
Journal Pre-proof

Genomic prognosticators and extent of resection in molecularly subtyped, WHO
grade II and III gliomas - a single institution, nine-year review.

Aleksandra B. Lasica, MSci, Zane Jaunmuktane, MD, FRCPath, Naomi Fersht, MD,
PhD, Matthew A. Kirkman, MEd, MRCS, Luke Dixon, MD, FRCP, Chandrashekar
Hoskote, MD, FRCR, Sebastian Brandner, MD, FRCPath, George Samandouras,
MD, FRCS

PII: S1878-8750(21)00566-0

DOI: https://doi.org/10.1016/j.wneu.2021.04.026

Reference: WNEU 17092

To appear in: World Neurosurgery

Received Date: 7 January 2021

Revised Date: 5 April 2021

Accepted Date: 6 April 2021

Please cite this article as: Lasica AB, Jaunmuktane Z, Fersht N, Kirkman MA, Dixon L, Hoskote C,
Brandner S, Samandouras G, Genomic prognosticators and extent of resection in molecularly subtyped,
WHO grade II and III gliomas - a single institution, nine-year review., World Neurosurgery (2021), doi:
https://doi.org/10.1016/j.wneu.2021.04.026.

This is a PDF file of an article that has undergone enhancements after acceptance, such as the addition
of a cover page and metadata, and formatting for readability, but it is not yet the definitive version of
record. This version will undergo additional copyediting, typesetting and review before it is published
in its final form, but we are providing this version to give early visibility of the article. Please note that,
during the production process, errors may be discovered which could affect the content, and all legal
disclaimers that apply to the journal pertain.

© 2021 Published by Elsevier Inc.

https://doi.org/10.1016/j.wneu.2021.04.026
https://doi.org/10.1016/j.wneu.2021.04.026


CRediT author statement 

 

Aleksandra B. Lasica: Methodology, Formal analysis, Investigation, Writing - Original 

Draft Zane Jaunmuktane: Investigation, Resources, Writing - Review & Editing Naomi 

Fersht: Writing - Review & Editing Matthew A. Kirkman: Investigation, Resources, 

Writing - Review & Editing Luke Dixon: Investigation, Writing - Review & Editing 

Chandrashekar Hoskote: Investigation, Writing - Review & Editing Sebastian Brandner: 

Investigation, Resources, Writing - Review & Editing George Samandouras: 

Conceptualization, Methodology, Writing - Original Draft, Writing - Review & Editing, 

Supervision 

 

Jo
urn

al 
Pre-

pro
of



Genomic prognosticators and extent of resection in molecularly subtyped, WHO grade 

II and III gliomas - a single institution, nine-year review. 

 

Aleksandra B. Lasica
a 
 MSci; aleksandra.lasica.13@ucl.ac.uk 

Zane Jaunmuktane
b,c

 MD, FRCPath; zane.jaunmuktane@nhs.net 

Naomi Fersht
d
  MD, PhD; naomi.fersht@nhs.net 

Matthew A. Kirkman
a 
MEd, MRCS; matthew.kirkman@gmail.com

 

Luke Dixon
e  

MD, FRCP; luke.dixon2@nhs.net 

Chandrashekar Hoskote
e
 MD, FRCR; chandrashekar.hoskote@nhs.net 

Sebastian Brandner
b,f

 MD, FRCPath; sebastian.brandner@nhs.net 

George Samandouras
a,c 

MD, FRCS; g.samandouras@nhs.net 

 

Affiliations:  

a. Victor Horsley Department of Neurosurgery, The National Hospital for Neurology 

and Neurosurgery, University College London Hospitals NHS Foundation Trust, 

Queen Square, London, WC1N 3BG  UK;  

b. Division of Neuropathology, National Hospital for Neurology and Neurosurgery, 

University College London Hospitals NHS Foundation Trust, Queen Square, London, 

WC1N 3BG,UK  

c. Department of Clinical and Movement Neurosciences, UCL Queen Square Institute of 

WC1N 3BG  Neurology, Queen Square, London, , UK 

d. Department of Oncology, University College London Hospitals, London, UK 

e. Lysholm Department of Neuroradiology, National Hospital for Neurology and 

Neurosurgery, University College London Hospitals NHS Foundation Trust, Queen 

Square, London, WC1N 3BG, UK 

f. Department of Neurodegenerative Disease, UCL Queen Square Institute of 

Neurology, Queen Square, London, WC1N 3BG, UK  

 

 

Corresponding Author:  Aleksandra B. Lasica, Victor Horsley Department of 

Neurosurgery, The National Hospital for Neurology and Neurosurgery, University College 

London Hospitals NHS Foundation Trust, Queen Square, London, WC1N 3BG, UK.  

Corresponding Author’s Email: aleksandra.lasica.13@ucl.ac.uk 

 

Key words: EGFR amplification; glioma;  IDH wild-type; prognosis 

Running Title: Genomic prognosticators in low grade gliomas  

Declarations of interest:  none

 

Jo
urn

al 
Pre-

pro
of



Lasica 

 

 1 

ABSTRACT  

 

Background: WHO grade II and III IDH wild-type (IDH-wt) gliomas are often treated as WHO 

grade IV glioblastomas. However, cumulative evidence indicates that IDH mutation status alone 

is insufficient in predicting survival. The current study examines molecular and clinical markers 

to further prognostically stratify WHO grade II and III gliomas, in particular, IDH-wt.  

Methods: A single institution’s records were retrospectively reviewed for molecularly stratified 

WHO grade II and grade III gliomas over a nine-year period (2010-2019). Clinical data, 

IDH1/IDH2 status, EGFR amplification and other molecular markers were recorded and 

correlated to the study outcomes.  These were defined as progression-free survival (PFS), overall 

survival (OS) and time to malignant progression (TtMP). 

Results: 167 and 42 WHO grade II and III gliomas, respectively, were identified, totalling 209 

cases with 157 IDH1/2 mutated and 52 IDH wild-type tumours. The presence of IDH1/2 

mutation was associated with longer OS (p<0.0001) and PFS (p<0.0001) but not with TtMP 

(p=0.314).  Lack of EGFR amplification, younger age, greater extent of resection (EOR) (≥80%) 

were identified as independent, favourable prognostic factors. In the IDH-wt cohort, multivariate 

analysis indicated that older age (p=0.003) and lesser EOR (<80%) (p=0.007) are associated with 

worse OS. Additionally, EGFR amplification showed a trend toward shorter OS in the IDH-wt 

cohort (p=0.073). 

Conclusions: IDH1/2 mutation favours longer OS and PFS but does not protect from malignant 

progression. Lack of EGFR amplification, older age and greater EOR are favourable OS 

prognosticators. In the IDH-wt cohort, older age and lesser EOR were linked to worse OS. 
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INTRODUCTION 

 

Gliomas have been traditionally treated according to the World Health Organisation (WHO) 

classification based, until recently, on phenotypes only, to assign a final diagnosis.
1
 However, the 

updated WHO 2016 classification of tumours of the central nervous system (CNS) has 

introduced molecular profiles and incorporated genotypes. Consequently, a paradigm shift in the 

glioma definitions occurred, affecting prognosis, targetable mutations, enrolment to trials and, 

crucially, treatment options.
2,3

 Notable result has been the treatment of WHO grades II or III low 

grade glioma (LGG) patients, not harbouring mutations in isocitrate dehydrogenase (IDH) 1 or 

2, as WHO grade IV glioblastomas, a drastic conceptual treatment shift based on a single 

molecular marker.
4,5

 

Mutations in IDH 1 and 2 were initially described in 2008 in a subset of glioblastomas,
6
 followed 

by their identification in approximately 70% of low grade gliomas (LGGs).
7
 Multiple studies 

have reported distinctive clinical behaviour in the IDH mutant (IDH-mut) and IDH wild-type 

(IDH-wt) WHO grade II gliomas,
8-14

 resulting in the introduction of IDH mutation as a major 

classifier in the 2016 update of the WHO Classification of CNS tumours, eight years after its 

initial identification.
2
 

Numerous publications have recognised that a considerable proportion of IDH-wt LGGs, 

particularly astrocytic tumours, exhibit aggressive behaviour with rapid anaplastic transformation 

and limited overall survival (OS), not dissimilar to IDH-wt WHO grade IV glioblastomas.
15-17

 

IDH-wt LGGs, are characterized by molecular features of glioblastomas, including mutations in 

TERT promoter or PIK3CA, copy number alternations (gain of chromosome 7 and loss of 

chromosome 10) or abnormal epigenetic alterations.
18,19

  

However, as new molecular and clinical data accumulate, it appears that not all IDH-wt WHO 

grade II and grade III gliomas carry a universally poor prognosis. Conversely, increasing 

evidence indicates that the IDH-wt cohort represents a heterogeneous group.
20-22

 A meta-analysis 

investigating the outcome of IDH-wt WHO grade II gliomas reported  the mean OS of  59 

months (range: 9-120 months), which is in stark contrast to the median OS of glioblastoma 

patients, approximately 15 months.
23

 Examining molecular markers, Aibaidula and colleagues 

reported on 166 IDH-wt WHO grade II and grade III gliomas categorised molecularly as either 

high grade (harbouring mutation in EGFR, H3F3A, or TERTp) or low grade (lacking EGFR, 
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H3F3A, or TERTp mutation) with striking differences in the median OS: 1.23 years versus 7.63 

years, respectively.
20

  

Therefore as new molecular signatures and genotypes emerge, it appears that IDH mutation 

status in isolation cannot indiscriminately and reliably dictate treatment, predict prognosis or 

overall survival. Our study examines original data spanning nine years collected from over 200 

molecularly-analysed patients in a single institution. In doing so, we seek to assign significance 

to additional molecular signatures and clinical markers that could further stratify WHO grade II 

and III gliomas, in particular, IDH-wt and statistically correlate molecular genotypes to OS, PFS 

and TtMP. In addition, the current study examines the role of extent of resection (EOR). 

 

MATERIAL AND METHODS 

 

Tumour selection and clinical data  

Pathology data and molecular profiling results were obtained from the Laboratory Information 

Management System from the Division of Neuropathology, National Hospital for Neurology and 

Neurosurgery, Queen Square, London. From a compressive data export, records of patients with 

a histologically confirmed diagnosis of WHO grades II and III gliomas were identified over a 

nine-year time period (January 2010 to January 2019).  

Clinical data extracted and catalogued including standard demographics (Table 1), 

phenotypical/histological diagnosis and molecular/genotype subtyping, surgical intervention, 

including the extent of resection (EOR), adjuvant treatment (radiotherapy or chemotherapy or a 

combination) and time interval to radiological progression and/or histological evidence of 

malignant progression (TtMP). The OS was defined as the time between the histological 

diagnosis and death,
20 

while PFS was defined as the time from the histological diagnosis until the 

first unequivocal radiological sign of progressive disease.
9
 Finally, TtMP was defined as the time 

between the initial histological diagnosis and radiological signs of malignant transformation 

indicated by a contrast enhancement following administration of gadolinium, having excluded, 

when possible, a diagnosis of pseudo-progression, or a new histological diagnosis of a higher 

grade tumour from latest surgery. 
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EOR resection was assessed by two experienced neuroradiologists, blinded to histological and 

molecular subtyping, and type(s) of interventions(s) by reviewing immediate pre- and post-

operative MRI images protocolled for standard tumour sequences. Any equivocal interpretation 

was resolved by consensus. EOR was stratified into four categories: gross total resection (GTR), 

defined as tumour resection ≥95%; subtotal resection (STR) defined as tumour resection ≥80 but 

<95%; partial resection (PR) defined as tumour resection ≥50 but < 80%, and biopsy (B) defined 

as planned or unplanned tumour debulking <50% or cases with pre-planned stereotactic biopsies. 

The analysis was conducted according to an 80% EOR threshold.
24

 The definitions of EOR are 

variable in the literature. In a comprehensive study establishing percent resection and residual 

volume thresholds, the heterogeneity shown in GTR expressed as percent resections ranged from 

90% to 100%, while that of the STR group ranges from 0% to 99%”.
25

 In keeping with other 

reported series we adopted a pragmatic threshold of GTR of ≥95% to account for post-operative 

changes.
24,26-27

 Limited resections (<50%) have no effect in OS or PFS and were grouped, in our 

analysis, with stereotactic biopsies.
28 

 

Molecular analysis  

Data on IDH1/IDH2 status, epidermal growth factor (EGFR) amplification, telomerase reverse 

transcriptase promoter  (TERTp) status, phosphatase and tensin homolog (PTEN) loss and O
6
-

methylguanine-DNA methyltransferase promoter (MGMTp) methylation status was 

retrospectively extracted from histopathological reports produced at the time of diagnosis. Cases 

diagnosed prior to 2016 WHO update of CNS tumours classification were re-evaluated according 

to current molecular subtyping to ascertain numbers of IDH-mutant astrocytoma, 1p/19q-co-

deleted oligodendrogliomas, and BRAF-mutant low grade gliomas. All tumours had at this stage 

already been routinely tested for: IDH1 and IDH2 mutation, EGFR amplification, TERTp 

mutation, BRAF mutation, PTEN loss and MGMTp methylation status analysis. EGFR 

amplification results were obtained from all tested tumours and were categorised as present, 

regardless of copy number, or absent. Tumours were retrospectively tested for loss of ATRX 

expression. Also, a proportion of gliomas with non-informative molecular markers were 

subsequently tested with methylation arrays. The IDH status was performed by sequencing rather 

than by immunochemistry only. EGFR amplification and PTEN loss were assessed by 
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Comparative CT (threshold cycle) multiplex PCR. Additional details of the methodology and 

diagnostic approach employed has been previously published by our institution’s neuropathology 

group.
29

   

All IDH-wt tumours had a confirmed exclusion of an IDH1 or IDH2 mutation with 100% 

success rate in the cohort. TERT promoter mutations were routinely tested since 2016, although 

this failed in a proportion of the tumours, for reasons related to DNA quality and not the sample 

size. DNA yield was sufficient for all samples, including stereotactic biopsies, as only 200 ng of 

DNA is required mass for testing, a volume that can be extracted from 4×10 µm sections of 3 

stereotactic biopsy cores. Molecular subtyping was available at the following rates: IDH1 and 

IDH2, 209/209; EGFR, 196/209; PTEN loss, 198/209; MGMTp methylation, 196/209; ATRX, 

133/209; TERTp, 78/209. 

 

Statistical analysis 

Frequency distribution and summary statistics were calculated for all clinical, histological and 

molecular variables. Fisher’s exact test was used to define relationships between molecular 

markers and clinical parameters. PFS, OS, and TtMP were used to study the prognostic impact of 

molecular and clinical variables and were censored at the date of the last follow-up in May 2019. 

For survival analyses for patients with multiple biopsies, the date of the first biopsy was 

employed. 

The associations between OS, PFS, TtMP and molecular and clinical markers were calculated 

using log-rank test and were presented as Kaplan–Meier plots. Cox regression models were fitted 

to assess the independent impact of the molecular and clinical markers. All statistical tests were 

two-sided. The threshold for statistical significance was set as p = 0.05. Analyses were 

conducted with SPSS Statistics Version 25.0 (IBM SPSS Statistics for Windows Version 25.0, 

Armonk, NY: IBM Corp.) 

 Ethical approval: As the study was a retrospective review of records, it was exempt from ethical 

approval according to the Joint Research Office of the Hospital and University. However, 

according to their recommendation, Departmental approval was obtained.  
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RESULTS  

 

Clinical and molecular characteristics of the entire cohort  

Data analysis resulted in a total of 209 cases of WHO grade II and III gliomas for the study 

period, which were all analysed for the IDH1 mutations at codon 132 and IDH2 mutations at 

codon 172. The sex ratio of the analysed cohort was 1.58 (128 males and 81 females), with a 

median age of 40.00 years (range 17-82). Cohort’s clinical and molecular stratification, type and 

extent of intervention(s) are outlined in Table 1. Phenotypically, the cohort consisted of 167 

WHO grade II tumours (79.9%) and 42 WHO grade III tumours (20.1%). Following the 

application of WHO 2016 classification
2
 cohort analysis resulted in 194 (92.8%) astrocytomas 

and 14 (6.7%) oligodendrogliomas. 

Overall, out of 209 tumours, 151 (72.2%) IDH1 and 6 (2.9%) IDH2 mutations were found, and 

consequently 52 IDH-wt (24.9%) tumours were identified. Comparison of clinical and 

pathological characteristics of IDH-wt and IDH-mut tumours is presented in Table 1. The IDH-

wt cohort was comprised of older patients (median, 59.0 versus 36.0 years; mean, 55.9 versus 

37.3 years, p<0.0001) and diagnosed with WHO grade III histology more frequently than IDH-

mut (55.7% versus 7.6%, p<0.0001) as well as with astrocytoma histology (98.1% versus 91.1%, 

p=0.02).  Additionally, IDH-wt tumours were more frequently biopsied (EOR < 50%) in 

comparison to IDH-mut cohort (15.4% versus 61.8%, p<0.0001) and more frequently received 

adjuvant therapy compared to IDH-mut patients (80.8% versus 56.1%, p<0.01). The surgical 

management in the entire cohort varied. According to the definitions described above, 103 

(49.3%) patients underwent (B), 28 (13.4%) patients underwent PR, 27 (12.9%) patients 

underwent STR and 50 (23.9%) patients underwent GTR (Table 1). In addition to the surgical 

treatment, the majority of patients (62.2%) received adjuvant treatment; following analysis of 

clinicopathological and molecular data within the context of multidisciplinary meetings (MDT); 

35 patients received radiotherapy only, 3 patients received chemotherapy only and 50 patients 

received both (Table 1). Median follow-up was 37.4 months (range 1.4-162.5 months) and 58 

(27.8%) patients were deceased at the time of analysis. 
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Correlation between clinical and molecular markers and survival analysis for the entire 

cohort 

The prognostic impact of IDH1 and IDH2 mutations in WHO grade II and grade III gliomas was 

analysed with the outcome measures of PFS, OS and TtMP. The absence of IDH1/2 mutation 

was associated with a less favourable OS in the entire cohort (75th-percentile survival: 12.8 

months (SEM: 2.6) months versus 92.2 months (SEM: 11.2), p<0.0001) (Figure 1A) (Table 2). 

Median OS for patients with IDH-wt tumours was 19.2 months, whereas median OS for patients 

with IDH-mut tumours was not reached (p<0.0001). Younger age (<50) (p<0.0001), greater EOR 

(≥80%) (p=0.00002) (Figure 1E), absence of adjuvant treatment (p=0.019), histological 

diagnosis of grade II tumour (p<0.0001), absence of EGFR amplification (p<0.0001) (Figure C) 

and PTEN retention (p=0.018) were all associated with a longer OS (Table 2). Due to test 

limitations and diagnostic necessities, TERT mutation data were only available for a proportion 

of the cohort (78/209; 37.3%), and therefore not included in the further analysis. 

Patients with IDH-wt tumours had a shorter median PFS of 12.6 months (95% CI: 10.3-14.9) 

compared to patients with IDH-mut tumours with median PFS of 39.2 months (95% CI: 26.7-

51.7) (p<0.0001) (Figure 1B) (Table 3). In the entire cohort, greater EOR (≥80%) (p=0.0005) 

(Figure 1F), younger age (<50) (p=0.014), histological diagnosis of grade II tumour (p<0.0001), 

oligodendroglioma histology (p=0.004), absence of adjuvant treatment (p<0.0001) and absence 

of EGFR amplification (p=0.001) (Figure 1D)  were all associated with a longer PFS (Table 3). 

Additionally, a trend of PTEN loss was associated with a less favourable PFS (median PFS: 23.9 

months (95% CI: 14.1-33.7) versus 31.5 months (95% CI: 23.0-40.0), p=0.079).   

Finally, with regards to TtMP, the absence of adjuvant treatment (p<0.0001) was associated with 

a longer TtMP. This may represent a selection bias as patients with more aggressive features tend 

to receive adjuvant treatment, although, theories of TMZ-induced hypermutation have been 

proposed
30

. Interestingly, TtMP was not affected by IDH mutation status (p=0.314), EGFR 

amplification (p=0.460) and EOR (p=0.080) (Table 4).  

Cox regression analysis confirmed that IDH mutation was an independent, favourable 

prognosticator for OS (HR=0.25; 95% CI, 0.12-0.54, p=0.0004) (Table 5) and PFS (HR = 0.49; 

95% CI, 0.28-0.84, p= 0.009) (Table 6) but not for TtMP (HR: 0.67; 95% CI. 0.27-1.70, 
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p=0.402) (Table 7). Additionally, multivariate analysis confirmed that EGFR amplification was 

associated with less favourable OS (HR= 2.19; 95% CI, 1.08-4.44, p=0.030) (Table 5). Younger 

age (<50 years) and greater EOR (≥80%) were strongly linked to better OS (p=0.0002 and 

p=0.007, respectively) (Table 5). Absence of adjuvant treatment and greater EOR (≥80%) were 

independent, favourable prognostic factors for PFS (p=0.020; p=0.049, respectively) (Table 6).  

 

Clinical and molecular characteristics of IDH-wt gliomas  

Overall, 52 IDH-wt tumours were identified from the analysed cohort of 209 gliomas, including 

22 (42.3%) WHO grade II gliomas and 30 (57.7%) WHO grade III gliomas. All examined 

tumours were astrocytomas. Mean and median ages of IDH-wt patients were 55.9 and 59.0 years, 

respectively, (range: 27-81); sex ratio was 3.3 (40 male and 12 females). Adjuvant treatment was 

administered to 42 (80.8%) patients, with 28 receiving both radiotherapy and chemotherapy, 11 

receiving only radiotherapy and 3 only chemotherapy; 10 patients did not receive any adjuvant 

treatment. Median follow-up time was 16.7 months (range: 1.4-105.1 months) and 36 (69.2%) 

patients were deceased at the time of analysis. Clinical characteristics, type and extent of 

intervention(s) in the IDH-wt gliomas are outlined in Table 1. 

In terms of molecular markers, TERTp mutations, PTEN loss, EGFR amplification and MGMTp 

methylation status were examined in the IDH-wt cohort. Analysis of data resulted in 13 TERTp 

mutated tumours, 30 EGFR-amplified tumours, 17 tumours with PTEN loss and 18 MGMTp 

methylated tumours. The clinical characteristics of each group are outlined in Table 8. The 

TERTp mutation was tested in 78 patients in total, mainly after 2014. As TERTp mutation status 

was available only for 14 IDH-wt tumours (13 TERTp-mut, and 1 TERTp-wt), this marker was 

excluded from further analysis. There were no significant associations between PTEN loss and 

MGMTp methylated tumours and histological grade or any other clinical characteristics in IDH-

wt cohort.  

 

Correlation between clinical and molecular markers and survival analysis in IDH-wt cohort 

In our cohort of 52 IDH-wt patients, 36 patients died with a mean and median OS of 38.6 and 

19.5 months, respectively (range: 1.4-100.2 months). Univariate analysis showed a positive 
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association between EOR (≥80%) and OS (75th-percentile survival: 37.4 (SEM: 25.2) months 

versus 9.5 (SEM: 3.6) months, p=0.009) (Figure 2C). Median OS of patients with EOR <80% 

was 16.5 months, while median OS of patients with EOR ≥80% was not reached (Table 9). 

Similarly, EOR was associated with longer PFS (p= 0.08) (Figure 2D) (Table 10). In the IDH-wt 

cohort, there was an association trend towards younger age (<50 years) with longer OS 

(p=0.082) (Table 9) but not with PFS (p=0.688) (Table 10). Histological grade (WHO grade II 

versus grade III) was not associated with prolongation of either OS (p=0.841) or PFS (p=0.373). 

There was an association trend between EGFR amplification and shorter PFS (median: 11.2 

(95% CI: 8.8-13.6) months versus 17.7 (95% CI: 7.1-28.3) months, p=0.082) as well as OS 

(median: 14.1 (95% CI: 9.6-18.6) versus 27.8 (95% CI: 14.6-41.0) months, p= 0.219) (Figure 

2A and 2B). PTEN loss and MGMTp methylation status were not significantly associated with 

either PFS or OS (Tables 9 and 10). 

Cox regression analysis confirmed that greater EOR (≥80%) was an independent, favourable 

prognostic factor for OS (HR = 0.124; 95% CI, 0.027-0.571, p=0.007) and similar trend was 

observed for PFS (HR=0.444; 95%, 0.179-1.002, p=0.080) (Tables 11 and 12). Additionally, 

younger age (p=0.003) and presence of adjuvant treatment (p=0.016) were also associated with 

longer OS but not with longer PFS (p=0.382; p=0.173, respectively). Similarly, to univariate 

analysis, histological grade (WHO grade II versus III) was not significantly associated with OS 

(p=0.302) or PFS (p=0.913).  Multivariate analysis identified a trend linking EGFR amplification 

to shorter OS (HR=2.260; 95% CI, 0.928-5.504, p=0.073) and PFS (HR=1.850; 95% CI: 0.868-

3.943, p=0.111) (Tables 11 and 12). Interestingly, both univariate (p=0.021) and multivariate 

(HR=19.09; 95% CI, 1.639-222.413, p=0.019) analyses indicated that female sex is associated 

with significantly shorter TtMP (Tables 13 and 14). 

 

DISCUSSION 

 

IDH status in the entire cohort and heterogeneity of IDH-wt cohort 

We retrospectively investigated OS, PFS and TtMP in a single-institution cohort of 157 patients 

with IDH1/2-mut gliomas and 52 patients with IDH-wt gliomas. The absence of IDH1/2 

mutations was associated with worse OS (p<0.0001) (Figure 1A) (Table 2) and PFS (p<0.0001) 
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(Figure 1B) (Table 3), which was further confirmed in multivariate analyses (p=0.0004 and 

p=0.009, respectively) (Tables 5 and 6, respectively). Hence, our findings confirmed the 

significant prognostic value of the IDH mutation
8-13, 31-33

. 

The relationship between TtMP and IDH status remains controversial with emerging studies 

postulating starkly different outcomes. During characterisation of IDH1 R132H mutations in 35 

(WHO grade II and grade III) primary-recurrent astrocytomas Mu et al. found that IDH1 R132H 

mutation confers a longer recurrence-free period when compared with IDH1-wt cohort 

(p<0.01).
34

 This was further confirmed by the multivariate analysis (p<0.01).
34

 Conversely, some 

authors suggested that IDH mutation is associated with a higher risk of malignant transformation 

despite conveying an overall better prognosis.
35,36

 For example, WHO grade II oligodendroglial 

tumours with IDH1 mutation were associated with a higher rate of malignant transformation, 

possibly involving p53, while compared to their IDH-wt counterparts.
35

  On the other hand, our 

study found no significant association between TtMP and IDH mutation status using both uni- 

and multivariate analysis (p=0.31; and p=0.40, HR: 0.67, and 95% CI 0.27-1.70, respectively) 

(Tables 4 and 7, respectively). In line with our results, Yao et al. reported that IDH1 mutation 

was associated with longer OS and PFS but was not a predictive marker for TtMP (p=0.61).
37

 

This result is further strengthened by a meta-analysis investigating outcomes of WHO grade II 

gliomas, which also reported a lack of association between IDH mutation status and TtMP 

(p=0.06).
23

  It should not be omitted that other groups proposed that malignant transformation is 

independent of a single genetic event – IDH mutation – but rather depends on a  wide spectrum 

of genomic changes centred on misregulations and changes to spliceosome machinery, 

transcription factors and chromatin remodelers.
38,39

 However, malignant transformation remains 

a binary event in patients harbouring LGGs, which highlights a need for further studies aimed at 

identifying predictive biomarkers.   

Additionally, our study demonstrated extensive heterogeneity in the IDH-wt cohort. In our study 

of 52 IDH-wt patients, 36 patients died with a mean and median OS of 38.6 and 19.5 months, 

respectively (range: 1.4-100.2 months). However, 4 patients with a follow-up between 50-80 

months and 3 patients with a follow-up greater than 80 months were still alive at the time of 

analysis. Similarly, the mean and median PFS of patients were 23.6 months and 12.6 months, 

respectively (range: 1.4-100.2 months) but 3 patients still had not had any clinical or radiological 

progression at more than 35 months after their initial diagnosis.  42 out of 52 IDH-wt tumours in 
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our cohort harboured either EGFR amplification, TERTp mutation, or both – molecular features 

characteristic of glioblastomas. The remaining 10 IDH-wt cases were WHO grade II tumours, 

histologically identified as diffuse astrocytomas. Importantly, the OS of those 10 patients showed 

extensive variability with one patient surviving more than 100 months and two patients surviving 

more than 60 months but also 5 patients surviving less than 10 months. Our findings are in line 

with studies showing that although the majority of  IDH-wt tumours are glioblastomas, this 

cohort also includes entities with more favourable prognosis including anaplastic astrocytomas 

with piloid features,
40

 unsampled pilocytic astrocytomas or diffuse leptomeningeal glioneuronal 

tumours.
41

 Consequently, these tumours may be currently overtreated as IDH-wt gliomas if we 

only use IDH mutation as a marker. Overall, our data support increasing evidence suggesting that 

IDH mutation status cannot exclusively and indiscriminately dictate outcomes and treatment 

protocols
20-23 

and emphasise the need for additional markers.  

 

EGFR amplification in IDH-wt WHO grade II and grade III gliomas 

EGFR amplification is frequently detected in glioblastomas 40-50%
42

 and has been associated 

with poor OS. Although this mutation is less common in LGGs, its prevalence ranging from 0-

4% and 0-33% in WHO grade II and III astrocytomas, respectively
43,44

, multiple studies reported 

shorter survival in the EGFR-amplified versus EGFR non-amplified gliomas.
20,45-47 

Overall, 47 

EGFR-amplified tumours were identified in our cohort (WHO grade II, 20; WHO grade III, 27). 

In line with previous reports, EGFR amplification in our study was associated with shorter OS 

(p<0.0001) (Figure 1C) (Table 2) and PFS (p=0.001) (Figure 1D) (Table 3) in the entire cohort. 

Furthermore, multivariate analysis showed that EGFR amplification is an independent, 

unfavourable predictor of OS in WHO grade II and grade III gliomas (p=0.03) (Table 5) but not 

PFS (p=0.47) (Table 6). 
 

When considering our IDH-wt cohort separately, 30 EGFR-amplified tumours were detected 

(WHO grade II, 7; WHO grade III, 23). Importantly, the presence of EGFR amplification was 

more frequently found (almost twice as frequent) in IDH-wt cohort versus the IDH-mut cohort 

(p<0.001). In the IDH-wt cohort, the presence of EGFR amplification was associated with WHO 

histological grade; in particular, it was more frequently found in WHO grade III tumours (76.7% 

versus 33.3%; p=0.003) as other studies have also reported.
20

 Patients with EGFR-amplified 
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IDH-wt tumours exhibited shorter median OS and PFS versus patients with non-amplified 

tumours (Tables 9 and 10) (Figure 2A and 2B).  Additionally, multivariate analysis revealed  a 

trend linking EGFR amplification to shorter OS and PFS (p=0.07, p=0.11, respectively) (Tables 

11 and 12). Interestingly, multiple studies reported that EGFR amplification in gliomas is 

associated with poor prognosis in younger individuals (<46years, <50 years or <60 years, 

depending on the report) and a better prognosis in older patients
48-51

. As in our cohort older 

individuals (≥50 years) dominated within IDH-wt subgroup, this may partially explain why we 

found only a trend linking EGFR amplification to shorter OS and PFS.  

As EGFR amplification is an independent, unfavourable predictor of OS in WHO grade II and 

grade III gliomas overall and other studies report it to be an independent negative prognostic 

factor for survival of patients with IDH-wt gliomas
20,45

, our finding of EGFR amplification 

shortening OS supports its role as a classifier in IDH-wt gliomas. We acknowledge that statistical 

significance may not have been reached in our study due to the small sample size of our IDH-wt 

cohort.  

 

EOR as prognosticator in the entire cohort and within WHO grade II and grade III IDH-wt 

gliomas  

The surgical management of gliomas, particularly LGGs, remains controversial with recent 

evidence supporting that EOR is an independent, prognostic factor for survival in all WHO 

grades gliomas.
52-56 

Additionally,
 
the role of a greater EOR in improving patient outcome was 

also recognised in WHO grade III gliomas.
54,56

  In our study, comparing EOR<80% (B,PR) 

(n=131) to EOR≥80% (STR,GTR) resection (n=77) by univariate analysis indicated that greater 

EOR (≥80%)  is associated with longer OS (p<0.0001) (Table 2) (Figure 1E), PFS (p=0.0005) 

(Figure 1F) (Table 3) and trend for TtMP (p=0.08) (Table 4). Multivariate analysis further 

confirmed that EOR ≥80% is an independent, favourable predictor for OS (p=0.007) (Table 5) 

and PFS (p=0.049) (Table 6) but not TtMP (p=0.78) (Table 7). Hence, our study overall 

confirmed the role of EOR as a significant prognosticator in glioma patients. Moreover, with 

respect to EOR as a predictor for TtMP, an extensive review by Sanai and Berger found that  

EOR was not consistently associated with TtMP, which is consistent with our results.
56 

 

Jo
urn

al 
Pre-

pro
of



Lasica 

 

 13 

Patients with EOR<50% were more likely to be found in the IDH-wt versus IDH-mut cohorts 

(84.6% and 37.8%, respectively, p<0.0001). In the IDH-wt cohort, EOR≥80% was found to be 

an independent predictor of OS in this cohort (p=0.007) (Table 11). A similar trend was 

observed in regard to PFS (p=0.08) (Table 12). In line with our results, Patel et al. reported that 

greater EOR was associated with a prolonged OS in IDH-wt patients.
57

 However, their reported 

association to TtMP was not replicated in our study (Tables 13 and 14). Additionally, another 

study by Eseonu et al. evaluating a cohort of low-grade gliomas also championed an association 

between the extent of resection and survival of IDH-wt patients.
58

 Similarly, Aibaidula et al. also 

reported that patients with totally resected IDH-wt tumours tended to have better clinical 

outcomes compared to patients with non-totally resected IDH-wt tumours (median OS: 2.86 vs 

1.55 years, p =0.07).
20

 However, total resection was not defined by % in their report, which may 

explain why their results did not reach statistical significance. Conversely, other studies did not 

support this association
59,60

. Kawaguchi et al, found that gross total resection is not significantly 

associated with improved overall survival among the IDH-wt cohort
59

. However, this study 

included only binary stratification of surgical resection (yes/no gross total resection) and 

measured residual glioma differently for enhancing and non-enhancing gliomas, which might 

have influenced their findings
59

. Importantly, these contrasting findings regarding IDH-wt LGGs 

may further reflect the clinical and molecular heterogeneity of this subgroup emphasised by our 

study. In light of these joint findings, we support striving for maximising EOR in patients with 

IDH-wt gliomas as it may positively impact their outcomes.  

 

Limitations 

Despite the nine-year period, the follow-up time of some patients was limited. Nevertheless, the 

median follow-up time was 37.4 months (range: 1.4-162.5 months). Another limitation was the 

sample size, particularly the IDH-wt cohort (n=52), but this appears comparable to other reported 

series.  Additionally, due to limited availability and diagnostic necessities, it was not possible to 

obtain all molecular markers for each patient. Further studies are required for validation, 

preferably pooling comparable molecular and clinical data from large patient cohorts within 

prospective registries or trial settings. 
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CONCLUSIONS 

 

We investigated a single-institution cohort of 209 WHO grade II and grade III patients. After 

stratification for clinical interventions and molecular prognosticators, we correlated specific 

markers with PFS, OS and TtMP. Our results indicated that IDH-wt gliomas remain a 

heterogeneous group. IDH mutation status alone cannot predict response to treatment or clinical 

course. Despite their biologically aggressive phenotype, EOR is a statistically significant 

prognosticator in IDH-wt gliomas. EGFR amplification is likely another classifier of IDH-wt 

gliomas as our study found a clear tendency despite the lack of statistical significance. Finally, 

IDH mutation does not appear to confer protection for a malignant transformation. As further 

molecular data are collected, additional sophisticated classifiers are likely to emerge.  
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Figure Legends:  

 

Figure 1. Kaplan–Meier survival analysis  of IDH status, EGFR amplification, and EOR in 

relation to OS and PFS in  the entire cohort. Survival analysis indicated that IDH mutation was 

associated with longer OS (A) and PFS (B) versus their wild-type counterparts (p<0.0001; 

p<0.0001, respectively). EGFR-amplified tumours tended to have shorter OS (C) and PFS (D) 

when compared to EGFR non-amplified tumours (p<0.0001; p=0.001, respectively). Finally, 

patients with EOR ≥ 80% exhibited longer OS (E) and PFS (F) (p=0.00002; p=0.0005, 

respectively).  

 

Figure 2.  Kaplan–Meier survival analysis of EGFR amplification and EOR in relation to OS 

and PFS in the IDH-wt cohort. IDH-wt EGFR-amplified tumours tended to have shorter OS (A) 

and PFS (B) versus  EGFR non-amplified tumours (p=0.219; p=0.082, respectively). Patients 

with IDH-wt tumours and EOR ≥ 80% exhibited longer OS (C) and PFS (D) when compared to 

patients with EOR<80% (p=0.009; p=0.080, respectively). 
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Table 1. Patients and treatment characteristics 

 

Variables 

All patients 

Number of pts (%) (n = 

209) 

IDH 1 or 2 mutation 

Number of pts (%) (n = 

157) 

No IDH 1 or 2 mutation 

Number of pts (%) (n = 

52) 

 

Age (years)     

 

 <50 156 (74.6) 139(88.5) 17 (32.7)  

 ≥50 53 (25.4) 18(11.5) 35 (67.3)  

 Median 40.0 36.0 59.0  

 Mean (±SD) 41.9±13.8 37.3±10.3 55.9±13.5  

Range (17-82) (17-82) (27-81)  

Sex     

 Female 81 (38.8) 69 (43.9) 12 (23.1)  

 Male 128 (61.2) 88 (56.1) 40 (76.9)  

Histological grade 

according to WHO  
   

 

Grade II 167 (79.9) 145 (92.4) 22 (42.3)  

Grade III 42 (20.1) 12 (7.6) 30 (57.7)   

Histological 

appearance  
   

 

Astrocytoma  194 (92.8) 143 (91.1) 51 (98.1)  

Oligodendroglioma 14 (6.7) 14 (8.9) 0  

Not available  1(0.5) 0 1 (1.9)  

Extent of Surgery     

 Biopsy  103 (49.3) 59 (37.6) 44 (84.6) 

 Resection 105(50.2) 97 (61.8) 8 (15.4)  

     PR 28/105 28/97 n  

    STR 27/105 25/97 2/8  

    GTR 50/105 44/97 6/8  

Not available  1(0.5) 1(0.6) n  

Adjuvant Treatment     

 Yes 130 (62.2) 88 (56.1) 42(80.8)  

   RT 46/130  35/88  11/42   

   CT 6/130 3/88 3/42   

   RT+CT 78/130 50/88 28/42  

 No 79(37.8) 69 (43.9) 10 (19.2)  

Bold values indicate CT: Chemotherapy; RT: Radiotherapy, P: Partial, ST: Subtotal, GT: Gross Total. 

significant P value (p<0.05) 
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Table 2. OS   - univariate analysis   

Variables Number patients Median, months (95% CI) 

75th percentile 

survival, months 

(SEM) 

log rank HR (95% CI) 

Age (years)    p<0.0001  

 <50 156  - 92.2 (16.7)   

 ≥50 53  24.2 (1.8-46.6)  12.9 (2.9)  5.78  (3.42-9.80) 

Sex     p=0.783  

 Female 81 92.2 (79.4-105.1) 59.8 (18.1)  0.93 (0.53-1.60) 

 Male 128 - 37.4 (14.8)   

Histological  grade 

according to WHO 

   p<0.0001  

Grade II 167 111.1 (-) 66.0 (11.1)   

Grade III 42 27.0 (10.8-43.) 12.9 (2.6)  3.03 (1.77-5.20) 

Histological appearance      p=0.249  

Astrocytoma  194 - 42.3 (11.4)  1.96 (0.61-6.27) 

Oligodendroglioma 14 111.1 (-) 98.8 (33.7)   

Extent of Resection      p<0.0001  

<80%  131 98.8 (66.8-130.8) 20.3 (3.8)   

≥80%  77 - 111.1 (25.0)  0.21 (0.09-0.46) 

Adjuvant Treatment    p=0.019  

 Yes 130 100.2 (78.1-122.3)   29.9 (10.4)  2.16 (1.12-4.18) 

 No 79 - -   

IDH Status    p<0.0001  

Mut 157 - 92.2 (11.2)  0.11 (0.06-0.17) 

Wt 52 19.5 (11.4-27.7) 12.6 (2.6)   

EGFR amplification    p<0.0001  

  Yes 47 27.0 (7.7-46.3) 12.9 (2.3)  4.03 (2.38-6.82) 

   No 149 - 79.9 (13.9)   

PTEN Loss    p=0.018  

Yes 41 65.0 (-) 59.8 (11.8)  1.93 (1.11-3.37) 

No 157 111.1(-) 18.0 (6.2)   

MGMTp methylation      p=0.516  

Yes 101 111.1 (87.5-134.8) 59.8 (10.9)  0.84 ( 0.49-1.43) 

No 95 101.1 (-) 37.4 (15.3)   

 Bold values indicate significant P value (p<0.05)  
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Table 3. PFS  - univariate analysis  

 

Variables 

Number 

patients 
Median, months (95% CI) 

75 % percentile survival, 

months (SEM) 
log rank HR (95% CI) 

Age (years)    p=0.014  

 <50 156  32.7 (24.3 – 41.1) 17.0 (2.7)   

 ≥50 53  16.4 (11.0-21.8) 9.5 (2.1)  1.58 (1.09-2.28) 

Sex     p=0.167  

 Female 81 37.6 (24.3-50.9) 17.0 (2.9)  0.78 (0.55-1.11) 

 Male 128 26.6 (18.6-34.6) 11.9 (1.6)   

Histological grade 

according to WHO 

   p<0.0001  

Grade II 167 34.3 (25.0-43.6) 16.4 (2.2)   

Grade III 42 11.9 (5.7-18.1) 7.8 (2.0)  2.11 (1.42-3.12) 

Histological appearance      p=0.004  

Astrocytoma  194 26.6 (21.1-32.1) 11.6 (1.1)  3.13 (1.40-7.24) 

Oligodendroglioma 
14 

89.2 (60.4-118.0) 64.4 (16.2)   

Extent of Resection      p=0.0005  

<80%  131 20.0 (13.5-26.5) 9.4 (1.0)   

≥80%  77 47.8 (28.2-67.4) 25.4 (2.8)  0.52 (0.35-0.75) 

Adjuvant Treatment    p<0.0001  

 Yes 130 22.8 (18.2-27.4) 10.8 (0.8)  2.25 (1.51-3.36) 

 No 79 61.6 (35.5 -87.7) 23.9 (5.9)   

IDH Status    p<0.0001  

Mut 157 39.2 (26.7-51.7) 19.2 (2.8)  0.38 (0.26-0.55) 

Wt 52 12.6 (10.3-14.9) 7.8 (2.4)   

EGFR amplification    p=0.001  

  Yes 47 16.4 (11.4-21.4) 7.7 (2.5)  1.88 (1.30-2.72) 

   No 149 37.6 (26.7 - 48.5) 16.1 (2.8)   

PTEN Loss    p=0.079  

Yes 41 23.9 (14.1-33.7) 7.1 (2.7)  1.43 (0.96 -2.13) 

No 157 31.5 (1) 13.3 (2.1)   

MGMTp methylation      p=0.533  

Yes 101 30.7 (21.8-39.6) 58.4 (10.9)  0.90 (0.63-1.27) 

No 95 27.6 (18.5-36.7) 29.9 (14.8)   

Bold values indicate significant P value (p<0.05)  
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Table 4.  TtMP - univariate analysis  

 

Variables 

Number 

patients 

Median, months (95% 

CI) 

75 % percentile 

survival, months 

(SEM) 

log rank HR (95% CI) 

Age (years)    p=0.367  

 <50 131 100.4 (71.1-129.7) 32.1 (11.0)   

 ≥50 34 -  59.0(17.0)  0.72 (0.35-1.48) 

Sex     p=0.991  

 Female 68 87.1 (-) 51.9 (17.8)  1.00 (0.56-1.77) 

 Male 97 118.2 (85.1-151.4) 32.7 (11.4)   

Histological appearance    p=0.218  

Astrocytoma  150 118.2 (75.4-161.0) 32.1 (10.3)  2.05 (0.64-6.61) 

Oligodendroglioma 14 - 70.4 (10.9)   

Extent of Resection      p=0.080  

<80%  100 118.2 (77.6-158.9) 28.1 (10.0)   

≥80%  65 - 66.6(11.1)  0.58 (0.31-1.08) 

Adjuvant Treatment    p<0.0001  

 Yes 92 73.7 (52.5-95.0) 24.9 (5.7)  4.34 (1.95-9.67) 

 No 73 - -   

IDH Status    p=0.314  

Mut 143 118.2 (74.5-162.0) 51.9 (11.7)  0.69 (0.34-1.43) 

Wt 22 - 10.0 (5.7)   

EGFR amplification    p=0.460  

  Yes 20 - 59.0 (26.1)  0.72 (0.30-1.72) 

   No 132 118.2 (61.5-174.9) 32.7 (13.5)   

PTEN Loss    p=0.195  

Yes 23 74.0 (49.7-98.3) 27.3 (12.9)  1.56 (0.79-3.05) 

No 131 121.1 (64.7-177.5) 43.0 (12.7)   

MGMTp methylation      p=0.113  

Yes 83 121.1 (73.1-69.1) 55.7 (7.2)  0.64 (0.37-1.12) 

No 69 100.4 (66.2-134.7) 27.3 (7.3)   

 Bold values indicate significant P value (p<0.05)  
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Table 5. OS – Multivariate Analysis 

 

Variables    
HR (95% CI) P value  

Age (continuous) 1.04 (1.02-1.07) p=0.0002 

Histological grade 

according to WHO  

 p=0.273 

Grade II 0.667 (0.32-1.38)  

Grade III  1  

Extent of Resection    p=0.007 

<80%  1  

≥80%  0.323 (0.14-0.74)  

Adjuvant Treatment  p=0.600 

 Yes 0.813 (0.38-1.76)  

 No 1  

IDH Status  p=0.0004 

Mut 0.252 (0.12-0.54)  

Wt 1  

EGFR amplification  p=0.030 

  Yes 2.19 (1.08-4.44)  

   No 1  

PTEN Loss  p=0.875 

Yes 1.052 (0.56-1.99)  

No 1  

 Bold values indicate significant P value (p<0.05)
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Table 6. PFS – multivariate analysis  

 

Variables  
HR (95% CI) P value  

Age (continuous) 1.00 (0.98-1.02) p=0.969 

Histological grade 

according to WHO  

 p=0.784 

Grade II 1  

Grade III  1.076 (0.64-1.82)  

Extent of Resection    p=0.049 

<80%  1  

≥80%  0.665 (0.44-0.998)  

Adjuvant Treatment  p=0.020 

 Yes 1.72 (1.09-2.72)  

 No 1  

IDH Status  p=0.009 

Mut 0.487 (0.28-0.84)  

Wt 1  

EGFR amplification  p=0.468 

  Yes 1.190 (0.74-1.906)  

   No 1  

PTEN Loss  p=0.573 

Yes 1.145(0.72-1.83)  

No 1  

Bold values indicate significant P value (p<0.05) 
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Table 7.  TtMP – multivariate analysis  

 

Variables 
HR (95% CI) P value  

Age (continuous) 0.993 (0.968-1.019) p=0.580 

Extent of Resection    p=0.781 

<80%  1  

≥80%  0.908 (0.459-1.794)  

Adjuvant Treatment  p=0.001 

 Yes 4.338(1.780-10.575)  

 No 1  

IDH Status  p=0.402 

Mut 0.674 (0.268-1.695)  

Wt 1  

EGFR amplification  p=0.266 

  Yes 0.601 (0.246-1.4)  

   No 1  

Bold values indicate significant P value (p<0.05) 

Jo
urn

al 
Pre-

pro
of



 8 

 

 

 

 

Table 8. Patients and treatment characteristics of IDH-wt according to molecular markers stratification 

 

Variables 

All IDH wt 

patients 

 (n = 52) (%) 

EGFR amp  

(n=30) (%) 

TERTp mut  

(n=13)  (%) 

PTEN loss 

(n=17) (%) 

MGMTp methylation 

(n=18) (%) 

Age (years)      

 <50 17 (32.7) 10 (33.3) 5 (38.5) 6 (35.3) 4 (22.2) 

 ≥50 35 (67.3) 20 (66.7) 8 (61.5) 11 (64.7) 14 (77.8) 

 Median 59.0 60.0 55.0 64.0 61.5 

 Mean (±SD) 55.9±13.5 55.9±14.0 53.8±12.0 58.3±15.3 60.2±13.4 

Range (27-81) (28-81) (27-69) (33-81) (33-81) 

Sex      

 Female 12 (23.1) 8(26.7) 3 (23.1) 2 (11.8) 4 (22.2) 

 Male 40 (76.9) 22 (73.3) 10 (76.9) 15 (88.2) 14 (77.8) 

Histological grade 

according to WHO 
   

  

Grade II 22 (42.3) 7 (23.3) 3 (23.1) 5 (29.4) 8 (44.4) 

Grade III 30 (57.7)  23 (76.7) 10 (76.9) 12 (70.6) 10 (55.6) 

Histological appearance       

Astrocytoma  51 (98.1) 30 (100) 13 (100) 17 (100) 18 (100) 

Oligodendroglioma n n n n n 

Not available  1 (1.9) n n n n 

Extent of Surgery       

 Biopsy  44 (84.6) 27 (90) 9 (69.2) 16 (94.1) 15 (83.3) 

 Resection 8 (15.4) 3 (10) 4 (30.8) 1 (5.9) 3 (16.7) 

     PR n n n n n 

    STR 2/8 1/3 1/4 1/1 1/3 

    GTR 6/8 2/3 3/4 n 2/3 

Not available  n n n n n 

Adjuvant Treatment      

 Yes 42(80.8) 26 (86.7) 12 (92.3) 14 (82.4) 14 (77.8) 

   RT 11/42  9/26  n 6/14 5/14 

   CT 3/42  0/26 3/12 2/14 1/14 

   RT+CT 28/42 17/26 9/12 6/14 8/14 

 No 10 (19.2) 4 (13.3) 1 (7.7) 3 (17.6) 4 (22.2) 

CT: Chemotherapy; RT: Radiotherapy, P: Partial, ST: Subtotal, GT: Gross Total.  
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Table 9. OS in the IDH-wt cohort - univariate analysis  

 

Variables 

Number 

patients 

Median, months 

(95% CI) 

75 % percentile 

survival, months 

(SEM) 

log rank HR (95% CI) 

Age (years)    p=0.082  

 <50 17 29.9 (25.4-34.4) 19.5 (6.3)   

 ≥50 35 16.4 (12.8-20.1)  9.5 (4.3)  1.94 (0.91-4.13) 

Sex     p=0.348  

 Female 12 19.5 (10.0-29.0) 9.5 (5.8)  1.43 (0.68-3.01) 

 Male 40 17.0 (4.0-29.9) 12.6 (2.6)   

Histological grade 

according to WHO 

   p=0.841  

Grade II 22 19.5 (11.2-27.8) 13.4 (1.1)   

Grade III 30 18.0 (2.8-33.3) 9.5 (5.4)  0.94 (0.48-1.80) 

Extent of Resection      p=0.009  

<80%  44 16.5 (11.8-21.1) 9.5 (3.6)   

≥80%  8 - 37.4 (25.2)  0.18 (0.04-0.77) 

Adjuvant Treatment    p=0.354  

 Yes 42 22.1 (13.0-31.1) 12.9 (0.8)    0.66 (0.27-1.60) 

 No 10 7.8 (0-21.7) 2.3 (1.2)   

EGFR amplification    p=0.219  

  Yes 30 14.1 (9.6-18.6) 12.9 (2.3)  1.53 (0.77-3.02) 

   No 21 27.8 (14.6-41.0) 79.9 (13.9)   

PTEN Loss    p=0.399  

Yes 17 14.1 (7.3-20.9) 5.1(2.3)  1.34 (0.68-2.66) 

No 35 22.1 (12.3-31.9) 12.9 (0.6)   

MGMTp methylation      p=0.473  

Yes 18 16.4 (0-37.8) 9.5 (6.0)  1.28 (0.65-2.53) 

No 32 19.5 (11.7-27.4) 12.6 (4.4)   

 Bold values indicate significant P value (p<0.05)  
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Table 10.  PFS in the IDH-wt cohort - univariate analysis  
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Table 11: OS in the IDH-wt cohort – multivariate analysis  

 

Variables 

Number 

patients 

Median, months (95% 

CI) 

75 % percentile survival, 

months (SEM) 
log rank HR (95% CI) 

Age (years)    p=0.688  

 <50 17 17.2 (1.2-33.1) 9.2 (3.4)   

 ≥50 35 12.6 (9.8-15.4)  7.8 (2.3)  1.14 (0.60-2.16) 

Sex     p=0.207  

 Female 12 10.1 (8.7-11.5) 9.2 (4.9)  1.54 (0.78-3.04) 

 Male 40 13.3 (10.9-15.7) 6.6 (3.1)   

Histological grade 

according to WHO 

   p=0.373  

Grade II 22 13.9 (8.3-19.5) 9.6 (2.3)   

Grade III 30 11.6 (10.7-12.5) 6.0 (2.5)  1.32 (0.72-2.41) 

Extent of Resection      p=0.080  

<80%  44 11.9 (10.1-13.7) 6.0 (2.4)   

≥80%  8 27.6 (0.02-55.2) 11.6 (4.7)  0.48 (0.21-1.11) 

Adjuvant Treatment    p=0.862  

 Yes 42 12.6(8.2-17.0) 9.6 (2.0)    0.93 (0.41-2.11) 

 No 10 7.8 (0-21.6) 2.3 (1.2)   

EGFR amplification    p=0.082  

  Yes 30 11.2 (8.8-13.6)  4.7 (1.2)  1.72 (0.93-3.20) 

   No 21 17.7 (7.1-28.3) 11.6  (1.8)   

PTEN Loss    p=0.526  

Yes 17 11.9 (0-23.9) 3.5 (1.1)  1.23 (0.65-2.33) 

No 35 13.3 (11.2-15.4) 10.0 (0.8)   

MGMTp 

methylation   

   p=0.640  

Yes 18 11.3 (3.2-19.4) 7.8 (3.6)  1.16 (0.62-2.18) 

No 32 12.6 (10.6-14.6) 9.6 (3.6)   

Bold values indicate significant P value (p<0.05) 
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Variables  
HR (95% CI) P value  

Age 

(continuous) 

1.047 (1.015-1.079) p=0.003 

Sex  p=0.412 

Female 1.396 (0.629-3.099)  

Male 1  

Histological 

grade 

according to 

WHO  

 p=0.302 

Grade II 1  

Grade III  0.648 (0.285-1.477)  

Extent of 

Resection   

 p=0.007 

<80%  1  

≥80%  0.124 (0.027-0.571)  

Adjuvant 

Treatment 

 p=0.016 

 Yes 0.273 (0.095-0.783)  

 No 1  

EGFR 

amplification 

 p=0.073 

  Yes 2.26 (0.928-5.504)  

   No 1  

Bold values indicate significant P value (p<0.05) 

 

 

 

 

 

 

Table 12: PFS in the IDH-wt cohort – multivariate analysis  

 

Variables  
HR (95% CI) P value  

Age (continuous) 1.011 (0.987-1.035) p=0.382 

Sex  p=0.236 

Female 1.557 (0.748-3.240)  
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Male 1   

Histological grade 

according to WHO 

 p=0.913 

Grade II 1  

Grade III  0.960 (0.463-1.990)  

Extent of Resection    p=0.080 

<80%  1  

>80% 0.444 (0.179-1.002)  

Adjuvant Treatment  p=0.173 

 Yes 0.528 (0.210-1.323)  

 No 1  

EGFR amplification  p=0.111 

  Yes 1.850 (0.868-3.943)  

   No 1  

Bold values indicate significant P value (p<0.05) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 13. TtMP in the IDH-wt cohort - univariate analysis  
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Variables 

Number 

patients 

Median, months 

(95% CI) 

75 % percentile 

survival, months 

(SEM) 

log rank HR (95% CI) 

Age (years)    p=0.303  

 <50 5 28.1 (0-68.6) 9.2 (9.3)   

 ≥50 17 -  17.7 (7.3)  0.49 (0.12-1.96) 

Sex     p=0.021  

 Female 4 2.7 (0-11.0) 28.1 (20.5)  4.61 (1.12-19.04) 

 Male 18 - 0.8 (-)   

Extent of Resection      p=0.679  

<80%  19 - 9.6 (4.4)   

≥80%  3 - 17.7 (-)  0.65 (0.08-5.18) 

Adjuvant Treatment    p=0.238  

 Yes 16 43.0 (-) 9.2 (6.0)  3.26 (0.41-26.06) 

 No 6 - -   

EGFR amplification    p=0.482  

  Yes 7 - 28.1 (-)  0.57 (0.11-2.82) 

   No 14 - 10.0 (0.6)   

PTEN Loss    p=0.298  

Yes 5 28.1 (0-82.5) 2.7 (2.1)  2.06 (0.51 -8.27) 

No 17 - 17.7 (7.4)   

MGMTp methylation      p=0.595  

Yes 8 43.0 (-) 9.2 (16.7)  1.45 (0.36-5.83) 

No 12 - 10.0 (5.8)   

Bold values indicate significant P value (p<0.05) 

Table 14. TtMP in the IDH-wt cohort – multivariate analysis  
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Variables 
HR (95% CI) P value  

Age (continuous) 1.01 (0.951-1.140) p=0.383 

Sex  p=0.019 

Female 19.091 (1.639-222.413)  

Male 1  

Extent of Resection    p=0.758 

<80%  1  

≥80%  1.461 (0.131-16.338)  

Adjuvant Treatment  p=0.326 

 Yes 3.311 (0.304-36.056)  

 No 1  

EGFR amplification  p=0.128 

  Yes 0.214 (0.029-1.562)  

   No 1  

Bold values indicate significant P value (p<0.05) 
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Abbreviation list 

 

 

B biopsy  

CNS central nervous system 

CT chemotherapy 

EGFR epidermal growth factor 

EOR extent of resection 

GTR gross total resection 

IDH isocitrate dehydrogenase 

LGG low grade glioma 

MGMT O
6
-methylguanine-DNA methyltransferase 

Mut mutant  

OS overall survival 

PFS progression-free survival  

PR partial resection  

PTEN phosphatase and tensin homolog 

RT radiotherapy 

STR subtotal resection 

TERT telomerase reverse transcriptase 

TtMP time to malignant progression 

WHO World Health Organisation 

Wt wild-type 
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