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Abstract

PURPOSE
The role of temozolomide chemotherapy alone in isocitrate dehydrogenase (IDH)-mutant astrocytomas
has not been conclusively determined. Radiotherapy might be superior to temozolomide. Recent studies
have linked temozolomide with induction of hypermutation and poor clinical course in some IDH-mutant
gliomas.

METHODS
In this retrospective study, 183 patients with astrocytoma, IDH-mutant, CNS WHO grade 2 or 3 and
diagnosed between 2001 and 2019 were included. Patients initially monitored by wait-and-scan
strategies or treated with radiotherapy or temozolomide alone were studied. Patient data were correlated
with outcome. Matched pair and subgroup analyses were conducted.

RESULTS
Radiotherapy was associated with longer progression-free survival than temozolomide (6.2 vs 3.4 years,
p = 0.02) and wait-and-scan strategies (6.2 vs 4 years, p = 0.03). Patients treated with radiotherapy lived
longer than patients treated with temozolomide (14.4 vs 10.7 years, p = 0.02). Survival was longer in the
wait-and-scan cohort than in the temozolomide cohort (not reached vs 10.7 years, p < 0.01). Patients from
the wait-and-scan cohort receiving temozolomide at �rst progression had signi�cantly shorter survival
times than patients treated with any other therapy at �rst progression (p < 0.01). Post-surgical T2 tumor
volume, contrast enhancement on MRI and WHO grade were associated with overall survival in univariate
analyses (p < 0.01).

CONCLUSION
The results suggest superiority of radiotherapy over temozolomide and wait-and-scan strategies
regarding progression-free survival and superiority of radiotherapy over temozolomide regarding overall
survival. Our results are consistent with the notion that early temozolomide might compromise outcome
in some patients.

Introduction
Patients with IDH-mutant (IDHmut) WHO grade 2 or 3 astrocytomas often show a long clinical course and
are subjected to a multitude of therapeutic interventions over time. This poses a challenge to health care
professionals, patients and caregivers as to determine time point and modality of tumor speci�c
treatment. Adverse effects from therapy need to be weighed against tumor control. Gold standard for
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IDHmut astrocytomas is initial maximum safe resection (1). Postoperative radiotherapy (RT) followed by
procarbazine, CCNU and vincristine (PCV) in WHO grade 2 astrocytomas or maintenance temozolomide
(TMZ) in WHO grade 3 astrocytomas should be initiated in high-risk patients de�ned as older than 40–45
years of age, after incomplete resection or with neurological de�cits beyond seizures (1–3). Of note,
predictive and prognostic implication of grading in IDHmut gliomas remains controversial since data
from large cohorts showed only marginal differences in overall survival between WHO grade 2 and 3 (4).

The role of surveillance strategies versus RT alone, PCV alone, TMZ alone or combined modality
treatment in the treatment of IDHmut gliomas has not been conclusively determined. Surveillance
strategies can be pursued in younger patients and after gross total resection (5). Early RT as opposed to
RT at �rst progression was shown to be associated with prolonged progression-free survival, but not
overall survival in WHO grade 2 gliomas (6). A major concern of early RT in young patients is the potential
long-term neurocognitive decline as a complication of treatment (7, 8). The role of chemotherapy alone
remains investigational, and data are scarce. Guidelines give leeway for chemotherapy regimens,
omitting RT, with either PCV or TMZ if the tumor volume is large, the patient is young, or RT is not
indicated for other reasons (1). In high-risk WHO grade 2 IDHmut astrocytomas, TMZ monotherapy was
associated with shorter progression-free survival than RT alone (9). Similar outcome of chemotherapy
alone versus RT has been reported in WHO grade 3 gliomas with a possible superiority of PCV over TMZ
(10, 11). The CODEL study (NCT00887146) was closed and redesigned prematurely due to inferior
outcome of patients with WHO grade 3 oligodendroglioma treated with TMZ, as compared with the other
study groups of RT alone or RT with concomitant and maintenance TMZ (12). A retrospective analysis
failed to demonstrate bene�t for progression-free survival of TMZ alone over resection only or active
surveillance after biopsy in WHO grade 2 oligodendrogliomas (13). In addition to the rather discouraging
clinical data on TMZ alone for lower grade gliomas, molecular analyses have reported induction of
hypermutation by TMZ therapy in subgroups of IDHmut gliomas (14, 15). TMZ-driven hypermutational
genotypes have been associated with shorter survival times and distant recurrence in initially low grade,
IDHmut gliomas (16, 17). In this context, it is unclear whether TMZ alone is bene�cial or even potentially
detrimental in the treatment of IDHmut gliomas in the long-term.

Here we set out to investigate the long-term outcome of a consecutive single-center series of 183 patients
diagnosed with CNS WHO grade 2 or 3 IDHmut astrocytomas either monitored postoperatively by means
of active surveillance or treated with TMZ alone or treated with RT alone.

Patients And Methods

Patient evaluation
Patients with newly diagnosed IDH1- or IDH2-mutant astrocytomas without 1p/19q-codeletion diagnosed
at the Department of Neurosurgery of the University Hospital Munich between 2001 and 2019 were
included in this study. The study was waived by the institutional Ethics committee (project number 21–
0612). Patients with histological CNS WHO grade 4 astrocytomas according to WHO 2021 were excluded
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(18). Patient-related and clinical parameters such as age at diagnosis, sex, clinical status according to the
Karnofsky Performance Status (KPS), location and size of the tumor as well as complications from
therapy, classi�ed according to CTCAE version 5.0 (Common Terminology Criteria for Adverse Events),
were assessed (Table 1) (19). If initial imaging was performed due to symptoms not explicable by the
lesion, the diagnosis was termed “incidental”. In patients with multiple in�ltrated lobes, the location in
Table 1 referred to the most in�ltrated lobe. Therapy recommendations were given based on
multidisciplinary tumor board decisions and options were discussed with the patients. Besides wait-and-
scan (W&S) strategies that had been pursued in many patients with histological WHO grade 2 gliomas at
our department, tumor board recommendations often left the option for post-surgical monotherapy
strategies, i.e., TMZ or RT only.

The date of histological sampling through stereotactic biopsy or tumor resection was set as date of
diagnosis. Progression-free survival was de�ned as the time interval from diagnosis to �rst progression
according to RANO (Response Assessment in Neuro-Oncology) criteria (20). TMZ was given in a 5/28-
schedule and a 150–200 mg/m2 dose (1, 9). In the RT cohort, only patients who had received involved-
�eld RT with 50.4–60 Gy in 1.8-2.0 fractions were included. Overall survival was de�ned as the time
interval between the date of diagnostic surgery and date of death. Patients were monitored through
regular visits with up-to-date MRI in the outpatient clinic of the Department of Neurosurgery. Outpatient
visits were scheduled every 6 months in case of stable disease and after completion of therapy. When
progression was suspected, but RANO criteria had not been met, intervals were 2–3 months. During TMZ,
patients without compromising side effects were seen every 2–3 months. Patients treated with RT were
�rst seen 6 weeks after completion of the treatment.

Histopathology and molecular analyses
Histological samples were classi�ed according to the WHO 2021 classi�cation (18). Sequencing of
sodium bisul�te-modi�ed DNA was performed to determine MGMT promoter methylation status.
Microsatellite markers were utilized to assess allelic loss on chromosomes 1p and 19q. Assessment of
codon 132 and codon 172 for IDH genes 1 and 2 was performed in all patients through pyrosequencing
(21, 22).

Tumor volumes
Initial and postoperative tumor volumes on T2 weighted MRI were manually segmented utilizing Brainlab
Elements Smartbrush Software (Brainlab Elements Smartbrush, Munich, GER). In case of tumor resection,
patients are subjected to postoperative MRI during inpatient treatment and within 48-72h after
histological sampling at our institution. Matched-pair analyses were conducted to eliminate residual,
postoperative tumor volume as a potential confounder. Matching was done manually according to the
segmented, postoperative T2 volume and contrast enhancement on MRI, before initiation of
chemotherapy or RT. Pairing was accepted if the absolute difference between the volumes did not exceed
10% of the larger volume of the match (13).

Statistical analysis
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Statistical tests were performed and �gures designed utilizing GraphPad PRISM software version 9.3.1.
Kaplan-Meier estimator method, Mantel-Cox (Log-rank) and Gehan-Breslow-Wilcoxon tests were used for
comparison of progression-free and overall survival. Continuous and categorial variables were compared
by conventional t-tests, ANOVA and chi-square tests respectively. Kruskal-Wallis test was used for
comparison of non-parametric, ordinal variables. For univariate analyses, log-rank tests and cox
proportional hazards regression models were used. Associations were considered statistically signi�cant
when p-values were 0.05 or below.

Results

Study population and clinical parameters
Of 213 patients with IDHmut WHO grade 2 or 3 astrocytomas treated at our center between 2001 and
2019, 183 patients could be allocated to 3 different cohorts according to the post-surgical management
strategy: W&S, TMZ alone or RT alone (Fig. 1, Table 1). 30 patients were treated otherwise, e.g., with
radiochemotherapy, brachytherapy, photodynamic therapy, or combinations thereof. Initial tumor
resection was performed in 100 patients (55%), 83 patients (45%) received a stereotactic biopsy. The
median age at diagnosis was 37 years (range 16–76). After biopsy or tumor resection, 98 patients (54%)
were not further treated but monitored through regular outpatient visits until progression, 48 patients
(26%) received TMZ alone and 37 patients (20%) were treated with RT alone. At the time of database
closure, 135 patients (74%) had experienced tumor progression and 32 patients (18%) had died from
tumor-related causes. There was no signi�cant difference in sex distribution, trigger for diagnostic
workup, tumor location or affected brain hemisphere between the cohorts. Patients were eldest in the RT
cohort (p = 0.02). Clinical status was good in all patient cohorts as no patient had a KPS below 80 at �rst
admission. The proportion of patients with KPS of 80 was highest in the TMZ cohort (p = 0.04). The
median postoperative T2 tumor volume was highest in the TMZ cohort (p = 0.0001). The relative
distribution of WHO grade 2 and WHO grade 3 astrocytomas was identical in the RT and TMZ cohort, but
the proportion of WHO grade 2 astrocytomas was higher in the W&S cohort (p = 0.0001) (Table 1). In the
TMZ cohort, a median of 6 cycles of chemotherapy was completed (mean and range of cycles
completed: 8, 2–15). The mean dose applied to the patients who were initially treated with RT was 60 Gy
(range 50.4–60 in fractions of 1.8-2.0). In 2 patients (4%) treated with TMZ, CTCAE grade 3
thrombocytopenia demanded hospitalization. No grade 3 or higher toxicity was reported in the RT cohort.

Progression-free and overall survival
PFS was longer in patients treated post-surgically with RT alone than in patients treated with TMZ alone
(6.2 vs 3.4 years, p = 0.02) (Fig. 2A) and patients monitored by W&S strategies (6.2 vs 4 years, p = 0.03)
(Fig. 3A). Superiority of RT over TMZ in terms of PFS was con�rmed in a matched-pair analysis that
comprised 16 pairs (7.8 vs 2.8 years, p = 0.03) (Fig. 2B). OS was signi�cantly longer in the RT cohort than
in the TMZ cohort (14.4 vs 10.7 years, p = 0.02), but not in the matched-pair analysis (p = 0.27; number of
pairs/events: 8/16) (Fig. 2C and 2D). Comparing W&S with TMZ, patients treated with TMZ alone showed
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similar PFS, but signi�cantly shorter survival times overall (not reached vs 10.7 years, p < 0.0001) and in a
subgroup analysis of WHO grade 2 astrocytomas only (p = 0.02) (Fig. 3D and 3E).

In a matched pair analysis, in which 28 pairs were identi�ed, TMZ was associated with poorer survival by
trend (p = 0.09) when compared to W&S strategies (Fig. 3F). In a subgroup analysis according to the
mode of initial histological sampling, there was an association between longer overall survival and W&S
strategies after biopsy as opposed to TMZ alone after biopsy by trend (p = 0.07) (Fig. 4A). This difference
was signi�cant in patients initially receiving tumor resection as patients monitored by means of W&S
strategies lived signi�cantly longer than those treated with TMZ (p < 0.01) (Fig. 4B). Patients with tumor
progression from the W&S cohort were strati�ed according to the �rst treatment after progression. Here,
TMZ alone was associated with shorter OS than other treatments (p < 0.01), although mean tumor
volumes were smaller in the TMZ subgroup with 46 cm3 versus 54 cm3 (Fig. 5).

In addition to the Kaplan-Meier estimates determined for the different treatment cohorts, several variables
commonly associated with PFS and OS were tested in univariate analyses. None of the tested variables
(patient age at diagnosis, sex, CNS WHO grade at diagnosis, KPS, post-surgical T2 volume, contrast
enhancement on initial MRI) was associated with PFS (Table 2). CNS WHO grade, post-surgical T2 tumor
volume and contrast enhancement on initial MRI, however, were associated with OS (Table 2).
Multivariate analysis for OS was not conducted because the number of events was too low.

Discussion
Patients with lower grade IDHmut gliomas are often subjected to repetitive treatment over time due to
frequent recurrences at a relatively young age (1, 23). The roles of W&S strategies and chemotherapy
regimens alone, e.g., to defer RT, have not been determined conclusively. Especially studies addressing
TMZ chemotherapy alone have yielded controversial results, some of which imply potential negative
effects on IDHmut tumors due to induction of hypermutation (14–17).

We here present a retrospective outcome analysis of 183 patients with WHO grade 2 or 3 IDHmut
astrocytomas initially monitored through a W&S strategy or treated with TMZ alone or RT alone. We
accounted for WHO tumor grade, postoperative T2 tumor volumes and contrast enhancement and report
superiority of RT over TMZ in terms of PFS and OS. Furthermore, patients initially treated with TMZ
showed signi�cantly shorter survival times than patients initially monitored through W&S alone despite
identical PFS. This association was observed in multiple subgroup analyses (Fig. 3, Fig. 4, Fig. 5). Of
note, the latter analysis was subjected to substantial selection bias because of signi�cant differences in
tumor volume, contrast enhancement and WHO grades between groups that could only be in part
accounted for in our analyses.

Prospective trials respecting the contemporary, molecular classi�cation of adult gliomas and
investigating surveillance or monotherapy strategies are scarce. The NOA-04 randomized phase 3 trial
investigated RT alone versus chemotherapy alone with either PCV or TMZ in anaplastic gliomas (10, 11).
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Here, no differential bene�t of RT alone versus chemotherapy alone was reported. In the subgroup of
gliomas with 1p/19q-codeletion, i.e., oligodendrogliomas, and a CpG island methylator phenotype, TMZ
was inferior to RT and PCV in terms of PFS and there was a trend towards shorter time-to-treatment
failure and overall survival (11). Superiority of RT over TMZ alone regarding PFS in the treatment of
IDHmut low-grade astrocytomas was reported in the prospective, phase 3 EORTC 22033–26033 study
(9). The prospective EORTC 22845 randomized trial compared early RT versus RT that was delayed to the
timepoint of �rst progression in lower grade gliomas. The study demonstrated prolonged PFS in the RT
cohort, but no signi�cant improvement in OS (6). These results were mirrored by our data. Prospective
trials comparing W&S strategies with chemotherapy alone within the framework of molecularly de�ned
gliomas have yet to be conducted. Whereas the question of whether any of these strategies is superior to
the others remains unanswered, clinical trials have demonstrated bene�t of combination therapy of RT
and alkylating chemotherapy over monomodality treatment in the treatment of IDHmut gliomas. For
IDHmut astrocytomas WHO grade 2, radiochemotherapy with sequential PCV after radiation therapy is
recommended in older patients or those with residual, posteroperative tumor. This recommendation is
based on the RTOG 9802 study that demonstrated prolongated PFS and OS in the radiochemotherapy
cohort when compared to RT alone in a large, prospective cohort of WHO grade 2 gliomas (2). Therapy
for WHO grade 3 astrocytomas is mainly determined by the CATNON trial (EORTC study 26053 − 22054)
and consists of RT followed by 12 cycles of maintenance TMZ (24). Clinical trials investigating RT
followed by TMZ versus RT followed by PCV in IDHmut astrocytomas have not been conducted so far.

Despite the positive results from the CATNON study, recently published studies have slightly tempered
expectations from TMZ therapy in IDHmut gliomas. Barthel et al. described hypermutator phenotypes
after treatment with alkylating agents in diffuse gliomas (25). In 2020, Touat et al. published sequencing
data, analyzing mutational burden in 10’249 gliomas. Here, a therapy-driven induction of hypermutation
through acquisition of a mismatch repair de�ciency after TMZ therapy was described (15). Yao Yu et al.
sequenced recurrent IDHmut gliomas and con�rmed hypermutation in some patients treated with TMZ.
They also reported an association with shorter survival and discontiguous, recurrent disease in patients
previously treated with TMZ (16). Potential detrimental effects in a subset of IDHmut gliomas may only
be apparent in the long-term. Still, these data do not warrant a change of current guidelines. The data
provided here and within the framework of recent studies investigating TMZ-induced hypermutation,
does, however, raise the question whether TMZ is the right choice in patients deemed not eligible for RT
and believed to show a long, relatively good clinical course, e.g., due to small tumor volume, young
patient age at diagnosis and a good clinical status. PCV chemotherapy, or even PC regimens omitting
vincristine to limit side effects, might be appropriate alternatives if W&S strategies are not justi�able.
Multiple studies have shown e�cacy of PCV chemotherapy after RT (2, 3, 26). Data on surveillance
strategies cannot be expected soon. The wait-or-treat study (IWOT; NCT03763422) sought to investigate
W&S strategies versus radiochemotherapy after gross total resection, but was closed prematurely
because of poor accrual. Chemotherapy alone is not the gold standard in the treatment of IDHmut
gliomas, but there will be patient subgroups not eligible for standard therapy with RT, e.g., due to
extensive tumor volumes. These patients are subjected to a selection bias and will have to be treated
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based on recommendations supported by comparably low levels of evidence. Prospective studies on
monochemotherapy are not likely to be initiated in the future.

The major shortcoming of this study is its retrospective nature and thus selection bias. Some patient
characteristics differed signi�cantly between the cohorts. In the RT cohort, patients were older at
diagnosis. In the TMZ cohort, clinical status was worse and more importantly, post-surgical T2 tumor
volumes were larger. The proportion of WHO grade 2 as opposed to grade 3 astrocytomas was higher in
the W&S cohort, favouring this cohort. These differences were in part corrected for through matched-pair
and subgroup analyses (Figs. 2 and 3).

Conclusions from retrospective data must be drawn with caution, but our data within the framework of
recent studies favor RT over TMZ alone and justify a critical view on initial TMZ monotherapy for IDHmut
astrocytomas (15, 16, 25). The results on RT match prospective data. Even though the TMZ cohort is at a
disadvantage, especially because of the comparably large tumor volumes, the inferiority as compared to
the W&S cohort in terms of survival despite identical initial PFS was clear and highly signi�cant. The fact
that there was no difference in PFS might point towards a long-term effect of potential genetic alteration
through TMZ therapy. This might not become clinically relevant in more aggressive, high-risk gliomas or
glioblastomas. If IDHmut astrocytomas previously treated with TMZ recur, caretakers might consider
conducting a biopsy if the patient is not eligible for tumor resection to investigate mutational burden and
potentially �nd molecular alterations that allow for targeted therapy (27). So far, there is only indirect data
on whether there is any tumor speci�c bene�t from TMZ monotherapy when compared to no further
therapy beyond surgery. Taking the retrospective nature of this study into account, one might at least
hope for similar, if not better, clinical outcome in a cohort of patients that had received a median of 6
months of TMZ chemotherapy as compared to no therapy at all after histological sampling.

Declarations
Funding: 

No funding to report.

Con�icts of interest/Competing interests:

Jonathan Weller - No disclosures.

Sophie Katzendobler - No disclosures.

Jens Blobner - No disclosures.

Frederic Thiele – No disclosures.

Hannes Becker - No disclosures.

Stefanie Quach – No disclosures.



Page 10/20

Rubert Egensperger - No disclosures.

Maximilian Niyazi – MN has received honoraria for lectures or advisory board participation or consulting
from Brainlab and Novocure.

Bogdana Suchorska - No disclosures.  

Niklas Thon - No disclosures.  

Michael Weller - MW has received research grants from Abbvie, Adastra, Apogenix, Merck, Sharp & Dohme
(MSD), Merck (EMD), Novocure and Quercis, and honoraria for lectures or advisory board participation or
consulting from Abbvie, Adastra, Basilea, Bristol Meyer Squibb (BMS), Celgene, Medac, Merck, Sharp &
Dohme (MSD), Merck (EMD), Nerviano Medical Sciences, Novartis, Orbus, Philogen, Roche, Tocagen and
yMabs.

Joerg-Christian Tonn - Consultant/speaker honoraria from BrainLab and Carthera, and royalties from
Springer Publisher Intl.

Availability of data and material:

Clinical and molecular data on all patients are anonymized and stored in local data bases secured by
passwords.

Code availability:

Not applicable.

Authors' contributions:

Jonathan Weller:  Conceptualization; Data curation; Formal analysis; Investigation; Methodology;
Resources; Software; Validation; Visualization; Roles/Writing – original draft

Sophie Katzendobler:   Data curation; Methodology; Resources; Software; Validation; Formal analysis;
Resources; Software

Jens Blobner:     Data curation; Formal analysis

Frederic Thiele:      Data Curation

Hannes Becker:       Data curation; Investigation

Stefanie Quach:       Investigation; Methodology

Rupert Egensperger:    Data curation; Investigation; Methodology, Resources

Bogdana Suchorska:    Investigation; Methodology



Page 11/20

Maximilian Niyazi:      Investigation; Resources

Niklas Thon:    Writing – review & editing

Michael Weller:    Conceptualization; Formal analysis; Investigation; Supervision; Writing – review &
editing

Joerg-Christian Tonn:    Conceptualization; Formal analysis; Investigation; Methodology; Project
administration; Supervision; Roles/Writing – original draft; Writing – review & editing

Additional declarations for articles in life science journals that report the results of studies involving
humans and/or animals

The present study was conducted retrospectively. 

Ethics approval 

Ethics approval was obtained by the ethics committee of the Ludwig Maximilian University of Munich
(project number 21-0612).

Consent to participate

Consent to participate in retrospective studies is given prospectively by all patients treated at the
Department of Neurosurgery of the Ludwig Maximilian University of Munich through a local prospective
tumor registry.

Consent for publication

All authors have consented in submitting this manuscript for publication in the Journal of Neuro-
Oncology.

References
1. 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

2. 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

3. Buckner JC, Chakravarti A, Curran WJ (2016) Jr. Radiation plus Chemotherapy in Low-Grade Glioma.
N Engl J Med 375(5):490–491

4. Reuss DE, Mamatjan Y, Schrimpf D, Capper D, Hovestadt V, Kratz A et al (2015) IDH mutant diffuse
and anaplastic astrocytomas have similar age at presentation and little difference in survival: a



Page 12/20

grading problem for WHO. Acta Neuropathol 129(6):867–873

5. Pignatti F, van den Bent M, Curran D, Debruyne C, Sylvester R, Therasse P et al (2002) Prognostic
factors for survival in adult patients with cerebral low-grade glioma. J Clin Oncol 20(8):2076–2084

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

7. Douw L, Klein M, Fagel SS, van den Heuvel J, Taphoorn MJ, Aaronson NK et al (2009) Cognitive and
radiological effects of radiotherapy in patients with low-grade glioma: long-term follow-up. Lancet
Neurol 8(9):810–818

�. Klein M, Heimans JJ, Aaronson NK, van der Ploeg HM, Grit J, Muller M et al (2002) Effect of
radiotherapy and other treatment-related factors on mid-term to long-term cognitive sequelae in low-
grade gliomas: a comparative study. Lancet 360(9343):1361–1368

9. Baumert BG, Hegi ME, van den Bent MJ, von Deimling A, Gorlia T, Hoang-Xuan K et al (2016)
Temozolomide chemotherapy versus radiotherapy in high-risk low-grade glioma (EORTC 22033–
26033): a randomised, open-label, phase 3 intergroup study. Lancet Oncol 17(11):1521–1532

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

11. 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 glioma with
PCV or temozolomide. Neuro Oncol 18(11):1529–1537

12. Jaeckle KA, Ballman KV, van den Bent M, Giannini C, Galanis E, Brown PD et al (2021) CODEL: phase
III study of RT, RT + TMZ, or TMZ for newly diagnosed 1p/19q codeleted oligodendroglioma.
Analysis from the initial study design. Neuro Oncol 23(3):457–467

13. 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

14. 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

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

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

17. Varn FS, Johnson KC, Martinek J, Huse JT, Nasrallah MP, Wesseling P et al (2022) Glioma
progression is shaped by genetic evolution and microenvironment interactions. Cell 185(12):2184–
99e16



Page 13/20

1�. Louis DNO, Wiestler H, Cavenee OD (2021) W.K. World Health Organization Classi�cation of Tumours
of the Central Nervous System, 5th edn. International Agency for Research on Cancer

19. US Department of Health and Human Services; National Institutes of Health NCI (2017) Common
Terminology Criteria for Adverse Events (CTCAE) Version 5.

20. Wen PY, Chang SM, Van den Bent MJ, Vogelbaum MA, Macdonald DR, Lee EQ (2017) Response
Assessment in Neuro-Oncology Clinical Trials. J Clin Oncol 35(21):2439–2449

21. Mollemann M, Wolter M, Felsberg J, Collins VP, Reifenberger G (2005) Frequent promoter
hypermethylation and low expression of the MGMT gene in oligodendroglial tumors. Int J Cancer
113(3):379–385

22. 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 con�rmed by
machine learning. Eur J Cancer 107:15–27

23. 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

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

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

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

27. Katzendobler S, Do A, Weller J, Dorostkar MM, Albert NL, Forbrig R et al (2022) Diagnostic Yield and
Complication Rate of Stereotactic Biopsies in Precision Medicine of Gliomas. Front Neurol
13:822362

Tables



Page 14/20

Table 1
Patient-related and clinical characteristics overall and in different cohorts.

Parameter All
patients

(n = 183)

Wait-and-scan (n = 
98)

TMZ

(n = 
48)

RT

(n = 
37)

p-
value

Age (years)          

Median 37 35 37 38 0.02*

Range 16–76 16–69 21–76 25–56  

Sex, n (%)          

Female 84 (46) 48 (49) 19
(40)

17
(46)

0.57

Male 99 (54) 50 (51) 29
(60)

20
(54)

 

KPS at �rst admission, n (%)          

100 7 (4) 6 (6) 1 (2) 0 (0) 0.04*

90 149 (81) 82 (84) 34
(71)

33
(89)

 

80 27 (15) 10 (10) 13
(27)

4 (11)  

< 80 0 (0) 0 (0) 0 (0) 0 (0)  

Trigger for diagnostic workup, n
(%)

         

Incidental �nding 46 (25) 32 (33) 10
(21)

6 (16) 0.1

Epileptic seizure 103 (56) 51 (52) 24
(50)

27
(73)

 

Neurological de�cit 35 (19) 15 (15) 14
(29)

4 (11)  

CNS WHO grade, n (%)          

Grade 2 116 (63) 86 (88) 17
(35)

13
(35)

< 
0.01*

Grade 3 67 (37) 12 (12) 31
(65)

24
(65)

 

Localization, n (%)          

Frontal 92 (50) 46 (47) 24
(50)

22
(60)

0.87
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Parameter All
patients

(n = 183)

Wait-and-scan (n = 
98)

TMZ

(n = 
48)

RT

(n = 
37)

p-
value

Temporal 55 (30) 34 (35) 16
(33)

5 (14)  

Insular 13 (7) 7 (7) 2 (4) 4 (11)  

Parietal 16 (9) 9 (9) 4 (8) 3 (8)  

Occipital 1 (1) 1 (1) 0 (0) 0 (0)  

Midline 6 (3) 1 (1) 2 (4) 3 (8)  

Laterality, n (%)          

Left 97 (53) 54 (55) 24
(50)

19
(51)

0.67

Right 78 (43) 43 (44) 20
(42)

15
(41)

 

Bilateral 8 (4) 1 (1) 4 (8) 3 (8)  

Post-surgical T2 tumor volume
(cm3)

         

Median 22 11 58 16 < 
0.01*

Range 0-319 0-200 0-319 0–64  

CE on initial MRI, n (%) 55 (30) 14 (14) 27
(56)

14
(38)

< 
0.01*

The right column shows p-values when comparing numbers and values of the different cohorts.
Statistically signi�cant values, i.e., p-values of 0.05 or below (ANOVA and Kruskal-Wallis tests), are
depicted with asterisks. KPS, Karnofsky Performance Status; CNS, central nervous system; WHO, World
Health Organization; CE, contrast enhancement.
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Table 2
Univariate analysis of patient-related factors potentially associated with progression-free survival or

overall survival.
Factor   PFS     OS    

    HR 95% CI p-value HR 95% CI p-value

Agex   0.99 0.97–1.02 0.64 1.0 0.97–1.03 0.94

Sex, female vs male   1.35 0.75–2.47 0.33 1.14 0.56–2.33 0.72

KPSx   1.01 0.94–1.09 0.9 0.98 0.89–1.08 0.63

CNS WHO grade 3 vs 2   1.16 0.63–2.21 0.65 3.23 1.59-6-63 < 0.01

Post-surgical T2 tumor volumex   1.00 0.99–1.01 0.86 1.01 1.00-1.02 < 0.01

CE on MRI yes vs no   1.38 0.93–2.03 0.11 2.81 1.30–6.29 < 0.01

Vs, versus; KPS, Karnofsky Performance Status; CNS, central nervous system; WHO, World Health
Organization; CE, contrast enhancement; PFS, progression-free survival; OS, overall survival. x
Continuously scaled.

Figures
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Figure 1

CONSORT �gure. Patients having received the diagnosis of an IDH-mutant glioma between the years
2001 and 2019 were strati�ed according to initial histology. Exclusion criteria were a histological WHO
grade 4 at initial diagnosis (n=25), missing data (n=3) or small treatment groups (n=27). CNS, central
nervous system; WHO, World Health Organisation; PCV, procarbazine + CCNU + vincristine.
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Figure 2

Overall, radiotherapy was associated with longer PFS (p=0.02) (A) and OS (p=0.02) (C) when compared
to temozolomide therapy alone. In a matched-pair analysis accounting for post-surgical tumor volume
and WHO grade, radiotherapy was superior in terms of PFS (p=0.03) (B), but not OS (p=0.27) (D). PFS,
progression-free survival; OS, overall survival; WHO, World Health Organization; TMZ, temozolomide; RT,
radiotherapy. 
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Figure 3

Wait-and-scan strategies and temozolomide chemotherapy showed similar PFS (A, B, C). Wait-and-scan
strategies were associated with longer OS overall (p<0.0001) and in WHO grade 2 gliomas (p=0.02). In a
matched-pair analysis accounting for post-surgical T2 tumor volume and WHO grade, there was an
association with prolonged OS by trend (p=0.09). PFS, progression-free survival; WHO, World Health
Organization; W&S, wait-and-scan; TMZ, temozolomide.

Figure 4

Wait-and-scan strategies after stereotactic biopsy were associated with longer OS than temozolomide
alone after stereotactic biopsy by trend (p=0.07) (A). Patients monitored by means of wait-and-scan
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strategies after tumor resection showed signi�cantly longer OS times than patients treated with
temozolomide alone after tumor resection (p<0.01) (B). OS, overall survival; WHO, World Health
Organization; W&S, wait-and-scan; Bx, stereotactic biopsy; TMZ, temozolomide; RES, tumor resection.

Figure 5

Patients initially monitored by active surveillance (wait-and-scan cohort) and experiencing tumor
progression were strati�ed according to the initiated therapy at �rst recurrence. There was no signi�cant
difference in PFS between patients treated with temozolomide alone and any other treatment strategy
(p=0.12). Temozolomide alone at �rst recurrence was associated with shorter OS (p<0.01). Pr-PFS, post-
recurrence progression-free survival; OS, overall survival; WHO, World Health Organization; W&S, wait-and-
scan; Bx, stereotactic biopsy; TMZ, temozolomide; RES, tumor resection.


