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1 | INTRODUCTION

Gliomas are the most common form of brain tumors and are clas-

sified as grade | to grade IV based on the histopathological and

Abstract

Objectives: To explore the characteristics of IDH and TERT promoter mutations in
gliomas in Chinese patients.

Methods: A total of 124 Chinese patients with gliomas were enrolled to study the
frequencies of mutations in isocitrate dehydrogenase (IDH) and telomerase reverse
transcriptase promoter (TERTp). Among the 124 patients, 59 patients were enrolled
to study the classification of gliomas based on mutations in IDH and TERTp.

Results: Isocitrate dehydrogenase mutations are positively correlated with a good
prognosis but mutations in TERTp cannot predict prognoses independently. The
combined analysis of the mutations of IDH and TERTp can predict the prognosis
more accurately. Patients with IDH and TERTp glioma mutations have the best prog-
nosis, followed by only IDH mutation patients and only TERTp mutation patients,
which have the worst prognosis. IDH and TERTp mutations occur frequently in males,
younger patients or lower-grade patients. In contrast, only TERTp mutations occur
frequently in females, older patients or higher-grade patients.

Conclusions: Patients with IDH and TERTp glioma mutations have the best prognosis,
and only IDH mutation patients and only TERTp mutation patients have the worst
prognosis. Moreover, the molecular classification of gliomas by mutations of IDH and

TERTp is not suitable for pediatric patients.
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sequencing, TERT promoter mutation

clinical criteria established by the World Health Organization
(WHO) (Louis, Ohgaki, Wiestler, & Cavenee, 2016). Diffuse low-
grade and intermediate-grade gliomas together make up the low-
er-grade gliomas (WHO grades Il and Ill), and glioblastoma was
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called higher-grade gliomas (WHO grade V) (Otani, Uzuka, & Ueki,
2017). Although there is long history of histopathological classifi-
cation of gliomas, it does not adequately predict clinical outcomes
due to the high intra-observer and interobserver variability of this
classification. Clinicians rely on genetic classifications to guide
clinical decision-making, especially for lower-grade gliomas (Otani
et al., 2017). For the first time, molecular parameters were intro-
duced to define tumor entities together with histology in the 2016
WHO classification of tumors of the central nervous system (2016
CNS WHO) (Louis et al., 2016). Mutations in the isocitrate dehy-
drogenase gene (IDH, including IDH1 and IDH2) were reported
to characterize the majority of lower-grade gliomas and to be as-
sociated with better overall survival (OS) (Parsons et al., 2008).
Mutations of telomerase reverse transcriptase promoter (TERTp)
were subsequently found to frequently occur in gliomas (Lee et al.,
(2017)) and to be associated with a better outcome in the IDH
mutation subgroup but a poorer outcome in the IDH wild-type
subgroup (Pekmezci et al., 2017). IDH and TERTp mutation status
were often included in the studies of molecular classification of
gliomas and to some extent, showed the ability to supplement a
histopathological classification (Kim et al., 2018).

In this study, we explored IDH1, IDH2, and TERTp mutation sta-
tus in a cohort of patients with gliomas from the WHO grade Il to IV
to identify the frequencies of these mutations in Chinese patients
with gliomas.

2 | MATERIALS AND METHODS
2.1 | Patients and samples

Tumor tissue samples for genetic testing were taken from 124 pa-
tients who underwent surgeries at the Shanxi Provincial People's
Hospital from April 2017 to November 2017. The ethics commit-
tee of the Shanxi Provincial People's Hospital approved the study.
Written informed consent was obtained from all participants in the
study.

2.2 | DNA extraction

We performed DNA extraction from serial thick sections cut from
the tumor tissue samples and control sections. Pathologists evalu-
ated the invasive tumor content to ensure more than 50% of the
cells were tumor cells. The DNA was isolated from the FFPE using
the HiPure FFPE DNA Kit (D3126, Magen).

2.3 | IDH1/IDH2 and TERT mutation analysis

Sanger sequencing (Shanghai Tongshu Biotechnology Co., Ltd)
was used to determine the frequency of mutations in IDH1,
IDH2, and TERTp (Sanger, Nicklen, & Coulson, 1997). The primer

design was based on sequence data from accession numbers
NM 005896 for IDH1, NM 002168 for IDH2, and NM 198253
for TERTp (http://www.ncbi.nlm.nih.gov). PCR amplification and
Sanger sequencing were performed using an ABI-PRISM 3730
DNA Analyzer (Applied Biosystems). PCR was performed in 20 plL
reaction conditions including 20 ng of DNA. PCR amplification
consisted of 16 cycles with denaturation at 95°C for 30 s, fol-
lowed by annealing at 60°C for 30 s, and extension at 72°C for
30 s; thereafter, 25 cycles with denaturation at 95°C for 30 s, fol-
lowed by annealing at 53°C for 30 s, and extension at 72°C for
30 s. Two microliters of the PCR amplification product was se-
quenced using the BigDye Terminator v3.1 Cycle Sequencing Kit
(Applied Biosystems). Twenty-five cycles were performed using
the sense primers IDH1f 5-M13-AAGTCACCAAGGATGCTGC-3/,
IDH2f  5-GCTGAAGAAGATGTGGAAAAGT-3', or  TERTpf
5'-AGCACCTCGCGGTAGTGG-3' with denaturation at 96°C for

10 s, annealing at 50°C for 5 s, and extension at 60°C for 4 min.

2.4 | Statistical analysis

SPSS 25.0 was used for statistical analysis. Permutation test was
used to compare the clinical characteristics between the different
groups. p < .05 was considered statistically significant. Kaplan-
Meier curves of OS were plotted for the TERTp mutation only group,
IDH mutation only group, IDH and TERTp wild-type group, and IDH
and TERTp mutations group.

3 | RESULTS
3.1 | Demographic data of the patients

Among the 124 patients, only 67 patients had detailed clinical data.
In the cohort, 40 were male, 27 were female, and the patients' ages
ranged from 5 to 78 years. There were 12 oligodendrogliomas, 24 as-
trocytomas, 3 ependymomas, 2 gangliogliomas, and 26 glioblastomas.
According to 2016 CNS WHO, the patients were classified as grade |
(8), grade 11(22), grade Il (11), and grade IV (26) gliomas (1). Eight WHO
grade | gliomas were excluded from further study for the reason that
WHO grade | gliomas are often considered to be benign and are clini-
cally and pathologically distinct from others; therefore, a final total of
59 patients were enrolled in this study. The baseline characteristics
and clinicopathological information of the 59 patients were summa-
rized in Table 1. All patients were treated with standard therapy.

3.2 | Gene analysis results

Among the 124 gliomas, 35.5% (44/124) had a IDH1 mutation, of
which 97.7% (43/44) was R132H, and 2.3% (1/44) was R132S; and
2.4% (3/124) had an IDH2 mutation, of which 2 cases had a muta-
tion at site 172 (R172W, R172K), and 1 case had a mutation at site
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174 (A174Y). Among them, 63.7% (79/124) had a TERTp mutation,
of which 93.7% (74/79) was G228A, and 6.3% (5/79) was G250A.
Among the 59 gliomas, 40.7% (24/59) were female and 59.3%
(35/59) were male; 50.8% (30/59) were older than 48 years and 49.2%
(29/59) were younger than 48 years; and 55.9% (33/59) were low-
er-grade (grade Il or lll) and 44.1% (26/59) were higher-grade (grade
IV). The mean age and median age were 47.0 and 48.0 years, respec-
tively. Among the 59 gliomas, 33.9% (20/59) had an IDH1 mutation
and 66.1% (39/59) were wild-type IDH1. IDH1 mutations showed sig-
nificant differences between the groups of different ages (p = .029)
and pathological grades (p = .001), but there was no significant dif-
ference in gender (p = .585). Only 1.7% (1/59) had an IDH2 mutation,
and 98.3% (58/59) were wild-type IDH2. There were no significant
differences in the distribution of IDH2 mutations between the groups
of different gender (p = 1.000), ages (p = 1.000), or pathological
grades (p = 1.000). Moreover, 69.5% (41/59) had a TERTp mutation
and 30.5% (18/59) were wild-type TERTp. There were no significant
differences in the distribution of TERTp mutations between the
groups of different gender (p = .252), ages (p = .267), or pathological
grades (p = .394). The Kaplan-Meier estimates of OS in the gliomas
with IDH mutations and TERTp mutations were shown in Figure 2a,b.
Based on the presence or absence of the two tumor markers,
these gliomas were divided into four groups: IDH and TERTp muta-
tions (17/59, 28.8%), IDH mutations only (4/59, 6.8%), IDH and TERTp
wild type (14/59, 23.7%), and TERTp mutations only (24/59, 40.7%)
(Table 2, Figure 1). For gliomas with mutations in both IDH and TERTp,
the distribution between pathological grades (p = .001) was statisti-

cally significant, but there were no significant differences between

the groups of different gender (p = .262) or age (p = .128). There was
only 6.8% (4/59) of gliomas with only IDH mutations, and there were
no significant differences between the groups of different gender
(p =.694), age (p = .284), or pathological grades (p = .426). For gliomas
with wild-type IDH and TERTp, there were no significant differences
between the groups of different gender (p = .291), age (p = .493), or
pathological grades (p = .471). For gliomas with only TERTp muta-
tions, the distributions between gender (p = .022), age (p = .011), and
pathological grades (p < .001) were statistically significant.

Among the 33 lower-grade gliomas, 45.5% (15/33) had mutations
in both IDH and TERTp, 9.1% (3/33) had mutations in IDH only, 27.3%
(9/33) were wild-type IDH and TERTp, and 18.2% (6/33) had muta-
tions in TERTp only (Figure 1). The group with IDH and TERTp muta-
tions and the group with wild-type IDH and TERTp contained a large
proportion of lower-grade gliomas. Among the 26 higher-grade glio-
mas, 7.7% (2/26) had mutations in both IDH and TERTp, 3.8% (1/26)
had mutations in IDH only, 19.2% (5/26) were wild-type IDH and
TERTp, and 69.2% (18/26) had mutations in TERTp only (Figure 1).
The group with only TERTp mutations dominated in higher-grade gli-
omas. Although 75.0% (18/24) of gliomas with only TERTp mutations
were higher-grade gliomas, this group also contained 25.0% (6/24)
lower-grade gliomas (Table 2).

The mean age and median age at diagnosis were 41 years in the
group with IDH and TERTp mutations, 38.7 and 48 years in the group
with only IDH mutations, 29.3 and 17 years in the group with IDH
and TERTp wild type, and 55 and 58 years in the group with only
TERTp mutations, respectively. Patients who had gliomas with only
TERTp mutations were older than the other patients (Table 2).

TABLE 2 Relationship between clinical data with molecular groups in gliomas

IDH and TERTp
mutations IDH mutation only IDH and TERTp wild type TERTp mutation only
No. (%) No. (%) No. (%) No. (%)
Total 17 (28.8) 4(6.8) 14 (23.7) 24 (40.7)
Gender
Female 5(29.4) 2(50.0) 4(28.6) 14 (58.3)
Male 12 (70.6) 2(50.0) 10(71.4) 10 (41.7)
Age
Mean age + SD 41.0+10.6 38.7+19.8 29.3+18.2 55.0+84
Median age 41.0 48 17.0 58.0
248 6(35.3) 1(25.0) 6(42.9) 17 (70.8)
<48 11 (64.7) 3(75.0) 8(57.1) 7(29.2)
Grade
Lower grade (II-111) 15(88.2) 3(75.0) 9 (64.3) 6(25.0)
Higher grade (1V) 2(11.8) 1(25.0) 5(35.7) 18 (75.0)
Histologic type
Oligodendroglioma 7(41.2) 1(25.0) 3(21.4) 2(8.3)
Astrocytoma 8(47.1) 1(25.0) 5(35.7) 4(16.7)
Glioblastoma 2(11.8) 1(25.0) 5(35.7) 18 (75.0)
Other 0 1(25.0) 1(7.1) 0

Abbreviations: IDH, isocitrate dehydrogenase gene; TERTp, telomerase reverse transcriptase promoter.
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Gliomas with IDH mutations have been reported to have a good prog- (N=17)
nosis (3) and our results also revealed a positive correlation between 2014
IDH mutation and a better OS in the Chinese population. IDH muta- & i b
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and R132L have also been identified (Balss et al., 2008; Hartmann 0 é IIO 1|5 2|0

et al., 2009; Ichimura et al., 2009; Pusch et al., 2014). In our study,
mutations in R132H and R132S were 97.7% and 2.3%, respectively.
IDH2 mutations rarely occur in gliomas and are commonly limited to
IDH1 mutations (Dunn, Andronesi, & Cahill, 2013). In our study, only
2.4% (3/124) of the gliomas had IDH2 mutations. The vast major-
ity of IDH mutated gliomas occur in patients younger than 55 years
(Parsons et al., 2008; Robinson & Kleinschmidt-DeMasters, 2017).
In our study, only 9.5% (2/21) of patients with IDH mutated gliomas
were older than 55 years. The incidence of IDH mutations in males
was twice that in females, but the results did not show statistical
significance.

The frequency of TERTp mutations is very high in gliomas
(~50%), especially in glioblastomas (>60%) (Vinagre et al., 2013).
Several studies have proposed that mutations in TERTp in glioblas-

tomas are independently associated with a poor prognosis (Malkki,

Overall survival (months)

FIGURE 2 Kaplan-Meier estimates of overall survival of the
gliomas with (a) IDH mutations; (b) TERTp mutations; (c) molecular
classification based on IDH and TERTp mutation

2014; Simon et al., 2015). However, in studies involving different
gliomas, Pekmezci et al. (2017) revealed that the wild-type TERTp
group was associated with a good prognosis only in wild-type
IDH1/IDH2 and the TERTp and IDH co-altered group also had a
better prognosis than found in the IDH mutation group. In our
study, when we only considered the relationship between OS and
TERTp mutation status, the wild-type TERTp group showed worse
prognosis than the TERTp mutation group, indicating that TERTp
could not predict the prognosis independently (Figure 2b). TERTp
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mutations occur in 70%-83% of glioblastomas, 74%-78% of oli-
godendrogliomas, 25%-50% of oligoastrocytomas, and 10%-25%
of astrocytomas (Pekmezci et al., 2017). Our results showed that
TERTp mutations occurred in 76.9% of glioblastomas, 75% of oli-
godendrogliomas, and 63.2% of astrocytomas. Moreover, in our
study, neither IDH mutations nor TERTp mutations occurred in pe-
diatric gliomas. Previous studies also reported a low incidence of
IDH mutations or TERTp mutations in pediatric gliomas: 16.3% and
0.5%, respectively (Koelsche et al., 2013; Pollack et al., 2011). This
result indicates that IDH or TERTp mutations are not characteristic
in pediatric patients with gliomas.

The IDH and TERTp mutation status is often taken into con-
sideration in molecular classification studies of gliomas (Kim et al.,
2018; Pekmezci et al., 2017). Patients with IDH and TERTp glioma
mutations have the best prognosis whereas only IDH mutation pa-
tients and only TERTp mutation patients have the worst prognosis
(Robinson & Kleinschmidt-DeMasters, 2017). Our study showed
similar results. Both IDH and TERTp mutations dominated in low-
er-grade gliomas, and only TERTp mutations dominated in high-
er-grade gliomas (Figure 1), which is consistent with the better
prognosis of lower-grade gliomas and the worse prognosis of high-
er-grade gliomas. Gliomas with only TERTp mutations are primarily
graded |V; however, 6 of the 24 (25%) in our study were grade |l
or lll. Grade Il or Ill gliomas in this group may have an aggressive
course and may be associated with poor survival, which suggests the
need for early adjuvant therapies and meticulous follow-up sessions.
Most gliomas with both IDH and TERTp mutations were presented
in males, and those with only TERTp mutations were presented in
females, indicating that male glioma patients usually have a better
prognosis than females (Table 2). Most patients with gliomas with
both IDH and TERTp mutations were younger than 48 years, and the
majority of patients with only TERTp mutation gliomas were older
than 48 years. The median age at diagnosis was the lowest (17 years)
among patients who had gliomas with wild-type IDH and TERTp and
was highest (58 years) among the patients who had gliomas with
only TERTp mutations. It is further suggested that molecular classi-
fication by IDH and TERTp is not suitable for pediatric patients with
gliomas. Moreover, gliomas with only IDH mutations were generally

at low frequency, younger than 48 years, and in the lower grade.

5 | CONCLUSIONS

The results in the Chinese population are consistent with those in
previous studies suggesting that patients with gliomas with IDH
and TERTp mutations have the best prognosis whereas only IDH
mutation patients and only TERTp mutation patients have the
worst prognosis. Both IDH and TERTp mutations occur frequently
in males, younger patients, and lower-grade patients. In contrast,
only TERTp mutations occur frequently in females, older patients,
and higher-grade patients. Moreover, the molecular classification
of gliomas by mutations of IDH and TERTp is not suitable for pedi-

atric patients.
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