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Abstract

Background. Diffuse H3 K27M-mutant gliomas occur primarily in children but can also be encountered in adults. 

The aim of this study was to describe the characteristics of H3 K27M-mutant gliomas in adults.

Methods. We analyzed the characteristics of 21 adult H3 K27M-mutant gliomas and compared them with those of 

135 adult diffuse gliomas without histone H3 and without isocitrate dehydrogenase (IDH) mutation (IDH/H3 wild 

type).

Results. The median age at diagnosis in H3 K27M-mutant gliomas was 32 years (range: 18–82 y). All tumors had 

a midline location (spinal cord n = 6, thalamus n = 5, brainstem n = 5, cerebellum n = 3, hypothalamus n = 1, and 

pineal region n = 1) and were IDH and BRAF-V600E wild type. The identification of an H3 K27M mutation signifi-

cantly impacted the diagnosis in 3 patients (14%) for whom the histological aspect initially suggested a diffuse 

low-grade glioma and in 7 patients (33%) for whom pathological analysis hesitated between a diffuse glioma, 

ganglioglioma, or pilocytic astrocytoma. Compared with IDH/H3 wild-type gliomas, H3 K27M-mutant gliomas 

were diagnosed at an earlier age (32 vs 64 y, P < .001), always had a midline location (21/21 vs 21/130, P < .001), 

less frequently had a methylated MGMT promoter (1/21 vs 52/129, P = .002), and lacked EGFR amplification (0/21 

vs 26/128, P = .02). The median survival was 19.6 months in H3 K27M-mutant gliomas and 17 months in IDH/H3 

wild-type gliomas (P = .3).

Conclusion. In adults, as in children, H3 K27M mutations define a distinct subgroup of IDH wild-type gliomas char-

acterized by a constant midline location, low rate of MGMT promoter methylation, and poor prognosis.
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Somatic gain-of-function mutations in genes encoding the 

histone H3 variants H3.3 and H3.1 occur in the majority of 

midline diffuse pediatric gliomas and in a subset of pediatric 

supratentorial high-grade gliomas.1,2 Lysine to methionine 

substitution at codon 27 in the H3F3A or in the HIST1H3B/C 

genes (H3 K27M mutations) is associated with aggressive 

diffuse midline gliomas.3 In contrast, glycine to arginine (or 

valine) substitution at codon 34 in the H3F3A gene is asso-

ciated with hemispheric glioblastomas.3 These mutations 

are mutually exclusive and are also exclusive with IDH1 and 

IDH2 mutations, which are found in most adult low-grade 

and anaplastic diffuse gliomas.3 The characteristics of glio-

mas with H3 K27M mutations have been described in detail 

in the pediatric population.3–7 In the revised 2016 World 

Health Organization (WHO) classification, “Diffuse midline 

glioma, H3 K27M-mutant” is recognized as a distinct entity 

that corresponds to grade IV, even when mitotic figures, 

microvascular proliferation, and necrosis are not observed.8 

Although H3 K27M-mutant gliomas occur primarily in chil-

dren, they can also be encountered in adults.7,9–13 However, 

the characteristics of adult H3 K27M-mutant gliomas have 

yet to be specifically described. The aim of the present study 

was to report the characteristics of adult diffuse gliomas 

with H3 K27M mutations and to compare them with those of 

adult diffuse gliomas without histone H3 or isocitrate dehy-

drogenase (IDH) mutation (IDH/H3 wild type).

Patients and Methods

We retrospectively identified all adult patients with gliomas 

with H3 K27M mutations in our database and reviewed their 

clinical, radiological, histological, and molecular charac-

teristics. A series of 135 adult patients with diffuse gliomas 

without IDH1/2 mutation and without H3F3A/HIST1H3B 

mutations (IDH/H3 wild-type gliomas) was used as a compar-

ative group. IDH1/2 and H3F3A/HIST1H3B mutation status 

were determined in all cases and MGMT promoter methyla-

tion and EGFR amplification status in most cases (Table  1 

and Table  2). TERT promoter and BRAF V600E mutations 

were only assessed in H3 K27M-mutant gliomas. DNA was 

extracted from formalin-fixed paraffin-embedded samples 

using a standard protocol (Qiagen, QIAmp DNA Mini Kit). 

After PCR amplification, the mutations of codon 132 of IDH1, 

codon 172 of IDH2, codons 27 and 34 of H3F3A, codon 28 

of HIST1H3B, codon 600 of BRAF, and mutational hotspots 

C228 and C250 of the TERT promoter were investigated by 

single-nucleotide primer extension with the ABI PRISM 

SNaPshot Multiplex kit (Applied Biosystems). PCR and exten-

sion primers are listed in Supplementary Table 1.12,14 MGMT 

promoter methylation was assessed by pyrosequencing. 

Pyrosequencing was performed with the PyroMark Q96 

MGMT kit (Qiagen) on a PSQTM96 MA system (Biotage), 

as described previously.15 EGFR gene amplification was 

detected using SYBR Green real-time quantitative PCR anal-

ysis (Absolute SYBR Green Rox Mix; Abgene) with the fol-

lowing primers EGFR-F: GTGCAGATCGCAAAGGTAATCAG 

and EGFR-R: GCAGACCGCATGTGAGGAT; hydrolysis probe: 

FAM CCCCTCCCCCGTATCTC.16 Categorical comparisons 

were performed using Fisher’s exact test, and a t-test was 

used for quantitative variables. The survival time was meas-

ured from the date of diagnosis to the date of last follow-up 

or death. Survival was estimated using the Kaplan–Meier 

method, and differences between curves were assessed 

using the log-rank test. This study has been approved by our 

institutional review board.

Results

A total of 21 adult patients with H3 K27M-mutant diffuse 

gliomas diagnosed between 2011 and 2016 were identi-

fied. Their characteristics are summarized in Tables 1 and 

2. Twenty patients had an H3F3A K27M mutation and one 

patient an HIST1H3B K27M mutation. The median age at 

diagnosis was 32 years (range: 18–82 y); 7 patients were 

>40 years of age. The clinical presentation consisted of a 

variable association of intracranial hypertension (n = 6, 

29%), ataxia (n = 5, 24%), cranial nerve injury (n = 4, 19%), 

and progressive sensorimotor deficits (n = 7, 67%). MRI 

scans were available for radiological review in 18 patients. 

All tumors had a midline location (Fig.  1). The most fre-

quent locations were the spinal cord (n = 6, 29%), thalamus 

(n = 5, 24%), and brainstem (midbrain n = 1, pons n = 1, 

floor of the fourth ventricle n = 1, medulla oblongata n = 2; 

total n = 5, 24%). Other locations included the cerebellum 

(n = 3, 14%), pineal region (n = 1, 5%), and hypothalamus 

(n = 1, 5%). Contrast enhancement was present in 9 cases 

(50%) with a ringlike pattern in 8 patients. The shape of the 

tumor borders was sharp in 4 patients (23%) and blurred 

in 14 patients (77%). One patient presented with an exo-

phytic tumor that was located on the floor of the fourth 

ventricle (patient 15) and one patient presented with signs 

of leptomeningeal involvement at diagnosis (patient 4). 

Importance of the study

In the revised 2016 World Health Organization classi-

fication, “Diffuse midline glioma, H3 K27M-mutant” 

is recognized as a distinct entity that corresponds 

to grade IV, even when mitotic figures, microvas-

cular proliferation, and necrosis are not observed. 

Although these gliomas primarily occur in children, 

they can also be encountered in adults. In the present 

study we show that, in adults, as in children, H3 K27M 

mutations define a distinct subgroup of adult IDH 

wild-type gliomas characterized by a constant midline 

location, low rate of MGMT promoter methylation, 

and poor prognosis. The potentially misleading his-

tological presentation of these tumors supports the 

assessment of H3 K27M mutations in adult IDH wild-

type midline gliomas to ensure appropriate diagnosis 

and grading.
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Perfusion MRI demonstrated signs of neoangiogenesis 

in 4 out of the 5 patients in whom it was performed. In 2 

patients (patients 9 and 16) the initial MRI was interpreted 

as a myelitis, yet rapid clinical and radiological deteriora-

tion led to histological analysis of the spinal cord lesion. In 

3 patients, repeated MRI performed before treatment onset 

demonstrated a rapid increase in the tumor volume over 

2  months in 2 patients (patients 9 and 15)  and a slower 

growth over 32 months in 1 patient (patient 1, Fig. 1).

According to the 2007 WHO classification, histopatho-

logical analysis was suggestive of a diffuse glioma in 14 

patients (67%) (Fig. 2). In these patients the diagnosis was 

a glioblastoma (n = 11, 52%), low-grade astrocytoma (n 

= 2, 10%), and low-grade oligodendroglioma (n = 1, 5%). 

However, in 7 patients (28%), histological analysis was dif-

ficult; due to the presence of piloid features and/or gangli-

onic differentiation (Fig. 2), the histopathological diagnosis 

hesitated between a diffuse glioma and ganglioglioma in 4 

patients (patients 2, 12, 15, and 19) and between a diffuse 

glioma and pilocytic astrocytoma in 3 patients (patients 1, 

5, and 16). Olig2 staining was positive in all tumors, as was 

tumor protein p53 staining in 11 cases (55%). The median 

Ki67 labeling was 15% (range: 0 to 50%). All cases were 

IDH wild type and none harbored EGFR amplification. Only 

one case had a methylated MGMT promoter. None of the 

patients had a BRAFV600E mutation. No KIAA49–BRAF 

fusion was identified in the 3 patients with an initial sus-

picion of pilocytic astrocytoma. A  C228T TERT promoter 

mutation was identified in 2 of 19 (10%) cases in which it 

was studied. After histopathological review and molecular 

analysis, all cases corresponded to diffuse midline gliomas, 

H3 K27M-mutant according to the 2016 WHO classification.

Surgery consisted of a biopsy in 16 patients (76%) and 

partial surgical resection in 5 patients (24%). After sur-

gery, 14 patients (67%) received radiotherapy that was 

associated with concurrent and adjuvant temozolomide 

in 12 patients (57%). Seven patients (33%) could not 

receive radiotherapy due to rapid clinical deterioration 

and were treated with chemotherapy alone (n = 4, 19%) or 

received palliative care (n = 3, 14%). Median survival was 

19.6 months in the entire series and 25 months in the sub-

group of patients who received radiotherapy with or with-

out temozolomide (Fig. 3).

The characteristics of the 135 IDH/H3 wild-type glio-

mas are summarized in Table 2. All cases were both K27M 

and G34R/V wild type and most of them corresponded to 

glioblastomas (80%). Compared with IDH/H3 wild-type 

gliomas, H3 K27M-mutant gliomas were diagnosed at 

an earlier age (32 vs 64 y, P < .001), always had a midline 

location (20/20 vs 21/130, P < .001), less frequently had a 

methylated MGMT promoter (1/20 vs 52/129, P = .002), and 

lacked EGFR amplification (0/21 vs 26/128, P = .02; Table 2). 

These differences remained significant when H3 K27M-

mutant gliomas were compared with the subgroup of IDH/

H3 wild-type glioblastomas (median age: 32 vs 64 y, P < 

.001; MGMT promoter methylation 1/20 vs 44/105, P < .001; 

EGFR amplification 0/21 vs 24/106, P < .001). Compared 

with the subgroup of midline IDH/H3 wild-type gliomas 

(n = 21: glioblastoma n = 9, anaplastic glioma n = 6, low-

grade glioma n = 6), H3 K27M-mutant gliomas were also 

diagnosed at an earlier age (32 vs 52 y, P = .0006), less fre-

quently had a methylated MGMT promoter (1/21 vs 8/20, 

P  =  .008), and lacked EGFR amplification (0/21 vs 4/19, 

P = .04). Despite their younger age at diagnosis, no signifi-

cant difference was observed between the median survival 

of H3 K27M-mutant and IDH/H3 wild-type gliomas (19.6 mo 

vs 17 mo, P = .3) or between H3 K27M-mutant and IDH/H3 

wild-type midline gliomas (19.6 vs 32 mo, P = .4, Fig. 3).

Discussion

Three main subgroups of adult diffuse gliomas can be dis-

tinguished based on 1p/19q codeletion and the IDH muta-

tion status.17,18 Gliomas with the 1p/19q codeletion display 

the best prognosis, whereas the IDH-mutated gliomas, 

without 1p/19q codeletion, have an intermediate progno-

sis, and the non–1p/19q codeleted and non–IDH-mutated 

gliomas have a poor prognosis. However, the latter group 

remains heterogeneous and it has been suggested that 

IDH wild-type gliomas may be further classified based on 

the TERT promoter mutation status,14,17 gene expression, 

methylation, and genomic profiling.13,19 In addition, a sub-

set of these gliomas harbors histone mutations.13 In the 

Table 2 Comparison of the characteristics of adult patients with H3 
K27M-mutant gliomas or with IDH wild-type gliomas without histone 
mutation

H3 K27M- 
mutant 
Gliomas

H3/IDH Wild- 
Type Gliomas

P-value

N 21 135

Median age at  
diagnosis, y

32 64 .001

Sex ratio, M/F 0.6/1 0.6/1

Location, n (%)

Hemispheric 0/21 (0) 109/130 (84) .001

Diencephalic* 7/21 (33) 10/130 (7) .003

Brainstem 5/21 (24) 3/130 (2) .001

Cerebellum 3/21 (14) 6/130 (5) .008

Spinal cord 6/21 (29) 2/130 (1) .001

WHO 2007 grading, n (%)

Grade II 3/21 (14) 5/135 (<4) .07

Grade III 0/21 (5) 17/135 (13) .1

Grade IV 11/21 (57) 108/135 (80) .001

Difficult 7/21 (33) 5/135 (<4) .002

Molecular characteristics, n (%)

MGMT meth. 1/21 (5) 52/129 (40) .001

EGFR amp. 0/21 26/128 (20) .02

BRAF V600E mut. 0/21 NA

pTERT mut. 2/19 (10) NA

Median overall  
survival (mo)

19.6 17 .3

Diencephalic: includes the thalamus, hypothalamus, and pineal region; 
MGMT meth: MGMT promoter methylation, BRAF mut.: BRAF V600E 
mutation; pTERT mut: TERT promoter mutation; NA: not available.
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present study, we found that H3 K27M mutations define 

a distinct subgroup of adult IDH wild-type diffuse gliomas 

and that determining the H3 K27M mutation status seems 

particularly important for appropriately diagnosing and 

grading adult IDH wild-type midline gliomas.

Though the occurrence of H3 K27M-mutant gliomas in 

adults had been previously reported,7,9–13 their characteris-

tics had not been specifically described. As observed herein, 

adult H3 K27M-mutant gliomas predominate in patients 

aged <40 years, but they can occur at any age, even in elderly 

patients. These gliomas seem to be rare in the entire popu-

lation of adult IDH wild-type diffuse gliomas but relatively 

frequent among the subset of these tumors with midline 

location. In 2 series of 160 and 415 adult IDH wild-type astro-

cytomas, H3 K27M mutations were identified in only 9 (7.5%) 

and 10 tumors (2%), respectively.13,20 However, in 4 studies 

of adult diffuse midline gliomas, they were detected in 7 out 

of 15 spinal gliomas (46%), in 10 out of 20 and 10 out of 15 

thalamic gliomas (50% to 66%), as well as in 3 out of 8 and 15 

out of 28 brainstem gliomas (37.5% to 53%).9–12

In the present series, and as reported elsewhere,7,9–13 

the characteristics of adult H3 K27M-mutant gliomas were 

very similar to those reported in the pediatric popula-

tion.3–7 Their constant midline location suggests that in 

adults, as in children, H3 K27M mutations are specifically 

oncogenic in progenitors implicated in the development of 

Fig. 1 MRI characteristics of adults with H3 K27M-mutant gliomas. Top: numbers correspond to the patient numbers. For patients 1, 2, 6, 7, 10, 
11, 15, 17, and 18, who had non-enhancing tumor, axial T2/fluid-attenuated inversion recovery (FLAIR) sequences are shown. For patients 3, 4, 
5, 8, 9, 12, 13, 14, and 21, who had contrast-enhancing tumor, T1 post-contrast sequences are shown. Bottom: tumor growth before treatment 
onset in patients 1, 15, and 9. Patient 1 presented with unexplained anorexia and vomiting 32 months before diagnosis that led to an MRI that was 
considered normal at the time despite the presence of a hypersignal within the medulla oblongata. In patient 15, initial suspicion of grade I gangli-
oglioma led to an initial follow-up. In patient 9, initial follow-up resulted from the initial suspicion of a myelitis.
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midline structures.21 Nevertheless, the specific location on 

the midline seems to vary with age. In children, H3 K27M-

mutant gliomas are frequently located within the pons; 

in adults, as observed here, they seem more frequently 

located in the thalamus and in the spine.7 In children, 

H3F3A K27M mutations are approximately 3 times more 

frequent than HIST1H3B K27M mutations, occur in older 

children, and are associated with an even poorer prog-

nosis22; herein, all but one patient had an H3F3A K27M 

mutation suggesting that HIST1H3B K27M mutations are 

much less frequent in adults than in children. As reported 

in children, we found that in adults, H3 K27M mutations 

were frequently associated with TP53 overexpression and 

are exclusive with IDH mutation,3 EGFR amplification,23 

and MGMT promoter methylation.23 TERT promoter muta-

tions also seem to be rare in these tumors. This finding 

is consistent with the fact that telomere maintenance in 

H3 K27M-mutant gliomas seems to result mainly from 

alternative lengthening of telomeres through ATRX muta-

tions.24 The rate of TERT promoter mutations was not 

determined in the present cohort of IDH/H3 wild-type 

gliomas, yet previous series have reported a 70% to 80% 

mutation rate in IDH wild-type diffuse gliomas,13,20 sug-

gesting that, as MGMT promoter methylation and EGFR 

amplification, these mutations are also much less frequent 

in adult H3 K27M-mutant than in IDH/H3 wild-type glio-

mas. In children, additional alterations in H3 K27M-mutant 

gliomas include amplifications of PDGFRA (30%), CDK4/6 

or CCND1-3 (20%) or MYC/PVT1 (15%) and mutations of 

ACVR1 and PPM1D (15% to 20%).4,25,26 Mutations involv-

ing alterations in TP53 cell-cycle (TP53/PPM1D) and in spe-

cific growth factor pathways (ACVR1/PIK3R1) seem to be 

particularly important for tumorigenesis.27 The frequency 

of these alterations remains to be determined in adult H3 

K27M-mutant gliomas.

Interestingly, in nearly half of patients, the histopatho-

logical presentation was not primarily suggestive of a high-

grade diffuse glioma, and the identification of an H3 K27M 

mutation had a major impact on diagnosis. In 3 patients, 

initial analysis suggested a diffuse low-grade glioma. After 

molecular analysis, these patients were reclassified as WHO 

grade IV. Indeed, because grade has not been shown to pre-

dict outcome in H3 K27M-mutant gliomas, these gliomas 

correspond to grade IV even when mitotic figures, micro-

vascular proliferation, or necrosis is not observed.8 In a 

recent study of both pediatric and adult cases, 21% of H3 

K27M-mutant gliomas had a histopathological aspect that 

was suggestive of a diffuse low-grade glioma,7 and in previ-

ous studies of adult H3 K27M-mutant gliomas, the rate of 

tumors suggestive of a diffuse low-grade glioma was 14% in 

spinal gliomas (1 out of 7 cases) and ranged from 0 to 30% 

in thalamic gliomas (0 out of 11, and 3 out of 10 cases) and 

from 0 to 53% in brainstem gliomas (0 out of 3, and 8 out of 

15 cases).9–12 In 7 patients it was also difficult to distinguish 

between a diffuse and a circumscribed glioma. This difficulty 

likely resulted from the fact that only small biopsies could 

Fig.  2 Examples of histopathological features observed in 
adults with H3 K27M-mutant gliomas. Hematoxylin and eosin 
(H&E) × 400 (scale bar = 20 µm). (A) Histopathological features of 
case 9 diagnosed as spinal glioblastoma showing a highly pleo-
morphic infiltrating astrocytoma with microvascular proliferation. 
(B) Histopathological features of case 11 initially diagnosed as 
a thalamic low-grade astrocytoma showing a tumor of low den-
sity with astrocytic neoplastic cells and p53 staining (embedded 
picture). (C) Histopathological features of case 12 initially diag-
nosed as a spinal ganglioglioma showing a tumor of low density 
with neoplastic glial and ganglionic tumor cells expressing CD34 
(embedded picture). (D) Histopathological features of case 1 
initially diagnosed as a brainstem pilocytic astrocytoma show-
ing a low density with compacted bipolar cells intermingled with 
Rosenthal fibers (shown at a higher magnification in embedded 
picture).

Fig. 3 Overall survival in patients with H3 K27M-mutant gliomas, 
IDH/H3 wild-type gliomas (irrespective of localization), and midline 
IDH/H3 wild-type gliomas.
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be analyzed in most cases and from the histological hetero-

geneity of H3 K27M-mutant gliomas. As recently reported, 

H3 K27M-mutant gliomas can display a broad spectrum 

of histological features, including giant, epithelioid, and 

rhabdoid cells; primitive neuroectodermal tumor–like foci; 

ependymal-like areas; sarcomatous transformation, as 

well as features that may wrongly suggest circumscribed 

gliomas such as neuropil-like islands, pilomyxoid features, 

ganglionic differentiation, and pleomorphic xanthoastrocy-

toma-like areas.7 Rarely, H3 K27M mutations have also been 

described in gliomas with typical features of circumscribed 

gliomas or with BRAF alterations as typically observed in 

pediatric low-grade gliomas. In children, H3 K27M muta-

tions have been reported in 4 cases of typical midline gan-

gliogliomas with a BRAFV600E mutation,28–30 in 2 cases of 

spinal and thalamic pilocytic astrocytomas,31,32 and in 4 

cases of midline unclassified gliomas that were associated 

with a BRAFV600E mutation.32,33 In adults, H3 K27M muta-

tions have been reported in 2 cases of spinal and cerebellar 

anaplastic gangliogliomas.11,30 It is currently unknown how 

these tumors should be classified. The very poor prognosis 

of some patients suggests that some of these cases may 

correspond to atypical high-grade diffuse H3 K27M-mutant 

gliomas.28,33 Yet the prolonged survival observed in other 

patients (up to 10 y)31 suggests that some cases may corre-

spond to an overlap between circumscribed and H3 K27M-

mutant gliomas and that not all gliomas with an H3 K27M 

mutation may correspond to grade IV.32

The median survival in children with diffuse H3 K27M-

mutant gliomas is typically less than 1 year, with a 2-year 

survival rate of <10%. In adults, these gliomas also seem to 

be associated with a poor prognosis. In the present series, 

the median survival was 19.7  months, which is consistent 

with a median survival of 16.9 months,13 10.4 months,9 and 

~16 months10 reported in previous series of adult H3 K27M-

mutant gliomas. Most patients reported herein who were 

given an oncological treatment received temozolomide 

radiochemotherapy. However, the benefit of temozolomide 

in these patients is uncertain. In pediatric brainstem gliomas, 

which are mostly H3 K27M-mutant, temozolomide radio-

chemotherapy has not been shown to improve overall sur-

vival compared with radiotherapy alone, which is possibly 

due to the very low rate of MGMT promoter methylation 

in these tumors.34 There is significant hope that therapeutic 

progress will result from the important advances achieved in 

understanding H3 K27M-mutant glioma pathogenesis.24,35,36 

Histones package DNA into chromatin, and their epigenetic 

modifications regulate the chromatin state and gene expres-

sion. The K27 residue is critical for all histone H3 variants; 

K27 methylation (mono, bi, or trimethylation) has an inhibi-

tory effect on gene expression, while K27 acetylation acti-

vates transcription. The H3 K27M mutation, which is a very 

early event in these gliomas and is found throughout the 

tumor,27 leads to a global downregulation of K27 methyla-

tion on all H3 molecules, either wild-type or mutated, even 

though the mutated H3 protein represents only ~5% of the 

total H3 in the cell.37–41 This effect results from a biochemi-

cal inhibition of polycomb repressor complex 2 (PRC2), the 

major H3 K27 methylase, by K27M-mutant histones.37,40 The 

aberrant gene expression resulting from PRC2 inhibition is 

further reinforced by DNA hypomethylation.37,41 Recently, in 

2 preclinical studies, the small molecule inhibitor GSKJ4 of 

the histone demethylase JMJD3 and the histone deacety-

lase inhibitor panobinostat have been shown to increase the 

K27M methylation levels and to have potent antitumor effi-

cacy in H3 K27M-mutant cell lines and xenografts.35,36 These 

findings suggest epigenetic modulators as promising treat-

ments in H3 K27M-mutant gliomas.

The limitations of the present study include its retrospec-

tive design and small sample size, the absence of direct 

comparison with a pediatric series, as well as the absence of 

large-scale molecular analysis precluding the identification of 

potential age-related molecular characteristics in H3 K27M-

mutant gliomas. Future studies with larger cohorts, including 

both pediatric and adult cases, are warranted to confirm the 

data presented herein, complete the description of H3 K27M-

mutant glioma characteristics, and potentially refine the classi-

fication of these tumors. Nevertheless, we show that H3 K27M 

mutations in adults, as in children, define a distinct subgroup 

of IDH wild-type gliomas that are characterized by a constant 

midline location, low rate of MGMT promoter methylation, 

and poor prognosis. The potentially misleading histological 

presentation of these tumors supports assessing H3 K27M 

mutations in adult IDH wild-type midline gliomas to ensure 

appropriate diagnosis and grading. In the future, assessing 

H3 K27M mutations may also enable patients to participate in 

clinical trials using dedicated therapeutic strategies.
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online.

Funding

None.

Acknowledgments

We thank Mrs Martine Lionnet, Mrs Karen Silva, Mrs Arlette 

Loiseau, and Mrs Dominique Bourchany for their technical assis-

tance, Dr Pierre Paul Bringuier and Dr Carole Ferraro-Peyret 

from Hospices Civils de Lyon platform of Tumors Molecular 

Biology, and the members of the French Neuropathology net-

work RENOP.

Conflict of interest statement. None declared.

References

1. Schwartzentruber J, Korshunov A, Liu XY, et al. Driver mutations in his-

tone H3.3 and chromatin remodelling genes in paediatric glioblastoma. 

Nature. 2012;482(7384):226–231.

D
o
w

n
lo

a
d
e
d
 fro

m
 h

ttp
s
://a

c
a
d
e
m

ic
.o

u
p
.c

o
m

/n
e
u
ro

-o
n
c
o
lo

g
y
/a

rtic
le

/1
9
/8

/1
1
2
7
/2

9
9
2
9
7
4
 b

y
 U

.S
. D

e
p
a
rtm

e
n
t o

f J
u
s
tic

e
 u

s
e
r o

n
 1

6
 A

u
g
u
s
t 2

0
2
2



 1134 Meyronet et al. H3 K27M-mutant gliomas in adults

2. Wu G, Broniscer A, McEachron TA, et al.; St. Jude Children’s Research 

Hospital–Washington University Pediatric Cancer Genome Project. 

Somatic histone H3 alterations in pediatric diffuse intrinsic pontine glio-

mas and non-brainstem glioblastomas. Nat Genet. 2012;44(3):251–253.

3. Sturm D, Witt H, Hovestadt V, et al. Hotspot mutations in H3F3A and 

IDH1 define distinct epigenetic and biological subgroups of glioblas-

toma. Cancer Cell. 2012;22(4):425–437.

4. Buczkowicz P, Bartels U, Bouffet E, et al. Histopathological spectrum of 

paediatric diffuse intrinsic pontine glioma: diagnostic and therapeutic 

implications. Acta Neuropathol. 2014;128(4):573–581.

5. Gielen GH, Gessi M, Hammes J, et al. H3F3A K27M mutation in pediat-

ric CNS tumors: a marker for diffuse high-grade astrocytomas. Am J Clin 

Pathol. 2013;139(3):345–349.

6. Khuong-Quang DA, Buczkowicz P, Rakopoulos P, et al. K27M mutation in his-

tone H3.3 defines clinically and biologically distinct subgroups of pediatric 

diffuse intrinsic pontine gliomas. Acta Neuropathol. 2012;124(3):439–447.

7. Solomon DA, Wood MD, Tihan T, et al. Diffuse midline gliomas with his-

tone H3-K27M mutation: a series of 47 cases assessing the spectrum of 

morphologic variation and associated genetic alterations. Brain Pathol. 

2016;26(5):569–580.

8. Louis DN, Perry A, Reifenberger G, et  al. The 2016 World Health 

Organization classification of tumors of the central nervous system: a 

summary. Acta Neuropathol. 2016;131(6):803–820.

9. Aihara K, Mukasa A, Gotoh K, et al. H3F3A K27M mutations in thalamic 

gliomas from young adult patients. Neuro Oncol. 2014;16(1):140–146.

10. Feng J, Hao S, Pan C, et al. The H3.3 K27M mutation results in a poorer 

prognosis in brainstem gliomas than thalamic gliomas in adults. Hum 

Pathol. 2015;46(11):1626–1632.

11. Gessi M, Gielen GH, Dreschmann V, et  al. High frequency of H3F3A 

(K27M) mutations characterizes pediatric and adult high-grade gliomas 

of the spinal cord. Acta Neuropathol. 2015;130(3):435–437.

12. Reyes-Botero G, Giry M, Mokhtari K, et  al. Molecular analy-

sis of diffuse intrinsic brainstem gliomas in adults. J Neurooncol. 

2014;116(2):405–411.

13. Reuss DE, Kratz A, Sahm F, et  al. Adult IDH wild type astrocytomas 

biologically and clinically resolve into other tumor entities. Acta 

Neuropathol. 2015;130(3):407–417.

14. Labussière M, Di Stefano AL, Gleize V, et al. TERT promoter mutations in 

gliomas, genetic associations and clinico-pathological correlations. Br J 

Cancer. 2014;111(10):2024–2032.

15. Walter T, van Brakel B, Vercherat C, et  al. O6-methylguanine-DNA 

methyltransferase status in neuroendocrine tumours: prognostic rel-

evance and association with response to alkylating agents. Br J Cancer. 

2015;112(3):523–531.

16. Idbaih A, Crinière E, Marie Y, et  al. Gene amplification is a poor 

prognostic factor in anaplastic oligodendrogliomas. Neuro Oncol. 

2008;10(4):540–547.

17. Eckel-Passow JE, Lachance DH, Molinaro AM, et  al. Glioma groups 

based on 1p/19q, IDH, and TERT promoter mutations in tumors. N Engl J 

Med. 2015;372(26):2499–2508.

18. Brat DJ, Verhaak RG, Aldape KD, et  al. Comprehensive, integra-

tive genomic analysis of diffuse lower-grade gliomas. N Engl J Med. 

2015;372(26):2481–2498.

19. Ceccarelli M, Barthel FP, Malta TM, et  al.; TCGA Research Network. 

Molecular profiling reveals biologically discrete subsets and pathways 

of progression in diffuse glioma. Cell. 2016;164(3):550–563.

20. Tabouret E, Nguyen AT, Dehais C, et al.; For POLA Network. Prognostic 

impact of the 2016 WHO classification of diffuse gliomas in the French 

POLA cohort. Acta Neuropathol. 2016;132(4):625–634.

21. Funato K, Major T, Lewis PW, Allis CD, Tabar V. Use of human embryonic 

stem cells to model pediatric gliomas with H3.3K27M histone mutation. 

Science. 2014;346(6216):1529–1533.

22. Castel D, Philippe C, Calmon R, et al. Histone H3F3A and HIST1H3B K27M 

mutations define two subgroups of diffuse intrinsic pontine gliomas with dif-

ferent prognosis and phenotypes. Acta Neuropathol. 2015;130(6):815–827.

23. Korshunov A, Ryzhova M, Hovestadt V, et  al. Integrated analysis of 

pediatric glioblastoma reveals a subset of biologically favorable tumors 

with associated molecular prognostic markers. Acta Neuropathol. 

2015;129(5):669–678.

24. Sturm D, Bender S, Jones DT, et  al. Paediatric and adult glioblas-

toma: multiform (epi)genomic culprits emerge. Nat Rev Cancer. 

2014;14(2):92–107.

25. Taylor KR, Mackay A, Truffaux N, et al. Recurrent activating ACVR1 muta-

tions in diffuse intrinsic pontine glioma. Nat Genet. 2014;46(5):457–461.

26. Wu G, Diaz AK, Paugh BS, et al.; St. Jude Children’s Research Hospital–

Washington University Pediatric Cancer Genome Project. The genomic 

landscape of diffuse intrinsic pontine glioma and pediatric non-brain-

stem high-grade glioma. Nat Genet. 2014;46(5):444–450.

27. Nikbakht H, Panditharatna E, Mikael LG, et  al. Spatial and temporal 

homogeneity of driver mutations in diffuse intrinsic pontine glioma. Nat 

Commun. 2016;7:11185.

28. Joyon N, Tauziede-Espariat A, Alentorn A, et al. K27M mutation in H3F3A 

in ganglioglioma grade I  with spontaneous malignant transformation 

extends the histopathological spectrum of the histone H3 oncogenic path-

way. Neuropathol Appl Neurobiol. 2016. doi: 10.1111/nan.12329.

29. Mistry M, Zhukova N, Merico D, et al. BRAF mutation and CDKN2A dele-

tion define a clinically distinct subgroup of childhood secondary high-

grade glioma. J Clin Oncol. 2015;33(9):1015–1022.

30. Zanello M, Pages M, Tauziède-Espariat A, et al. Clinical, imaging, his-

topathological and molecular characterization of anaplastic gangli-

oglioma. J Neuropathol Exp Neurol. 2016;75(10):971–980.

31. Hochart A, Escande F, Rocourt N, et al. Long survival in a child with a 

mutated K27M-H3.3 pilocytic astrocytoma. Ann Clin Transl Neurol. 

2015;2(4):439–443.

32. Orillac C, Thomas C, Dastagirzada Y, et  al. Pilocytic astrocytoma and 

glioneuronal tumor with histone H3 K27M mutation. Acta Neuropathol 

Commun. 2016;4(1):84.

33. Nguyen AT, Colin C, Nanni-Metellus I, et al. Evidence for BRAF V600E 

and H3F3A K27M double mutations in paediatric glial and glioneuronal 

tumours. Neuropathol Appl Neurobiol. 2015;41(3):403–408.

34. Cohen KJ, Heideman RL, Zhou T, et al. Temozolomide in the treatment of 

children with newly diagnosed diffuse intrinsic pontine gliomas: a report 

from the Children’s Oncology Group. Neuro Oncol. 2011;13(4):410–416.

35. Grasso CS, Tang Y, Truffaux N, et al. Functionally defined therapeutic tar-

gets in diffuse intrinsic pontine glioma. Nat Med. 2015;21(6):555–559.

36. Hashizume R, Andor N, Ihara Y, et al. Pharmacologic inhibition of histone 

demethylation as a therapy for pediatric brainstem glioma. Nat Med. 

2014;20(12):1394–1396.

37. Bender S, Tang Y, Lindroth AM, et  al. Reduced H3K27me3 and DNA 

hypomethylation are major drivers of gene expression in K27M mutant 

pediatric high-grade gliomas. Cancer Cell. 2013;24(5):660–672.

38. Chan KM, Fang D, Gan H, et al. The histone H3.3K27M mutation in pedi-

atric glioma reprograms H3K27 methylation and gene expression. Genes 

Dev. 2013;27(9):985–990.

39. Herz HM, Morgan M, Gao X, et  al. Histone H3 lysine-to-methio-

nine mutants as a paradigm to study chromatin signaling. Science. 

2014;345(6200):1065–1070.

40. Lewis PW, Müller MM, Koletsky MS, et al. Inhibition of PRC2 activity by 

a gain-of-function H3 mutation found in pediatric glioblastoma. Science. 

2013;340(6134):857–861.

41. Venneti S, Garimella MT, Sullivan LM, et  al. Evaluation of histone 3 

lysine 27 trimethylation (H3K27me3) and enhancer of Zest 2 (EZH2) in 

pediatric glial and glioneuronal tumors shows decreased H3K27me3 in 

H3F3A K27M mutant glioblastomas. Brain Pathol. 2013;23(5):558–564.

D
o
w

n
lo

a
d
e
d
 fro

m
 h

ttp
s
://a

c
a
d
e
m

ic
.o

u
p
.c

o
m

/n
e
u
ro

-o
n
c
o
lo

g
y
/a

rtic
le

/1
9
/8

/1
1
2
7
/2

9
9
2
9
7
4
 b

y
 U

.S
. D

e
p
a
rtm

e
n
t o

f J
u
s
tic

e
 u

s
e
r o

n
 1

6
 A

u
g
u
s
t 2

0
2
2


