad PRISM 
9.4.1 software. If equal standard deviations could not be 
assumed, unpaired t-tests with Welch’s correction were used 
to compare continuous variables with normal distribution 
as confirmed by D’Agostino-Pearson test. Non-parametric 
data was analysed by Mann-Whitney U and Kruskal-Wallis 
tests. Chi-square test of independence or Fisher’s exact test 
whenever applicable were used for comparison of categori-
cal variables. The proportional hazards assumption was 
tested by determining scaled Schoenfeld residuals. Hereaf-
ter, Cox proportional hazards models were used for univari-
ate and multivariate testing. For categorical variables, the 
group with shorter OS time was used as a reference. Haz-
ard ratios (HR) and 95% confidence intervals (95 CI) were 
calculated. Tumor grade was scaled continuously because it 

Fig. 1 STROBE diagram. 
Patients with IDH-mutant glio-
mas were identified and included 
if death had been reported within 
6 years after diagnosis or if the 
patient had survived for at least 
15 years. Patients with shorter 
follow-up times were excluded. 
*Gliomas were classified accord-
ing to WHO 2021 with the limita-
tion of not having conducted 
CDKN2A/B analyses. STROBE, 
The Strengthening the Report-
ing of Observational Studies in 
Epidemiology Statement
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(HR 0.82; 95% CI 0.36–1.85; p = 0.63). Comparing patients 
having received radiotherapy versus chemotherapy alone 
showed no significant difference in the number of CNS 
grade 3 gliomas (p = 0.1) nor a higher number of contrast-
enhancing tumors (p = 0.19). There were no statistically 
significant differences in the number of patients with oligo-
dendroglioma versus astrocytoma in each cohort (p = 0.73). 
Patients treated with chemotherapy alone showed signifi-
cantly larger tumors (89 cm3 versus 43 cm3; p = 0.04). Both 
oligodendrogliomas and astrocytomas were located most 
frequently in the frontal lobe. There was a trend towards 
more frequent frontal manifestations in patients who had 
an OS ≥ 15 years (p = 0.09). Patients who died < 6 years 
after diagnosis showed a higher proportion of WHO grade 
3 or 4 gliomas (p < 0.01), had larger initial tumor volumes 
(p = 0.01), and contrast enhancement (p < 0.01). These sig-
nificant differences persisted when looking at patients with 
astrocytoma and oligodendroglioma separately. In patients 
with oligodendroglioma, the primary tumor site was more 
frequently located on the left hemisphere or bilaterally in the 
short-term survivor cohort (p < 0.01). Of note, initial tumor 
volumenever exceeded 120 cm3 in long-term survivors. In 
short-term survivors, 7 patients showed initial tumor vol-
umes of 200 cm3 or more. A comparison between patients 
having died within the first 15 years of diagnosis (n = 57) 
and patients surviving more than 15 years yielded similar 
differences than those described above (Suppl. Table S1).

Progression-free and overall survival

In the entire cohort, 82 patients (95%) had documented tumor 
progression. Only 4 patients (3%), exclusively patients with 
oligodendroglioma, did not show tumor progression after 
a follow-up ≥ 15 years. PFS was longer in patients surviv-
ing ≥ 15 years (in months, 90 versus 22, p < 0.01). Median 
survival in patients who lived < 6 years was 47 months and 
was not reached in patients who lived ≥ 15 years (p < 0.01). 
Overall, 34 patient deaths were documented. Only 5 events 
occurred ≥ 15 years after diagnosis. There were no non-
tumor-related deaths in the entire cohort.

Uni- and multivariate analyses

Univariate analyses were conducted for the entire cohort and 
included the following parameters: age and KPS at diagno-
sis, initial T2 tumor volume, contrast enhancement on MRI, 
tumor entity, CNS WHO grade, mode of tissue acquisition 
(biopsy versus resection), and therapeutic strategy (wait-
and-scan versus tumor-specific therapy). Of these variables, 
a higher KPS, a lower CNS WHO grade, diagnosis of oligo-
dendroglioma rather than astrocytoma, smaller T2 volumes, 
lack of contrast enhancement and wait-and-scan strategy 

reflects a progression of severity and its correlation with out-
come might be near linear. Accordingly, continuous scaling 
is more likely to detect associations and does not introduce 
arbitrary differences between each category. In multivari-
ate analyses of OS times, only factors associated with sur-
vival times in univariate analyses were included. Survival 
analyses comprised Kaplan Meier estimates and Log-rank 
(Mantel-Cox) tests. The threshold to discriminate signifi-
cant from non-significant results was set at a p-value ≤ 0.05.

Results

Study population and clinical parameters

The overall cohort consisted of 86 patients with 29 patients 
(34%) having died from tumor-related causes before reach-
ing 6 years survival time and 57 patients (66%) living past 
15 years after diagnosis (Fig. 1). Median follow-up of the 
survivors was 16.6 years (range 15-28.9). The median age 
of patients at diagnosis surviving < 6 years was 40 (range 
14–70) and the mean initial KPS was 90 (range 20–100). 
In patients surviving ≥ 15 years, median age was 38 years 
(range 14–65) and mean KPS was also 90 (range 60–100) 
(Table 1). Overall, 81 patients (94%) were subjected to 
tissue sampling by resection or biopsy within 3 months 
after the first suspicious MRI. The female: male ratio was 
higher in the long-term survivor cohort (1.6:1 versus 0.6:1; 
p = 0.04). Within the cohort of patients who died before 
reaching the 6-year benchmark, 7 patients (24%) were 
diagnosed with oligodendroglioma and 22 patients (76%) 
were diagnosed with astrocytoma. In the long-term survival 
cohort, 32 patients (56%) were diagnosed with oligodendro-
glioma and 25 patients (44%) were diagnosed with astrocy-
toma (p < 0.01). Overall, wait-and-scan strategies had been 
initiated after diagnosis in 41 long-term survivors (72%) as 
opposed to 6 patients (21%) in the cohort of patients not 
surviving past 6 years. Within the cohort of patients initially 
monitored by means of wait-and-scan strategies, 41 (87%) 
had been diagnosed with CNS WHO grade 2 gliomas. Look-
ing at patients having received any form of tumor treatment, 
significantly more patients with astrocytomas surviving less 
than 6 years as opposed to surviving at least 15 years had 
been treated with temozolomide alone (p < 0.01). In patients 
with oligodendrogliomas, a PCV therapy without radiother-
apy had been given more often in the long-term survivor 
cohort by trend (p = 0.07). The number of long-term sur-
viving patients having been treated with radiotherapy as 
opposed to chemotherapy alone did not differ significantly 
from the short-term survivor cohort (p = 0.34). In univariate 
analysis, regimens comprising radiotherapy were not asso-
ciated with longer OS as compared to chemotherapy alone 
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were associated with longer OS (Table 2). The cohort was 
split according to tumor entity. In univariate analyses for 
oligodendroglioma, the following parameters were asso-
ciated with longer OS: higher KPS at diagnosis, smaller 
T2 tumor volume and biopsy rather than tumor resection) 
(Table 3). Of these parameters, only T2 tumor volume per-
sisted in multivariate analyses (HR 1.02; 95% CI 1.01–1.05; 
p = 0.04) (Table 4). In patients with astrocytoma, longer 
OS was associated with lower WHO grade, no contrast 
enhancement, and wait-and-scan strategies rather than early 
tumor-specific therapy (Table 5). In multivariate analyses, 
contrast enhancement (reference: contrast enhancement; 
HR 0.38; 95% CI 0.15–0.94; p = 0.04) and wait-and-scan 
strategies after tissue sampling rather than therapy initiation 
(reference: wait-and-scan; HR 5.75; 95% CI 1.66–26.61; 
p = 0.01) were associated with longer OS (Table 6).

Discussion

Risk factor assessment for patients with IDH-mutant glio-
mas is important for determination of timing and modality 
of tumor-specific therapy. To investigate prognostic fac-
tors, we compared a comparably large cohort of long-term 
survivors that were alive at least 15 years after diagnosis 
with patients who had died due to their underlying tumor 
disease within 6 years of initial diagnosis. Some patients 
were followed-up for more than 25 years. We report an 
association of WHO grade 2 histology (I), absence of initial 
contrast enhancement on MRI (II) and small initial tumor 
volume (III) with long-term survival (Table 1). There was 
no evidence for an association between age and survival, 
contrasting with the strong prognostic significance of age 
in glioblastoma [34–36]. 72% of the long-term survivors 
in our cohort had not received tumor-specific therapy after 
initial surgery and still showed a survival of ≥ 15 years. In 
multivariate analyses and stratification according to tumor 
entity (oligodendroglioma and astrocytoma), initial T2 
tumor volume persisted as a prognostic marker for survival 
in patients with oligodendroglioma. Overall, only short-
term survivors had tumors larger than 120 cm3 on initial 
MRI, underlining the potential prognostic importance of 
tumor burden. In patients with astrocytoma, lack of contrast 
enhancement and wait-and-scan strategies were associated 
with prolonged survival. This suggests that tumor size and 
contrast enhancement are strong prognostic factors, and that 
wait-and-scan therapy can yield excellent long-term out-
come in some patients.

The standard of care for IDH-mutant gliomas is deter-
mined by large, prospective clinical trials comparing radio-
therapy, chemotherapy and radiochemotherapy. These 
trials indicated that a sequential therapy, starting with 
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studies could be overtreatment and toxicity in some patients 
who might have shown a benign clinical course with less 
invasive strategies. Only a subset of patients with gross total 
resection, CNS WHO grade 2 histology or young patient 
age currently qualify for wait-and-scan strategies [14, 
19]. For this subgroup, data is scarce. Prospective studies 
are difficult to conduct because of low incidence rates and 
long survival times. Already published studies need to be 
reevaluated considering the substantial changes in glioma 
definitions introduced by the WHO over the last decades. 
Not seldomly, prospective studies of these relatively rare 
gliomas need to be discontinued or adjusted, e.g., the IWOT 
trial (NCT03763422) that investigated wait-and-scan strat-
egies or the CODEL trial (NCT00887146) that initially 
aimed at comparing radiotherapy alone with temozolomide 
alone or a combination therapy for WHO grade 3 oligoden-
droglioma. Early versus delayed treatment after surgery 
has shown improved PFS, but not OS [19, 40]. Large retro-
spective studies demonstrate that some patients survive for 
decades despite conservative management strategies [4, 9, 
10]. Determining factors that have an impact on survival in 

radiotherapy and followed by chemotherapy, is most effec-
tive with regards to progression-free and overall survival, 
although this carries the risk of long-term adverse effects 
[5, 8, 19, 22–24, 37–39]. A potential consequence of these 

Table 2 Univariate analyses for factors potentially related with overall 
survival
Factor OS

HR 95% CI p-value
Agex 1.01 0.98–1.04 0.62
KPSx 0.96 0.93-1.0 0.01*
Entity (oligodendroglioma versus 
astrocytoma)

2.48 1.19–5.65 0.02*

WHO grade (2/3)x 3.58 2.19–5.62 < 0.01*
T2 tumor volumex 1.01 1.00-1.01 < 0.01*
CE (yes/no) 0.35 0.16–0.73 < 0.01*
Mode of tissue acquisition (resection/
biopsy)

1.21 0.61–2.51 0.59

Wait-and-scan versus therapy (radio-
therapy and/or chemotherapy)

0.27 0.12–0.56 < 0.01*

KPS, Karnofsky Performance Status; WHO, World Health Organisa-
tion; CE, contrast-enhancement on MRI; OS, overall survival. Initial 
therapy comprised wait-and-scan strategies, temozolomide mono-
therapy, PCV chemotherapy, radiotherapy and radiochemotherapy. x 
Continuously scaled. Significant p-values are highlighted with aster-
isks*

Table 3 Univariate analyses for factors potentially related with overall 
survival in patients with oligodendroglioma
Factor OS

HR 95% CI p-value
Agex 1.02 0.97–1.08 0.49
KPSx 0.95 0.92-1.0 0.01*
WHO grade (2/3)x 1.85E + 13 range too wide > 0.99
T2 tumor volumex 1.02 1.01–1.04 0.02*
CE (yes/no) 0.15 0.01–0.91 0.08
Mode of tissue acquisition 
(resection/biopsy)

10.85 10.9-201.6 0.03*

Wait-and-scan versus 
therapy (radiotherapy and/or 
chemotherapy)

1.77 0.42–7.49 0.42

KPS, Karnofsky Performance Status; WHO, World Health Organisa-
tion; CE, contrast-enhancement on MRI; OS, overall survival. Initial 
therapy comprised wait-and-scan strategies, temozolomide mono-
therapy, PCV chemotherapy, radiotherapy and radiochemotherapy. x 
Continuously scaled. Significant p-values are highlighted with aster-
isks*

Table 4 Multivariate analyses for factors potentially related with over-
all survival in patients with oligodendroglioma
Factor OS

HR 95% CI p-value
KPSx 0.66 0.28–0.99 0.09
T2 tumor volumex 1.02 1.01–1.05 0.04*
Mode of tissue acquisition 
(biopsy/resection)

range too 
wide

range too 
wide

> 0.99

KPS, Karnofsky Performance Status; OS, overall survival. x Con-
tinuously scaled. Significant p-values are highlighted with asterisks*

Table 5 Univariate analyses for factors potentially related with overall 
survival in patients with astrocytoma
Factor OS

HR 95% CI p-value
Agex 1.01 0.97–1.05 0.71
KPSx 0.96 0.88–1.07 0.4
WHO grade (2/3/4)x 2.67 1.53–4.54 < 0.01*
T2 tumor volumex 1.00 1.0-1.01 0.18
CE (yes/no) 0.27 0.11–0.65 < 0.01*
Mode of tissue acquisition (resection/
biopsy)

2.19 0.95–5.08 0.06

Wait-and-scan versus therapy (radio-
therapy and/or chemotherapy)

7.05 2.58–24.8 < 0.01*

KPS, Karnofsky Performance Status; WHO, World Health Organisa-
tion; CE, contrast-enhancement on MRI; OS, overall survival. Initial 
therapy comprised wait-and-scan strategies, temozolomide mono-
therapy, PCV chemotherapy, radiotherapy and radiochemotherapy. x 
Continuously scaled. Significant p-values are highlighted with aster-
isks*

Table 6 Multivariate analyses for factors potentially related with over-
all survival in patients with astrocytoma
Factor OS

HR 95% CI p-value
WHO grade (2/3/4)x 1.59 0.78–3.11 0.19
CE (yes/no) 0.38 0.15–0.94 0.04*
Wait-and-scan versus 
therapy (radiotherapy and/or 
chemotherapy)

5.75 1.66–26.61 0.01*

WHO, World Health Organisation; CE, contrast-enhancement on 
MRI; OS, overall survival. Initial therapy comprised wait-and-scan 
strategies, temozolomide monotherapy, PCV chemotherapy, radio-
therapy and radiochemotherapy. x Continuously scaled. Significant 
p-values are highlighted with asterisks*
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These patients are expected to show a more favorable clini-
cal course. Ultimately, the prognostic relevance of WHO 
grade in patients with oligodendroglioma cannot be deter-
mined yet based on our study, as only 3 patients with CNS 
WHO grade 3 oligodendroglioma were included.

In summary, the results demonstrate that a subset of 
patients with IDH-mutant glioma shows excellent survival 
times with initial wait-and-scan strategy. When evaluating 
therapy strategies in these tumors, ruling out CDKN2A/B 
deletions might be indicated, as wait-and-scan strategies are 
not warranted in higher grade glioma. Contrast enhance-
ment and initial tumor size might be especially important in 
risk factor assessment and these factors should be included 
in the decision making for postoperative treatment. Age at 
diagnosis might not be an important predictor of long-term 
survival.
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patients with IDH-mutant gliomas is important to identify 
subgroups of patients who might be eligible for less aggres-
sive initial treatment regimens. In that regard, the demon-
stration of prolonged progression-free survival in patients 
treated with the IDH inhibitor vorasidenib provides another 
approach to delay the use of radiochemotherapy in select 
patient populations [38].

Patients with oligodendroglioma are generally assumed 
to show a more favorable clinical course than those with 
IDH-mutant astrocytoma, which is reflected by the low 
fatality rate of 9 of 39 patients (23%) with oligodendrogli-
oma versus 25 of 47 patients (53%) with astrocytoma in our 
dataset and substantiated by univariate analysis (Table 2) [8, 
20, 21].

The major limitation of this study is its retrospective 
design and the low number of events in the oligodendrogli-
oma cohort, which renders multivariate analyses difficult to 
interpret. A substantial selection bias regarding initial treat-
ment strategies must be taken into account. The study justifies 
the conclusion that some patients show excellent long-term 
outcomes with initial wait-and-scan strategies, even without 
tumor resection, but one cannot deduce a non-inferiority to, 
or superiority over treatment-specific therapy, because these 
patients might shown an even better long-term survival with 
radiochemotherapy. Our findings merely suggest that a sub-
set of patients might not require immediate treatment. It is 
of utmost importance to identify these patients and to this 
end, refined risk factor assessment is required. A head-to-
head comparison between treatment regimens comprising 
radiotherapy versus chemotherapy alone (temozolomide or 
PCV) did not show any difference in efficacy. However, this 
comparison might be prone to a selection bias and might be 
questionable regarding the high efficacy of PCV in oligo-
dendroglioma as opposed to the limited efficacy of temo-
zolomide alone in astrocytoma patients. In our cohort, only 
four short-term survivor patients (18%) with astrocytoma 
received radiochemotherapy and many received temozolo-
mide alone. This might have represented undertreatment in 
these patients, considering that the effect of temozolomide 
alone is controversial in this population [9, 27, 28]. Of note, 
many patients in this study had been treated before publica-
tion of landmark studies on lower grade gliomas. Current 
guidelines have changed drastically. Chemotherapy alone, 
a strategy that had been pursued in many patients included 
in this study initially, nowadays might only be indicated in 
individual patients, e.g. a young patient with a large, non-
resectable tumor. A further limitation is the lack of data on 
postoperative, residual tumor volume which might be an 
important risk factors for shorter PFS and OS [11]. Inter-
pretation of wait-and-scan strategies is limited by the fact 
that 87% of patients not receiving tumor-specific therapy at 
first diagnosis were diagnosed with WHO grade 2 gliomas. 

1 3

https://doi.org/10.1007/s11060-024-04826-9
https://doi.org/10.1007/s11060-024-04826-9


Journal of Neuro-Oncology

13. Suchorska B, Schuller U, Biczok A, Lenski M, Albert NL, Giese 
A et al (2019) Contrast enhancement is a prognostic factor in 
IDH1/2 mutant, but not in wild-type WHO grade II/III glioma as 
confirmed by machine learning. Eur J Cancer 107:15–27

14. Weller M, van den Bent M, Preusser M, Le Rhun E, Tonn JC, 
Minniti G et al (2021) EANO guidelines on the diagnosis and 
treatment of diffuse gliomas of adulthood. Nat Rev Clin Oncol 
18(3):170–186

15. Shirahata M, Ono T, Stichel D, Schrimpf D, Reuss DE, Sahm F 
et al (2018) Novel, improved grading system(s) for IDH-mutant 
astrocytic gliomas. Acta Neuropathol 136(1):153–166

16. Appay R, Dehais C, Maurage CA, Alentorn A, Carpentier C, 
Colin C et al (2019) CDKN2A homozygous deletion is a strong 
adverse prognosis factor in diffuse malignant IDH-mutant glio-
mas. Neuro Oncol 21(12):1519–1528

17. Louis DN, Perry A, Wesseling P, Brat DJ, Cree IA, Figarella-
Branger D et al (2021) The 2021 WHO classification of 
tumors of the central nervous system: a summary. Neuro Oncol 
23(8):1231–1251

18. Mohile NA, Messersmith H, Gatson NT, Hottinger AF, Lassman 
A, Morton J et al (2022) Therapy for diffuse astrocytic and oli-
godendroglial tumors in adults: ASCO-SNO Guideline. J Clin 
Oncol 40(4):403–426

19. van den Bent MJ, Afra D, de Witte O, Ben Hassel M, Schraub S, 
Hoang-Xuan K et al (2005) Long-term efficacy of early versus 
delayed radiotherapy for low-grade astrocytoma and oligoden-
droglioma in adults: the EORTC 22845 randomised trial. Lancet 
366(9490):985–990

20. Wick W, Hartmann C, Engel C, Stoffels M, Felsberg J, Stock-
hammer F et al (2009) NOA-04 randomized phase III trial of 
sequential radiochemotherapy of anaplastic glioma with procar-
bazine, lomustine, and vincristine or temozolomide. J Clin Oncol 
27(35):5874–5880

21. Wick W, Roth P, Hartmann C, Hau P, Nakamura M, Stockhammer 
F et al (2016) Long-term analysis of the NOA-04 randomized 
phase III trial of sequential radiochemotherapy of anaplastic gli-
oma with PCV or temozolomide. Neuro Oncol 18(11):1529–1537

22. van den Bent MJ, Brandes AA, Taphoorn MJ, Kros JM, Kou-
wenhoven MC, Delattre JY et al (2013) Adjuvant procarbazine, 
lomustine, and vincristine chemotherapy in newly diagnosed ana-
plastic oligodendroglioma: long-term follow-up of EORTC brain 
tumor group study 26951. J Clin Oncol 31(3):344–350

23. van den Bent MJ, Baumert B, Erridge SC, Vogelbaum MA, 
Nowak AK, Sanson M et al (2017) Interim results from the CAT-
NON trial (EORTC study 26053– 22054) of treatment with con-
current and adjuvant temozolomide for 1p/19q non-co-deleted 
anaplastic glioma: a phase 3, randomised, open-label intergroup 
study. Lancet 390(10103):1645–1653

24. Bell EH, Zhang P, Shaw EG, Buckner JC, Barger GR, Bullard DE 
et al (2020) Comprehensive genomic analysis in NRG oncology/
RTOG 9802: a phase III trial of radiation versus radiation plus 
Procarbazine, Lomustine (CCNU), and Vincristine in high-risk 
low-grade glioma. J Clin Oncol 38(29):3407–3417

25. Barthel FP, Johnson KC, Varn FS, Moskalik AD, Tanner G, Koca-
kavuk E et al (2019) Longitudinal molecular trajectories of dif-
fuse glioma in adults. Nature 576(7785):112–120

26. Johnson BE, Mazor T, Hong C, Barnes M, Aihara K, McLean CY 
et al (2014) Mutational analysis reveals the origin and therapy-
driven evolution of recurrent glioma. Science 343(6167):189–193

27. Touat M, Li YY, Boynton AN, Spurr LF, Iorgulescu JB, Bohr-
son CL et al (2020) Mechanisms and therapeutic implications of 
hypermutation in gliomas. Nature 580(7804):517–523

28. Yu Y, Villanueva-Meyer J, Grimmer MR, Hilz S, Solomon DA, 
Choi S et al (2021) Temozolomide-induced hypermutation is 
associated with distant recurrence and reduced survival after 

source, provide a link to the Creative Commons licence, and indicate 
if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless 
indicated otherwise in a credit line to the material. If material is not 
included in the article’s Creative Commons licence and your intended 
use is not permitted by statutory regulation or exceeds the permitted 
use, you will need to obtain permission directly from the copyright 
holder. To view a copy of this licence, visit http://creativecommons.
org/licenses/by/4.0/.

References

1. Miller JJ, Gonzalez Castro LN, McBrayer S, Weller M, Clough-
esy T, Portnow J et al (2023) Isocitrate dehydrogenase (IDH) 
mutant gliomas: a Society for Neuro-Oncology (SNO) consensus 
review on diagnosis, management, and future directions. Neuro 
Oncol 25(1):4–25

2. Posti JP, Bori M, Kauko T, Sankinen M, Nordberg J, Rahi M et 
al (2015) Presenting symptoms of glioma in adults. Acta Neurol 
Scand 131(2):88–93

3. Rasmussen BK, Hansen S, Laursen RJ, Kosteljanetz M, Schultz 
H, Norgard BM et al (2017) Epidemiology of glioma: clinical 
characteristics, symptoms, and predictors of glioma patients 
grade I-IV in the the Danish Neuro-Oncology Registry. J Neu-
rooncol 135(3):571–579

4. Lassman AB, Iwamoto FM, Cloughesy TF, Aldape KD, Rivera 
AL, Eichler AF et al (2011) International retrospective study of 
over 1000 adults with anaplastic oligodendroglial tumors. Neuro 
Oncol 13(6):649–659

5. van den Bent MJ, Tesileanu CMS, Wick W, Sanson M, Brandes 
AA, Clement PM et al (2021) Adjuvant and concurrent temozolo-
mide for 1p/19q non-co-deleted anaplastic glioma (CATNON; 
EORTC study 26053– 22054): second interim analysis of a ran-
domised, open-label, phase 3 study. Lancet Oncol 22(6):813–823

6. Cancer Genome Atlas, Research N, Brat DJ, Verhaak RG, Aldape 
KD, Yung WK, Salama SR et al (2015) Comprehensive, integra-
tive genomic analysis of diffuse lower-grade gliomas. N Engl J 
Med 372(26):2481–2498

7. Price M, Neff C, Nagarajan N, Kruchko C, Waite KA, Cioffi G 
et al (2024) CBTRUS statistical report: American Brain Tumor 
Association & NCI Neuro-Oncology Branch Adolescent and 
young adult primary brain and other central nervous system 
tumors diagnosed in the United States in 2016–2020. Neuro 
Oncol 26(Supplement3):iii1–iii53

8. Buckner JC, Chakravarti A, Curran WJ (2016) Jr. Radia-
tion plus chemotherapy in low-grade glioma. N Engl J Med 
375(5):490–491

9. Weller J, Katzendobler S, Blobner J, Thiele F, Becker H, Quach 
S et al (2022) Limited efficacy of temozolomide alone for astro-
cytoma, IDH-mutant, CNS WHO grades 2 or 3. J Neurooncol 
160(1):149–158

10. Weller J, Katzendobler S, Karschnia P, Lietke S, Egensperger R, 
Thon N et al (2021) PCV chemotherapy alone for WHO grade 2 
oligodendroglioma: prolonged disease control with low risk of 
malignant progression. J Neurooncol 153(2):283–291

11. Hervey-Jumper SL, Zhang Y, Phillips JJ, Morshed RA, Young JS, 
McCoy L et al (2023) Interactive effects of molecular, therapeu-
tic, and patient factors on outcome of diffuse low-grade glioma. J 
Clin Oncol 41(11):2029–2042

12. Weller J, de Dios E, Katzendobler S, Corell A, Denes A, Sch-
mutzer-Sondergeld M et al (2024) The T1/T2 ratio is associated 
with resectability in patients with isocitrate dehydrogenase-
mutant astrocytomas central nervous system world health orga-
nization grades 2 and 3. Neurosurgery

1 3

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/


Journal of Neuro-Oncology

overall survival in glioblastoma: an epidemiological study. Ann 
Oncol 29(6):1431–1436

36. Weller J, Katzendobler S, Niedermeyer S, Harter PN, Herms J, 
Trumm C et al (2023) Treatment benefit in patients aged 80 years 
or older with biopsy-proven and non-resected glioblastoma is 
dependent on MGMT promoter methylation status. J Neurooncol

37. Cairncross G, Wang M, Shaw E, Jenkins R, Brachman D, Buck-
ner J et al (2013) Phase III trial of chemoradiotherapy for anaplas-
tic oligodendroglioma: long-term results of RTOG 9402. J Clin 
Oncol 31(3):337–343

38. Mellinghoff IK, van den Bent MJ, Blumenthal DT, Touat M, 
Peters KB, Clarke J et al (2023) Vorasidenib in IDH1- or IDH2-
mutant low-grade glioma. N Engl J Med 389(7):589–601

39. Shaw EG, Wang M, Coons SW, Brachman DG, Buckner JC, Stel-
zer KJ et al (2012) Randomized trial of radiation therapy plus 
procarbazine, lomustine, and vincristine chemotherapy for supra-
tentorial adult low-grade glioma: initial results of RTOG 9802. J 
Clin Oncol 30(25):3065–3070

40. Minniti G, Paolini S, Antonelli M, Gianno F, Tini P, Lanzetta G et 
al (2023) Long-term treatment outcomes of temozolomide-based 
chemoradiation in patients with adult-type diffuse IDH-mutant 
grade 2 astrocytoma. J Neurooncol 164(2):331–339

Publisher’s note Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.

high-grade transformation of low-grade IDH-mutant gliomas. 
Neuro Oncol 23(11):1872–1884

29. Katzendobler S, Do A, Weller J, Dorostkar MM, Albert NL, For-
brig R et al (2022) Diagnostic yield and complication rate of ste-
reotactic biopsies in Precision Medicine of Gliomas. Front Neurol 
13:822362

30. Katzendobler S, Do A, Weller J, Rejeski K, Dorostkar MM, 
Albert NL et al (2022) The value of stereotactic biopsy of primary 
and recurrent brain metastases in the era of precision medicine. 
Front Oncol 12:1014711

31. Wen PY, Chang SM, Van den Bent MJ, Vogelbaum MA, Macdon-
ald DR, Lee EQ (2017) Response assessment in neuro-oncology 
clinical trials. J Clin Oncol 35(21):2439–2449

32. Nigro JM, Takahashi MA, Ginzinger DG, Law M, Passe S, 
Jenkins RB et al (2001) Detection of 1p and 19q loss in oligo-
dendroglioma by quantitative microsatellite analysis, a real-
time quantitative polymerase chain reaction assay. Am J Pathol 
158(4):1253–1262

33. Lasocki A, Gaillard F (2019) Non-contrast-enhancing Tumor: a 
new frontier in glioblastoma research. AJNR Am J Neuroradiol 
40(5):758–765

34. Ostrom QT, Patil N, Cioffi G, Waite K, Kruchko C, Barnholtz-
Sloan JS (2020) CBTRUS Statistical Report: primary brain and 
other Central Nervous System tumors diagnosed in the United 
States in 2013–2017. Neuro Oncol 22(12 Suppl 2):iv1–iv96

35. Gramatzki D, Roth P, Rushing EJ, Weller J, Andratschke N, Hofer 
S et al (2018) Bevacizumab may improve quality of life, but not 

1 3


	Determinants of long-term survival in patients with IDH-mutant gliomas
	Abstract
	Introduction
	Patients and methods
	Patient evaluation
	Histopathology and molecular analyses

	Neuroimaging
	Statistical analysis

	Results
	Study population and clinical parameters
	Progression-free and overall survival
	Uni- and multivariate analyses

	Discussion
	References


