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Background: The clinical relevance of promoter mutations and single nucleotide polymorphism rs2853669 of
telomerase reverse transcriptase (TERT) and telomere length in patients with isocitrate dehydrogenase (IDH) wild-
type glioblastoma (GBM) patients remains unclear. Moreover, some studies speculated that TERT promoter status
might influence the prognostic role of 06-methylguanine DNA methyltransferase (MGMT) promoter methylation in
newly diagnosed GBM. We carried out a large study to investigate their clinical impact and their interaction in
newly diagnosed GBM patients.

Patients and methods: We included 273 newly diagnosed IDH wild-type GBM patients who started treatment at
Veneto Institute of Oncology IOV — IRCCS (Padua, Italy) from December 2016 to January 2020. TERT promoter
mutations (—124 C>T and —146 C>T) and SNP rs2853669 (—245 T>C), relative telomere length (RTL) and MGMT
methylation status were retrospectively assessed in this prospective cohort of patients.

Results: Median overall survival (OS) of 273 newly diagnosed IDH wild-type GBM patients was 15 months. TERT
promoter was mutated in 80.2% of patients, and most had the rs2853669 single nucleotide polymorphism as T/T
genotype (46.2%). Median RTL was 1.57 (interquartile range 1.13-2.32). MGMT promoter was methylated in 53.4%
of cases. At multivariable analysis, RTL and TERT promoter mutations were not associated with OS or progression-
free survival (PFS). Notably, patients C carrier of rs2853669 (C/C+C/T genotypes) showed a better PFS compared
with those with the T/T genotype (hazard ratio 0.69, P = 0.007). In terms of OS and PFS, all interactions between
MGMT, TERT and RTL and between TERT and rs2853669 genotype were not statistically significant.

Conclusions: Our findings suggest the presence of the C variant allele at the rs2853669 of the TERT promoter as an
attractive independent prognostic biomarker of disease progression in IDH wild-type GBM patients. RTL and TERT
promoter mutational status were not correlated to survival regardless of MGMT methylation status.
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INTRODUCTION

Glioblastoma (GBM) is the most common and highly
aggressive type of glioma, practically relapsing after first-line
standard therapy, including surgery, radiotherapy (RT) and
temozolomide (TMZ) chemotherapy. The presence of pro-
moter methylation of the O6-methylguanine DNA methyl-
transferase (MGMT) gene represents an important predictive
factor of alkylating agent efficacy such as TMZ and nitro-
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soureas. In the last years, however, new molecular mecha-
nisms and specific genes involved in the growth of GBM have
been better evaluated. Among these, telomerase reverse
transcriptase (TERT) promoter mutations are frequently
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found in isocitrate dehydrogenase (IDH) wild-type GBM and
may have a potential clinical impact and an important role in
tumorigenesis.” TERT is the catalytic component of the
telomerase enzyme, a specialized reverse transcriptase that
uses an internal RNA template to maintain telomere length by
adding hexamer repeats to telomeres. Following embryo-
genesis, telomerase expression is suppressed in somatic cells,
resulting in progressive telomere shortening, which is
regarded as one of the main tumor suppressive mechanisms.
Telomerase reactivation and up-regulation is a universal
event in most human tumors.”® Overexpression of TERT/
telomerase leads to cellular immortality preventing cellular
replicative senescence and crisis induced by telomere
erosion, thereby promoting tumor formation and progres-
sion.* Moreover, besides its canonical role in telomere length
maintenance, TERT may also promote carcinogenesis through
telomere length-independent functions, including enhance-
ment of cell proliferation and resistance to apoptosis.”° In
cancer, TERT gene expression can be up-regulated by genetic
and epigenetic factors, such as TERT amplifications, variants,
rearrangements, promoter methylation and promoter mu-
tations.”® Mutually exclusive recurrent C-to-T transitions at
nucleotides 1,295,228 (C228T; —124 C>T) and 1,295,250
(C250T; —146 C>T) within the core promoter of TERT gene
are quite common in solid tumors, including gliomas.” ** Both
mutations create de novo binding sites for E-twenty-six (ETS)
transcription factors, leading to increased TERT gene
expression and telomerase activity.>* It has been suggested
that the effect of TERT promoter (TERTp) mutations may be
affected by the presence of the rs2853669 single nucleotide
polymorphism (SNP) at —245 bp within the TERT core pro-
moter. The —245T>C variant allele disrupts an ETS2 binding
site, thus resulting in decreased TERT expression.>*®

Since the acquisition of unlimited proliferation capacity
represents a critical hallmark required for cell malignant
transformation, the telomere/telomerase complex repre-
sents an important indicator of tumor formation/progres-
sion. On this ground, mutations in the TERT promoter can
potentially be used as prognostic biomarkers, as emerging
data suggest that these alterations are associated with
worse prognoses in different cancer types.'” Despite many
studies have evaluated the association between TERT
promoter mutations and pathological features in GBM,
however, the results were often controversial.’®"?° In
particular, some studies have highlighted a negative prog-
nostic impact of TERTp mutations,'%**?*?3 whereas others
have suggested that the adverse impact of the TERTp mu-
tations may be related to clinical confounding factors such
as age, initial surgical procedure and molecular factors such
as IDH mutations or MGMT methylation status.?%**?*
Studies on large cohorts of homogeneous patients can be
useful to evaluate the independent prognostic value of the
TERTp mutations. Here, we focused our research on a large
series of newly diagnosed IDH wild-type GBM, investigating
the potential clinical impact of TERT promoter mutations,
rs2853669 genotype, telomere length and their interaction
with MGMT methylation status.
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MATERIALS AND METHODS

Study design

This study evaluated all consecutive IDH wild-type GBM
patients who started treatment at Veneto Institute of
Oncology 10V — IRCCS (Padua, ltaly) from December 2016
to January 2020. Although TERT promoter mutations,
rs2853669 genotype and relative telomere length (RTL)
were retrospectively assessed, all patient data were
retrieved from prospectively maintained computerized
medical records. The study was approved by the local
institutional review board (Veneto Institute of Oncology
Ethics Committee n. 919) and complied with the Interna-
tional Ethical Guidelines for Biomedical Research Involving
Human Subjects, with the good clinical practice guidelines
and with the Declaration of Helsinki. Written informed
consent was obtained from the patients involved in the
study.

Patients

Patients with histologically confirmed newly diagnosed IDH
wild-type GBM (according to WHO 2016 classification)®’
receiving oncological treatment and formalin-fixed
paraffin-embedded (FFPE) tumor tissue sample available
for TERT analyses were eligible for inclusion in the study. As
for internal protocol, neuroradiological assessment was
carried out before starting oncological treatment, 3-4 weeks
after RT if available and every 2-3 months or when clinically
indicated. Neuroradiological assessment was based on
RANO criteria. MGMT methylation status was also collected.

Endpoints

The primary endpoint was to assess the prognostic role of
TERTp mutational status, rs2853669 genotype and RTL in
terms of overall survival (OS) and progression-free survival
(PFS). The secondary endpoints included: (i) assessing the
potential prognostic role of the interactions among TERTp
mutations, rs2853669, RTL and MGMT methylation status;
(i) evaluating the associations among TERTp mutations,
rs2853669, RTL and MGMT methylation status; and (iii)
assessing the impact of TERTp mutational status, rs2853669
and RTL with neuroradiological response.

Tumor samples and DNA analyses

All GBM specimens were FFPE. DNA was extracted using the
QIAmp DNA mini kit (Qiagen, Hilden, Germany) according to
the manufacturer’s instructions.

Genomic DNA amplification for TERT promoter region
(260 bp) containing —124 C>T and —146 C>T mutation
sites, as well as the SNP rs2853669 (—245 T>C) was carride
out as previously described.*° The amplified products were
purified with the lllustra ExoProStar (GE Healthcare,
Amersham, UK) and sequenced on a 3730xI DNA analyzer
(Applied Biosystems, Foster City, CA). All samples were
analyzed in forward and reverse directions. Telomere length
was determined by multiplex PCR assay.>! RTL values were
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calculated as telomere/single-copy gene ratio, according to
a previous report.32 MGMT promoter methylation was
assessed by pyrosequencing as described in Indraccolo
et al.>° IDH1/2 mutational status was assessed by immu-
nohistochemistry or DNA sequencing.*°

Statistical analysis

Categorical data were summarized as number and per-
centage, and continuous data as median and interquartile
range (IQR). Comparisons between groups were carried out
using chi-square test or Fisher’s exact test (categorical data),
and Mann—Whitney test or Kruskal—Wallis test (continuous
data). Correlation between continuous data was assessed
with Pearson’s correlation coefficient. Survival curves were
estimated using the Kaplan—Meier method and compared
between the groups using the log-rank test. Cox regression
models were estimated to assess the effect of gene char-
acteristics (TERTp mutations, RTL and MGMT methylation
status) on OS and PFS, adjusting for major clinical con-
founding factors [demographics, Eastern Cooperative
Oncology Group performance status (ECOG PS) and treat-
ment features]. TERTp mutation was included as 3-group
variable (mutated —124 C>T versus mutated —146 C>T
versus wild-type) in model A and as 2-group variable
(mutated —124 C>T or —146 C>T versus wild-type) in
model B. Effect sizes were reported as hazard ratio with a
95% confidence interval (Cl). All tests were two-sided and a
P value <0.05 was considered statistically significant. Sta-
tistical analysis was carried out using R 4.1 (R Foundation
for Statistical Computing, Vienna, Austria).>

RESULTS

Newly diagnosed IDH wild-type GBM patients

The analysis included 273 newly diagnosed IDH wild-type
GBM patients (159 males and 114 females; median age
63 years) with a median follow-up of 12 months (IQR 6-21
months). Patient characteristics are reported in Table 1.
About surgery, 105 patients (38.5%) underwent radical
resection and 168 (61.5%) partial resection/biopsy. ECOG PS
was 0-1 in 183 patients (70.9%). Most patients, 204 (78.5%)
received the standard treatment with RT and TMZ, the
others were treated with RT or TMZ alone. MGMT
methylation status was available for analysis in 266 cases
(97.4%) and was methylated in 142 patients (53.4%).

All patients were analyzed for TERT promoter mutational
status and RTL. TERT promoter was mutated in 219 (80.2%)
patients (163 with —124 C>T mutation and 56 with —146
C>T mutation). We also genotyped patients for the
rs2853669 SNP at —245 bp. A total of 147 patients (53.8%)
carried the minor C-variant allele, for which 32 patients
were homozygous and 115 were heterozygous. One hun-
dred and twenty-six patients (46.2%) had the T/T genotype.
Median RTL was 1.57 (IQR 1.13-2.32) and telomere length
showed an inverse correlation with age (r = —-0.21,
P = 0.0004).
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Table 1. Characteristics of newly diagnosed IDH wild-type GBM patients

N of newly diagnosed GBM patients 273
Age (years)? 63 (54-70)
Sex

Males 159 (58.2)

Females 114 (41.8)
ECOG PS°

0 80 (31.0)

1 103 (39.9)

2 51 (19.8)

3 24 (9.3)
First surgery

Complete 105 (38.5)

Non-complete 168 (61.5)
RT + T™MZ®

No 56 (21.5)

Yes 204 (78.5)
Maintenance TMZ cycles (number)? 4 (1-7)
Second surgery 60 (21.9)
Second-line treatment 135 (49.4)
TERT promoter

—124 C>T 163 (59.7)

—146 C>T 56 (20.5)

Wild-type 54 (19.8)
rs2853669 genotype

cc 32 (11.7)

TC 115 (42.1)

T 126 (46.2)
RTL® 1.57 (1.13-2.32)
MGMT?

Unmethylated 124 (46.6)

Methylated 142 (53.4)

ECOG PS, Eastern Cooperative Oncology Group performance status; GBM, glio-
blastoma; IDH, isocitrate dehydrogenase; MGMT, O6-methylguanine DNA methyl-
transferase; RT, radiotherapy; RTL, relative telomere length; TMZ, temozolomide.
Data expressed as n (%) or °median (interquartile range). Data not available in °15,
€13 and 97 patients.

Overall survival. Overall, at the analysis cut-off date of 5
February 2021, 211 patients died (77.2%). Median OS was
15 months (95% ClI 13-18 months). OS was 59.9% at 1 year,
27.3% at 2 years and 14.8% at 3 years (Supplementary
Figure S1, available at https://doi.org/10.1016/10.1016/].
esmo0p.2023.101570). At multivariable analysis, RTL,
TERTp mutations and rs2853669 genotype were not asso-
ciated with OS, whereas younger age, ECOG PS 0-1, com-
plete surgery, RT 4+ TMZ therapy, second surgery at
recurrence, second-line treatment and methylated MGMT
were associated with improved OS (full results in Table 2).
In the models, all interactions between MGMT, TERTp and
RTL and between TERT and rs2853669 were not statistically
significant (Table 2). In particular, OS was not statistically
different between TERT-mutated and TERT wild-type pa-
tients in the subgroup with methylated MGMT (P = 0.92)
and unmethylated MGMT (P = 0.77) (Figure 1A). In the
methylated MGMT subgroup, median OS was 20 months
(95% CI 17-22 months) in TERT-mutated patients and 14
months (95% Cl 10 months to not reached) in TERT wild-
type patients. In the unmethylated MGMT subgroup,
median OS was 12 months (95% CI 10-14 months) in TERT-
mutated patients and 13 months (95% Cl 12-18 months) in
TERT wild-type patients. Kaplan—Meier curve analysis
stratifying patients by TERTp mutational status and
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Table 2. Factors associated with OS in newly diagnosed IDH wild-type GBM patients
Univariate analysis Multivariable analysis (model A) Multivariable analysis (model B)
HR (95% Cl) P value HR (95% CI) P value HR (95% Cl) P value
Age, years® 1.03 (1.02-1.04) <0.0001 1.02 (1.01-1.03) 0.003 1.02 (1.01-1.03) 0.001
Male sex 1.03 (0.78-1.36) 0.80 0.94 (0.69-1.27) 0.69 0.94 (0.69-1.28) 0.72
ECOG PS <0.0001 0.0003 0.0006
0-1 Reference Reference Reference
2-3 3.55 (2.58-4.87) 1.99 (1.36-2.91) 1.92 (1.32-2.80)
First surgery <0.0001 0.01 0.01
Complete Reference Reference Reference
Non-complete 2.26 (1.68-3.05) 1.60 (1.11-2.29) 1.57 (1.10-2.25)
RT + TMZ <0.0001 0.01 0.02
No Reference Reference Reference
Yes 0.41 (0.30-0.57) 0.62 (0.42-0.92) 0.64 (0.43-0.95)
Second surgery <0.0001 0.0065 0.008
No Reference Reference Reference
Yes 0.28 (0.19-0.41) 0.52 (0.33-0.83) 0.54 (0.34-0.85)
Second-line treatment <0.0001 0.003 0.002
No Reference Reference Reference
Yes 0.29 (0.22-0.40) 0.57 (0.39-0.82) 0.57 (0.39-0.82)
MGMT 0.002 <0.0001 <0.0001
Unmethylated Reference Reference Reference
Methylated 0.65 (0.49-0.86) 0.46 (0.34-0.63) 0.46 (0.33-0.62)
TERT promoter = =
Mutated —124 C>T 1.31 (0.76-1.88) 0.25 1.08 (0.73-1.58) 0.69
Mutated —146 C>T 1.29 (0.83-1.99) 0.13 0.84 (0.51-1.38) 0.51
Wild-type Reference Reference
TERT promoter 0.13 — — 0.89
Mutated (—124 C>T or —146 C>T) 1.30 (0.92-1.85) 1.02 (0.70-1.48)
Wild-type Reference Reference
rs2853669 genotype 0.68 0.29 0.25
cc/TC 0.94 (0.71-1.24) 0.85 (0.63-1.14) 0.84 (0.62-1.13)
T Reference Reference Reference
RTL® 0.94 (0.86-1.03) 0.18 0.97 (0.88-1.08) 0.69 0.98 (0.89-1.09) 0.79

All interactions between MGMT, TERT and RTL (MGMT*TERT P = 0.08; MGMT*RTL P = 0.47; TERT*RTL P = 0.27; MGMT*TERT*RTL P = 0.10) and the interaction between TERT

and rs2853669 genotype (P = 0.86) were not statistically significant.

Cl, confidence interval; ECOG PS, Eastern Cooperative Oncology Group performance status; GBM, glioblastoma; HR, hazard ratio; IDH, isocitrate dehydrogenase; MGMT, 06-
methylguanine DNA methyltransferase; OS, overall survival; RT, radiotherapy; RTL, relative telomere length; TERT, telomerase reverse transcriptase; TMZ, temozolomide.

“Included as continuous variable.

rs2853669 genotype also showed no significant difference
in OS between groups (P = 0.50, Figure 2A).

Progression-free survival. Overall, 247 patients (90.5%) had
a disease progression. Median PFS was 7.0 months (95% CI
6.0-8.0 months). PFS was 31.2% at 1 year, 11.2% at 2 years
and 3.2% at 3 years (Supplementary Figure S1, available
at https://doi.org/10.1016/10.1016/j.esmoop.2023.101
570). At multivariable analysis, younger age, ECOG PS 0-1,
complete surgery, RT + TMZ therapy, second surgery at
recurrence and methylated MGMT were associated with
improved PFS (full results in Table 3). Notably, whereas RTL
and TERTp mutations were not associated with PFS, C
variant of rs2853669 (C/C+C/T genotypes) of TERT pro-
moter is an independent prognostic marker of PFS (P =
0.007) (Table 3). In the models, all interactions between
MGMT, TERTp and RTL and between TERT and rs2853669
were not statistically significant (Table 3). In particular, PFS
was not statistically different between TERT-mutated and
TERT wild-type patients in the subgroup with methylated
MGMT (P = 0.59) and unmethylated MGMT (P = 0.11)
(Figure 1B). In the methylated MGMT subgroup, median PFS
was 8 months (95% Cl 9-11 months) and 10 months (95% Cl
9-19 months) in TERT-mutated and TERT wild-type cases,

4 https://doi.org/10.1016/j.esmoop.2023.101570

respectively. In the unmethylated MGMT subgroup, median
PFS was 6 months (95% Cl 5-8 months) and 8 months (95%
Cl 7-12 months) in TERT-mutated and TERT wild-type cases,
respectively. Interestingly, Kaplan—Meier survival analysis
stratifying patients by TERT promoter mutational status and
rs2853669 genotype showed that patients without TERT
promoter mutations and C carriers of rs2853669 had the
better PFS (P = 0.03, Figure 2B).

Neuroradiological assessment. All but 11 patients were
available for neuroradiological assessment. A total of 7 pa-
tients (2.7%) had a complete response (CR) as assessed by
local investigators, whereas 31 patients (11.8%) had a partial
response (PR), 193 patients (73.7%) had stable disease (SD)
and 31 patients (11.8%) reported a progression of the dis-
ease. Objective response rate (ORR; CR or PR) was achieved in
38/262 patients (14.5%) and disease control rate (DCR; CR,
PR, or SD) in 231/262 patients (88.2%). Factors associated
with ORR and DCR are reported in Supplementary Tables S1
and S2, available at https://doi.org/10.1016/10.1016/].
esmoop.2023.101570, respectively. ORR was more frequent
in patients with ECOG PS 0-1 (P = 0.0003), whereas DCR was
more frequent in patients with ECOG PS 0-1 (P = 0.02) and
those who received RT 4+ TMZ (P = 0.0005). No statistically
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Figure 1. (A) Overall survival and (B) progression-free survival according to MGMT (methylated, unmethylated) and TERTp (mutated, wild-type) stratification in

IDH wild-type newly diagnosed GBM patients.

GBM, glioblastoma; IDH, isocitrate dehydrogenase; MGMT, O6-methylguanine DNA methyltransferase; mut, mutated; OS, overall survival; PFS, progression-free survival;

TERT, telomerase reverse transcriptase; wt, wild-type.

significant associations were found between best response
and molecular characteristics; however, ORR tends to be
more frequent in patients C carriers of rs2853669 (P = 0.07).

Associations between MGMT methylation, TERTp muta-
tions and rs2853669 and RTL. MGMT status resulted
methylated in 112/214 (52.3%) patients with TERTp-mutated
and 30/52 (57.7%) patients with TERTp wild-type (P = 0.58).
The proportion of patients with methylated MGMT was 82/
160 (51.2%) in patients with —124 C>T mutation, 30/54
(55.5%) in those with —146 C>T mutation and 30/52 (57.7%)
in those TERT wild-type (P = 0.67). RTL was not statistically
different between patients with TERT-mutated (median 1.54,
IQR 1.11-2.22) and those with TERT wild-type (median 1.86,
IQR 1.17-2.70) (P = 0.10), or among patients with CC

genotype (median 1.61, IQR 1.21-2.35), those with TC ge-
notype (median 1.52, IQR 1.12-2.31) and those with TT ge-
notype (median 1.57, IQR 1.09-2.31) (P = 0.85). RLT, however,
was lower in patients with methylated MGMT (median 1.49,
IQR 1.02-2.28) with respect to those with unmethylated
MGMT (median 1.72, IQR 1.24-2.47) (P = 0.04).

DISCUSSION

In IDH wild-type GBM, the prevalence of TERT promoter
mutation is relatively high with a range of 44%-100%"’
although its potential prognostic role remains controver-
sial.! It has been suggested that the prognostic role of TERT
promoter mutations could be influenced by other molecular
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Figure 2. Overall survival (A) and progression-free survival (B) according to TERT promoter status (mutated, wild-type) and rs2853669 genotype (C/C+ C/T, T/T)

stratification in IDH wild-type newly diagnosed GBM patients.

GBM, glioblastoma; IDH, isocitrate dehydrogenase; mut, mutated; OS, overall survival; PFS, progression-free survival, TERT, telomerase reverse transcriptase; wt, wild-

type.
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Table 3. Factors associated with PFS in newly diagnosed IDH wild-type GBM patients
Univariate analysis Multivariable analysis (model A) Multivariable analysis (model B)
HR (95% Cl) P value HR (95% CI) P value HR (95% Cl) P value
Age, years® 1.01 (1.01-1.02) 0.01 1.01 (1.01-1.02) 0.008 1.01 (1.01-1.02) 0.008
Male sex 1.06 (0.82-1.37) 0.62 1.03 (0.78-1.35) 0.82 1.03 (0.78-1.35) 0.81
ECOG PS <0.0001 0.0002 0.0001
0-1 Reference Reference Reference
2-3 2.79 (2.09-3.72) 1.88 (1.34-2.62) 1.89 (1.35-2.63)
First surgery <0.0001 <0.0001 <0.0001
Complete Reference Reference Reference
Non-complete 1.89 (1.44-2.46) 1.83 (1.36-2.46) 1.83 (1.36-2.47)
RT + TMZ <0.0001 0.0004 0.0004
No Reference Reference Reference
Yes 0.45 (0.32-0.61) 0.52 (0.36-0.73) 0.52 (0.36-0.74)
MGMT 0.0002 <0.0001 <0.0001
Unmethylated Reference Reference Reference
Methylated 0.61 (0.47-0.79) 0.55 (0.42-0.73) 0.55 (0.42-0.73)
TERT promoter — —
Mutated —124 C>T 1.35 (0.97-1.88) 0.07 1.19 (0.83-1.69) 0.33
Mutated —146 C>T 1.54 (1.03-2.32) 0.03 1.26 (0.81-1.95) 0.28
Wild-type Reference Reference
TERT promoter 0.04 — — 0.28
Mutated (—124 C>T or —146 C>T) 1.39 (1.01-1.92) 1.20 (0.85-1.70)
Wild-type Reference Reference
rs2853669 genotype 0.03 0.007 0.007
CC/TC 0.76 (0.59-0.97) 0.69 (0.52-0.90) 0.69 (0.52-0.90)
T Reference Reference Reference
RTL® 0.99 (0.92-1.07) 0.82 0.99 (0.91-1.08) 0.91 0.99 (0.91-1.08) 0.87

All interactions between MGMT, TERT and RTL (MGMT*TERT P = 0.16; MGMT*RTL P = 0.41; TERT*RTL P = 0.70; MGMT*TERT*RTL P = 0.21) and the interaction between TERT

and rs2853669 genotype (P = 0.69) were not statistically significant.

Cl, confidence interval; ECOG PS, Eastern Cooperative Oncology Group performance status; GBM, glioblastoma; HR, hazard ratio; IDH, isocitrate dehydrogenase; MGMT, O6-
methylguanine DNA methyltransferase; PFS, progression-free survival; RT, radiotherapy; RTL, relative telomere length; TERT, telomerase reverse transcriptase; TMZ,

temozolomide.
“Included as continuous variable.

factors, including MGMT promoter methylation,” but such
findings are still under debate.

In the present study, carried out in a large mono-
institutional cohort, we identified TERT promoter muta-
tions in ~80% of newly diagnosed IDH wild-type GBM
patients and we investigated the interaction of MGMT
methylation status, TERT promoter mutations, telomere
length and rs2853669 genotype in terms of OS and PFS.
We identify the C variant allele at the rs2853669 SNP as an
independent prognostic marker of improved disease
progression, whereas both TERT promoter mutational
status and RTL did not impact on clinical outcome of GBM
patients. Moreover, TERT promoter mutational status did
not influence the prognostic role of MGMT methylation
status.

Even if no biological mechanism of interaction between
TERT promoter mutation and MGMT methylation in GBM
patients has yet been proposed,® three large studies
analyzed their impact on prognosis reporting conflicting
results.”>?”? In agreement with our findings, Gramatzki
et al.”® recently showed no interaction between TERT pro-
moter mutations and MGMT methylation status in two in-
dependent cohorts of IDH wild-type GBM patients. In
addition, in line with our results, the authors found that
TERT promoter mutational status was not associated with
survival in patients with methylated MGMT promoter.”®
Two other previous studies, however, showed a significant

6 https://doi.org/10.1016/j.esmoop.2023.101570

interaction between TERT promoter mutations and MGMT
promoter methylation, with TERT mutant promoter
impairing survival in MGMT unmethylated patients.’®*’
Likely, these conflicting results among the studies might
be due to the clinical heterogeneity of the enrolled patients,
different type of studies (retrospective versus prospective),
different type of technical methods for analyzing MGMT
methylation status (PCR versus pyrosequencing) and
different cut-off for MGMT methylation in case of
pyrosequencing.

The important finding emerging from our study is that
the C variant allele of rs2853669 was associated with
improved disease progression in newly diagnosed IDH1/2
wild-type GBM patients. The lack of association between
the C variant and survival is unclear, but the heterogeneity
of second-line therapies and re-surgery at relapse might
likely have impacted on this correlation. Our association of
the C variant of rs2853669 with a favorable patient
outcome is in agreement with prognostic data from other
cancer types®>>*® and likely depends on the destroying ef-
fect of the C allele on a pre-existing binding site for ETS
transcription factors on TERT promoter, resulting in reduced
TERT expression.’> Nevertheless, even opposite results,
with the C allele associated with a worse prognosis, have
been reported.”>***”2% A possible reason for these con-
flicting results could be the genetic or the epigenetic
context of rs2853669: other SNPs in the TERT gene or
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different methylation levels at specific regions of the TERT
promoter could differently contribute to TERT expression
and, in turn, clinical outcome.>®**? In addition, we should
underline that the genetic variants and mutations at the
TERT promoter are surrogate markers of sustained telome-
rase expression that drives cancer cell immortalization.
Although these genetic markers are considered reliable in-
dicators of TERT expression, many altered pathways
affecting cancer cell transcription factors might contribute
differently to the final activation of TERT promoter. The
results from our study on the prognostic role of rs2853669,
however, suggest that greater attention to this SNP might
substantially improve the GBM patient risk stratification,
allowing the identification of patients with poorer disease
progression. The validation of this result in an independent
cohort of newly diagnosed IDH wild-type GBM patients will
be mandatory to sustain the prognostic role of the C allele
of the SNP rs2853669 in the disease progression. The
germline nature of the SNP allows simple and minimally
invasive assessment of the genotype; thus, larger studies
might easily be planned to evaluate the relevance of
screening for this polymorphism for prognostic purposes.

In addition to MGMT methylation status and TERT pro-
moter mutation interaction, we also analyzed tumor telo-
mere length as a potential molecular marker for prognosis.
Maintenance of telomere length is an important process by
which cancer cells escape replicative senescence. In litera-
ture, there is no agreement concerning the role of telomere
length in tumor cells as markers of disease progression of
most investigated tumors, including glioma.**** In agree-
ment with a previous study,** we did not find any associ-
ation of tumor telomere length with prognosis in newly
diagnosed GBM patients.

The strengths of our study rely in the large cohort of
newly diagnosed GBMs, and the selection of IDH wild-type
GBM to avoid any bias due to IDH mutation. The study,
however, has also some limitations that should be consid-
ered, including the retrospective design, the single-center
data collection and the heterogeneity of the first line
and/or subsequent treatments; notably, we did not include
patients with ‘molecular GBM’ as defined in the 2021 WHO
classification and so, the role of TERT promoter mutation
was not assessed for these patients.

In conclusion, our findings suggest that TERT promoter
mutational status and telomere length do not impact on
prognosis in newly histologically defined IDH wild-type GBM
patients. Moreover, no interaction was found between
MGMT methylation status and TERT promoter mutational
status. The presence of the C allele of the SNP rs2853669,
however, demonstrated to be an attractive independent
prognostic biomarker of disease progression that can be
easily evaluated also at the germinal level. Hence, even if
the analysis of TERT promoter mutations and telomere
length might not include additional prognostic information
in these patients, the genotyping of rs2853669 might be a
useful additional biomarker for risk progression. Due to the
relatively small population analyzed in our work, however,
further studies in independent cohorts of newly diagnosed

Volume 8 m Issue 3 m 2023

IDH wild-type GBM patients should be undertaken to
extend and validate this finding.
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