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Abstract: Mutations in isocitrate dehydrogenase (IDH) and telomerase reverse transcriptase promoter (TERTp) exert 
a far-reaching influence on clinicopathologic diagnosis and prognosis of glioma. Traditional approaches, such as 
Sanger sequencing and ARMS, lack sensitivity due to tumor heterogeneity and low tumor purity of glioma samples. 
Therefore, we propose a highly sensitive detection method for IDH1 and TERTp mutations based on ddPCR technol-
ogy, named IDH1-TERT-mutation ddPCR (IT-ddPCR). We determined the IDH1 and TERTp mutations of 80 patients 
by Sanger sequencing, ARMS, and IT-ddPCR in parallel. We detected the TERTp mutations of 8 patients with probes 
by IT-ddPCR and Bio-Rad. IDH1-positive singles were detected in 56 cases by IT-ddPCR. TERTp-positive singles were 
detected in 50 cases by IT-ddPCR. There was a slight difference in total events, occupancy events, and C228T/
C250T droplets between these two different probes. Regression analysis of the TERTp variant frequencies detected 
by probes of IT-ddPCR and Bio-Rad produced a slope of 1.0425 and a coefficient (R2) of 0.9231. We found that 
IT-ddPCR showed a higher sensitivity compared with Sanger sequencing and ARMS in the detection of IDH1 and 
TERTp mutations. There were no significant differences in variant frequencies of TERTp mutations between the two 
probes of IT-ddPCR and Bio-Rad. Thus, IT-ddPCR can be used to detect low-frequency mutation of IDH1 and TERTp 
in glioma.

Keywords: IDH1, TERTp, ddPCR, glioma

Introduction

Glioma, including glioblastoma (GBM), oligo-
dendroglioma, astrocytoma, ependymoma, and 
a few rare histologies, arises from glial or pre-
cursor cells and accounts for about 24% of 
brain tumors. It is the most common primary 
malignant tumor of the central nervous system 
(CNS), GBM accounts for 56.6% of gliomas with 
an incidence rate of 3.21 per 100000 popula-
tion among those in the USA [1]. Glioma is char-
acterized by infiltrating growth without obvious 
boundaries in normal brain tissue. Despite 
therapy combined with surgery, radio-chemo-
therapy and other adjuvant therapy, the prog-
nosis of patients for high grade glioma is still 
dismal, and the median survival is only between 
10 and 15 months [2, 3]. There has been 

remarkable development in the molecular char-
acterization of glioma in the past decade. 
Several molecular markers are new compo-
nents of the classification of CNS tumors by the 
2016 World Health Organization (WHO), which 
exert a far-reaching influence on clinicopatho-
logic diagnosis and prognosis of glioma [4].

One of the most important changes of CNS 
tumors in the 2016 WHO classification is the 
addition of the IDH mutation. Since the isoci-
trate dehydrogenase 1 (IDH1) gene mutation 
was identified in a large cluster of patients with 
glioma by whole genome sequencing [5], there 
has been an increasing interest in researching 
consequences of IDH1 mutations and their 
roles in glioma progression. It has been demon-
strated that IDH1 mutations that occur early in 
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the development of glioma from a stem cell fre-
quently can give rise to both astrocytes and oli-
godendrocytes [6]. Numerous studies have 
reported that patients with IDH1 mutations 
have a better overall survival (OS) and progres-
sion-free survival (PFS) compared to those 
without mutations in lower grade glioma [7-9]. 
More than 90% of IDH1 mutations are IDH1 
R132H (c.395G>A) [13]. Another important 
mutation in glioma is the TERTp mutation. The 
mutations in TERTp, which encodes telomer-
ase, have been found in most GBM patients 
[10] and confer a dismal prognosis [11, 12]. 
There are two types of TERTp mutations, named 
C228T and C250T, occur at -124bp and -146 
bp upstream of the TERT transcription start 
site, respectively [14].

IDH1 mutations occur in low-grade glioma 
(WHO II and III) mostly, and TERTp mutations in 
GMB frequently. Therefore, the combined test-
ing of IDH and TERTp can classify over 80% of 
glioma into objective subgroups [11, 15], and  
is very significant for the diagnosis of glioma. 
Currently, IDH and TERTp status are mainly 
detected by Sanger-sequencing and ARMS-
PCR (amplification refractory mutation system 
PCR), which are limited by low sensitivity [16]. 
However, glioma has a high tumor heterogene-
ity and is often accompanied by necrosis, 
resulting in a lower proportion of tumor cells 
than the detection threshold. In recent years, 
droplet digital polymerase chain reaction 
(ddPCR) has gotten attention because of the 
realization of ultra-sensitive detection and ab- 
solute quantification. The mechanism of ddPCR 
is to prepare thousands of water-oil emulsion 
droplets containing single DNA molecules and 
amplify each DNA fragment, enabling droplet 
analysis by different fluorescent markers one 
by one [17, 18]. Here we propose a high sensi-
tivity detection method of IDH1 and TERTp 
base on ddPCR technology, named IT-ddPCR, 
which include R132H, R132S, R132G, R132C, 
R132L of IDH1 and C228T, C250T of TERTp. It 
is more sensitive than Sanger sequencing and 
ARMS. The IT-ddPCR can be used to detect a 
low mutation frequency of IDH1 and TERTp in 
glioma.

Materials and methods

Patients

For this study, 80 patients who were diagnosed 
with glioma were enrolled at the Southwest 

Hospital, the Third Military Medical University 
(TMMU) in Chongqing (China), from 2009 to 
2018 (Supplementary Table 1). This study was 
approved by the Institutional Review Board/
Ethics Committee of the hospital. All patients or 
their guardians signed an informed consent 
before the experiment. Histopathologic diagno-
ses were made by two neuropathologists based 
on the tumor classification of the central ner-
vous system by 2016 WHO. Histologic classifi-
cation was determined by hematoxylin-eosin 
staining (H&E staining), Sanger sequencing, 
and fluorescence in situ hybridization (FISH).

DNA extraction

Genomic DNA was extracted from formalin-
fixed paraffin-embedded (FFPE) tumor samples 
of these patients using the TIANamp FFPE DNA 
Kit (TIANGEN). The experiment was implement-
ed according to the protocol offered by the 
manufacturer. The concentration of DNA was 
measured by the SMA4000 and the purity was 
evaluated through the measurement of the 
OD260/OD280 ratio. Extracted DNA was stored 
at -20°C until it was used. 

ARMS-PCR and Sanger sequencing

R132H and TERTp C228T, C250T mutations 
were detected by ARMS-PCR using Human 
IDH1 Mutations Detection Kit (Fluorescent 
PCR) and Human TERTp Mutations Detection 
Kit (Genetron Health, Beijing, China) on a 
Stratagene MX3000P Real Time PCR system 
(Agilent Technologies Inc.), respectively. PCR 
purification and sequencing reactions were 
performed by Tumor Related Gene Mutation 
Detection Kit (Yuanqi Bio, Shanghai, China) by 
3500 Dx Genetic Analyzer (Applied Biosystems 
Inc.). Experimental operation and result inter-
pretation were all performed according to the 
protocols provided by the manufacturer.

Droplet digital PCR

Digital droplet PCR (ddPCR) assays were per-
formed on QX200 AutoDG Droplet Digital PCR 
system (Bio-Rad). IDH1 and TERTp mutations 
were detected by IT-ddPCR kit. Meanwhile, 
TERTp C228T, C250T mutations were detected 
by Bio-Rad’s probes according to the manufac-
turer’s instructions. The abridged general view 
of the workflow of IT-ddPCR is described in 
Figure 1A. The PCR program of ddPCR after 
droplet generation was as follows: 95°C for 10 
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min; 40 cycles of 94°C for 15 s and 58°C for 60 
s; 98°C for 10 min; 4°C for 5 min. The reaction 
temperature was changed at a rate of 2°C/s. 
DNA input for standard ddPCR analysis was 60 
ng.

Results

Quantitative performance of the ddPCR panels 
for IDH1 and TERTp mutation analysis

To investigate the detection sensitivity of IT- 
ddPCR method, we performed the test in refer-

ence-standard plasmid with serial variant  
and different IDH1 mutants (R132H, R132S, 
R132G, R132C, R132L), respectively. As shown 
in Figure 1B, when the IDH1 mutant ratio was 
larger than 0.1%, more than three droplets 
could be observed. Occasionally, under the cir-
cumstance that the IDH1 mutant ratio were 
lower (<0.1%), it is still determined as negative 
although there were one or two positive drop-
lets. Meanwhile, the TERTp mutations (C228T 
and C250T) were done by the same experi-
ments and the results were the same as above. 

Figure 1. Workflow and quantitative performances of the ddPCR panels for IDH1 and TERT promoter mutation 
analysis. A. First, DNA templates and primer pairs were mixed with ddPCR Supermix. Then, generating droplets us-
ing Automated Droplet Generator. Next, the PCR mixture for each assay was compartmentalized into about 20000 
droplets for independent PCR reactions. Finally, droplets were scanned and analyzed using QX200 Droplet Reader 
one by one. B. The test in reference-standard plasmid with serial variant IDH1 mutants (R132H, R132S, R132G, 
R132C, R132L) and TERT promoter mutants (C228T and C250T) using IT-ddPCR.
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Therefore, it can be demonstrated that the sen-
sitivity of IT-ddPCR is at least 0.1%.

Patients demographics

A total of 80 patients who underwent intracra-
nial tumor surgery were enrolled in this study. 
The clinical features of these patients are 
shown in Table 1. For these patients, 63.75% 
(51/80) were male, the median age at initial 
diagnosis was 44 years (age ranged from 10 to 
74). We assayed a cohort of glioma tumor tis-
sues (N=80) representing the major subtypes 
of glioma, including various histologic types 
(astrocytoma, glioblastoma, oligodendroglio-
ma, et al.), WHO grades (II-IV). The tumor per-
centage of all samples was more than 30%. 

More sensitive detection of IDH1 and TERTp 
mutations by IT-ddPCR than Sanger sequenc-
ing and ARMS

IT-ddPCR was a more sensitive detection meth-
od for IDH1 and TERTp mutations than Sanger 
sequencing and ARMS: We determined the 
IDH1 and TERTp mutations of 80 patients by 
Sanger sequencing, ARMS, and IT-ddPCR in 
parallel. IDH1-positive singles were detected in 
43 cases by Sanger sequencing, and in 44 and 
56 cases by ARMS and IT-ddPCR, respectively. 
TERTp-positive singles were detected in 44 
cases by Sanger sequencing, and in 44 and 50 
cases by ARMS and IT-ddPCR, respectively 
(Figure 2A). IT-ddPCR showed higher sensitivity 

compared with Sanger sequencing and ARMS. 
Remarkably, there was a case of anaplastic 
astrocytoma, in which IDH1 mutation was not 
detected by Sanger sequencing but only by 
IT-ddPCR and ARMS. We found that the variant 
frequencies of IDH1 mutation were 9.23% in 
this case. It can be concluded that the sensitiv-
ity of Sanger sequencing is the lowest among 
the three methods. 

As shown in Figure 2B, IT-ddPCR can identify 
IDH1 mutations in 61.54% (16/26) of astrocy-
toma, 47.83% (11/23) of GBMs and 100% 
(28/28) of oligodendroglioma, and IDH1 muta-
tions in greater than 70% (56/80) of all grades 
II-III glioma. IT-ddPCR identified TERTp muta-
tions in 25% (7/28) of astrocytomas, 73.91% 
(17/23) of GBMs and 85.71% (24/28) of oligo- 
dendrogliomas.

Similar variant frequencies of TERTp Muta-
tions between IT-ddPCR and Bio-Rad

To verify the detection efficiency of IT-ddPCR 
probes, we detected the TERTp mutations of 8 
patients using assays of Bio-Rad. The total 
droplets produced (total events), occupancy 
droplets (occupancy events), C228T/C250T 
droplets and TERTp variant frequencies of two 
different probes were evaluated for compari-
son (Figure 3). The results showed that there 
was a slight difference in the total events, occu-
pancy events, and C228T/C250T droplets 
between these two methods, which was a nor-
mal phenomenon (Figure 3A). The differences 
of occupancy events and C228/C250T droplets 
between the two probes were consistent with 
the number of total events (Figure 3B, 3C). 
Regression analysis of the TERTp variant fre-
quencies detected by two different probes pro-
duced a slope of 1.0425 and a coefficient (R2) 
of 0.9231 (Figure 3D). In conclusion, the detec-
tion efficiency of IT-ddPCR assays is similar to 
that of Bio-Rad.

Discussion

Studies on genomic sequencing of diffuse glio-
ma have identified that genetic alterations can 
delineate molecular subtypes of glioma [19-
21]. The research from Mayo Clinic, University 
of California, and Memorial Sloan Kettering 
Cancer Center found that IDH1 or TERTp muta-
tions occurred in 967 of 1087 (88.96%) glioma 
patients [11]. Coincidentally, the research from 
Duke University Medical Center found that 

Table 1. Clinical characteristics of 80 patients
Features No. of patients (%)
Sex
    Male 51 (63.75)
    Female 29 (36.25)
Histologic type
    Astrocytoma 26 (32.50)
    Glioblastoma 23 (28.75)
    Oligodendroglioma 28 (35.00)
    Others 3 (3.75%)
Grade 
    II 28 (35.00)
    III 28 (35.00)
    IV 24 (30.00)
Location
    Left hemisphere 40 (50.00)
    Right hemisphere 36 (45.00)
    Others 4 (5.00)
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Figure 2. A cohort of glioma tumor samples was assayed for IDH and TERT promoter mutations by IT-ddPCR, Sanger-
sequencing, and qPCR (N=80). A. More sensitive detection of IDH1 and TERT promoter mutations by IT-ddPCR. 
Green and white bars indicate IDH1 R132H positive and R132H negative, respectively. Red, purple, and white bars 
indicate C228T positive, C250T positive, and C228T/C250T negative, respectively. B. Clinical information of these 
80 patients, including histopathology and WHO grade based on immunohistochemistry, Sanger sequencing and 
FISH. Mutation results of IDH1 and TERT promoter based on IT-ddPCR.

Figure 3. The assays of IT-ddPCR and Bio-Rad were performed in parallel to detect C228T and C250T in FFPE sam-
ples of 7 glioma patients: (A) total events (total droplets), (B) occupancy events (occupancy droplets), (C) C228T/
C250T droplets and variant frequency of TERT promoter, (D) IT-ddPCR showing variant frequencies of TERT concor-
dant with those from Bio-Rad ddPCR.
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IDH1 or TERTp mutations occurred in 420 of 
473 (88.79%) glioma patients [15]. Similarity, it 
was discovered that 71 of 80 (88.75%) glioma 
specimens expressed IDH1 or TERTp muta-
tions using ddPCR in this study. These gene 
mutations may be molecular markers for con-
ducting glioma classification and can improve 
targeted therapy development because of their 
high frequency and location. 

Sanger sequencing, as a traditional approach 
for detecting IDH1 mutation, lacks the sensitiv-
ity result from heterogeneity and low tumor 
purity of glioma samples. ddPCR, as a recently 
developed molecular amplification technique, 
has demonstrated that the lowest detectable 
frequency of BRAF V600E mutation is 0.001% 
[22]. There are some studies that showed that 
the sensitivity of ddPCR is 0.01% and the sensi-
tivity of ARMS-PCR is 0.1% [23]. Based on our 
analyses of sensitivity, IT-ddPCR can detect 
mutation frequency lower than 0.1%, which is 
more sensitive than Sanger sequencing and 
ARMS. 

In our study, IDH1-positive and TERTp-positive 
singles were detected in 56 cases and 50 
cases by IT-ddPCR, respectively. Interestingly, 
we found that the IDH1 mutation was not 
detected by Sanger sequencing in a case of 
anaplastic astrocytoma (No. 41) while it can be 
detected by IT-ddPCR and ARMS with a variant 
frequency of 9.23%. According to the 2016 
WHO classification, IDH gene status is a signifi-
cant marker for lower grade glioma. Notably, 
there was a case of glioblastoma (No. 76), in 
which TERTp mutations were not detected by 
Sanger sequencing and ARMS but the C250T 
was detected by IT-ddPCR. This patient was 
diagnosed with astrocytoma (WHO II) in 2015 
and relapsed in 2018. Six months after the sec-
ond surgery, the patient relapsed again with a 
poor prognosis. It has been reported that dif-
fuse glioma without any tumor mass, which 
was previously named as gliomatosis cerebri, 
mostly showed IDH-wildtype and exhibited poor 
prognosis [24]. Most low grade glioma patients 
with IDH gene mutation have a good prognosis. 
Therefore, ddPCR may play a vital role in dis-
ease diagnosis and facilitate treatment due to 
its high sensitivity and absolute quantification.

Bio-Rad assays of ddPCR had been used in 
many prior studies [25-27]. Recently, a growing 
number of studies have shown that ddPCR can 

be used for liquid biopsy in several solid can-
cers, such as lung and pancreatic cancers [28, 
29]. Circulating tumor DNA (ctDNA) has been 
proved to be a dependable material for diagno-
sis, prognostication, and monitoring in many 
cancers [30-32]. For example, Jiao et al. mea-
sured TERTp mutations in plasma cfDNA in 218 
patients with hepatocellular carcinoma (HCC) 
by ddPCR using a Bio-Rad assay [26], and 
Juratli et al. performed TERTp detection in the 
cerebrospinal fluid (CSF) by ddPCR, which 
showed concordant results with those deter-
mined by the Ion Torrent system in all 9 cases 
[27]. Therefore, we wanted to verify the differ-
ences in detection efficiency between IT-ddPCR 
probes and Bio-Rad probes. In this study, we 
compared Bio-Rad analysis with our own analy-
sis, and found no significant difference in vari-
ant frequencies of TERTp mutations between 
these two assays. Furthermore, our IDH1 mu- 
tant detection assay is more cost-efficient than 
conventional ddPCR since it includes five muta-
tion types simultaneously. Nevertheless, the 
levels of ctDNA were low and discrepantly 
detectable in primary and metastatic brain 
tumors because of the blood brain barrier [33]. 
Over the long term, we will optimize our assay 
further to make it meaningful in the mutant 
detection of ctDNA from patients with glioma.
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Supplementary Table 1. Cohort of gliomas tested by IT-ddPCR

Sample ID Gender
Age at first 
diagnosis

Grade 2016 WHO CNS Type
Sanger-sequencing 

results (IDH1 R132H)
qPCR results 

(IDH1 R132H)
IT-ddPCR results 
(IDH1 R132H)

Sanger-sequencing re-
sults (TERT promoter)

qPCR results 
(TERT promoter)

IT-ddPCR results 
(TERT promoter)

01 M 51 IV Glioblastoma, IDH-mutant R132H R132H R132H WT WT WT

02 F 54 IV Glioblastoma, IDH-wildtype WT WT R132H C250T C250T C250T

03
M 45 III Anaplastic Oligodendroglioma, IDH-mutant 

and 1p/19q-codeleted
R132H R132H R132H C228T C228T C228T

04 M 55 II Diffuse Astrocytoma, IDH-wildtype WT WT R132H WT WT WT

05
F 40 III Anaplastic Oligodendroglioma, IDH-mutant 

and 1p/19q-codeleted
R132H R132H R132H WT WT WT

06 M 69 III Anaplastic Astrocytoma, IDH-wildtype WT WT WT C228T C228T C228T

07 F 45 II Diffuse Astrocytoma, IDH-wildtype WT WT R132H WT WT WT

08 M 19 III Anaplastic Astrocytoma, IDH-wildtype WT WT WT WT WT WT

09 M 55 IV Glioblastoma, IDH-wildtype WT WT R132H C228T C228T C228T

10 M 53 III Anaplastic Astrocytoma, IDH-mutant R132H R132H R132H WT WT WT

11 M 19 II Diffuse Astrocytoma, IDH-wildtype WT WT WT WT WT WT

12 F 31 II Diffuse Astrocytoma, IDH-wildtype WT WT WT WT WT WT

13 M 38 III Anaplastic Astrocytoma, IDH-mutant R132H R132H R132H WT WT WT

14 F 31 II Diffuse Astrocytoma, IDH-wildtype WT WT WT WT WT WT

15 M 68 IV Glioblastoma, IDH-wildtype WT WT WT C228T C228T C228T

16
M 42 III Anaplastic Oligodendroglioma, IDH-mutant 

and 1p/19q-codeleted
R132H R132H R132H C250T C250T C250T

17
M 28 II Oligodendroglioma, IDH-mutant and 

1p/19q-codeleted
R132H R132H R132H C228T C228T C228T

18 M 62 IV Glioblastoma, IDH-wildtype WT WT WT C228T C228T C228T

19
M 50 II Oligodendroglioma, IDH-mutant and 

1p/19q-codeleted
R132H R132H R132H C228T C228T C228T

20
F 44 III Anaplastic Oligodendroglioma, IDH-mutant 

and 1p/19q-codeleted
R132H R132H R132H C228T C228T C228T

21 F 74 III Anaplastic Astrocytoma, IDH-wildtype WT WT WT WT WT WT

22
M 27 II Oligodendroglioma, IDH-mutant and 

1p/19q-codeleted
R132H R132H R132H C228T C228T C228T

23 F 20 III Anaplastic Astrocytoma, IDH-wildtype WT WT R132H WT WT WT

24 M 45 III Anaplastic Astrocytoma, IDH-mutant R132H R132H R132H WT WT WT

25 M 18 II Pleomorphic Xanthoastrocytoma WT WT WT WT WT C250T

26 M 35 II Diffuse Astrocytoma, IDH-wildtype WT WT WT WT WT WT

27 M 64 IV Glioblastoma, IDH-wildtype WT WT WT C228T C228T C228T

28 F 18 III Anaplastic Pleomorphic Xanthoastrocytoma WT WT WT WT WT WT

29 M 30 II Diffuse Astrocytoma, IDH-mutant R132H R132H R132H WT WT WT

30 M 33 IV Glioblastoma, IDH-wildtype WT WT R132H C228T C228T C228T

31
M 35 III Anaplastic Oligodendroglioma, IDH-mutant 

and 1p/19q-codeleted
R132H R132H R132H WT WT WT

32 M 27 IV Glioblastoma, IDH-mutant R132H R132H R132H WT WT WT
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33 F 68 IV Glioblastoma, IDH-wildtype WT WT WT C228T C228T C228T

34 M 36 II Diffuse Astrocytoma, IDH-mutant R132H R132H R132H WT WT C228T

35
M 44 II Oligodendroglioma, IDH-mutant and 

1p/19q-codeleted
R132H R132H R132H C228T C228T C228T

36 M 34 IV Glioblastoma, IDH-wildtype WT WT R132H C228T C228T C228T

37 M 52 IV Glioblastoma, IDH-wildtype WT WT WT C250T C250T C250T

38 M 55 III Anaplastic Astrocytoma, IDH-wildtype WT WT R132H C228T C228T C228T

39 F 44 IV Glioblastoma, IDH-wildtype WT WT WT C228T C228T C228T

40
F 38 II Oligodendroglioma, IDH-mutant and 

1p/19q-codeleted
R132H R132H R132H C228T C228T C228T

41 M 46 III Anaplastic Astrocytoma, IDH-wildtype WT R132H R132H C228T C228T C228T

42
M 46 III Anaplastic Oligodendroglioma, IDH-mutant 

and 1p/19q-codeleted
R132H R132H R132H C250T C250T C250T

43 M 58 IV Glioblastoma, IDH-wildtype WT WT WT WT WT C250T

44
F 52 III Anaplastic Oligodendroglioma, IDH-mutant 

and 1p/19q-codeleted
R132H R132H R132H C250T C250T C250T

45 M 21 IV Diffuse Midline Glioma, H3 K27M-mutant WT WT R132H WT WT C250T

46 M 44 III Anaplastic Astrocytoma, IDH-mutant R132H R132H R132H WT WT C250T

47 F 55 IV Glioblastoma, IDH-wildtype WT WT WT C228T C228T C228T

48
M 34 II Oligodendroglioma, IDH-mutant and 

1p/19q-codeleted
R132H R132H R132H C228T C228T C228T

49
F 33 III Anaplastic Oligodendroglioma, IDH-mutant 

and 1p/19q-codeleted
R132H R132H R132H C228T C228T C228T

50
F 35 III Anaplastic Oligodendroglioma, IDH-mutant 

and 1p/19q-codeleted
R132H R132H R132H C228T C228T C228T

51 M 10 II Diffuse Astrocytoma, IDH-wildtype WT WT WT WT WT WT

52
F 40 II Oligodendroglioma, IDH-mutant and 

1p/19q-codeleted
R132H R132H R132H C228T C228T C228T

53
M 43 III Anaplastic Oligodendroglioma, IDH-mutant 

and 1p/19q-codeleted
R132H R132H R132H C250T C250T C250T

54
M 45 III Anaplastic Oligodendroglioma, IDH-mutant 

and 1p/19q-codeleted
R132H R132H R132H C228T C228T C228T

55 M 63 IV Glioblastoma, IDH-wildtype WT WT WT C228T C228T C228T

56
F 46 III Anaplastic Oligodendroglioma, IDH-mutant 

and 1p/19q-codeleted
R132H R132H R132H C250T C250T C250T

57 M 50 IV Glioblastoma, IDH-wildtype WT WT WT WT WT WT

58
M 29 II Oligodendroglioma, IDH-mutant and 

1p/19q-codeleted
R132H R132H R132H C228T C228T C228T

59 M 61 III Anaplastic Astrocytoma, IDH-wildtype WT WT WT C228T C228T C228T

60 F 20 II Diffuse Astrocytoma, IDH-wildtype WT WT R132H WT WT WT

61 F 60 III Anaplastic Astrocytoma, IDH-wildtype WT WT WT C228T C228T C228T

62 M 31 II Diffuse Astrocytoma, IDH-mutant R132H R132H R132H WT WT WT
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63
F 39 II Oligodendroglioma, IDH-mutant and 

1p/19q-codeleted
R132H R132H R132H C228T C228T C228T

64
M 44 II Oligodendroglioma, IDH-mutant and 

1p/19q-codeleted
R132H R132H R132H C228T/C250T C228T/C250T C228T/C250T

65 M 64 IV Glioblastoma, IDH-wildtype WT WT WT C250T C250T C250T

66
F 44 II Oligodendroglioma, IDH-mutant and 

1p/19q-codeleted
R132H R132H R132H WT WT WT

67
F 50 III Anaplastic Oligodendroglioma, IDH-mutant 

and 1p/19q-codeleted
R132H R132H R132H C250T C250T C250T

68
M 29 II Oligodendroglioma, IDH-mutant and 

1p/19q-codeleted
R132H R132H R132H WT WT WT

69
M 45 II Oligodendroglioma, IDH-mutant and 

1p/19q-codeleted
R132H R132H R132H C228T C228T C228T

70 M 40 IV Glioblastoma, IDH-wildtype WT WT R132H WT WT WT

71 F 47 IV Glioblastoma, IDH-wildtype WT WT R133H C250T C250T C250T

72
M 47 III Anaplastic Oligodendroglioma, IDH-mutant 

and 1p/19q-codeleted
R132H R132H R132H C228T C228T C228T

73 M 45 III Anaplastic Astrocytoma, IDH-mutant R132H R132H R132H WT WT WT

74 F 30 IV Glioblastoma, IDH-mutant R132H R132H R132H WT WT WT

75 F 54 II Diffuse Astrocytoma, IDH-mutant R132H R132H R132H WT WT WT

76 M 30 IV Glioblastoma, IDH-mutant R132H R132H R132H WT WT C250T

77
M 41 II Oligodendroglioma, IDH-mutant and 

1p/19q-codeleted
R132H R132H R132H C250T C250T C250T

78 F 67 IV Glioblastoma, IDH-wildtype WT WT WT C228T C228T C228T

79 F 34 IV Glioblastoma, IDH-mutant R132H R132H R132H WT WT WT

80 F 23 II Diffuse Astrocytoma, IDH-mutant R132H R132H R132H WT WT WT


