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BACKGROUND: Previous studies addressing the influence of surgery on the outcome of
patients with glioblastomas (GBM) have not addressed molecular markers. The value of
surgery versus the tumor’s major biological markers remains unclear.
OBJECTIVE: We investigate the extent of resection as a prognosticator for patients with
newly diagnosed primary GBMwith the incorporation of molecular diagnostics as per the
updated WHO 2016 diagnostic criteria for GBM.
METHODS: Patients with newly diagnosed GBMwho underwent resection were prospec-
tively included within a database. We analyzed patients with newly diagnosed GBM and
excluded patients who presented with IDH1 R132H mutations. Gross total resection (GTR)
was defined as complete removal of enhancing disease.
RESULTS: One hundred seventy-five patients were included within the analysis. One
hundred four patients (59.4%) had GTR, 71 patients (40.6%) had subtotal or partial
resection. Eighty patients (45.7%) displayed O6-methylguanine-DNA methyltransferase
(MGMT) promoter methylation, 95 patients (54.3%) showed no MGMT promoter methy-
lation. In Cox regression analysis,MGMT promoter methylation (hazard ratio [HR] 1.55; 95%
confidence interval [CI], 1.01-2.19; P = .0133) and GTR (HR 1.48; 95% CI, 1.06-2.07; P = .0206)
were significantly associated with favorable progression-free survival. MGMT promoter
methylation (HR 2.13; 95% CI, 1.45-3.12; P = .0001) and GTR (HR 1.81; 95% CI, 1.24-2.63; P =
.002) were associated with favorable overall survival (OS). Of other risk factors analyzed,
age (>60 vs ≤ 60 yr) was significantly associated with progression-free survival (HR 1.60;
95% CI, 1.14-2.24; P = .006) and OS (HR 2.19; 95% CI, 1.51-3.19; P < .0001).
CONCLUSION: GTR and MGMT promoter methylation are independent prognosticators
for improved overall and progression-free survival in a homogeneous cohort of newly
diagnosed patients with IDH wild-type glioblastoma.

KEY WORDS: Primary glioblastoma, Extent of resection, MGMT promoter methylation, IDH1 mutation, Concor-
dance probability estimate
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G lioblastoma (GBM) is the most
common and malignant brain tumor
in adults.1 Following surgery, standard

adjuvant treatment includes combined radio-

ABBREVIATIONS: CPE, concordance probability estimate; EOR, extent of resection; GBM, glioblastomas; GTR,
gross total resection; HR, hazard ratio; IDH, isocitrate dehydrogenase; KPS, Karnofsky Performance Score;
MGMT,O6-methylguanine-DNAmethyltransferase;MRI,magnetic resonance imaging;MSP,methylation-specific
polymerase;OS, overall survival; PFS, progression-free survival; SE, standard error; TMZ, temozolomide.
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and chemotherapy.2 On a molecular level,
patients who present with tumors that are
hyper-methylated within the promoter region
of the gene encoding O6-methylguanine-DNA
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methyltransferase (MGMT) display an improved prognosis as
compared to those patients whose tumors lack such MGMT
promoter methylation.3
Beyond MGMT promoter methylation status an increased

extent of resection (EOR) has been reported to be favorable
for patients suffering from GBM, with gross total resection
(GTR) having been put forward as the best surgical outcome.4-7
However, some studies have demonstrated only a moderate
favorable prognostic effect with regard to GTR in the era of
combined radio- and chemotherapy.2,8 Unfortunately, none of
the aforementioned studies claiming a beneficial effect of GTR,
with the exception of the report from Kreth et al,8 have included
data on the MGMT promoter methylation status of the patients
examined.
Isocitrate dehydrogenase (IDH)1 mutation analysis allows one

to differentiate between primary and secondary GBM, thereby
creating homogenous and pathologically distinct subgroups.9
Critically, none of the previous studies dealing with the EOR
have considered IDH1 mutational status in their patient popula-
tions and have therefore compared biologically10 and clinically11
distinct tumor patient populations.
In contrast to previous studies, this monocentric observational

study was designed to identify prognostic factors in primary
GBM patients with regard to EOR and MGMT promoter
methylation status. Therefore, we chose to exclude those
patients in whom immunohistochemistry indicated secondary
glioblastoma because of positive immunohistochemical staining
with a mutation-specific IDH1 antibody.

METHODS

Patients
All patients with histologically confirmed newly diagnosed GBM

undergoing surgery at the corresponding author’s institution between
2007 and 2012 were prospectively included in an SPSS-database (version
20, SPSS, IBM Inc, Armonk, New York). The database was closed
for analysis in December 2014. The University ethics committee
gave approval to this study (SNO_09-13). All patients gave informed
consent.

Beside baseline demographics and neurological assessment, the
patients’ status at admission was documented using Karnofsky Perfor-
mance Score (KPS). Moreover, detailed information on patient- and
GBM-specific characteristics, including MGMT promoter methylation
status, expression of mutated IDH1-R132H protein, as well as patient
gender and age, were recorded. EOR was determined by a radiol-
ogist blinded to intraoperative and histopathological findings in early
(<72 h, 3T) postoperative magnetic resonance imaging (MRI).12 GTR
was defined as complete removal of enhancing tissue (ie, lack of
residual enhancing tumor tissue). In patients where GTR was not
achieved, the EOR was calculated volumetrically via Brainlab software
(Brainlab, Feldkirchen, Germany). Treatment decisions, including deter-
mination for surgery were rendered by the local interdisciplinary
tumor board. Tumor progression was assessed according to the RANO
criteria.13

MGMT Promoter Methylation Analysis
MGMT promoter methylation status was assessed by methylation-

specific polymerase (MSP) chain reaction. Briefly, tumor specimens
were histologically examined and subsequently those areas displaying the
highest amount of vital tumor tissue (goal: >70% vital) were selected
for MPS chain reaction. In specimens showing larger areas of necrosis
or normal brain tissue, we performed macrodissection of the tumor
to specifically select regions with the highest content of tumor tissue.
One slide of 10μm thickness was cut from each paraffin block. Slides
were deparaffinized using xylene and 2 × 96% alcohol. Cell lysis was
performed using EpiTect Lyse All Lysis Kit (Quiagen, Hilden, Germany).
Lysed cell solution was treated with sodium bisulfite, and then bisulfite-
treated DNA was purified using the Epitect Fast DNA Bisulfite Kit
(Quiagen). PCR runs were performed as previously described.14

Immunohistochemistry for IDH1-R132H
The tumor sections (3μm) were immunohistochemically stained

using the following antibody: mouse IgG2a antihuman IDH1-R132H
dilution 1:50 (clone H09; Dianova, Hamburg, Germany). Tissue
labeling was performed with the DiscoveryXT immunohistochemistry
system (Ventana, Strasbourg, France) as previously published.15 Patients
with proven IDH1 mutation were excluded from analysis.

Statistical Analysis
Overall survival (OS) was defined as the time from surgery for GBM

to the date of death; progression-free survival (PFS) was defined as the
time from surgery for glioblastoma to the date of clinical or radiological
progression. For both OS and PFS, subjects were censored at the time
of their last clinical follow-up appointment. The association analysis was
performed for the following 6 risk factor variables: age (≤60 vs>60), sex,
KPS (≤70 and>70), GTR (incomplete vs complete),MGMT promoter
status (unmethylated vs methylated), and adjuvant therapy (Stupp vs
other). Other adjuvant therapy consisted mainly of experimental designs.
OS was a primary outcome parameter. PFS was considered a secondary
outcome parameter; P-values with P < 0.05 were considered statistically
significant. The following statistical analyses were performed using SAS
version 9.4 (SAS Institute, Cary, North Carolina).

For each of the 6 risk factor variables, the Kaplan–Meier product-limit
method was used to create survival curves and to estimatemedian survival
time and 95% confidence intervals. The log-rank-test was applied to
evaluate the difference in survival curves. For the 4 combinations of the 2
factors,MGMT and GTR, the P-values of log-rank test for the 6 pairwise
multiple comparisons were adjusted using Tukey’s method.

Stepwise Cox proportional regression with entry and stay significance
level of 0.1 was performed for model selection. Graphical and statistical
tests (with ASSESS statement16) were applied to examine the proportion-
ality assumption for the 6 risk variables. For the variable with a violation
of the proportionality assumption, a stratification technique was applied.
Interactions between the risk variables were also examined. HR and 95%
confidence intervals were estimated using the selected model. Concor-
dance probability estimate (CPE) based on the Cox proportional hazards
model was calculated to evaluate the global discrimination power and the
predictive accuracy.17

RESULTS

All patients with newly diagnosed GBM were primarily
considered for analysis. In total, 208 patients with newly
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TABLE 1. Patient Characteristics

Categorical variable Categories n (%)

Sex
male 71 (40.6)
female 104 (59.4)

Age
≤60 yr 85(48.6)
>60 yr 90(51.4)

KPS
100 13 (7.4)
90 32 (18.3)
80 51 (29.1)
70 45 (25.7)
other 34 (19.4)
KPS > 70 96(55.8)
KPS ≤ 70 76(44.2)

MGMT promoter methylation status
Methylated 80 (45.7)
Unmethylated 95 (54.3)

Extent of resection
GTR (=100%) 104 (59.4)
STR 71 (40.6)

≥95% 49
≥90% 58
≥80% 66
≥75% 69
<75% 2

Adjuvant therapy
Stupp 94(53.7)
Other 81(46.3)

Continuous variable Median (range)

Age (year) 61 (23-84)
Preoperative tumor volume (cc) 32.1 (1.9-101.9)
Postoperative tumor volume (cc) 0 (0-30.7)
Progression-free survival (day) 266 (8-2225)
Overall survival (day) 466 (8-2225)

diagnosed GBM were treated at our institution. In this study,
we excluded 3 patients in whom MRI was contraindicated due
to medical reasons, as EOR assessment was not achievable.
Seventeen patients were excluded due to inconclusive MGMT
promoter methylation status. Of the remaining, 13 patients were
excluded because of IDH1 mutation, indicating secondary GBM
thus leaving 175 patients for final analysis (Figure, Supplemental
Digital Content 1).

Of these patients, 104 (59.4%) were of male and 71 (40.6%) of
female sex. Ninety-six patients (55.8%) displayed a preoperative
KPS > 70. GTR was achieved in 104 patients (59.4%) with the
remainder having incomplete resections. A detailed overview of
EOR may be found in Table 1. MGMT promoter methylation
was found in 80 patients (45.7%) and nonmethylation in 95
patients (54.3%). For the entire group, median PFS was 275 d
(95% CI, 256-326 d), and median OS was 541 days (95% CI,
472-616 d).

In total, 94 patients received standard radiochemotherapy
including temozolomide (TMZ). No associations between
postoperative adjuvant therapy were observed with both MGMT
status (P = .216) and EOR (P = .1455). Further correlation
analysis demonstrated that there is no association between EOR
(binary) and MGMT status (P = 1.0). The Wilcoxon test also
showed there is no association between EOR (continuous) and
MGMT status (P = .4074).
Based on the Kaplan–Meier method (log-rank test), in

our patient population, GTR was significantly associated with
enhanced PFS (median complete 326 d; 95% CI, 262-396 d vs
incomplete 265 d; 95% CI, 193-281 d; P = 0 .0244) and OS
(median complete 604 d; 95% CI,510-748 d vs incomplete 459
d; 95% CI, 376-519 d; P = .0108; Table 2).

Likewise, MGMT promoter methylation was significantly
associated with better PFS (median methylated 314 d; 95% CI,
232-434 d vs unmethylated 268 d; 95% CI, 248-326 d; P =
.0376) and OS (median methylated 786 d; 95% CI, 486-993 d
vs unmethylated 474 d; 95%CI, 395-542 d; P= .0004; Table 2).

Patients were then stratified according to GTR and MGMT
promoter methylation status resulting in 4 different groups
(group 1: GTR, MGMT promoter methylated; group 2:
GTR, MGMT promoter unmethylated; group 3: Incomplete
resection, MGMT promoter methylated; group 4: Incom-
plete resection,MGMT promoter unmethylated). Kaplan–Meier
analysis revealed significant differences between the 4 groups
(Table 3) regarding PFS (group 1median 399 days; 95%CI, 271-
527 d; group 2 median 275 days; 95% CI, 207-343 d; group 3
median 256 d; 95% CI, 182-330 d; group 4265 d; 95% CI, 173-
357; P < 0 .001; Figure A) and OS (group 1 median 842 d; 95%
CI, 533-1151 d; group 2 median 541 d; 95% CI, 483-599 d;
group 3 median 519 d; 95% CI, 304-734 d; group 4 median 392
d; 95% CI, 359-425; P < .001; Figure B).

Step-wise Cox regression analysis identified age>60 yr (hazard
ratio (HR) 1.60; 95% CI, 1.14-2.24; P = .006), incomplete
resection (HR 1.48; 95% CI, 1.06-2.07; P = .0206), and
nonmethylation of the MGMT promoter (HR 1.55; 95% CI,
1.10-2.19; P = .0133) as being associated with shorter PFS
(Table 4).

Step-wise Cox regression analysis identified age >60 yr (HR
2.19; 95% CI, 1.51-3.19; P < .0001), incomplete resection (HR
1.78; 95% CI, 1.23-2.57; P = .0023), and MGMT promoter-
nonmethylation (HR 2.13; 95% CI, 1.47-3.11; P < .0001) as
being associated with shorter OS (Table 4).

We further examined the potential impact of postoperative
residual tumor volume and hence performed additional statis-
tical analyses. Thus, we employed a statistical model focusing
on EOR as a continuous variable: since both continuous EOR
and residual tumor volume were very skewed, inverse transfor-
mation was applied. A Cox-regression analysis was performed
using the following 3 models: Model 1 for binary EOR, model
2 for continuous EOR, and model 3 for residual tumor volume.
Continuous EOR and residual tumor volume were strongly corre-
lated (Pearson r = −0.976, and Pearson r = −0.961) based on
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TABLE 2. Univariable Analysis (Log-Rank Test) of Factors AssociatedWith PFS or OS

PFS (days) OS (days)

Factors N (%) Median 95% CI P-value∗ Median 95% CI P-value∗

Age (years) .0037 .0002
Age ≤60 85 (48.6) 341 264 467 688 541 837
Age >60 90 (51.4) 265 229 294 464 361 527

Sex .9215 .1606
Female 71 (40.6) 314 256 388 485 386 543
Male 104 (59.4) 266 232 323 573 527 748

KPS .2598 .8456
KPS >70 96 (55.8) 294 268 361 559 510 686
KPS ≤70 76 (44.2) 250 209 361 472 370 645

Extent of resection .0244 .0108
Complete 104 (59.4) 326 262 396 604 510 748
Incomplete 71 (40.6) 265 193 281 459 376 519

MGMT promoter .0376 .0004
Methylated 80 (45.7) 314 232 434 786 486 993
Unmethylated 95 (54.3) 268 248 326 474 395 542

Adjuvant therapy .193 .1342
Stupp 94 (53.7) 294 256 386 544 474 724
Other 81 (46.3) 266 198 323 488 386 641

∗Log-rank test.

TABLE 3. Multivariate Analysis of Parameters AssociatedWith PFS or OS

Strata Median Test of equality over strata Multiple comparisona

EOR MGMT code Estimate 95% CI Chi-Sq DF P-value P-value

PFS
Complete Unmethylated 1 275 248 386 10.6544 3 .0137
Complete Methylated 2 399 232 657 2 vs 3 .0073
Incomplete Unmethylated 3 266 167 281
Incomplete Methylated 4 256 161 323

OS
Complete Unmethylated 1 541 470 604 21.291 3 <.0001 1 vs 2 .0109
Complete Methylated 2 842 543
Incomplete Unmethylated 3 392 353 474 2 vs 3 <.0001
Incomplete Methylated 4 519 360 837 2 vs 4 .0324

aTukey method was used for adjusting multiple comparisons.

transformed data. Tables, Supplemental Digital Content 2 and
3 indicate that the 3 variables (binary EOR, continuous EOR,
and residual tumor volume) had similar effect on the 2 outcomes
as P-values remain significant for bothMGMT promoter methy-
lation and EOR in all 3 models (binary EOR/continuous
EOR/postoperative volume).
CPEs based on Cox regression model indicated that GTR

and MGMT had similar predictive accuracy: for PFS, with age
and KPS as covariates, CPEs (standard error [SE]) were 0.589
(0.023) and 0.590 (0.023) for MGMT and GTR respectively;
for OS, with age and sex as covariates, CPE (SE) were 0.640

(0.023) and 0.632 (0.024). Including both biomarkers in the
model slightly improves predictive accuracy: CPEs were 0.604
(0.022) and 0.659 (0.022) for PFS and OS, respectively (Table,
Supplemental Digital Content 4).

DISCUSSION

With this study we aimed to determine the impact of EOR and
MGMT promoter methylation status in newly diagnosed primary
GBM patients. Here, we studied patient data derived from a
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FIGURE. Kaplan–Meier curves for survival.A, Kaplan–Meier curves illustrating progression-free survival
stratified between MGMT promoter methylation status and EOR. B, Kaplan–Meier curves illustrating
overall survival stratified between MGMT promoter methylation status and EOR. EOR = Extent of
resection; MGMT = O6-methylguanine-DNA methyltransferase.

prospective database including all patients undergoing resection
of GBM between 2007 and 2012.
The literature initially identified patient age and clinical

condition as significant parameters with regard to patient
prognosis in GBM patients.18 With the establishment of radio-
therapy and concomitant TMZ followed by intermittent TMZ
in clinical practice2 (hereafter referred to as Stupp-scheme) several

studies have gone on to identify MGMT promoter methylation
status as one of the most important predictive and prognostic
factors for outcomes in GBM patients.19-22

With regard to EOR, studies have emerged to suggest that
achieving GTR is in fact linked to better outcomes in GBM
patients.6,12,23,24 As a result of such findings, techniques with
the aim of increasing the EOR via a minimization of residual
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TABLE 4. Cox Regression Analysis of Overall Survival and Progression-Free Survival

PFS OS∗

Variables HR 95% CI P-value HR 95% CI P-value

Age (>60 vs ≤60) 1.61 1.15-2.26 .0052 2.12 1.46-3.1 .0028
Sex (male vs female) –
KPS(≤70 vs >70) 1.43 1.01-2.01 .0442 –
EOR (incomplete vs complete) 1.57 1.12-2.21 .0092 1.75 1.21-2.53 <.0001
MGMT promoter (methylated vs non-methylated) 1.53 1.08-2.16 .0165 2.22 1.52-3.25 <.0001
Adjuvant therapy 1.37 0.97-1.92 .0715 –

–the variable was not selected in the stepwise Cox regression (using P = .1 as entry and stay).
∗stratified (by sex) Cox-regression model was used since proportional hazard (PH) assumption for sex was violated.

tumor have evolved. Of note, a large retrospective analysis
has indicated favorable outcome if an EOR of ≥78% can be
achieved.7 Therefore, the notion of “the more, the better” has
gained increasing interest within the neurosurgical community.
Likewise, several reports have indicated that extensive surgical

resection carries survival benefits for patients with low-grade
gliomas.25-27 However, more recent studies only observed a
moderate favorable prognostic effect of GTR for glioblastoma
in the era of radiotherapy plus chemotherapy.8 Moreover, no
significant benefits were observed, when comparing incomplete
resection with biopsy alone.8
Critically, the aforementioned studies did not incorporate

MGMT promoter methylation status, and they did not differ-
entiate between primary and secondary GBM; this differenti-
ation might be facilitated by examining IDH1 mutational status
that was first reported in 200828 and also can be performed
by immunohistochemistry at least for mutational hot-spot
IDH1-R132H.29 Recent literature spotlights IDH1 mutation to
discriminate between primary and secondary GBM.9,30 There is
a clear difference between the duration of clinical history when
comparing primary and secondary GBM similar to the IDH1
mutation status.31 Moreover, clinical outcome is reported to be
significantly better in patients with secondary GBM with IDH1
mutation. Such differentiation is of importance, as patients with
an IDH1 mutation indicative of secondary GBM have been
shown to a clinical course distinct from those patients with
primary GBM.11,32 In previous studies addressing EOR and
MGMT promoter methylation status, this difference was not
taken into consideration, therefore possibly introducing bias.
In line with the literature, we considered IDH1 mutation

as an indicator of secondary GBM and excluded patients
with immunohistochemical staining for IDH1-R132H from our
analysis, thereby creating a homogenous patient population. As
a caveat, we may still have included a small number of patients
with IDH2mutations, or mutations of the IDH1 gene other than
R132H (resulting from an IDH1 p.R132H mutation); however,
IDH1-R132H mutations account for the vast majority of IDH
mutations.29

In line with previously published data,8,23,24,33 our results
confirm thatGTR is able to prolong PFS andOS, when compared
to incomplete resection. Further analysis of parameters associated
with prolonged PFS and OS confirmed GTR as an independent
parameter.
Analysis of MGMT methylation status demonstrated that

patients with a methylated MGMT promoter displayed signif-
icantly longer PFS and OS. Analysis of independent variables
associated with prolonged PFS or OS clearly highlightedMGMT
promotermethylation status as a prognostic factor, which is in line
with published data that did not discriminate between primary or
secondary GBM patients.8
Other work assessing the effects of EOR andMGMT promoter

methylation status on PFS and OS draw the conclusion that
tumor biology far outweighs the prognostic impact of tumor
resection.8 Although our data corroborate EOR and MGMT
promotor methylation status as prognostic parameters, our
analysis suggests that patient groups 2 (complete resection,
MGMT promoter unmethylated) and 3 (incomplete resection,
MGMT promoter methylated) have similar outcomes with regard
to PFS and OS as reflected by a lack of significant difference
between these groups. Furthermore, c-index-calculation does not
support this conclusion: although minor, CPE of EOR is higher
than that of MGMT promotor methylation status, indicating a
better prediction of EOR based on the Cox regression analysis.
Such observations may be due to the selection of a different
patient populations (ie, including patients undergoing stereo-
tactic biopsy and no respective surgery) as done by Kreth et al.8
Another explanation might be the exclusion of secondary GBM
patients as done in our analysis.
Further assessment of pre- and postoperative tumor volume

has recently resulted in a threshold of ≥78% for a linear
increase of EOR and OS in a patient population not discrimi-
nating between MGMT promoter methylation status and IDH1
mutation.7 In another publication with demonstrated balance
of MGMT promoter methylation status between GTR and
non-GTR patients, no such threshold was observable.34 In our
study, now taking into consideration both established molecular
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markers, thresholds at a very high EOR (≥99.5% EOR for
PFS and ≥99.8% for OS) were necessary in order for surgery
to elucidate a survival benefit. These data are contradictory to
those previously published by Sanai et al.7 and it appears to be
suggestive that a misdistribution of primary/secondary orMGMT
promoter methylated/unmethylated patients might have been the
underlying cause.Whether or not the threshold at this high rate of
EOR is true or due to imprecise volumetric assessment,35 remains
speculative. In line with our findings, Kreth et al8 found survival
benefit only for patients undergoing GTR, but not subtotal
resection. These data are further substantiated by the findings
of Grabkowski et al. who identified a fairly high threshold for
a beneficial EOR (98%) to display a survival benefit. While
Grabkowski et al.34 identified a potential superiority of postop-
erative tumor volume over EOR as a predictor of survival in
glioblastoma patients, we have not found such superiority but
a high correlation of EOR and residual tumor volume (Pearson
r = −0.976). While we acknowledge, that postoperative tumor
volume might more meaningfully reflect the pathobiology of
glioblastoma, our data do not support such an assumption as per
the lack of a statistical difference.

Limitations
The nature of this retrospective study most certainly intro-

duces a selection bias as not all patients admitted with
newly diagnosed primary GBM underwent craniotomy and
tumor removal. More specifically, patients with midline tumors/
patients harboring a H3.3K27M mutation may have undergone
only a diagnostic biopsy followed by a combinatory radio-/
chemotherapy. However, the latter are now a distinct tumor
entity as per the 2016 updated WHO classification and do not
truly represent primary GBM. Likewise, GBM with IDH gene
mutation are distinct from IDH-wild-type tumors. Although no
statistical significance was noted, not all patients included for
analysis underwent the same postoperative adjuvant treatment
therefore introducing a possible bias; however, there was no statis-
tically significant difference regarding outcome between patients
receiving standard or experimental adjuvant therapy. As only
patients treated in 1 surgical center were included in this analysis
a sample bias cannot be excluded. Moreover, we only tested
for mutated IDH1-R132H protein in patients with an IDH1
p.R132H mutation. Although being the most prominent IDH1
mutation, a minority of patients might have displayed other
mutations of IDH1 or IDH2 36 and therefore remain undetected
in regard to their mutation status.

CONCLUSION

Herein we utilized the neuro-oncologic markers as per the 2016
WHO update on the classification of CNS tumors37 (identifying
patients with an IDH1 p.R132H mutation) and in so doing
compared the influence of a major biological marker (MGMT
promoter methylation status) and a surgically achievable factor

(EOR) in primary GBM while controlling for IDH1 mutational
status.
In this population of newly diagnosed primary GBM patients,

EOR and MGMT promoter methylation status are associated
with PFS and OS. Surgical resection remains beneficial after
excluding the likely confounding effect(s) of IDH1 mutations,
thus underlining the importance of GTR, if achievable. Between
both EOR and MGMT methylation status c-Index analysis
demonstrated no significant difference, with EOR displaying a
higher CPE value, indicating a better prediction based on Cox
regression models.
By taking the molecular markers IDH1 mutation and MGMT

promoter methylation into consideration, our data also demon-
strate favorable outcome for incompletely resected GBM patients
in regard to PFS (≥99.5% EOR) and to OS (≥98.8% EOR).
The results reported within our analysis substantiate recent

efforts to increase EOR in GBM patients. Our data may therefore
influence caregivers in the decision-making process in which
achievable EOR needs to be balanced against potential harm by
surgical procedures.

Disclosure
The authors have no personal, financial, or institutional interest in any of the

drugs, materials, or devices described in this article.
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