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Abstract Background The concept of combinational analysis between the methylation of
0b-methylguanine-DNA methyltransferase (MGMT) and telomerase reverse transcriptase
promoter (pTERT) mutation in glioblastoma (GBM) has been reported. The main study
objective was to determine the prognosis of patients with GBM based on MGMT/pTERT
classification, while the secondary objective was to estimate the temozolomide effect
on the survival time of GBM with MGMT/pTERT classification.

Methods A total of 50 GBM specimens were collected after tumor resection and were
selected for investigating MGMT methylation and pTERT mutation. Clinical imaging and
pathological characteristics were retrospectively analyzed. Patients with MGMT/pTERT
classification were analyzed using survival analysis to develop the nomogram for
forecasting and individual prognosis.

Results All patients underwent resection (total resection: 28%, partial resection: 64%,
biopsy: 8%). Thirty-two percent of all cases received adjuvant temozolomide with
radiotherapy. Sixty-four percent of the case was found methylated MGMT, and 56% of

Keywords the present cohort found pTERT mutation. Following combinational analysis of biomarkers,
= telomerase reverse results showed that the GBMs with methylated MGMT and wild-type pTERT had a superior
transcriptase prognosis compared with other subtypes. Using Cox regression analysis with multivariable
= 0°methylguanine- analysis, the extent of resection, postoperative chemoradiotherapy, MGMT/pTERT classifi-
DNA cation were associated with a favorable prognosis. Hence, a web-based nomogram was
methyltransferase developed for deploying individual prognostication.
= primary glioblastoma Conclusions The interaction of MGMT methylation and pTERT mutation was con-
= survival firmed for predicting prognosis. The results from the present study could help
> prognosis physicians create treatment strategies for GBM patients in real-world situations.
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Introduction

Various biomarkers have been used as prognostic factors in
malignant brain tumors, including glioblastoma (GBM). GBM
is categorized into two groups by isocitrate dehydrogenase
(IDH) mutation." In prior studies, the IDH-wild-type tumor
had an inferior prognosis than the IDH-mutant tumor. In
addition, IDH mutation also is one of the key biomarkers that
explain the pathogenesis of gliomas."*?

IDH-mutant GBMs have been found in just 8 to 10% of
cases. Therefore, previous studies have identified various
biomarkers that were prognostic factors in the majority of
GBM:s. For example, the mutation of the telomerase reverse
transcriptase promoter (pTERT) has been reported as a
prognostic factor in numerous cancers.’-> Simon et al con-
ducted an exploratory study in 192 patients with GBM and
reported that GBM patients with pTERT mutations were
found in 80.3% and significantly related to poor prognosis,*
while Kim et al found pTERT mutation in 59.2% (25/42) of all
GBM cases.”

In addition, methylation of 0%-methylguanine-DNA meth-
yltransferase (MGMT) has been studied. The epigenetic meth-
ylation predicted the responsiveness of alkylating agents.
Esteller et al found that glioma with methylation of MGMT
interfered with MGMT protein-encoding. Therefore, chemo-
therapy significantly affected the tumor cells. Gliomas with
methylated MGMT (mMGMT) are called chemosensitivity
tumors, while chemo-resistant tumors are gliomas with
unmethylated MGMT (uMGMT), which create 0°-methylgua-
nine-DNA methyltransferase to change the structure of the
alkylating agents and resist the chemotherapy.® Hegi et al
studied the association between mMGMT and prognosis in
patients with GBM. They advised that mMGMT was a signifi-
cantly favorable predictor. Moreover, patients with mMGMT
who received temozolomide (TMZ) with radiotherapy (RT)
had a significantly longer median survival time than patients
who received RT alone.” Recently, the National Comprehen-
sive Cancer Network has proposed the clinical practice
guideline for central nervous system tumor (CNS) treatment.
Methylation of MGMT was considered for selecting the
postoperative management in GBM.2

The concept of a combined analysis of biomarkers for
predicting prognosis in GBM patients has been proposed in
literature reviews. Arita et al studied 453 GBM cases and
found the interaction between the methylation of MGMT and
pTERT mutation related to prognosis. In detail, GBMs were
categorized into four subgroups as follows: methylated
MGMT with wild-type TERT (mMGMT-wTERT), methylated
MGMT with mutant TERT (mMGMT-wTERT), uMGMT with
mutant TERT (uMGMT-wTERT), uMGMT with wild-type
TERT (uMGMT-mTERT), called MGMT/pTERT classification.
Hence, uMGMT-mTERT GBMs had the poorest prognosis,
while mMGMT-wTERT and mMGMT-mTERT GBMs had the
most favorable prognosis. Additionally, uMGMT-wTERT
GBMs had an average prognosis.9 Therefore, several prior
studies found similar interactions between MGMT promoter
methylation and TERT mutation.'®'2 However, a lack of
evidence was mentioned concerning the effect of TMZ on
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survival in MGMT/pTERT classification. The present study
aimed to estimate the prognosis of patients with GBM based
on MGMT/pTERT classification. Also, the secondary objective
was to estimate the TMZ effect on the survival time of GBM
with MGMT/pTERT classification.

Methods

Study Design and Population

The Ethics Committee and Institutional Review Board of the
Faculty of Medicine, Prince of Songkla University, reviewed
and approved the present study (REC 61-065-10-1). All
cases were diagnosed as GBMs between 2003 and 2018,
and histological slides were reviewed to confirm the diagno-
sis. Electronic medical records were reviewed for clinical
data collection. Moreover, preoperative and postoperative
imaging of GBM patients was evaluated by a neurosurgeon.

DNA Extraction and Molecular Analysis
DNA was extracted according to the manufacturer’s instruc-
tions. Mutation of IDH1 and methylation of MGMT were
investigated, as formerly described.’® In detail, the methyl-
ated MGMTwas defined as 30% or more methylation.' pTERT
mutations were identified by droplet digital polymerase
chain reaction with C228T_113 Assay (Bio-Rad; Assay ID;
dHsaEXD72405942) based on the study of Corless et al.'?
One-hundred and seventy-three patients were treated
between January 2003 and December 2018. Therefore, the
GBM patients who did not have tumor specimens for the
molecular study were excluded. Finally, the remaining 50
patients were completely analyzed for IDH1 mutation, MGMT
methylation, and pTERT mutation.

Statistical Analysis

Descriptive statistics were performed to explain the demo-
graphic data of the present cohort. The categorical variables
were reported as percentages, and mean =+ standard devia-
tion (SD) was used for the continuous variables with normal
distribution. Moreover, continuous variables without nor-
mal distribution were described by the median and inter-
quartile range (IQR).

Survival analysis was performed for estimating prognosis.
The overall survival (0S) and survival probability in each
time-point were analyzed. The Kaplan-Meier survival curves
were visually analyzed for survival time of each variable. The
Cox hazard regression was used for identifying the prognos-
tic factors in univariate analysis and multivariable analysis.
In detail, the backward stepwise method was performed to
select the final predictive model. A p < 0.05 was accepted as
being statistically significant. Hence, the final model follow-
ing multivariable analysis was used for nomogram develop-
ment, as previously described,'®!” and the nomogram was
deployed as a web-based application for general practice in
the future.

After nomogram development, the nomogram scoring
system was used to estimate the predictive performance,
including discrimination, calibration, and internal valida-
tion."® In detail, Harrell’s concordance index (C-index) was
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estimated for discrimination by Cox hazard regression, and
calibration was visually evaluated by closing a 45-degree
line. Additionally, internal validation was conducted by the
bootstrap validation with 200-time resampling, and
the result of the validation was reported as the area under
the ROC curves (AUC)."®

The statistical analysis was performed using the R pro-
gram version 3.4.0 software (R Foundation, Vienna, Austria).
Moreover, a web-based nomogram was developed through
https://www.shinyapps.io/.

Results

Clinical Characteristics
Fifty patients with GBM were described with baseline clini-
cal characteristics (=Table 1). Of them, 58% were male with a
median age of 54 years old (IQR: 23). The common signs and
symptoms of patients were progressive headache, hemipa-
resis, and seizure. In addition, the majority of GBM were
single and involved the frontal lobe. In addition, more than
half of the tumors infiltrated the eloquent area defined
according to Lacroix et al.?°

All patients underwent surgical management. Total tumor
resection was performed in 28% of the present cohort. One-
third of the cohort refused any further treatment following
surgery. TMZ is used postoperatively in 32% of cases in real-

Table 1 Baseline characteristic of patients with glioblastoma

(n=50)
Factors n (%)
Age, years
< 60 30 (60.0)
> 60 20 (40.0)
Median age-year (IQR) 54 (23)
Gender
Male 29 (58.0
Female 21 (42.0
Signs and symptoms
Progressive headache 26 (52.0)
Motor weakness 20 (40.0)
Seizure 14 (28.0)
Alteration of consciousness 9 (18.0)
Behavior changes 6 (12.0)
Aphasia 3 (6.0)
Ataxia 1(2.0)
Preoperative Karnofsky performance status
<80 22 (44.0
>80 28 (56.0
Number of tumor
Single 48 (96.0)
Multiple 2 (4.0)
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Table 1 (Continued)

Factors n (%)
Tumor location

Eloquent area® 27 (54.0)

Frontal lobe 19 (38.0)

Temporal lobe 12 (24.0)

Corpus callosum 8 (16.0)

Parietal lobe

Occipital lobe 4 (

Basal ganglion

Suprasellar area
Leptomeningeal dissemination

No 43 (86.0)

Brain 5(10.0)

Brain with spinal cord 2 (4.0)
Mean diameter of tumor-cm (SD) 5.20 (1.72)
Extent of resection

Neuronavigator-guided biopsy 4 (8.0)

Partial resection 32 (64.0)

Total resection 14 (28.0)
Postoperative KPS

<80 31 (62.0)

>80 19 (38.0
Adjuvant treatment

No adjuvant treatment 17 (34.0)

Radiotherapy alone 17 (34.0)

Temozolomide with radiotherapy 16 (32.0)
IDHT mutation

Wild-type IDHT 46 (92.0)

Mutant IDH1 4 (8.0)
MGMT methylation

Unmethylated MGMT 18 (36.0)

Methylated MGMT 32 (64.0
TERT promoter mutation

Wild-type TERT 22 (44.0)

Mutant TERT 28 (56
Combined biomarkers

Methylated MGMT with wild-type TERT 18 (36.0)

Methylated MGMT with mutant TERT 14 (28.0)

Unmethylated MGMT with wild-type TERT 14 (28.0)

Unmethylated MGMT with mutant TERT 4 (8.0)

Abbreviations: GBM, glioblastoma; IDH1, isocitrate dehydrogenase1; IQR,
interquartile range; KPS, Karnofsky Performance Status; MGMT, O%-meth-

ylguanine-DNA methyltransferase; RT, radiotherapy; SD, standard devia-

tion; TERT, telomerase reverse transcriptase; TMZ, temozolomide.
*Eloquent area defined tumor involved motor cortex, sensory cortex,
visual center, speech center, basal ganglion, hypothalamus, thalamus,
brainstem, dentate nucleus.
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world situations, primarily because patients cannot afford
the cost of TMZ.

In biomarker profiles, the status of IDH1 was almost all
IDH-wild-type GBMs, whereas mMGMT was found in 64% of
cases. In addition, pTERT methylation was frequently found
in 56% of cases. When GBM was categorized based on the
status of MGMT methylation and pTERT mutation, tumors
were divided into four subgroups as follows: mMGMT-
WTERT, mMGMT-mTERT, uMGMT-wTERT, and uMGMT-mTERT
GBMs. The most common subgroup was mMGMT-wTERT
GBM, found in 36.0% of cases.

Survival Analysis

The mean follow-up time was 13.17(SD: 9.6) months, and the
median OS of the present study was 11 months (95% confi-
dence interval [CI]: 9.15-12.84), as shown in ~Fig. 1A. Ad-
ditionally, 1, 2, and 3-year survival probabilities were 30.8,
12.6, and 0.42%, respectively. When the Kaplan-Meier sur-
vival analysis was performed on each variable, the total
tumor resection, adjuvant therapy with TMZ and RT,
mMGMT-wTERT tumor significantly prolonged survival
time, as shown in =Fig. 1B-F.

According to the combined MGMT/TERT classification,
mMGMT-wTERT GBMs had a favorable prognosis with a
median OS of 18 months (95% CI: 10.3-25.6), while
uMGMT-mTERT GBMs had the shortest survival time of
1 month, as shown in =Fig. 2. Moreover, the median OS
of mMGMT-mTERT and uMGMT-mTERT were 9 (95% Cl:
7.1-10.8) and 9 months (95% CI: 6.7-11.2), respectively.

We also analyzed the survival impact of TMZ with RT
based on the combined MGMT/TERT classification, as shown

= IEIHE =y

DM =tutnet
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in =Table 2. TMZ with RT significantly benefited mMGMT-
WTERT GBMs with a median OS of 25 months, whereas other
subgroups had a median OS of 12 to 14 months (log-rank test,
p=0.03). For subgroup analysis of patients who received
TMZ with RT, patients with mMGMT seemed to have survival
benefit from concurrent chemoradiotherapy.

For prognostication, Cox hazard regression was per-
formed. The extent of resection, TMZ with RT, and
MGMT/TERT classification were the potential prognostic
models for both univariate and multivariable analysis, as
shown in =Table 3.

Patients who underwent an operation with total tumor
removal had a significantly better prognosis than nontotal
tumor removal (hazard ratio [HR]: 0.44, 95% CI: 0.20-0.98).
For adjuvant therapy, TMZ treatment had the benefit of
prolonging survival time (HR: 0.12, 95% CI: 0.04-0.35).
Against a reference of mMGMT-wTERT GBMs, other sub-
groups had a significantly inferior prognosis than the refer-
ence. For implication in general practice, we developed the
nomogram, a two-dimensional graphic scoring system for
individual 1, 2, and 3-year prognostication, as shown
in =Fig. 3. Moreover, the web-based nomogram was
deployed for ease to predict an individual in general practice
via https://thara.shinyapps.io/Nomogram_GBM_PSU/; the
code for the prediction tools was linked through https://
github.com/Thara-PSU/Nomogram_GBM_PSU.

For evaluation of the predictive nomogram, Harrell’s
C-index was 0.791 for the model discrimination and the
calibration plot was constructed, as shown in =Fig. 4. More-
over, bootstrap validation was performed for the internal
validation, wherein the AUC was 0.79.
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Fig. 1 Survival curves of patients with glioblastoma. (A) Overall, (B) extent of resection, (C) concurrent chemoradiotherapy (CCRT), (D)
isocitrate dehydrogenase (IDH1) mutation, (E) O%-methylguanine-DNA methyltransferase (MGMT) promoter methylation, and (F) telomerase

reverse transcriptase (TERT) promoter mutation. TMZ, temozolomide.
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Fig. 2 Survival curves of the 0%-methylguanine-DNA methyltransferase/promotor telomerase reverse transcriptase (MGMT/pTERT) classification.
mMGMT, methylated O®-methylguanine-DNA methyltransferase; mTERT, methylated telomerase reverse transcriptase; uMGMT, unmethylated
0°%-methylguanine-DNA methyltransferase; wTERT, wild-type telomerase reverse transcriptase.

Table 2 Median survival time and Cox regression analysis of GBM patients who received temozolomide with radiotherapy based on

the MGMT/TERT classification

The combined MGMT/TERT classification

Median survival time (95% Cl)?

Hazard ratio (95% Cl)

Methylated MGMT with wild-type TERT (n=5)

25 (10.3-25.6) Ref

Methylated MGMT with mutant TERT (n=7)

14 (8.8-19.1)

4.5 (0.84-23.5)

Unmethylated MGMT with wild-type TERT (n=0)

12 (9.4-14.5)

8.5 (1.2-56.8)

Unmethylated MGMT with mutant TERT (n =4) -

Abbreviations: Cl, confidence interval; GBM, glioblastoma; MGMT, Os-methylguanine-DNA methyltransferase; TERT, telomerase reverse

transcriptase.
ap-Value of log-rank test = 0.03.

Discussion

In the present study, we found the key biomarkers that
significantly predicted prognosis, while the interaction of
MGMT methylation status and pTERT mutation was also
detected. The unmethylation of MGMT promoter and muta-
tion of TERT influenced the shortened survival time in the
present study. Therefore, patients with mMGMT-wTERT GBM
had the longest survival time, while the poorest prognosis
was for patients with uMGMT-mTERT GBM. These findings

Journal of Neurosciences in Rural Practice  Vol. 12 No. 4/2021

were in accordance with prior studies. Purkait et al stratified
the subgroups of GBMs based on both biomarkers and
reported that patients with uMGMT-mTERT GBM had the
shortest survival time (HR: 11.12, 95% CI: 1.99-61.99).'°
Similarly, Sasaki et al studied these biomarkers for predicting
prognosis in elderly GBM patients and found that the poorest
prognosis was the uMGMT-mTER subtype.'?

According to the CNS tumor classification, GBMs are
categorized by IDH mutation. The wild-type IDH1 GBMs
were commonly found in the primary GBM and associated

© 2021. Association for Helping Neurosurgical Sick People. All rights reserved.
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Table 3 Univariate and multivariable analysis of Cox proportional hazard regression for death

Univariate analysis Multivariable analysis
Factors Hazard ratio (95% Cl) p-Value Hazard ratio (95% CI) p-Value
Age, years
<60 Ref
>60 1.59 (0.86-2.94) 0.13
Gender
Male Ref
Female
Preoperative Karnofsky performance status
< 80 Ref
> 80 0.70 (0.38-1.29) 0.25
Tumor location
Eloquent area *° 1.44 (0.78-2.67) 0.23
Temporal lobe® 1.10 (0.53-2.27) 0.78
Corpus callosum?® 1.17 (0.51-2.65) 0.70
Frontal lobe® 0.59 (0.31-1.14) 0.11
Parietal lobe® 1.58 (0.69-3.62) 0.27
Occipital lobe® 0.59 (0.17-1.99) 0.39
Diameter of maximum tumor, cm
<5 Ref
>5 0.90 (0.48-1.66) 0.90
Extent of resection
Nontotal resection Ref Ref
Total resection 0.51 (0.25-0.99) 0.05 0.44 (0.20-0.98) 0.05
Postoperative Karnofsky performance status
<80 Ref
>80 0.54 (0.28-1.03) 0.06
Adjuvant treatment
No adjuvant treatment Ref Ref
Radiotherapy alone 0.50 (0.23-1.05) 0.06 0.57 (0.24-1.30) 0.18
Temozolomide with radiotherapy 0.31 (0.14-0.65) 0.002 0.12 (0.04-0.35) <0.001
IDH1 mutation
Wild-type IDH1 Ref
Mutant IDH1 0.62 (0.19-2.00) 0.44
MGMT promoter methylation
Methylated MGMT Ref
Unmethylated MGMT 0.37 (0.18-0.73) 0.004
TERT promoter mutation
Wild-type TERT Ref
Mutant TERT 2.22 (1.14-4.35) 0.01
Combined biomarkers
Methylated MGMT with wild-type TERT Ref Ref
Methylated MGMT with mutant TERT 2.91 (1.27-6.65) 0.01 9.52 (3.29-27.53) <0.001
Unmethylated MGMT with mutant TERT 3.74 (1.54-9.08) 0.004 6.99 (2.55-19.15) <0.001
Unmethylated MGMT with wild-type TERT 16.99 (4.47-64.60) <0.001 14.38 (3.43-60.27) <0.001

Abbreviations: Cl, confidence interval; IDH1, isocitrate dehydrogenase1; MGMT, O®-methylguanine-DNA methyltransferase; TERT, telomerase

reverse transcriptase.

?Data show only “yes group” while reference groups (no group) are hidden.

bEloquent area defined tumor involved motor cortex, sensory cortex, visual center, speech center, basal ganglion, hypothalamus, thalamus,
brainstem, dentate nucleus.
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Fig. 3 Nomogram for predicting the individual survival of glioblastoma

patient. CCRT, concurrent chemoradiotherapy; mMGMT, methylated

OG—methnguanine—DNA methyltransferase; mTERT, methylated telomerase reverse transcriptase; TMZ, temozolomide; uMGMT, unmethylated
0°%-methylguanine-DNA methyltransferase; wTERT, wild-type telomerase reverse transcriptase.

with poor prognosis.“3 However, IDH1 mutation was not an
independent prognostic factor in the present study. One
prior meta-analysis study reported no association of IDH1
mutation in eastern studies when subgroup analysis was
performed based on country region. The effect of IDH1
mutation on prognosis is likely related to the topographic
connection.?’ This biomarker should be explored for its
association with prognostication in future studies.

We observed the three key prognostic factors through a
multivariable Cox regression analysis: the extent of resec-
tion, CCRT, and MGMT/pTERT classification. Currently, TMZ
with RT is the standard treatment following tumor resec-
tion.2223 However, the cost of TMZ is high and becomes an
economic burden in a limited-resource setting. Therefore,
selecting GBM patients by predicted favorable prognosis has
been proposed for the likelihood of TMZ cost-effectiveness in
real-world situations.?*

Nomogram is one of the clinical prediction tools (CPT)
that have been used for various diseases such as cancer,2>
trauma,’®?’ or degenerative disease.?® Therefore, we pro-
posed a web-based nomogram for prognostication that will
be applied for selecting patients with a favorable prognosis
when low- or middle-income settings need to allocate
resources.

According to the concept of translational medicine, TO
research defines the phase of basic science research studied
to explore the novel biomarkers or candidate genes through
-omic technologies. Further, T1 research defines research
translated to humans that involves the tools for screening or

Journal of Neurosciences in Rural Practice  Vol. 12 No. 4/2021

diagnostic testing.>®3? Sam et al studied genetic polymor-
phism and the risk factors for screening gastrointestinal tract
carcinoma in Indian people.3! Hence, T2 research translates
information to patients as an evidence-based guideline that
commonly studies cancer staging, prognosis, and treatment
response prediction. In detail, the development of CPT
corresponds with development, calibration, discrimination,
and internal validation in the derivation of CPT.>? The T3
research translates to general practice via dissemination
studies. Therefore, this is in accordance with the external
validation phase in the CPT development, while the impact
study of the tools achieved T4 research impacts to the society
and community as well as changing the health policy or
economics.>>

The present study developed and proposed a nomogram
for predicting prognosis by integrating clinical variables and
biomarkers. Therefore, the prediction performance of the
nomogram was estimated in steps as the T2 research of
translational medicine. Harrell’s C-index and AUC of boot-
strap validation in the present study were acceptable.343>
Therefore, the line of the calibration plot in the present
study was close the 45-degree line that accepted the
performance. The nomogram developed from the GBM
patients will be evidence to conduct external validation
or dissemination study to apply in health practice in the
future.

Nevertheless, certain limitations should also be recog-
nized. First, we considered a small sample of GBM patients.
Multicenter research or systematic review and meta-analysis

© 2021. Association for Helping Neurosurgical Sick People. All rights reserved.
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Fig. 4 Calibration plot of the nomogram closing the 45-degree line.

will potentially confirm this association by cumulative study
populations. Second, the investigation of pTERT mutation
was performed only at positions -124 (C228T); pTERT muta-
tion at another position may have been missed. However, we
used droplet digital polymerase chain reaction assays for
detecting the mutations, a technique that has the potential to
detect pTERT mutations'>3® specifically. For future research,
a multicenter study should be conducted to increase the
sample size as well as to confirm the association of
MGMT/pTERT classification and prognosis in GBMs. More-
over, comparison between nomograms and other prediction
tools such as clinical prediction rules’ or machine learning
algorithms'’ should be performed to evaluate their predic-
tive performance.

Conclusion

The interaction of MGMT methylation and pTERT mutation
was confirmed for predicting prognosis. The results from the
present study could help physicians create treatment strate-
gies for GBM patients in real-world situations.

Note

This research was a part of a retrospective cohort study
that will be published elsewhere, whereas this study

Journal of Neurosciences in Rural Practice

B=200 basad on obsarved-pradicted
Mean |error|=0.01 0.9 Quantile=0.023

focused on survival analysis of MGMT/TERT GBM
classification.
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