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Abstract
Background: The latest fifth edition of the World Health Organization (WHO) 
classification of the central nervous system (CNS) tumors (WHO CNS 5 classifica-
tion) released in 2021 defined astrocytoma, IDH-mutant, Grade 4. However, the 
understanding of this subtype is still limited. We conducted this study to describe 
the features of astrocytoma, IDH-mutant, Grade 4 and explored the similarities 
and differences between histological and molecular subtypes.
Methods: Patients who underwent surgery from January 2011 to January 2022, 
classified as astrocytoma, IDH-mutant, Grade 4 were included in this study. 
Clinical, radiological, histopathological, molecular pathological, and survival 
data were collected for analysis.
Results: Altogether 33 patients with astrocytoma, IDH-mutant, Grade 4 were 
selected, including 20 with histological and 13 with molecular WHO Grade 4 as-
trocytoma. Tumor enhancement, intratumoral-necrosis like presentation, larger 
peritumoral edema, and more explicit tumor margins were frequently observed 
in histological WHO Grade 4 astrocytoma. Additionally, molecular WHO Grade 4 
astrocytoma showed a tendency for relatively longer overall survival, while a sta-
tistical significance was not reached (47 vs. 25 months, p = 0.22). TP53, CDK6, and 
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1   |   INTRODUCTION

Glioma is the most common primary malignant tumor 
of the central nervous system (CNS), with an average 
annual incidence of 4.50 per 100,000.1 Current clinical 
treatment options for glioma include surgery, radiother-
apy, chemotherapy, immunotherapy, targeted therapy, 
and tumor-treating fields.2,3 However, the prognosis 
remains unfavorable.1 Considering the poor progno-
sis status and the vacancy of widely recognized thera-
peutic targets, a more accurate classification standard 
or guideline is significantly needed for individualized 
treatment and prognosis prediction. The World Health 
Organization (WHO) initially integrated the classifica-
tion and grading of CNS tumors in 1979.4 After several 
revisions and updates,5 the fourth edition of the WHO 
classification of CNS tumors (WHO CNS 4 classifica-
tion) mainly focused on the histological characteristics 
of tumors.6,7 Following the publication of the WHO 
CNS 4 classification guideline in 2016, researchers have 
identified several specific molecular markers including 
IDH1/2, EGFR, TERT, and MGMT that are relevant for 
survival and response to treatment in patients with CNS 
tumors.8–11 However, the independent prognostic value 
of the molecular markers in all age groups remains to 
be determined.12 Based on these findings, the latest fifth 
edition of the WHO classification of CNS tumors (WHO 
CNS 5 classification) released in 2021 focused on ad-
vancing the role of molecular diagnosis in CNS tumor 
classification. Notably, it combines histopathology and 
molecular pathology for comprehensive diagnosis to 
further predict prognosis and conduct comprehensive 
treatment decisions.13

In the WHO CNS 5 classification criteria, the diagnosis 
of IDH-mutant glioblastoma no longer exists. This type 
of tumor, previously known as “secondary glioblastoma”, 
is now defined as astrocytoma, IDH-mutant, Grade 4. In 
addition to histological Grade 4 IDH-mutant astrocytoma, 

astrocytoma with IDH-mutations of WHO Grades 2, 3 
and homozygous CDKN2A and/or CDKN2B deletions 
are also defined as astrocytoma, IDH-mutant, Grade 4, 
despite their relatively lower histopathology grades.8,13–15 
CDKN2A encodes p14ARF and INK4a and plays a role in 
regulating tumor suppression.16,17 While p14ARF inacti-
vates MDM2, an E3 ubiquitin ligase of p53, and causes 
p53-mediated cell-cycle arrest or apoptosis, INK4a pro-
motes pRB-mediated cell-cycle arrest.18–21 Additionally, 
CDKN2B encodes INK4b, which inactivates CDK4/CDK6 
and controls cell cycle progression.22,23 It is suspected 
that homozygous deletion of CDKN2A/B, which breaks 
the “brake” of tumor progression brake, nullifies the 
tumor-suppressive environment created by IDH-mutant 
astrocytomas.24,25 However, on a biomolecular level, de-
tailed interactive mechanisms between CDKN2A/B and 
IDH1/2 remain unknown. Meanwhile, other molecular 
biomarkers indicating worse outcome in IDH-mutant 
astrocytoma, including NOTCH1 mutations and incom-
plete resections in oligocytoma and PIK3R1 mutations, 
RB1 mutations and CDK4 mutations and amplifications 
in astrocytoma.26,27 Although the molecular alteration 
characteristics of astrocytoma, IDH-mutant, Grade 4 in 
the new classification have been partially explored, stud-
ies focused more on the differences between astrocytoma, 
IDH-mutant, Grade 4 and glioblastoma.28–31 There are 
few clinical studies that specifically focus on this subtype, 
and our understanding remains limited.31,32

Increasing attention to the novel species of astrocytoma, 
IDH-mutant, Grade 4 from the WHO CNS 5 classifica-
tion has led to extensive research and exploration. In this 
study, we describe the clinical, radiological, and molecular 
pathological features of astrocytoma, IDH-mutant, Grade 4 
based on the WHO CNS 5 classification. Furthermore, we 
explored the similarities and differences between the two 
subtypes of histological WHO Grade 4 astrocytoma and 
molecular WHO Grade 4 astrocytoma and searched for pre-
dictive molecular markers to benefit patient prognosis. To 

PIK3CA alteration was commonly observed, while PIK3R1 (p = 0.033), Notch1 
(p = 0.027), and Mycn (p = 0.027) alterations may affect the overall survival of mo-
lecular WHO Grade 4 astrocytomas.
Conclusions: Our study scrutinized IDH-mutant, Grade 4 astrocytoma. 
Therefore, further classification should be considered as the prognosis varied be-
tween histological and molecular WHO Grade 4 astrocytomas. Notably, therapies 
aiming at PIK3R1, Notch 1, and Mycn may be beneficial.

K E Y W O R D S

2021 WHO classification of central nervous system tumors, astrocytoma, glioma, Grade 4, 
IDH-mutant, molecular alteration, radiological characteristics
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do so, we analyzed our institution's comprehensive data on 
glioma patients. Notably, we aimed to provide a database 
for deepening the academic understanding of astrocytoma, 
IDH-mutant, Grade 4, and clinical treatment options.

2   |   METHOD

2.1  |  Study population

Patients who underwent surgery at the Department of 
Neurosurgery at Peking Union Medical College Hospital 
from January 2011 to January 2022,33 classified as astro-
cytoma, IDH-mutant, Grade 4 according to WHO CNS 5 
classification criteria, were screened for this study. Finally, 
patients with complete clinical and pathological data were 
included in our analysis. Written informed consent was 
obtained from all patients included for the use of clinical 
samples. The study was approved by the Institutional Eth-
ics Review Board of PUMCH (S-424) and conformed to 
the requirements of the Declaration of Helsinki.

2.2  |  Clinical and radiological 
data collection

Clinical and radiological information was collected ret-
rospectively from patients' medical records and examina-
tions. Patient clinical information utilized in our analyses 
included gender, age at diagnosis, body mass index (BMI), 
preoperative Karnofsky performance status (KPS) score, 
clinical symptoms, the extent of operation resection 
(EOR), and postoperative comprehensive treatment regi-
men. In addition, we collected patient survival data and 
adverse events through outpatient and telephone follow-
ups, with overall survival (OS) defined as the time from 
the surgery date to the patient's death or last-recorded fol-
low-up (treated as censored values). The median OS was 
defined as the overall survival achieved by 50% of patients.

Radiological features of involved patients were col-
lected from preoperative magnetic resonance imaging 
(MRI) to analyze the number of tumors, tumor location, 
involvement of functional areas, maximum tumor diame-
ter, maximum edema diameter, intratumoral-necrosis like 
presentation, intratumoral hemorrhage, cystic lesions, cal-
cification, tumor margin clarity, and tumor performance in 
T1 weighted image (T1WI), T2WI, and T1-based contrast-
enhanced images. In contrast-enhanced MRI, the bound-
ary between the tumor parenchyma and the edema area 
near the tumor or adjacent brain tissue is clearly defined 
as a clear tumor boundary. If it was not discernible by the 
naked eye, the tumor boundary was defined as blurred.34

2.3  |  Tumor pathology data collection

Histopathological and molecular pathological data were 
collected. Histopathological data were obtained from the 
Department of Pathology of Peking Union Medical Col-
lege Hospital report, mainly including the Ki-67 index 
and tumor histological grade. For molecular pathology, 
formalin-fixed paraffin-embedding (FFPE) tumor samples 
were collected from enrolled patients. DNA extraction 
was conducted with QIAGEN 56404 Kit, and nucleotide 
concentration and purity were determined by Qubit 4.0 
Fluorometer (Thermo Fisher Scientific) using the dsDNA 
HS Assay Kit and Nanodrop 2000 spectrophotometer 
(Thermo Fisher Scientific) respectively. We screened 60 
molecular markers, including EGFR, TERT, CDKN2A/B, 
MYB, and MYBL1, by summarizing the recently pub-
lished studies on the mechanism of glioma development 
and prognostic factors. DNA extraction was conducted 
with QIAGEN 56404 Kit, and nucleotide concentration 
and purity were determined by Qubit 4.0 Fluorometer 
(Thermo Fisher Scientific) using the dsDNA HS Assay Kit 
and Nanodrop 2000 spectrophotometer (Thermo Fisher 
Scientific) respectively. We analyzed the molecular al-
terations of each enrolled patient using next-generation 
sequencing (NGS), and used polymerase chain reaction 
(PCR)-based assays and fluorescence in situ hybridization 
methods (FISH) for verification. CNVkit was applied to 
define the copy number variation from DNA sequencing 
results. The objective criteria for copy number loss were 
the ratio of copy number < = 1.5 while the number of bin 
> = 0.3, and the objective criteria for copy number gain 
were the ratio of copy number > = 2.5 while the number 
of bin > = 0.3.35 The complete list of molecular markers is 
shown in Table S1.

2.4  |  Identification of enrolled 
patients and group analysis according to 
WHO CNS5

According to the WHO CNS 5 classification criteria, astro-
cytoma, IDH-mutant, Grade 4 includes histological WHO 
Grade 4 astrocytoma with necrosis or microvascular 
proliferation (histological astrocytoma as defined in this 
study) and WHO Grades 2, 3 astrocytomas included ho-
mozygous CDKN2A and/or CDKN2B deletions (molecular 
astrocytoma as defined in this study, further examinations 
were conducted to ensure the homozygous deletion status 
for CDKN2A/B). We further explored the differences and 
similarities between the two subtypes regarding clinical 
information, radiological features, prognostic status, and 
molecular alterations.
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2.5  |  Statistical analysis

Normally distributed measures were expressed as 
means ± standard deviations (SDs), and student's t-test 
determined differences between groups. Non-normally 
distributed measures were expressed as medians (first 
quartile, third quartile) (M [Q1, Q3]) and analyzed be-
tween groups by the Kruskal–Wallis H test. Additionally, 
comparisons of categorical variables were performed using 
the chi-squared test. Molecular alterations in histologi-
cal and molecular WHO Grade 4 astrocytoma were pre-
sented using oncoplots. Survival analysis was performed 
using the Kaplan–Meier method and Log-Rank test, and 
Kaplan–Meier curves presented the results. p < 0.05 was 
considered to be statistically significant. All statistical 
analyses were performed with SPSS (version 26.0, IBM) 
statistical software, and graphs were created using R Stu-
dio (PBC & Certified B Corp.®) and GraphPad Prism (9, 
GraphPad Software) software.

3   |   RESULTS

3.1  |  Baseline information of patients 
with astrocytoma, IDH-mutant, Grade 4

A total of 33 patients (27 males and 6 females) with astro-
cytoma, IDH-mutant, Grade 4 were involved in this study, 
including 20 with histological and 13 with molecular as-
trocytoma. The mean age was 44 years, and the mean pre-
operative KPS was 83. In terms of clinical symptoms, 19 
(57.6%) emerged with neurological deficits, and 15 (45.5%) 
exhibited seizures. For EOR, 57.6% (19/33) of patients re-
ceived gross total resection, 27.3% (10/33) underwent sub-
total resection, and 15.1% (5/33) experienced biopsy. For 
combination therapy, 20 patients received chemotherapy, 
19 completed radiotherapy, and 6 underwent targeted 
treatment. Notably, statistical significances were observed 
in gender, histological grading, and Ki-67 levels, while the 
difference in gender may due to the limitation of sample 
size. The specific information is shown in Table 1.

3.2  |  Radiological features of patients 
with astrocytoma, IDH-mutant, Grade 4

The essential diagnostic basis for intracranial tumors in 
clinical diagnosis is neurological imaging. We summa-
rized and compared the radiological characteristics of 
patients in the histological and molecular astrocytoma 
groups. Due to incomplete radiological data for some 
patients, 14 patients with histological WHO 4 grade as-
trocytoma and 12 patients with molecular WHO 4 grade 

astrocytoma were ultimately included, and typical radio-
logical images were shown (Figure 1).

Regarding tumor distribution, solitary tumors occurred 
more frequently than multiple tumors in both groups, and 
there were no significant differences in tumor side, specific 
lobar localization, and functional area involvement. MRI in 
both groups demonstrated low or mixed density on T1W1 
and high density on T2W1. At the same time, in the contrast-
enhanced image, enhancement was present in 92.9% (13/14) 
of patients in the histological astrocytoma group and only 
33.3% (4/12) of patients in the molecular astrocytoma group. 
No differences were observed in the histological and molec-
ular WHO Grade 4 astrocytomas in the rate of intratumoral 
hemorrhage, cystic degeneration, and calcification. In con-
trast, the histological astrocytoma group showed larger per-
itumoral edema, higher incidence of intratumoral-necrosis 
like presentation, and more explicit tumor margin. How-
ever, statistical significance was not reached (p values were 
0.186, 0.086, and 0.052, respectively). Table 2 summarizes 
the radiological features of WHO Grade 4 astrocytomas.

3.3  |  Survival of patients with 
astrocytoma, IDH-mutant, Grade 4

In both subgroups, we further explored the survival of pa-
tients with astrocytoma, IDH-mutant, Grade 4. The mOS 
of histological astrocytoma was 25 months. In compari-
son, the mOS of molecular astrocytoma was 47 months, 
suggesting that molecular astrocytoma was more likely to 
have a better prognosis and more prolonged survival than 
the histological subgroup. However, no statistical sig-
nificance was observed in the analysis due to the limited 
sample size (p = 0.22). These results and specific survival 
information are presented in Figure 2.

3.4  |  Molecular features in patients with 
astrocytoma, IDH-mutant, Grade 4

Different patterns of molecular marker alterations exist 
in different gliomas, including mutations, copy number 
gains, or copy number losses of chromosomes, and genes. 
Notably, we analyzed and demonstrated the molecular al-
terations of tumors in two subgroups. As some patients 
did not undergo molecular pathological examination due 
to incomplete specimens, we ultimately included two pa-
tients with histological WHO Grade 4 astrocytoma and 13 
with molecular WHO Grade 4 astrocytoma. Figure 3 shows 
the changes in molecular markers in both groups of pa-
tients. In addition to alterations in IDH1 and CDKN2A/B, 
common genetic alterations in patients with WHO Grade 
4 astrocytoma included TP53, CDK6, and PIK3CA.
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3.5  |  Implications of molecular 
alterations with survival in patients with 
astrocytoma, IDH-mutant, Grade 4

Currently, molecular markers for clinical classifica-
tion, prognosis, and therapeutic response prediction of 
astrocytoma include MGMT promoter methylation and 
homozygous CDKN2A and/or CDKN2B deletions.8,36,37 
This study focused on the molecular pathology of astro-
cytoma, IDH-mutant, Grade 4. We also explored other 

clinical and molecular marker alterations associated 
with patient prognosis, providing clues for prognostic 
prediction and clinical decision-making. The results of 
univariate regression analysis suggested that alterations 
in PIK3R1 (p = 0.033), Notch1 (p = 0.027), and Mycn 
(p = 0.027) may be associated with shorter OS in molec-
ular WHO Grade 4 astrocytoma. Likewise, patients with 
double genetic alterations also showed worse OS in the 
subgroup analysis (Figure 4, p = 0.002). We further ana-
lyzed the effect of other clinical and molecular marker 

T A B L E  1   Baseline characters of 33 patients with histological or molecular astrocytoma, IDH-mutant, Grade 4.

All astrocytoma, IDH-
mutant, Grade 4

Histological astrocytoma, 
IDH-mutant, Grade 4

Molecular astrocytoma, 
IDH-mutant, Grade 4 p value

Gender 0.010

Male 27, 81.8% 14, 70.0% 13, 100.0%

Female 6, 18.2% 6, 30.0% 0

Mean Age, year 44.12 ± 12.78 47.10 ± 14.23 39.54 ± 8.80 0.097

Age, year 0.211

<18 0 0 0

18–44 19, 57.6% 10, 50.0% 9, 69.2%

45–64 10, 30.3% 6, 30.0% 4, 30.8%

≥65 4, 12.1% 4, 20.0% 0

Mean BMI, kg/m2 23.82 ± 2.48 24.21 ± 2.45 23.22 ± 2.51 0.267

BMI, kg/m2 0.619

<18 0 0 0

18–24 17, 51.5% 11, 55.0% 6, 46.2%

≥24 16, 48.5% 9, 45.0% 7, 53.8%

Preoperative KPS 83.03 ± 17.94 84.50 ± 14.31 80.76 ± 22.90 0.568

Clinical symptoms

Neurologic 
impairment

19, 57.6% 14, 70.0% 5, 38.5% 0.077

Seizure 15, 45.5% 9, 45.0% 6, 46.2% 0.950

Histological grade 
classification

<0.001

WHO Grade 2 5, 15.1% 0 5, 38.5%

WHO Grade 3 8, 24.3% 0 8, 61.5%

WHO Grade 4 20, 60.6% 20, 100.0% 0

Ki-67 30.00% (10.00%, 60.00%) 30.00% (20.00%, 70.00%) 8.00% (3.00%, 35.00%) 0.024

Extent of surgical 
resection

0.125

Gross total resection 19, 57.6% 14, 70.0% 5, 38.5%

Subtotal resection 9, 27.3% 3, 15.0% 6, 46.2%

Biopsy 5, 15.1% 3, 15.0% 2, 15.3%

Postoperation therapy

Chemotherapy 20, 60.6% 12, 60.0% 8, 61.5% 0.932

Radiotherapy 19, 57.6% 11, 55.0% 8, 61.5% 0.721

Targeted Therapy 6, 18.2% 5, 25.0% 1, 7.7% 0.178

Note: Significant values are presented in bold.
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alterations on survival in patients with histological and 
molecular WHO Grade 4 astrocytoma. However, no 
correlation was seen between other clinical and mo-
lecular marker alterations and the survival of patients 
(Figure S1,S2).

4   |   DISCUSSION

In light of the WHO CNS 5 classification criteria, new 
insights and more precise recognitions have been made 
regarding gliomas. This study focused on astrocytoma, 
IDH-mutant, Grade 4, whose definition was considerably 
changed based on the latest WHO classification. Thirty-
three patients were included, and differential clinical 
features were observed in histological and molecular sub-
groups. Detailed surgical plans including parameters con-
cerning the localization of tumors, the presence of deep 
lesions, and the presence of seizures at onset, should fa-
cilitate a thorough analysis of the glioma.38 Additionally, 
significantly different sex distribution was observed due 
to the limited cohort size. For the radiological manifesta-
tions, astrocytoma IDH-mutant, Grade 4 typically shows 
T1 hypodensity, T2 hyperintensity, and rim enhancement 

around central necrosis, while glioblastomas are usually 
irregularly shaped, with ring-enhancement, central ne-
crosis, and surrounding oedema. In terms of subgroup 
analysis, tumor enhancement in the T1 enhancement 
phase was more frequently observed in the histological 
subgroup, corresponding to a higher histological grade 
by definition. Also, intratumoral-necrosis like presenta-
tion, larger peritumoral edema, and more explicit tumor 
margin were more frequently observed in the histologi-
cal subgroup. Notably, molecular WHO Grade 4 astrocy-
toma showed a better prognosis, presented by a relatively 
long overall survival; however, no statistical significance 
was archieved (47 vs. 25 months, p = 0.22). TP53, CDK6, 
and PIK3CA alterations were commonly observed in the 
molecular subgroup. PIK3R1, Notch1, and Mycn altera-
tions might affect the overall survival of molecular WHO 
Grade 4 astrocytomas. Therefore, research on potential 
interactions between PIK3R1/Notch1/Mycn alteration and 
CDKN2A/B homozygous deletion may shed light on the 
mechanism and therapeutic target on molecular astrocy-
toma, IDH-mutant, Grade 4.

The WHO classification system has evolved as 
our understanding of gliomas has grown. Due to 
the close relationship between tumorigenesis and 

F I G U R E  1   (A–C) A 31-year-old female with astrocytoma, IDH-mutation, Grade 4 without CDKN2A/B deletion, with rim enhancement; 
(D–F) A 46-year-old male with astrocytoma, IDH-mutation, Grade 4 with CDKN2A/B deletion, without enhancement.
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T A B L E  2   Radiological characters of 26 patients with histological or molecular astrocytoma, IDH-mutant, Grade 4. Seven patients were 
excluded from this analysis due to a lack of radiological information.

All astrocytoma, IDH-
mutant, Grade 4

Histological astrocytoma, 
IDH-mutant, Grade 4

Molecular astrocytoma, 
IDH-mutant, Grade 4 p value

Number of tumors 0.652

Solitary 23, 88.5% 12, 85.7% 11, 91.7%

Multiple 3, 11.5% 2, 14.3% 1, 8.3%

Side of the tumor 0.908

Left hemisphere 11, 42.3% 5, 35.7% 6, 50.0%

Right hemisphere 10, 38.5% 7, 50.0% 3, 25.0%

Bilateral 5, 19.2% 2, 14.3% 3, 25.0%

Tumor location 0.664

Frontal lobe 10, 38.5% 6, 42.9% 4, 33.3%

Parietal lobe 0 0 0

Temporal lobe 2, 7.7% 1, 7.1% 1, 8.3%

Occipital lobe 0 0 0

Multiple lobes involved 14, 53.8% 7, 50.0% 7, 58.4%

Tumor in functional region 0.347

Motor functional area 4, 15.4% 3, 21.4% 1, 8.3%

Sensory functional area 2, 7.7% 1, 7.1% 1, 8.3%

Language functional area 1, 3.8% 1, 7.1% 0

None 19, 73.1% 9, 64.3% 10, 83.3%

Maximum diameter of the 
tumor, cm

4.67 ± 1.39 4.23 ± 1.23 5.24 ± 1.44 0.083

T1 weighted image 0.473

Hypointensity 17, 65.5% 10, 71.4% 7, 58.4%

Heterogeneous intensity 7, 26.9% 4, 28.6% 3, 25.0%

Hyperintensity 1, 3.8% 0 1, 8.3%

Unknown 1, 3.8% 0 1, 8.3%

T2 weighted image 0.482

Hypointensity 0 0 0

Heterogeneous intensity 11, 42.3% 5, 35.7% 6, 50.0%

Hyperintensity 15, 57.7% 9, 64.3% 6, 50.0%

Contrast-enhanced MRI 0.001

Not enhanced 8, 30.8% 1, 7.1% 7, 58.4%

Enhanced 17, 65.4% 13, 92.9% 4, 33.3%

Unknown 1, 3.8% 0 1, 8.3%

Diameter of edema 
expansion, cm

3.15 ± 5.93 4.74 ± 7.95 1.41 ± 1.28 0.186

Intratumoral-necrosis like 
presentation*

0.086

Yes 14, 53.8% 10, 71.4% 4, 33.3%

No 11, 42.3% 4, 28.6% 7, 58.4%

Unknown 1, 3.8% 0 1, 8.3%

Intratumoral bleeding 0.759

Yes 5, 19.2% 3, 21.4% 2, 16.7%

No 21, 80.8% 11, 78.6% 10, 83.3%

(Continues)
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development, molecular pathogenesis has received much 
attention.8–11,39–44 As IDH1/2 mutation status predated the 
knowledge of astrocytic tumor prognosis, homozygous de-
letion of CDKN2A/B was further proposed to be related 
to a poorer prognosis in patients with astrocytoma, IDH-
mutant, Grade 4.8,45–49 Taking CDKN2A/B into the evalu-
ation scheme of IDH-mutant astrocytoma specifies a more 
straightforward prognosis-directed treatment pathway for 
various patients.48 However, whether the new classifica-
tion effectively subgroups patients with similar prognoses 
remains questionable. One study from Pittsburgh found 
that survival was only affected by homozygous CDKN2A 

deletion in histological Grade 4 astrocytomas but not in 
Grades 2, 3.50 As suggested from our cohort analysis, pa-
tients with molecular WHO Grade 4 astrocytoma tend to 
have a longer survival expectancy compared to those with 
histological WHO Grade 4 astrocytoma. Restricted by the 
total number of involved cases, the difference was not 
statistically significant. Other confounding factors, such 
as follow-up treatment and start-up physical status, may 
also impact overall survival in both groups. Therefore, fur-
ther investigation is required to determine the differential 
outcomes for histological and molecular WHO Grade 4 
astrocytomas.

All astrocytoma, IDH-
mutant, Grade 4

Histological astrocytoma, 
IDH-mutant, Grade 4

Molecular astrocytoma, 
IDH-mutant, Grade 4 p value

Cystic degeneration 0.793

Yes 8, 30.8% 4, 28.6% 4, 33.3%

No 18, 69.2% 10, 71.4% 8, 66.7%

Calcification 0.271

Yes 1, 3.8% 0 1, 8.3%

No 25, 96.2% 14, 100.0% 11, 91.7%

Clarity of tumor margin 0.052

Yes 14, 53.8% 10, 71.4% 4, 33.3%

No 12, 46.2% 4, 28.6% 8, 66.7%

Note: Significant values are presented in bold.
*Intratumoral-necrosis like presentation refers to the MRI images presented with hypointensity or heterogeneous intensity on T1WI and hyperintensity or 
heterogeneous intensity on T2WI.

T A B L E  2   (Continued)

F I G U R E  2   Kaplan–Meier curve showing distinct overall survival between patients with astrocytoma, IDH-mutation, WHO 4 without 
CDKN2A/B deletion and patients with astrocytoma, IDH-mutation with CDKN2A/B deletion (mOS: 25.1 vs. 46.6 m, p = 0.22).
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PIK3R1 and Notch1 mutations have been previously 
identified in patients with glioblastoma and low-grade as-
trocytoma, correlating with shorter overall survival.26,51 In 
addition, somatic mutations of PIK3R1 are suggested to pro-
mote gliomagenesis.52 WHO Grade 4 astrocytoma patients 
with PIK3R1 mutations are expected to benefit from PI3K 

inhibitors.53 Depending on Mycn, tumor-related MiR-29b 
is demonstrated to inhibit the growth of glioma.54 On the 
other hand, targeting Mycn can sensitize gliomas to anti-
tumor treatment.55 Therefore, glioma patients with Mycn 
mutations may respond to the combination of PARP and 
CHK1 inhibitors.56 The finding of PIK3R1, Notch1, and Mycn 

F I G U R E  3   Oncoplot of the 
molecular alterations of the 15 
patients with histological or molecular 
astrocytoma, IDH-mutant, Grade 4 based 
on the WHO 2021 classification of CNS 
tumors. The copy number variation was 
defined with CNVkit, and copy number 
gain was defined as the ratio of copy 
number ≥ 2.5 while the number of bin 
≥ 0.3, and copy number loss was defined 
as the ratio of copy number ≤ 1.5 while 
the number of bin ≥ 0.3. Each column 
represents an individual patient, and the 
cube's color indicates the alteration status 
of each molecular characteristic. Blue: 
Mutation; Green: Copy number loss; Red: 
Copy number gain; Gray: Histological 
astrocytoma, IDH-mutant, Grade 4; 
Brown: Molecular astrocytoma, IDH-
mutant, Grade 4.

 20457634, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/cam

4.6476 by C
ochraneItalia, W

iley O
nline L

ibrary on [12/09/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



10  |      CHEN et al.

alterations as negative prognostic factors in molecular WHO 
Grade 4 astrocytomas may shed light on understanding the 
biobehavioral progression and also potential targeted thera-
pies for this specific subset of astrocytomas.

However, our study has certain noted limitations. 
First, systematic bias is inevitable, considering the small 
number of participants. Also, the bias induced by the 
small sample size affected the accuracy and reliability 
of the molecular subgroup analysis, therefore may influ-
ence the occurrence of possible statistical significance. 
Second, some histological specimens and radiological 
results were lost due to storage issues, further causing 
selective bias. Lastly, the molecular marker panel ap-
plied in this study was based on published papers con-
taining 60 tumor-related molecular biomarkers. Also, 
three patients showed enhancement in MRI underwent 
subtotal resection. Therefore, the possibility of under-
sampling may affect the accuracy of radiologic features. 
In follow-up studies, more biomarkers that correlate to 
the prognosis of IDH-mutant, Grade 4 astrocytomas, 
including tumor group-specific genomic methylation 
profiles and copy number variations (CNV), should be 
considered and evaluated.

To conclude, our study scrutinized the new classifica-
tion of IDH-mutant, Grade 4 astrocytoma, and provided 
preliminary data for stratifying the effect of the WHO 

CNS 5 classification. Therefore, further and more precise 
classification should be considered, given the differential 
prognosis presented by histological and molecular astro-
cytomas. Furthermore, personalized therapies consisting 
of targeted molecular inhibitors for PIK3R1, Notch 1, and 
Mycn may exhibit beneficial effects in the corresponding 
population.

AUTHOR CONTRIBUTIONS
Wenlin Chen: Formal analysis (equal); investiga-
tion (equal); writing – review and editing (supporting). 
Siying Guo: Formal analysis (equal); investigation 
(equal); project administration (equal); writing – origi-
nal draft (lead); writing – review and editing (lead). 
Yaning Wang: Data curation (equal); formal analysis 
(equal); writing – review and editing (equal). Yixin Shi: 
Data curation (equal); formal analysis (equal); writing 
– review and editing (equal). Xiaopeng Guo: Investiga-
tion (equal); methodology (equal); project administra-
tion (equal). Delin Liu: Data curation (equal). Yilin Li: 
Data curation (equal). Yuekun Wang: Data curation 
(equal). Hao Xing: Data curation (equal). Yu Xia: Data 
curation (equal). Junlin Li: Data curation (equal). Ji-
aming Wu: Data curation (equal). Tingyu Liang: Data 
curation (equal). Hai Wang: Data curation (equal). 
Qianshu Liu: Data curation (equal). Shanmu Jin: 

F I G U R E  4   PIK3R1/Notch1/Mycn were identified as important prognostic factors for molecular WHO Grade 4 astrocytoma. Thirteen 
patients were included. (A) Forest plot of univariate Cox analysis. The plot also shows the hazard ratio (HR), 95% confidence interval (CI), 
and the p value of each variable. (B–E) Kaplan–Meier curves showing distinct median OS in populations with or without PIK3R1/Notch1/
Mycn alteration.

 20457634, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/cam

4.6476 by C
ochraneItalia, W

iley O
nline L

ibrary on [12/09/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



      |  11CHEN et al.

Data curation (equal). Tian Qu: Data curation (equal). 
Huanzhang Li: Data curation (equal). Tianrui Yang: 
Data curation (equal). Kun Zhang: Data curation 
(equal). Yu Wang: Conceptualization (equal); funding 
acquisition (equal). Wenbin Ma: Conceptualization 
(equal); funding acquisition (equal).

ACKNOWLEDGMENTS
The authors thank AiMi Academic Services (www.aimie​
ditor.com) for English language editing and review 
services.

FUNDING INFORMATION
This work was supported by Beijing Municipal Natural Sci-
ence Foundation (7202150) and the National High Level 
Hospital Clinical Research Funding (2022-PUMCH-A-019) 
for Yu Wang, and by the National High Level Hospital 
Clinical Research Funding (2022-PUMCH-B-113), Tsin-
ghua University-Peking Union Medical College Hospi-
tal Initiative Scientific Research Program (2019ZLH101) 
and Beijing Municipal Natural Science Foundation 
(19JCZDJC64200[Z]) for Wenbin Ma.

CONFLICT OF INTEREST STATEMENT
The authors declared no conflict of interest.

DATA AVAILABILITY STATEMENT
Data sharing is not applicable to this article as no new data 
were created or analyzed in this study.

ORCID
Siying Guo   https://orcid.org/0009-0004-4203-1996 
Yaning Wang   https://orcid.org/0000-0002-0999-0499 
Yu Wang   https://orcid.org/0000-0002-7175-4649 

REFERENCES
	 1.	 Ostrom QT, Price M, Neff C, et al. CBTRUS statistical re-

port: primary brain and other central nervous system tumors 
diagnosed in the United States in 2015-2019. Neuro Oncol. 
2022;24(Suppl 5):v1-v95. doi:10.1093/neuonc/noac202

	 2.	 NCCN. Central nervous system cancers (Version2.2022). 
https://www.nccn.org/profe​ssion​als/physi​cian_gls/pdf/cns.
pdf. [EB/OL].

	 3.	 Weller M, van den Bent M, Preusser M, et al. EANO guide-
lines on the diagnosis and treatment of diffuse gliomas of 
adulthood. Nat Rev Clin Oncol. 2020;18:170-186. doi:10.1038/
s41571-020-00447-z

	 4.	 Zülch KJ. Principles of the new World Health Organization 
(WHO) classification of brain tumors. Neuroradiology. 
1980;19(2):59-66. doi:10.1007/bf00342596

	 5.	 Kleihues P, Burger PC, Scheithauer BW. The new WHO clas-
sification of brain tumours. Brain Pathol. 1993;3(3):255-268. 
doi:10.1111/j.1750-3639.1993.tb00752.x

	 6.	 Louis DN, Ohgaki H, Wiestler OD, et al. The 2007 
WHO classification of tumours of the central nervous 

system. Acta Neuropathol. 2007;114(2):97-109. doi:10.1007/
s00401-007-0243-4

	 7.	 Louis DN, Perry A, Reifenberger G, et al. The 2016 World 
Health Organization classification of tumors of the central ner-
vous system: a summary. Acta Neuropathol. 2016;131(6):803-
820. doi:10.1007/s00401-016-1545-1

	 8.	 Brat DJ, Aldape K, Colman H, et al. cIMPACT-NOW update 
5: recommended grading criteria and terminologies for IDH-
mutant astrocytomas. Acta Neuropathol. 2020;139(3):603-608. 
doi:10.1007/s00401-020-02127-9

	 9.	 Louis DN, Giannini C, Capper D, et al. cIMPACT-NOW up-
date 2: diagnostic clarifications for diffuse midline glioma, 
H3 K27M-mutant and diffuse astrocytoma/anaplastic astro-
cytoma, IDH-mutant. Acta neuropathologica. 2018;135(4):639-
642. doi:10.1007/s00401-018-1826-y

	10.	 Ellison DW, Hawkins C, Jones DTW, et al. cIMPACT-
NOW update 4: diffuse gliomas characterized by MYB, 
MYBL1, or FGFR1 alterations or BRAF(V600E) muta-
tion. Acta Neuropathol. 2019;137(4):683-687. doi:10.1007/
s00401-019-01987-0

	11.	 Brat DJ, Aldape K, Colman H, et al. cIMPACT-NOW update 3: 
recommended diagnostic criteria for "diffuse astrocytic glioma, 
IDH-wildtype, with molecular features of glioblastoma, WHO 
grade IV". Acta Neuropathol. 2018;136(5):805-810. doi:10.1007/
s00401-018-1913-0

	12.	 Armocida D, Pesce A, Frati A, Santoro A, Salvati M. EGFR 
amplification is a real independent prognostic impact factor 
between young adults and adults over 45yo with wild-type 
glioblastoma? J Neurooncol. 2020;146(2):275-284. doi:10.1007/
s11060-019-03364-z

	13.	 Louis DN, Perry A, Wesseling P, et al. The 2021 WHO classi-
fication of tumors of the central nervous system: a summary. 
Neuro Oncol. 2021;23(8):1231-1251. doi:10.1093/neuonc/
noab106

	14.	 Huang LE. Impact of CDKN2A/B homozygous deletion on 
the prognosis and biology of IDH-mutant glioma. Biomedicine. 
2022;10(2):246. doi:10.3390/biomedicines10020246

	15.	 Fortin Ensign SP, Jenkins RB, Giannini C, Sarkaria JN, Galanis 
E, Kizilbash SH. Translational significance of CDKN2A/B ho-
mozygous deletion in isocitrate dehydrogenase-mutant astro-
cytoma. Neuro Oncol. 2023;25(1):28-36. doi:10.1093/neuonc/
noac205

	16.	 Rutter JL, Goldstein AM, Dávila MR, Tucker MA, Struewing 
JP. CDKN2A point mutations D153spl(c.457G>T) and 
IVS2+1G>T result in aberrant splice products affecting both 
p16INK4a and p14ARF. Oncogene. 2003;22(28):4444-4448. 
doi:10.1038/sj.onc.1206564

	17.	 Worsham MJ, Chen KM, Tiwari N, et al. Fine-mapping loss 
of gene architecture at the CDKN2B (p15INK4b), CDKN2A 
(p14ARF, p16INK4a), and MTAP genes in head and neck 
squamous cell carcinoma. Arch Otolaryngol Head Neck 
Surg. 2006;132(4):409-415. doi:10.1001/archotol.132.4.409

	18.	 Al-Khalaf HH, Aboussekhra A. p16 controls p53 protein ex-
pression through miR-dependent destabilization of MDM2. 
Mol Cancer Res. 2018;16(8):1299-1308. doi:10.1158/1541-7786.
MCR-18-0017

	19.	 Terzian T, Suh YA, Iwakuma T, et al. The inherent instability of 
mutant p53 is alleviated by Mdm2 or p16INK4a loss. Genes Dev. 
2008;22(10):1337-1344. doi:10.1101/gad.1662908

 20457634, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/cam

4.6476 by C
ochraneItalia, W

iley O
nline L

ibrary on [12/09/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

http://www.aimieditor.com
http://www.aimieditor.com
https://orcid.org/0009-0004-4203-1996
https://orcid.org/0009-0004-4203-1996
https://orcid.org/0000-0002-0999-0499
https://orcid.org/0000-0002-0999-0499
https://orcid.org/0000-0002-7175-4649
https://orcid.org/0000-0002-7175-4649
https://doi.org//10.1093/neuonc/noac202
https://www.nccn.org/professionals/physician_gls/pdf/cns.pdf
https://www.nccn.org/professionals/physician_gls/pdf/cns.pdf
https://doi.org//10.1038/s41571-020-00447-z
https://doi.org//10.1038/s41571-020-00447-z
https://doi.org//10.1007/bf00342596
https://doi.org//10.1111/j.1750-3639.1993.tb00752.x
https://doi.org//10.1007/s00401-007-0243-4
https://doi.org//10.1007/s00401-007-0243-4
https://doi.org//10.1007/s00401-016-1545-1
https://doi.org//10.1007/s00401-020-02127-9
https://doi.org//10.1007/s00401-018-1826-y
https://doi.org//10.1007/s00401-019-01987-0
https://doi.org//10.1007/s00401-019-01987-0
https://doi.org//10.1007/s00401-018-1913-0
https://doi.org//10.1007/s00401-018-1913-0
https://doi.org//10.1007/s11060-019-03364-z
https://doi.org//10.1007/s11060-019-03364-z
https://doi.org//10.1093/neuonc/noab106
https://doi.org//10.1093/neuonc/noab106
https://doi.org//10.3390/biomedicines10020246
https://doi.org//10.1093/neuonc/noac205
https://doi.org//10.1093/neuonc/noac205
https://doi.org//10.1038/sj.onc.1206564
https://doi.org//10.1001/archotol.132.4.409
https://doi.org//10.1158/1541-7786.MCR-18-0017
https://doi.org//10.1158/1541-7786.MCR-18-0017
https://doi.org//10.1101/gad.1662908


12  |      CHEN et al.

	20.	 Rayess H, Wang MB, Srivatsan ES. Cellular senescence and 
tumor suppressor gene p16. Int J Cancer. 2012;130(8):1715-
1725. doi:10.1002/ijc.27316

	21.	 Kim WY, Sharpless NE. The regulation of INK4/ARF in cancer and 
aging. Cell. 2006;127(2):265-275. doi:10.1016/j.cell.2006.10.003

	22.	 Lowe SW, Sherr CJ. Tumor suppression by Ink4a-Arf: prog-
ress and puzzles. Curr Opin Genet Dev. 2003;13(1):77-83. 
doi:10.1016/s0959-437x(02)00013-8

	23.	 Gao L, Liu L, van Meyel D, et al. Lack of germ-line mutations of 
CDK4, p16(INK4A), and p15(INK4B) in families with glioma. 
Clin Cancer Res. 1997;3(6):977-981.

	24.	 Tiburcio PDB, Xiao B, Chai Y, et al. IDH1(R132H) is in-
trinsically tumor-suppressive but functionally attenuated 
by the glutamate-rich cerebral environment. Oncotarget. 
2018;9(80):35100-35113. doi:10.18632/oncotarget.26203

	25.	 Murnyak B, Huang LE. Association of TP53 alteration with 
tissue specificity and patient outcome of IDH1-mutant glioma. 
Cell. 2021;10(8):2116. doi:10.3390/cells10082116

	26.	 Aoki K, Nakamura H, Suzuki H, et al. Prognostic relevance of 
genetic alterations in diffuse lower-grade gliomas. Neuro Oncol. 
2018;20(1):66-77. doi:10.1093/neuonc/nox132

	27.	 Cimino PJ, Holland EC. Targeted copy number analysis out-
performs histologic grading in predicting patient survival for 
WHO grades II/III IDH-mutant astrocytomas. Neuro Oncol. 
2019;21(6):819-821. doi:10.1093/neuonc/noz052

	28.	 Yin W, Ping YF, Li F, et al. A map of the spatial distribution 
and tumour-associated macrophage states in glioblastoma and 
grade 4 IDH-mutant astrocytoma. J Pathol. 2022;258(2):121-
135. doi:10.1002/path.5984

	29.	 Stewart J, Sahgal A, Chan AKM, et al. Pattern of recurrence 
of glioblastoma versus grade 4 IDH-mutant astrocytoma fol-
lowing chemoradiation: a retrospective matched-cohort anal-
ysis. Technol Cancer Res Treat. 2022;21:15330338221109650. 
doi:10.1177/15330338221109650

	30.	 Hosseini SA, Hosseini E, Hajianfar G, et al. MRI-based radiom-
ics combined with deep learning for distinguishing IDH-mutant 
WHO grade 4 astrocytomas from IDH-wild-type glioblastomas. 
Cancers (Basel). 2023;15(3):951. doi:10.3390/cancers15030951

	31.	 Sohn B, An C, Kim D, et al. Radiomics-based prediction of 
multiple gene alteration incorporating mutual genetic in-
formation in glioblastoma and grade 4 astrocytoma, IDH-
mutant. J Neurooncol. 2021;155(3):267-276. doi:10.1007/
s11060-021-03870-z

	32.	 Wong QH, Li KK, Wang WW, et al. Molecular landscape of 
IDH-mutant primary astrocytoma grade IV/glioblastomas. Mod 
Pathol. 2021;34(7):1245-1260. doi:10.1038/s41379-021-00778-x

	33.	 Guo X, Shi Y, Liu D, et al. Clinical updates on gliomas and 
implications of the 5th edition of the WHO classification of 
central nervous system tumors. Front Oncol. 2023;13:1131642. 
doi:10.3389/fonc.2023.1131642

	34.	 Zhang S, Wu S, Wan Y, et al. Development of MR-based preop-
erative nomograms predicting DNA copy number subtype in 
lower grade gliomas with prognostic implication. Eur Radiol. 
2021;31(4):2094-2105. doi:10.1007/s00330-020-07350-2

	35.	 Talevich E, Shain AH, Botton T, Bastian BC. CNVkit: genome-
wide copy number detection and visualization from targeted 
DNA sequencing. PLoS Comput Biol. 2016;12(4):e1004873. 
doi:10.1371/journal.pcbi.1004873

	36.	 Esteller M, Garcia-Foncillas J, Andion E, et al. Inactivation 
of the DNA-repair gene MGMT and the clinical response of 

gliomas to alkylating agents. N Engl J Med. 2000;343(19):1350-
1354. doi:10.1056/nejm200011093431901

	37.	 Gerson SL. MGMT: its role in cancer aetiology and cancer 
therapeutics. Nat Rev Cancer. 2004;4(4):296-307. doi:10.1038/
nrc1319

	38.	 Pesce A, Armocida D, Paglia F, et al. IDH wild-type glioblas-
toma presenting with seizure: clinical specificity, and oncologic 
and surgical outcomes. J Neurol Surg A Cent Eur Neurosurg. 
2022;83(4):351-360. doi:10.1055/s-0041-1735515

	39.	 Louis DN, Aldape K, Brat DJ, et al. cIMPACT-NOW (the con-
sortium to inform molecular and practical approaches to CNS 
tumor taxonomy): a new initiative in advancing nervous sys-
tem tumor classification. Brain Pathol. 2017;27(6):851-852. 
doi:10.1111/bpa.12457

	40.	 Louis DN, Aldape K, Brat DJ, et al. Announcing cIMPACT-
NOW: the consortium to inform molecular and practical 
approaches to CNS tumor taxonomy. Acta Neuropathol. 
2017;133(1):1-3. doi:10.1007/s00401-016-1646-x

	41.	 Louis DN, Wesseling P, Paulus W, et al. cIMPACT-NOW update 
1: not otherwise specified (NOS) and not elsewhere classified 
(NEC). Acta Neuropathol. 2018;135(3):481-484. doi:10.1007/
s00401-018-1808-0

	42.	 Louis DN, Ellison DW, Brat DJ, et al. cIMPACT-NOW: a prac-
tical summary of diagnostic points from round 1 updates. Brain 
Pathol. 2019;29(4):469-472. doi:10.1111/bpa.12732

	43.	 Louis DN, Wesseling P, Aldape K, et al. cIMPACT-NOW update 
6: new entity and diagnostic principle recommendations of the 
cIMPACT-Utrecht meeting on future CNS tumor classification and 
grading. Brain Pathol. 2020;30(4):844-856. doi:10.1111/bpa.12832

	44.	 Ellison DW, Aldape KD, Capper D, et al. cIMPACT-NOW 
update 7: advancing the molecular classification of ependy-
mal tumors. Brain Pathol. 2020;30(5):863-866. doi:10.1111/
bpa.12866

	45.	 Appay R, Dehais C, Maurage CA, et al. CDKN2A homozygous 
deletion is a strong adverse prognosis factor in diffuse malig-
nant IDH-mutant gliomas. Neuro Oncol. 2019;21(12):1519-
1528. doi:10.1093/neuonc/noz124

	46.	 Reis GF, Pekmezci M, Hansen HM, et al. CDKN2A loss is 
associated with shortened overall survival in lower-grade 
(World Health Organization grades II-III) astrocytomas. J 
Neuropathol Exp Neurol. 2015;74(5):442-452. doi:10.1097/
NEN.0000000000000188

	47.	 Cimino PJ, Zager M, McFerrin L, et al. Multidimensional scal-
ing of diffuse gliomas: application to the 2016 World Health 
Organization classification system with prognostically rele-
vant molecular subtype discovery. Acta Neuropathol Commun. 
2017;5(1):39. doi:10.1186/s40478-017-0443-7

	48.	 Shirahata M, Ono T, Stichel D, et al. Novel, improved grading 
system(s) for IDH-mutant astrocytic gliomas. Acta Neuropathol. 
2018;136(1):153-166. doi:10.1007/s00401-018-1849-4

	49.	 Yang RR, Shi ZF, Zhang ZY, et al. IDH mutant lower grade 
(WHO Grades II/III) astrocytomas can be stratified for risk by 
CDKN2A, CDK4 and PDGFRA copy number alterations. Brain 
Pathol. 2020;30(3):541-553. doi:10.1111/bpa.12801

	50.	 Marker DF, Pearce TM. Homozygous deletion of CDKN2A by 
fluorescence in situ hybridization is prognostic in grade 4, but 
not grade 2 or 3, IDH-mutant astrocytomas. Acta Neuropathol 
Commun. 2020;8(1):169. doi:10.1186/s40478-020-01044-y

	51.	 Cancer Genome Atlas Research N. Comprehensive genomic 
characterization defines human glioblastoma genes and core 

 20457634, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/cam

4.6476 by C
ochraneItalia, W

iley O
nline L

ibrary on [12/09/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org//10.1002/ijc.27316
https://doi.org//10.1016/j.cell.2006.10.003
https://doi.org//10.1016/s0959-437x(02)00013-8
https://doi.org//10.18632/oncotarget.26203
https://doi.org//10.3390/cells10082116
https://doi.org//10.1093/neuonc/nox132
https://doi.org//10.1093/neuonc/noz052
https://doi.org//10.1002/path.5984
https://doi.org//10.1177/15330338221109650
https://doi.org//10.3390/cancers15030951
https://doi.org//10.1007/s11060-021-03870-z
https://doi.org//10.1007/s11060-021-03870-z
https://doi.org//10.1038/s41379-021-00778-x
https://doi.org//10.3389/fonc.2023.1131642
https://doi.org//10.1007/s00330-020-07350-2
https://doi.org//10.1371/journal.pcbi.1004873
https://doi.org//10.1056/nejm200011093431901
https://doi.org//10.1038/nrc1319
https://doi.org//10.1038/nrc1319
https://doi.org//10.1055/s-0041-1735515
https://doi.org//10.1111/bpa.12457
https://doi.org//10.1007/s00401-016-1646-x
https://doi.org//10.1007/s00401-018-1808-0
https://doi.org//10.1007/s00401-018-1808-0
https://doi.org//10.1111/bpa.12732
https://doi.org//10.1111/bpa.12832
https://doi.org//10.1111/bpa.12866
https://doi.org//10.1111/bpa.12866
https://doi.org//10.1093/neuonc/noz124
https://doi.org//10.1097/NEN.0000000000000188
https://doi.org//10.1097/NEN.0000000000000188
https://doi.org//10.1186/s40478-017-0443-7
https://doi.org//10.1007/s00401-018-1849-4
https://doi.org//10.1111/bpa.12801
https://doi.org//10.1186/s40478-020-01044-y


      |  13CHEN et al.

pathways. Nature. 2008;455(7216):1061-1068. doi:10.1038/
nature07385

	52.	 Quayle SN, Lee JY, Cheung LW, et al. Somatic mutations of 
PIK3R1 promote gliomagenesis. PLoS One. 2012;7(11):e49466. 
doi:10.1371/journal.pone.0049466

	53.	 Turkez H, Arslan ME, Tatar A, Mardinoglu A. Promising po-
tential of boron compounds against glioblastoma: in vitro anti-
oxidant, anti-inflammatory and anticancer studies. Neurochem 
Int. 2021;149:105137. doi:10.1016/j.neuint.2021.105137

	54.	 Sun G, Lu J, Zhang C, et al. MiR-29b inhibits the growth of gli-
oma via MYCN dependent way. Oncotarget. 2017;8(28):45224-
45233. doi:10.18632/oncotarget.16780

	55.	 Zhang CG, Yang F, Li YH, Sun Y, Liu XJ, Wu X. miR5013p sen-
sitizes glioma cells to cisplatin by targeting MYCN. Mol Med 
Rep. 2018;18(5):4747-4752. doi:10.3892/mmr.2018.9458

	56.	 Di Giulio S, Colicchia V, Pastorino F, et al. A combination of 
PARP and CHK1 inhibitors efficiently antagonizes MYCN-
driven tumors. Oncogene. 2021;40(43):6143-6152. doi:10.1038/
s41388-021-02003-0

SUPPORTING INFORMATION
Additional supporting information can be found online 
in the Supporting Information section at the end of this 
article.

How to cite this article: Chen W, Guo S, Wang Y, 
et al. Novel insight into histological and molecular 
astrocytoma, IDH-mutant, Grade 4 by the updated 
WHO classification of central nervous system 
tumors. Cancer Med. 2023;00:1-13. doi:10.1002/
cam4.6476

 20457634, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/cam

4.6476 by C
ochraneItalia, W

iley O
nline L

ibrary on [12/09/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org//10.1038/nature07385
https://doi.org//10.1038/nature07385
https://doi.org//10.1371/journal.pone.0049466
https://doi.org//10.1016/j.neuint.2021.105137
https://doi.org//10.18632/oncotarget.16780
https://doi.org//10.3892/mmr.2018.9458
https://doi.org//10.1038/s41388-021-02003-0
https://doi.org//10.1038/s41388-021-02003-0
https://doi.org/10.1002/cam4.6476
https://doi.org/10.1002/cam4.6476

	Novel insight into histological and molecular astrocytoma, IDH-­mutant, Grade 4 by the updated WHO classification of central nervous system tumors
	Abstract
	1|INTRODUCTION
	2|METHOD
	2.1|Study population
	2.2|Clinical and radiological data collection
	2.3|Tumor pathology data collection
	2.4|Identification of enrolled patients and group analysis according to WHO CNS5
	2.5|Statistical analysis

	3|RESULTS
	3.1|Baseline information of patients with astrocytoma, IDH-­mutant, Grade 4
	3.2|Radiological features of patients with astrocytoma, IDH-­mutant, Grade 4
	3.3|Survival of patients with astrocytoma, IDH-­mutant, Grade 4
	3.4|Molecular features in patients with astrocytoma, IDH-­mutant, Grade 4
	3.5|Implications of molecular alterations with survival in patients with astrocytoma, IDH-­mutant, Grade 4

	4|DISCUSSION
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGMENTS
	FUNDING INFORMATION
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT

	REFERENCES


