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INTRODUCTION

Diffuse midline glioma (DMG) is a newly defined entity in 
the 4th revised edition of the World Health Organization 
(WHO) Classification of Tumors of the Central Nervous Sys-
tem (CNS) updated in 2016 [1]. It usually occurs in midline 
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Background    Diffuse midline glioma (DMG) which occurs in midline structures and characterized by 
harboring K27M mutation in genes encoding the histone 3 protein is classified as World Health Orga-
nization (WHO) grade IV regardless of histological findings and has a poor prognosis. Nevertheless, 
because of its relatively rare incidence compared with other high-grade gliomas, a comprehensive de-
scription encompassing clinical features and genomic profiles of DMG is still lacking.

Methods    In this study, we analyzed data of 24 patients who were diagnosed as DMG which 
was confirmed by surgical specimens in both pediatric and adult patients. We described the clinical 
outcomes of patients with DMG and their genomic profiles through a retrospective analysis of 24 pa-
tients with DMG.

Results    The clinical characteristics of the 24 patients with DMG were analyzed. Ten patients 
(41%) underwent tumor resection and 14 patients (59%) underwent tumor biopsy. The median overall 
survival was 10.4 months (95% confidence interval [CI], 8.4 to 12.5) and progression free survival was 
3.9 months (95% CI, 2.6 to 5.2). Fifteen patients (62%) were accompanied by hydrocephalus. None of 
the patient, tumor, or treatment factors had any significant associated with survival. In both immuno-
histochemistry staining (n=24) and targeted next generation sequencing (n=15), TP53 mutation was 
the most common genetic mutation (25% and 46%, respectively) found in the patients except altera-
tions in histone 3 protein.  

Conclusion    Although surgical treatment of patient with DMG does not affect the overall survival 
prognosis, it can help improve the patient’s accompanying neurological symptoms in some limited 
cases. Hydrocephalus is often accompanied with DMG and treatment for hydrocephalus is often also 
required. Multidisciplinary therapeutic approach is needed.

Keywords	� Diffuse intrinsic pontine glioma; Histone H3; Biopsy; Chemoradiotherapy;  
Sequence analysis; Survival.

structures including thalamus, brainstem, or spinal cord. It is 
characterized by substitution of methionine for lysine at site 27 
(K27M) in histone 3 protein. Subsequent analyses have dem-
onstrated that histone H3 K27M mutations exist in the major-
ity of high-grade infiltrative astrocytoma arising within midline 
structures of both pediatric and adult patients [2]. It is classi-
fied as WHO grade IV regardless of histological findings, and 
the prognosis is known to be poor. In the latest 5th edition of 
the WHO classification, the nomenclature of DMG H3 K27M-
mutant has been changed to DMG H3 K27-altered [3,4]. 

Because of its rarity compared to other high-grade gliomas, 
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a comprehensive description encompassing clinical features 
and genomic profiles of DMG is still lacking. In this study, we 
described and analyzed the clinical data of 24 patients who 
were diagnosed as DMG which was confirmed by surgical 
specimens in both pediatric and adult patients. 

METHODS

Following the approval from the Institutional Review Board 
(IRB No. 2022-0850) of Asan Medical Center (Seoul, Korea) 
with a waiver of informed consent, we retrospectively reviewed 
medical records and images of the 24 patients who were path-
ological diagnosed as DMG, H3 K27M-altered through biop-
sy or surgery performed between January 2016 and July 2021 
(Table 1). Two patients who were diagnosed as DMG in spinal 
cord and one foreign patient who returned to his home coun-
try immediately after biopsy without any clinical information 
were excluded from the analysis. Medical records and images 
were reviewed retrospectively with respect to the patient’s sex 
and age at diagnosis, symptoms at presentation, tumor loca-
tion, tumor size, accompanying hydrocephalus, type of treat-
ment, histopathological characteristics, and survival periods. 

The size of the tumor was measured by the longest diame-
ter of the tumor. The location of the tumor was assessed ac-
cording to the epicenter of the lesion. The surgical extent of 
DMG was classified into three groups based on the followings: 
1) gross total resection (GTR) as absence of a residual lesions, 
based on postoperative MRI, 2) subtotal resection (STR) as 
the removal of 50%–90% of tumor volume; and 3) partial re-
section (PR) as the removal below 50% of tumor volume and 
biopsy only as biopsy without intent to tumor resection.

The diagnosis of DMG was made by the confirmation of 
H3K27M mutation utilizing immunostaining for the histone 
H3 K27 mutation or targeted next generation sequencing 
(NGS). Targeted NGS was performed in 15 patients. Onco-
panel AMC V4, a NGS based assay which identifies genomic 
alterations in 323 cancer-related genes was used.

Overall survival (OS) and progression-free survival (PFS) 
were calculated and correlation between survival and other 
factors such as age, sex, location, size, surgical removal, and 
Ki-67 labeling index were analyzed. Statistical analysis, espe-
cially Kaplan-Meier survival curve and log-rank test, were con-
ducted using IBM SPSS Statistics ver. 21 (IBM Corp., Armonk, 
NY, USA). Univariate OS and PFS analyses were conducted 
to identify prognostic factors. Ninetyfive percent confidence 
interval (CI) was calculated for survival analyses. The p-value 
of <0.05 was considered statistically significant. 

RESULTS

Patient characteristics
The clinical characteristics of the 24 patients with DMG were 

summarized in Table 1. There were 12 male and 12 female pa-
tients with a mean age of 24 years (range, 4–73 years). Most of 
the tumor located in brainstem (46%), among which pons were 
the most common in 8 patients, midbrain in 2 patient and me-
dulla in 1 patient, followed by thalamus in 8 (33%), cerebellum 
in 1 patient, basal ganglia in 1 patient, spinal cord in 2 patients, 
and diffuse from thalamus to cerebellum in 1 patient (Fig. 1).

Distribution of age and tumor location is marked in Fig. 1. 
There are 13 children, of which 7 had tumors in pons, the most 
common location. In contrast, only one adult had tumors in 
the pons. The presenting symptoms of the patients included 
as follows: cranial nerve palsy in 6 patients (25%), weakness in 
5 patients (20%), headache and vomiting in 4 patients (16%), 
gait disturbance in 3 patients, seizure in 3 patients, dizziness 
in 2 patients, and dysarthria in 1 patient. 

Ten patients (41%) underwent tumor resection and 14 pa-
tients (59%) underwent tumor biopsy. Among tumor resec-
tion groups, 4 patients underwent STR and 6 patients got PR 
and there was no GTR case. Fifteen patients (62%) were accom-
panied by hydrocephalus. Among the hydrocephalus patients, 
1 patient got tumor resection and resolved that problem di-
rectly and 5 patients underwent ventriculo-peritoneal shunt, 
9 patients underwent endoscopic third ventriculostomy. After 
surgical treatment or biopsy, 15 patients (62%) underwent both 
chemotherapy and radiotherapy and 5 patients (21%) under-
went radiotherapy only and 4 patients (16%) were not treated 
after pathologic confirmation.

Survival outcome and prognostic factors
Among 24 patients, 2 patients who were diagnosed as DMG 

in spinal cord tumor and 1 foreign patient who returned to his 
own country immediately after biopsy and had no further clini-
cal information were excluded from survival analysis. The 
median OS was 10.4 months (95% CI, 8.4 to 12.5) and PFS 
was 3.9 months (95% CI, 2.6 to 5.2) (Figs. 2 and 3).

The analysis of the correlation between clinical factors and 
OS and PFS is shown in Table 2. There was no significant dif-
ference in survival among patient factors such as age and sex. 
When considering the size, 13 patients with size of the tumor 
4 cm or more had median OS 9.2 months (95% CI, 7.4 to 11.1) 
and 8 patients with the tumor size less than 4 cm had median 
OS 12.4 months (95% CI, 8.2 to 16.6), however, the relevance 
between tumor size and OS was statistically not significant 
(p=0.054). Considering tumor location, the group of DMG 
patients located in non-brainstem showed 10.4 months of OS 
and 3.3 months of PFS (95% CI, 1.2 to 5.3) and the group of 
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DMG located in brainstem showed 10.3 months of OS and 
4.3 months of PFS (95% CI, 2.6 to 5.9) (p=0.275). 

Nine patients (37%) underwent surgical resection of tumors 
and 12 patients (57%) underwent only biopsy of the tumor. 
Surgical resection was not associated with prolonged OS (me-
dian OS was 10.9 months (95% CI, 6.8 to 15.0) for resection 
group and 10.2 months (95% CI, 8.2 to 12.1) for biopsy group 
and p value was 0.57. Even when considering the resection 
range, STR group and non-STR group who had undergone 
PR or biopsy also had little relationships in OS (median OS was 
14 months [95% CI, 14 to 14] for STR group and 10.1 months 
[95% CI, 7.9 to 12.2] for PR and biopsy group [p=0.254]). 

DMG group whose KI-67 labeling index was 20% or more 
showed median OS as 10.4 months (95% CI, 8.2 to 12.6) and 
DMG group whose KI-67 labeling index was less than 20% 
had median OS, 13.8 months (95% CI, 6.3 to 21.3) and two 
group showed no statistical relevance (p=0.272).

 Thirteen patients received adjuvant chemoradiotherapy 
after pathologic confirm showed no relationship in survival 
prognosis compared with 6 patients only recieved radiother-
apy (median OS was 11.5 months [95% CI, 8.7 to 14.3] for con-
current chemoradiotherapy [CCRT] and 9.7 months [95% CI, 
6.0 to 13.3] for RT only and p value was 0.604). 

Immunohistochemistry findings and genomic 
landscape obtained by targeted NGS

Among 24 patients of DMG, immunohistochemistry (IHC) 
staining found TP53 mutation in 6 patients (25%), ATRX mu-
tation protein in 2 patients (8%) and IDH-1 mutant protein 
and O6-methylguanine-DNA methyltransferase (MGMT) 
promoter methylation in 1 patient, respectively (4%).

Fifteen patients had available targeted NGS data who includ-

ed two alive patients and censored patients each other (Fig. 4). 
Among all patients who were confirmed as H3 K27M muta-
tion in IHC, 9 patients had H3F3A single nucleotide variation. 
TP53 mutation was the most altered gene (n=7, 46%). Eight 
samples harbored alteration in cell cycle genes, including TP53, 
CDK4/6 amplification, and CDKN2A/B homozygous deletion. 
Alterations in mitogen-activated protein kinase (MAPK)/PI3K 
pathways, including KRAS, BRAF, NF1, PIK3CA, and PIK3R1, 
were observed in ten patients (66%). Receptor tyrosine kinase 
amplification involving PDGFRA and ACVR1 was observed 
in two patients (13%). 

DISCUSSION

DMG, H3 K27M-mutant is a rare glioma, which appeared 
from the 4th revised edition of WHO classification of the CNS 
tumors, later renamed as DMG, H3 K27-altered in the 5th edi-
tion to harbor other alterations such as EZHIP overexpression 
[1,3]. Because the locations where this tumor occurs are usu-
ally deep midline structures such as the brainstem or thalamus 
and the tumor grows diffusely, surgical resection is often im-
possible, and even biopsy is not feasible in some cases. As the 
prognosis is also poor, it also makes neurosurgeons less active 
in performing resection or biopsy. In the case of diffuse intrin-
sic pontine glioma, which was previously referred to as these 
tumors occurring in the pons, according to a previous survey, 
only 13.5% of responders performs biopsy to all patients [5]. 
Therefore, there is not much data on clinical information of 
patients who have been pathologically diagnosed with DMG 
K27M, even after over 5 years have passed since this new di-
agnosis was added [6-14]. Here, we described the clinical fac-
tors affecting PFS and OS of DMG and immunohistochem-

Fig. 1. Age distribution of the patients. Green, diffuse (from thalamus–pons–cerebellum); skyblue, basal ganglia; orange, thalamus; purple, 
midbrain; pink, pons; dark pink, medulla; blue, spinal cord; yellow, cerebellum.
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Fig. 2. Kaplan-Meier survival curves. A: Overall survial curves of the whole cohort (median=10.4 months). B-F: Survival analysis between 
groups of patients according to tumor locations (p=0.275) (B), surgical treatments (p=0.570) (C), Ki-67 LI of the specimens (p=0.272) (D), 
tumor sizes and (p=0.054) (E), and adjuvant treatments (p=0.175) (F) reveals no significant differences between the groups (log-rank test). 
LI, labeling index, CCRT, concurrent chemoradiation therapy; RT, radiation therapy.
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istry findings and genomic landscape obtained by targeted 
NGS study.

In our case series, we have two patients (8%) who have been 
diagnosed with other pathology in the past; 8-year-old fe-
male previously diagnosed as subependymoma (case 13) and 
26-year-old female previously diagnosed as primitive neuro-

epithelial tumor (case 19). The changes during follow-up did 
not match the course of the existing disease, therefore resec-
tion or biopsy was performed again, and they were newly di-
agnosed with DMG H3 K27M. As they had already received 
radiation therapy before their recent surgery, it is not clear 
whether the effect contributed to the formation of new tumors 

Fig. 3. Kaplan-Meier survival curves. A: Progression-free survival curves for the whole cohort (median=3.9 months). B: Analysis of progres-
sion-free survial between brainstem group and non-brainstem group shows no significant difference (log-rank test, p=0.275). 
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Table 2. Factors contributing to OS and PFS on DMG

Factor 
(cut-off value)

OS (months)
p-value

PFS (months)
p-value

Median 95% CI Median 95% CI
Age 0.335 0.747

<20 yr 9.638 7.178–12.097 4.111 2.634–5.588
≥20 yr 11.349 7.706–14.992 3.700 1.592–5.808

Sex 0.486 0.894
Male 9.407 4.666–14.149 3.750 1.696–5.804
Female 11.114 9.277–12.951 4.000 2.287–5.713

Size 0.054 0.387
≥4 cm 9.251 7.392–11.109 3.583 1.921–5.245
<4 cm 12.371 8.187–16.556 4.429 2.339–6.518

Location 0.871 0.275
Brainstem 10.296 7.506–13.087 4.250 2.576–5.924
Non-brainstem 10.417 7.546–13.287 3.286 1.247–5.324

Operation 0.570 0.423
Resection 10.905 6.780–15.030 4.500 2.217–6.783
Biopsy 10.175 8.232–12.118 3.455 1.951–4.958

KI-67 LI 0.272 0.692
≥20% 10.375 8.154–12.596 3.375 1.453–5.297
<20% 13.800 6.304–21.296 3.800 0.676–6.924

Adjuvant Tx 0.604 0.387
RTx 9.667 6.047–13.286 4.500 2.492–6.508
CCRTx 11.525 8.710–14.340 3.000 1.371–4.629

OS, overall survivial; PFS, progression-free survival; DMG, diffuse midline glioma; CI, confidence interval; LI, labeling index; RTx, radiation 
therapy; CCRTx, concurrent chemoradiation therapy
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Fig. 5. Illustrative case (Case 12). Preoperative MRI and CT images (A-C) and postoperative MRI and CT images (D-F). A 4-year-old fe-
male patient presented with left side weakness (grade 3). The day before surgery, motor weakness aggravated to grade 2 and diplopia oc-
curred. Images revealed pontine tumor with tumor bleeding. The tumor was removed partially and the patient was diagnosed as diffuse 
midline glioma, H3 K27M altered. After resection, diplopia disappeared and weakness also improved to nearly normal for 9 months till pro-
gression.

Fig. 4. Genomic landscape of DMG patients obtained by targeted NGS. DMG, diffuse midline glioma; NGS, next generation sequencing; 
SNV, single-nucleotide variant; CNV, copy number variation; INS, insertion; DEL, deletion. 

SNV: Blue / CNV: Red / INS: Orange / Loss: Purple / DEL: Yellow
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or whether the past diagnosis was inaccurate. However what 
is certain is that these cases shows the usefulness of rebiopsy or 
reoperation to make a clear pathological diagnosis once again 
even if the location is not feasible if the clinical course of pa-
tients is different than expected. 

Surgical resection of DMG is often difficult. In our series, 10 
(41.7%) patients underwent surgical resection. According to 
the reports in the existing literature, the surgical extent does not 
have benefit on survival [6,7,9]. The retrospective study which 
Bin-Alamer et al. [15] systematically reviewed selected 20 stud-
ies describing outcomes and prognostic factors of adult pa-
tient with DMG, H3 K27M-altered showed that there was no 
survival difference between surgical resection versus biopsy. 
And our study also showed the same result.

Although the current guideline states that GTR can be at-
tempted if feasible, there are a few cases where it is actually 
possible [16]. Brainstem and thalamus, where these tumors 
mainly occur, are critical structures that can cause serious neu-

rological deficits when get injured. Although there is no benefit 
to survival, there are cases where surgical resection is helpful. 
Even if the location of tumor is pons and the patient experi-
enced rapid cranial palsies and motor weakness due to tumor 
bleeding, it could be improved through surgical decompres-
sion (case 12) (Fig. 5). In the case of obstructive hydrocephalus 
caused by mass effect, the hydrocephalus can be resolved spon-
taneously by direct resection of the tumor (case 18) (Fig. 6). 
Although these cases are limited, they show that surgical re-
section is helpful in the treatment of some cases of DMG pa-
tients improving neurological status. 

Fifteen patients (62.5%) were accompanied by hydroceph-
alus with the tumor. This is often obstructive hydrocephalus 
caused by tumor, therefore endoscopic third ventriculostomy 
(ETV) is helpful. In our case, 9 patients (60%) who developed 
HC were able to be treated with ETV. There is an additional 
advantage that biopsy can be performed simultaneously when 
tumor is located in the thalamus.

A

D

B

E

C

F
Fig. 6. Illustrative case (Case 18). Preoperative MRI and CT images (A-C) and postoperative MRI and CT images (D-F). A 20-year-old fe-
male patient presented with progressive left side weakness (grade 3). Images reveals right thalamic mass with hydrocephalus. The tumor 
was removed subtotally and the patient was diagnosed as diffuse midline glioma, H3 K27M altered. Note that hydrocephalus is resolved af-
ter resection. After resection, weakness improved to grade 4 and hydrocephalus remains resolved for 4 months till progression.
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Radiotherapy has been regarded as an important treatment 
option for brainstem glioma, as is DMG. As for chemoagents, 
there is no drug that has clearly demonstrated therapeutic ef-
fect in DMG, but temozolomide which is used in glioblastoma 
is often also used in DMG [16-18]. In this analysis, there was 
no significant difference between radiation only and CCRT 
(OS of the RT: 9.667 months, OS of the CCRT: 11.525 months, 
p=0.604; PFS of the RT: 4.500 months, PFS of the CCRT: 3.000 
months, p=0.387). 

Our survival analysis did not find any significant factors re-
lated to the prognosis. It is thought that the limitations of our 
cohort may contribute. First, the number of cases is small to 
analyze. Second, because collecting rare cases, several factors 
such as the location of the tumor and the age of the patient are 
various. The dismal prognosis of DMG is also considered to 
be a limitation to find differences in the analysis.

In this study, we reviewed result of NGS profile of 15 DMG 
patients. In all our cases, DMG was diagnosed through immu-
nostaining, but H3F3A was confirmed in NGS only in 9 cases 
(60%). Inadequacy of the specimen because obtainable tissues 
are very limited in these DMG cases is thought to be one of 
reasons. Another possibility is that mutation is present at other 
sites other than the target. According to the prevalence of con-
current genetic alterations in DMG, H3 K27M-altered men-
tioned in other studies, mutations in the TP53 genes were the 
most common genetic mutation. Other common genomic 
events included ATRX loss or mutations, PDGFRA amplifica-
tion, ACVR1, PIK3CA, FGFR1, and PPM1D mutations, and 
MGMT methylation [19]. TP53 mutation was frequently ob-
served throughout this study (7 cases, 28%). ATRX mutations 
were observed less commonly in our study (4 cases, 26%) than 
in other studies [13, 20-22]. The distinct features of DMG from 
glioblastomas include an extremely rare frequency of IDH1/2 
mutation, and only one case (case 13) had found IDH-1 mu-
tant protein [10].

 DMG is a rare glioma with and poor prognosis. A definitive 
pathological diagnosis can help making accurate treatment 
decisions and expecting proper prognosis. Although surgical 
treatment does not affect the overall survival prognosis, it can 
help improve the patient’s accompanying neurological symp-
toms in some limited cases. Hydrocephalus is often accompa-
nied with DMG and treatment for hydrocephalus is often also 
required. Therefore, careful multidisciplinary therapeutic ap-
proach is needed. 
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