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Background: Gliomas are the most frequently occurring malignant brain cancers. Recently, isocitrate
dehydrogenase (IDH) mutations, O6-methylguanine-DNA methyltransferase (MGMT) promoter
methylation, and 1p/19q co-deletion have been suggested to indicate a favorable prognosis in gliomas.
However, the clinical prognostic value of these genetic tests in human gliomas is not fully understood.
Methods: We included glioma patients who accepted genetic testing including IDH, MGMT and 1p/19q
at Xiangya Hospital, Central South University in China (Jan 2015 to Jun 2017) and further analyzed the
effect of the above gene states in high-grade gliomas.

Results: In 103 high-grade glioma patients, IDH mutation, MGMT promoter methylation, and 1p/19q
co-deletion had better progression-free survival (PFS) than IDH wild-type (P=0.005), MGMT unmethylated
promoter (P=0.002), and without 1p19q co-deletion (P=0.008), respectively. Additionally, we classified the
above gliomas into 5 molecular groups, triple-positive, IDH mutation and MGMT methylation, methylation
in MGMT only, mutation in IDH only, and triple-negative, according to characteristics of recruited patients.
We found that triple-positive gliomas had better PFS than triple-negative cases in high-grade patients
(P=0.016). Moreover, the IDH mutation and MGMT methylation groups had prolonged PFS compared to
triple-negative (P=0.029).

Conclusions: Our study reinforced the clinical value of biomarkers, including 1p/19q co-deletion, IDH
mutation, and the most prominent MGMT methylation, as previously described in glioma prognosis.
Further, triple-negative patients have poorer PFS, indicating that the states of these genes can be divided
into subgroups as a potential prognostic marker for clinical treatment, which requires a larger, multicenter

study to testify.
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Introduction

Gliomas are the most common and malignant primary
intracranial brain cancer, with an average annual incidence
rate of 7.15 per 100,000 in the United States (1-3). In
the past, the classification of brain tumors has been based
widely on classic histologic features. Recently, with the
evolution of molecular pathology research in the central
nervous system (CNS), some molecular biomarkers have
provided information for clinical diagnosis and treatment.
In 2016, with changes to the World Health Organization
(WHO) classification of CNS, the use of both genotype,
such as isocitrate dehydrogenase (IDH) mutation and
1p/19q co-deletion status, and morphologic classification,
have led to more accurate diagnoses (4). As for treatment,
in the NCCN clinical practice guidelines of CNS Cancers
Version 1.2019, IDH mutation, 1p19q co-deletion and
O6-methylguanine-DNA methyltransferase (MGMT)
promoter methylation have been recommended for testing
in low grade glioma, anaplastic oligoastrocytoma and
glioblastoma, respectively, as stratified factors for sensitivity
to chemotherapy and favorable prognosis.

The distribution and IDH mutations are common in
65-80% of grade II and III gliomas, and in 80-90% of
secondary glioblastomas, but are almost never seen in
glioblastoma (5-7). As a predictor of survival, IDH1/2
mutations are associated with a favorable prognosis,
especially with radiation or alkylating therapy (8,9). This
alteration is also associated with co-deletion of 1p/19q
and MGMT promoter methylation (10). MGMT is a
DNA repair enzyme that induces resistance to alkylating
chemotherapies; therefore, silencing this gene can lead
to sensitization to alkylating agents (e.g., temozolomide)
(11-13). The methylation of the MGM'T promoter is
commonly found in glioblastoma and less commonly
in lower grade gliomas, with survival advantages in
glioblastoma (1). Patients with MGMT promoter
methylation had more therapeutic benefits from
temozolomide, compared to those with an unmethylated
promoter (14). Co-deletion of 1p and 19q represents a co-
deletion of the short arm of chromosome 1 and the long
arm of chromosome 19, which is strongly associated with
oligodendroglial histology (15). The co-deletion confers
a favorable prognosis and is predictive of response to
both PCV (procarbazine, lomustine, and vincristine) and
temozolomide (16,17).

The China National Health and Family Planning
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Commission published an announcement in the Clinical
Practice Guidelines of the CNS in September 2014, setting
standards for the molecular diagnosis of gliomas. Since,
the genetic tests of 1p/19q co-deletion, MGMT promoter
methylation and IDH1/2 mutations have been applied for
almost 4 years. Considering the clinical efficacy in glioma,
detecting the current prognostic values of these genes and
probe as biomarkers for clinical prognosis are essential. In
this study, we investigate the clinical prognostic effects for
IDH mutations, MGMT promoter methylation, and 1p/19q
co-deletion in high-grade glioma patients, respectively.
Furthermore, in order to explore whether the combination
of these genes could serve as a novel prognostic marker, we
classified the high-grade gliomas into 5 molecular groups
and compared the progression-free survival (PFS).

Methods
Patients

We recruited 460 patients (male/female ratio: 1.42:1), who
were diagnosed with gliomas and accepted genetic tests,
such as IDH mutation, MGMT promoter methylation,
and 1p/19q co-deletion, from January 2015 to June 2017
in Xiangya Hospital of Central South University. Glioma
diagnosis for patients in this cohort was made by the
patient’s referring clinicians according to 2016 WHO
classification for brain tumors (4). Glioblastoma (n=132),
astrocytoma (n=111), anaplastic astrocytoma (n=72),
oligodendroglioma/oligoastrocytoma (n=79), and anaplastic
oligodendroglioma/oligoastrocytoma (n=32) were the
predominant diagnoses. All of the patients’ diagnoses were
pathologically confirmed, and the medical records were
collected from the date of surgery.

All 460 patients accepted tumor resection. After
resection, 269 patients received systemic therapy
(181 patients received RT + TMZ; 6 received RT alone;
82 received TMZ alone). The therapy regimen was based
on NCCN clinical practice guidelines in oncology and
adjusted for patients with different individual statuses. The
study was defined to investigate newly-diagnosed high-
grade diffuse infiltrating gliomas from 15 months of follow-
up in 240 cases. Endpoints included overall survival (OS)
and PFS. OS was defined as the time from the date of
diagnosis to the date of death from any cause (or patients
were censored at the date of last follow-up). PFS was
calculated as the time from date of surgery to the first

Ann Transl Med 2019;7(20):541 | http://dx.doi.org/10.21037/atm.2019.09.126



Annals of Translational Medicine, Vol 7, No 20 October 2019

1801 I undetected
[ Detected
160 40.8
” 1404
= Ho.6
2 1201
©
Q. [0}
5 100 2
Q
) 104 3
2 801 3
> o
C
601
é’ 0.2
404
20 0.0
0_

S FFFIFPEF I
NI AN SN AN NS N Y
Q Q Q Q Q Q Q Q" O Q
LS S S SO SR S S S

Figure 1 Number of patients and detected genes in each quarter.

documented evidence of disease progression.

Study methods

The status of the MGMT promoter, IDH, and 1p19q was
determined by the Department of Pathology of Xiangya
Hospital. DNA extraction from the glioma specimens
was performed to analyze the IDH status by polymerase
chain reaction PCR sequencing from laboratory-
developed tests, targeting commonly mutated areas. The
MGMT promoter methylation status of the tumor was
determined by quantitative methylation-specific PCR
with the Qiagen EpiTect Fast DNA Bisulfite Kit (Cat
No. 59802). Additionally, 1p36/19q13 was detected
by the Vysis 1p36/1q25 and 19q13/19p13 fluorescent
in situ hybridization (FISH) probe kit according to
the manufacturer’s manual (Abbott, Illinois, USA). In
interphase nuclei of glioma cells with the LSI 1p36 and LSI
19q13 probes, green signals are indicative of centromeres,
and orange signals represent deletions. The 1p36 and
19q13 deletions are determined when the ratio between
orange signals and green signals are less than 0.7 and 0.8,
representatively. FISH results are provided in Figure S1.
Statistical tests were calculated using SPSS 20 (SPSS
Inc., Chicago, USA). Analysis of OS and PFS was
performed using GraphPad Prism software (version 5,
GraphPad Software) by Kaplan-Meier method, and P<0.05
was considered significant (using log-rank test). We used
one-way analysis of variance (ANOVA, Kruskal-Wallis test)
and chi-squared tests to analyze differences in demographic
characteristics and clinical data among different groups.
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Results
Application of genetic testing

Between January 2015 and June 2017, a total of
1,309 patients were diagnosed as gliomas, and 460 (35.1%)
of these patients had performed genetic tests at Xiangya
Hospital (Figure S2A). The majority of physicians who
prescribed genetic testing were assistant director physicians
(60.3%), followed by director physicians (26.0%) and
attending physicians (13.7%) (Figure S2B). Since January
2015, an increasing number of cases who accepted genetic
testing has been observed from patients’ distribution
diagrams (Figure I). Single genetic tests were evaluated in
33.3% (153/460) of cases. Approximately 67.1% of patients
underwent MGMT promoter methylation tests, often as
part of panels with 1p19q co-deletion. As for the patients
who chose multiple gene tests, about 99% performed three
gene tests including IDH, MGMT and 1p19q. Only 1%
patients detected two genes, such as MGMT and IDH or
MGMT and 1p19q status.

Distribution of molecular groups in newly-diagnosed
diffuse infiltrating gliomas

We identified the results of IDH, MGMT, and 1p19q gene
tests and analyzed the basic distribution in 460 glioma
patients (Table SI). Among these gliomas, 401 cases
were newly diagnosed, of which 240 cases were diffuse
infiltrating gliomas as the majority histologic types of
grades II-IV gliomas. Based on the state of IDH mutation,
MGMT promoter methylation, and 1p19q co-deletion,
5 combination groups [each of which represented 4%
or more of the full set (10)] were used to classify the
240 gliomas: triple-positive IDH mutation, MGMT
promoter methylation, and 1p19q co-deletion), IDH
mutation and MGMT methylation, methylation in MGMT
only, mutation in IDH only, and triple-negative (Figure 2).
Among 88 cases of grade II glioma, 30 cases (34.1%) were
triple-negative, followed by MGMT methylation and IDH
mutation (25.0%), triple-positive (17.0%), mutations in
IDH only (15.9%) and methylation in MGMT only (4.5%).
Among 55 cases of grade III glioma, 24 cases (43.6%) were
triple-negative, followed by triple-positive (21.8%), MGM'T
methylation and IDH mutation (18.1%), methylation in
MGMT only (9.1%), and mutation in IDH only (5.5%).
In the 97 cases of grade IV glioma, 55 cases (56.7%) were
triple-negative, followed by methylation in MGMT only
(25.8%), MGMT methylation and IDH mutation (9.3%),
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Figure 2 Prevalence of the glioma molecular groups. (A) The prevalence of the molecular groups among grade II gliomas; (B) the

prevalence of the molecular groups among grade III gliomas; (C) the prevalence of the molecular groups among grade IV gliomas. MGMT,

O-6-methylguanine-DNA methyltransferase; IDH, isocitrate dehydrogenase.

IDH mutation only (3.1%), and triple-positive (2.1%)
group.

The effect of IDH mutation, MGMT promoter
methylation, and 1p19q co-deletion in OS

We analyzed OS in high-grade gliomas, as the follow-up
time was not sufficient in low-grade patients. As shown in
Table 1, we identified 103 patients with newly-diagnosed
high-grade diffuse infiltrating gliomas aged more than
18 years, who accepted systemic therapy (Figure 3). We
classified above gliomas into the following groups: (I)
IDH1/2 mut and IDH1/2 wt; II) MGMT promoter met
and MGMT promoter unmet; III) with 1p36/19q13 co-
deletion and without 1p/19q co-deletion. Using Kaplan-
Meier survival analysis, OS were found to be significantly
improved in the MGMT promoter met group as compared
to the MGMT promoter unmet group (P=0.025)
(Figure 44). However, there was no significant difference
between IDH mutation groups, as well as 1p19q co-deletion
groups in patients’ OS (Figure 4B,C). The combination
group analysis also found no significant difference in
5 combination groups (Figure 4D).

The effect of IDH mutation, MGMT promoter
methylation, and 1p19q co-deletion in PFS

The PFS were statistically significantly improved in the
MGMT promoter met (median PFS, MGMT promoter met
vs. unmet: undefined vs. 6.58, P=0.002), IDH1/2 mut (median

© Annals of Translational Medicine. All rights reserved.

PES, IDH mut vs. IDH wild: undefined vs. 8.61, P=0.005),
and 1p36/19q13 co-deletion (median PFS, p36/19q13
co-deletion vs. without co-deletion: undefined vs. 10.16,
P=0.008) groups as compared to the MGMT promoter
unmet and IDH1/2 wt and without 1p36/19ql3 co-
deletion groups, respectively (Figure 5A,B,C). Furthermore,
combination group analysis revealed that triple-negative
gliomas had poorer PFS than those of the triple-positive
group (P=0.016) and IDH mutation and MGMT
methylation group (P=0.029) (Figure 5D).

Discussion

This study demonstrated that IDH mutation, MGMT
promoter methylation, and 1p19q co-deletion had
better PFS than control groups in high-grade gliomas,
respectively. In addition, the MGMT methylation had
better survival in OS. The results of our studies were
similar to those reported previously (18-20), confirming
the premise that different glioma oncobiology, such as
IDH1/2 mutation status, MGMT promoter methylation
levels, and1p36/19q13 co-deletion, is associated with
discriminating favorable prognoses. Moreover, we found
that the triple-negative group had poorer PFS in high-
grade patients. This suggested that subgroup analysis of
IDH mutation, MGMT promoter methylation and 1p19q
co-deletion state combination may play a certain role as
potential prognostic markers of glioma treatment, which
need multicenter and larger sample study to testify.

As previous studies have reported, in newly diagnosed
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Table 1 Clinical, pathological, and treatment characteristics of the
patient in ITII-IV grades

Patient Grade lll, Grade 1V, Hisz;%zzde
characteristics N=48 (%) N=55 (%) N=103 (‘;A))
Sex
Male 33 (68.7) 25 (45.5) 58 (56.3)
Female 15 (31.3) 30 (54.5) 45 (43.7)
Age
Median [range] 48 [18-71] 48[18-75] 48 [18-75]
Histology
Glioblastoma - 55 (100.0) 55 (53.4)
Anaplastic 32 (66.7) - 32 (31.1)
astrocytoma
Anaplastic 14 (29.2) - 14 (13.6)
oligodendroglioma
Anaplastic 2(4.1) - 2(1.9)
oligoastrocytoma
IDH1/2 mutation
Mutation 14 (29.2) 5(9.1) 19 (18.4)
Wildtype 15(31.2) 41 (74.5) 56 (54.4)
Undected/ 19 (39.6) 9(16.4) 28 (27.2)
indetermined
MGMT promoter methylation
Methylated 17 (35.4) 11 (20.0) 28 (27.2)
Not methylated 12 (25.0) 34 (61.8) 46 (44.7)
Undected/ 19 (39.6) 10 (18.2) 29 (28.1)

indetermined

Table 1 (continued)

glioblastoma, MGM'T promoter methylation is associated
with a favorable outcome after temozolomide chemotherapy,
which methylated in 45% of patients (14), consistent with
the results of dose-dense temozolomide model, confirming
the prognostic significance of MGMT methylation (18).
Similarly, in low-grade glioma, MGMT-driven molecular
classification is a strong predictor for long-term survival,
especially when treated with combined radiotherapy and
temozolomide (21,22). We demonstrated that MGMT
methylation had better OS and PFS in newly diagnosed
high-grade diffuse infiltrating gliomas. This result is in line
with a previous observation, suggesting a more accurate

© Annals of Translational Medicine. All rights reserved.
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Table 1 (continued)
Patient Grade lll, Grade IV, Higg(—)%::de
characteristics N=48 (%) N=55 (%) N=103 (%)
1p36/19913 co-deletion
Yes 16 (33.3) 2 (3.6) 18 (17.5)
No 32 (66.7) 52 (94.6) 84 (81.5)
Unknown 0(0) 1(1.8) 1(1.0
KPS at study entry
60-100 45 (93.7) 52 (94.6) 97 (94.2)
<60 3(6.3) 3(5.4) 6 (5.8)
GCS at study entry
15 44 (91.7) 52 (94.6) 96 (93.2)
14-13 3(6.3) 3 (5.4) 6 (5.8)
<13 1.0 0(0) 1(1.0
Presented with 9(18.8) 9(16.4) 18 (17.5)
seizure
Surgery
Complete resection 44 (91.7) 48 (87.3) 92 (89.3)
Partial resection 4 (8.3) 6(10.9) 10 (9.7)
Biopsy 0(0) 1(1.8) 1(1.0
Post-op treatment
TMZ with RT 36 (75.0) 46 (83.6) 82 (79.6)
TMZ alone 11 (23.0) 9 (16.4) 20 (19.4)
RT alone 1.0 0(0) 1(1.0

IDH, isocitrate dehydrogenase; MGMT, O-6-methylguanine-DNA
methyltransferase; KPS, karnofsky performance status; GCS,
glasgow coma scale; TMZ, temozolomide; RT, radiotherapy.

and individual schedule based on MGMT methylation, and
glioma subtype is expected to provide a more reliable tool
for standardizing future treatment strategies.

The combination of 2 molecular markers, such as
IDHI mutations and MGMT methylation status, IDH1/2
mutations and 1p/19q co-deletion have been proposed
as outcome predictors in patients with gliomas. Wick
et al. showed that MGMT promoter methylation is a
predictive biomarker for the benefits of alkylating agent
chemotherapy in patients with IDHI1-wild-type in high-
grade malignant gliomas (23). The results confirmed the
favorable prognostic value of IDH1 mutation and MGMT
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460 patients assessed for
genetic tests

81 excluded:
* 68 for vague follow-up information
* 13 quit halfway

379 enrolled

! |

172 in low-grade gliomas — .
(Excluded for insufficient follow-up time) 207 in high-grade gliomas

104 excluded
¢ 61 for unknown treat regimens
42 for <18 years and/or surgery for recurrence
¢ 1 for medulloblastoma (not diffuse gliomas)

103 analyzed the PFS and OS

Figure 3 Trial profiles. Automatic pipeline used to filter patients with high-grade gliomas.
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Figure 4 Impacts of IDH mutation, MGMT promoter methylation, and 1p19q co-deletion on OS time. (A) The OS of MGMT
promoter methylation, unmethylated, and unknown; (B) the OS of IDH mutation, wild-type, and unknown; (C) the OS of 1p19q co-

deletion and without co-deletion; (D) the OS of combination groups. IDH, isocitrate dehydrogenase; MGMT, O-6-methylguanine-DNA
methyltransferase; OS, overall survival.
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Figure 5 Prognostic impacts of IDH mutation, MGMT promoter methylation, and 1p19q co-deletion on PFS time. (A) The PFS of
MGMT promoter methylation, unmethylated, and unknown; (B) the PFS of IDH mutation, wild-type, and unknown; (C) the PFS of 1p19q
co-deletion and without co-deletion; (D) the PFS of combination groups. IDH, isocitrate dehydrogenase; MGMT, O-6-methylguanine-DNA

methyltransferase; PFS, progression-free survival.

methylation in patients with anaplastic astrocytoma treated
by temozolomide-based chemoradiotherapy (24).

A further study illustrated the combination of IDH1
mutations, and MGMT methylation outperforms either
IDH1 mutations or MGMT methylation alone in
predicting survival of glioblastoma patients (25). In addition,
combining IDH1/2 and 1p/19q co-deletion makes it
possible to stratify anaplastic oligodendroglioma in 3 groups
with distinct prognostic features (26). By combination
group analysis of 3 molecular markers, our study found that
the triple-negative group had poorer PES in high-grade
patients. This finding implied that combination of MGMT
methylation, 1p/19q co-deletion, and IDH mutation
could play potentially crucial roles in prognosis, based on
consideration of the correlation between basal parameters

in high-grade glioma.

Conclusions

In summary, as genetic tests have been increasingly utilized
in clinical practice, genetic states, including IDH mutation
and 1p19q co-deletion, and the most significant marker,

© Annals of Translational Medicine. All rights reserved.

MGMT promoter methylation, can be considered as
survival indicators in high-grade gliomas. The unfavorable
prognostic effect of triple-negative patients supported the
clinical value of subgroup analysis in glioma patients with
different histologic types and treatment protocols. The
combination of IDH mutation and MGMT promoter
methylation with or without 1p19q co-deletion show
prolonged survival and could be considered as prognostic
markers in high-grade gliomas.
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Figure S1 The FISH results of 1p36/19q13 co-deletion detection in glioma patients. According to the instructions, total intensity of orange
signal divided by green signal less than 0.7 for 1p36, or 0.8 for 19q13, was identified as deletion. (A) The 1p36/19q13 co-deletion; (B) the
1p36 deletion whereas 19q13 non-deletion; (C) the 19q13 deletion whereas 1p36 non-deletion; (D) the 1p36/19q13 non-deletion. FISH,

luorescent in situ hybridization.
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Figure S2 Genetic testing application. (A) Proportion of patients
who received genetic tests; (B) proportion of prescribing physicians

for genetic tests.



Table S1 The distribution of IDH, MGMT and 1p19q in glioma

Patient characteristics IDH mut IDH wild MGMT met, MGMT unmet, 1p19q codel, 1p19q uncodel,
n=122 (%) n=185 (%) n=130 (%) n=178 (%) n=100 (%) n=354 (%)
Sex
Male 72 (59.0) 113 (61.1) 79 (60.7) 108 (60.7) 60 (60.0) 206 (58.2)
Female 50 (41.0) 72 (38.9) 51 (39.3) 70 (39.3) 40 (40.0) 148 (41.8)
Age
Median [range] 45 (22-69] 44 [1-80] 48 [4-69] 40 [1-80] 48 [27-71] 42 [1-80]
Grades
I/ 62 (50.8)" 53 (28.6) 50 (38.5) 65 (38.5) 64 (64.0) 141 (39.8)
/v 60 (49.2) 132 (71.4) 80 (61.5) 113 (63.5) 36 (36.0) 213 (60.2)
Histology
Glioblastoma 24 (19.7) 87 (47.0) 44 (33.8) 67 (38.5) 7 (7.0) 123 (34.7)
Diffuse midline glioma 0 (0) 14 (7.6) 2(1.5) 12 (6.7) 1(1.0) 13 (3.7)
Medulloblastoma 0 (0) 1(0.5) 0 (0) 1(0.6) 0 (0) 2(0.6)
Anaplastic astrocytoma 25 (20.5) 30 (16.2) 24 (18.5) 32 (18.0) 7 (7.0) 65 (18.4)
Anaplastic Oigodendroglioma/ 11 (9.0) 1(0.5) 11 (8.5) 1(0.6) 20 (20.0) 11 (3.1)
oligoastrocytoma
Astrocytoma 42 (34.4) 35 (18.9) 29 (22.3) 49 (27.5) 12 (12.0) 96 (27.1)
Oligodendroglioma/ 19 (15.6) 5(2.7) 19 (14.6) 4(2.2) 52 (52.0) 27 (7.6)
oligoastrocytoma
Ganglioglioma 0(0) 2(1.1) 0(0) 2(1.1) 1(1.0 3(0.8)
Subependymal giant cell 1(0.8) 0(0) 0(0) 1(0.6) 0(0) 1(0.3)
astrocytoma
Pilocytic astrocytoma 0(0) 10 (5.4) 1(0.8) 9 (5.1) 0(0) 13 (8.7)

*, P<0.05. IDH, isocitrate dehydrogenase; MGMT, O-6-methylguanine-DNA methyltransferase.



