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Abstract
Purpose: Diffuse midline glioma (DMG), H3K27M mutant is a new entity that has become widely
recognized. However, studies concerning DMG in adult patients remains rare. We did a retrospective study
covering the largest amount of patients to date to analyze the clinicopathological characteristics of DMG
in adult.

Methods: We reviewed 117 cases of adult DMG, collected their clinical and imaging data along with
pathological results including H3K27M. Summarized their features and the connection with overall
survival in different age groups.

Results: Among 117 cases, most tumors were located at the thalamus, 39 patients had H3K27M
mutation, of whom 38 demonstrated down regulation of H3K27me3. The average overall survival of
H3K27M-mutant gliomas was 13 months, while that of 78 H3K27M wild-type gliomas were 11.8 months.
For young patients (age 35), The median survival time of the H3K27M-mutant was 20.1 months, while
that of the H3K27M wild-type was 39.5 months. For older patients (age≥35), the median survival time of
the H3K27M-mutant was 22.3 months, while that of the H3K27M wild-type was 17.1 months. The OS of
patients who received biopsies, subtotal resections, and total resections were 15.8, 17.6, and 11.6 months
respectively.

Conclusion: The DMG in adults mainly occurred in the thalamus. H3K27M mutations tend to happen
more frequently in young adults, and this genetic alteration results in a worse outcome only in young
patients. For old patients, age and the approach of surgery are independent prognostic factors. Patients
received biopsy instead of total resection had a better prognosis.

Introduction
The Diffuse Midline Glioma (DMG), H3K27M mutant, is a new pathologic entity that has become widely
recognized since it was classi�ed as a central nervous system neoplastic disorder by the WHO in 2016.
As illustrated by its name, these gliomas are commonly located in midline structures of the brain,
including the brainstem, thalamus, spinal cord, and cerebellum. These are de�ned as grade  gliomas,
and are correlated with worse prognoses1. However, with more and more investigations being carried out
on this tumor entity, several questions have been noticed by researchers. Firstly, due to this kind of glioma
mainly involving children, cases in adult patients are seldom reported and their prognoses remain unclear.
Whether the H3K27M mutation still indicates a poor prognosis is questionable. Secondly, a successful
neurosurgery to resect tumors in midline structures is a challenging task. As a result, the limitation on
operations or genetic alterations that mainly contribute to the dismal outcome of DMG has been
confused.

To �gure out the prognosis of DMG in adult patients and explore the bene�t that tumor resection offers
patients, we have reviewed patients diagnosed with DMG in our hospital, collected their clinical and
pathological data, and summarized its characteristics.
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Methods And Materials
1. Study cohort

In this retrospective study, we reviewed our pathology database and picked out cases of patients
diagnosed with glioma in the midline structures of their brains - including the thalamus, brainstem,
medulla, and cerebellum - from January 2013 to December 2019. All the patients in our cohort were
adults (age>18), and had to satisfy the following standards: 1. no previous medical history of glioma; 2.
no severe complications during the perioperative period; 3. possess a complete medical history and have
an accessible survival outcome. The tumor locations were veri�ed by a radiologist through preoperative
MR images. Pathologic sections were reassessed by two experienced pathologists according to the 2016
WHO classi�cation of central nervous system tumors. To con�rm the diagnosis, the H3K27M status were
tested or recon�rmed via immunostain and PCR tests. All the tumor samples underwent genetic tests for
IDH1/2. Other important markers including ATRX, P53, and Ki67 were all re-evaluated by
immunohistochemistry.

Patients' detailed operation records were obtained by looking up our hospital's medical history system
and by consulting the related neurosurgeons. The operation range was further con�rmed from
postoperative MR images. Patients were divided into 3 subgroups according to the range of tumor
resection: biopsy, subtotal resection, and total resection.

2. Immunohistochemistry and PCR tests.

All the tumor specimens were formalin �xed and para�n embedded (PFPE). Immunohistochemistry were
performed on 4um sections with the antibodies: H3K27M (Leica Germany), H3K27me3 (Leica Germany),
IDH (ZSGB-BIO China), ATRX (ZSGB-BIO China), P53 (ZSGB-BIO China), and Ki67 (Dako Denmark). For
the PCR tests, DNA extractions were conducted with four 10mm sections from PFPE tissues. The
enriched areas in tumor cells con�rmed from HE sections were marked in advance. Tissues previously
labeled for extraction were scraped off and placed on an Eppendorf tube for DNA isolation using the
QIAamp DNA Mini Kit (Qiagen GmbH, Germany), the process for which was carried out according to the
manufacturer's protocol. The spectrophotometer (Biophotometer Eppendorf, Germany) was used for
detecting the quality and concentration of DNA samples.

The sequencing reactions were performed using clean-up exonuclease ExoSAP-IT (Affymetrix, Santa
Clara, CA) via the Big Dye Terminator Cycle Sequencing Kit and capillary electrophoresis on the
automated sequencer ABI3730 (Applied Biosystems, Carlsbad, CA).) The PCR products were then
analyzed and puri�ed. Exonic alterations of sense and nonsense sequences were detected using
SeqScape v2.5 software (Applied Biosystems), before being compared with the National Center for
Biotechnology Information reference sequences.

3. Statistical analysis
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We carried out the statistical analysis using the STATA software (Stata Corp TEXAS V15.1). The Kaplan-
Meier estimator and Log-Rank test were conducted to form a comparison of patients' survival rate in
different subgroups. We also performed a COX model to evaluate the signi�cance of related factors
including age, sex, location, operation and genetic alterations. Pearson test was done to verify the
correlation between age and H3K27M mutation. Independent T-tests were done to compare differences.
The OS were de�ned and counted from the date of surgery to the date of death from any causes. This is
viewed as statistically signi�cant when p<0.05.

Results
1. Composition of patients

We identi�ed 117 patients with DMG. They were all adults (>18 years old) ranging from 18 to 74 years
old, with an average age of 43.7. We divided our cohorts into two subgroups depending on whether their
age was ≥35, which formed the old group, or <35, which formed the young adult group. Of the total
number of patients, 39 were classi�ed as young adults, and 76 were put in the old group. 66 were males
and 51 were females. Their pathological and clinical characteristics are summarized in Table-1. 88
tumors were located in the thalamus, 15 tumors were in the brainstem, while 8 were in the cerebellum and
6 were in the medulla [Fig-1]. Histologically, 20 corresponded to WHO grade II, 28 were grade III, and the
remaining 69 cases were grade IV.

2. Immunohistochemistry and genetic �ndings

According to our IHC results, 39 patients were positive for H3K27M, and among these tumors, 38
demonstrated down regulation of H3K27me3 (38/39, 97.4%). Out of the tumors that were negative for
H3K27M, 71 samples were diffusely positive for H3K27me3 (71/78, 91.0%) [Fig-2]. All tumor samples
underwent PCR tests for H3.3 K27M, and all H3K27M immune-positive gliomas were genetically veri�ed
to be H3K27M mutants. Those which were H3K27me3 negative and H3K27M negative were con�rmed to
be H3K27M wild-type. The mutation rate of H3K27M in the thalamus, brainstem, medulla, and cerebellum
were 31.1%, 50.0%, 25.0%, and 46.7% respectively. There were a total of 23 (23/39 59.0%) H3K27 mutant
cases in the young adult group and 16 (16/76 21.1%) in the old group. Pearson tests demonstrated that
there existed weak correlation between age and H3K27M mutation (r=0.394). We also conducted routine
IDH1/2 tests for all tumor specimens. Only 3 gliomas were mutated at R132H of IDH-1, and the rest were
all IDH wild-type. The 3 IDH mutant gliomas were in the cerebellum (n=1) and brainstem (n=2), and were
all H3K27M wild-type. In our cohort, 66 gliomas (56.4%) showed an overexpression of P53, and 33
(28.2%) gliomas had lost the expression of ATRX.

3. Treatment and overall survival

Out of all the patients, 18 received a total tumor resection and 6 patients underwent a subtotal tumor
resection; 93 patients received a stereotactic biopsy instead of a tumor resection. All patients received
chemotherapy with temozolomide accompanied by radiotherapy.
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The mean follow-up time was 27 months (range from 7 to 68 months). Our patients' OS ranged from 2
months to 68 months with an average survival time of 15.2 months. The 1-year, 3-year survival rate were
70.2% and 18.7% respectively. The average survival time of the young adults was 16.2 months, while that
of the older patients was 14 months, meaning that no statistical difference was observed (p=0.244). For
39 H3K27M mutant gliomas, the average overall survival was 13 months, while that of 78 H3K27M wild-
type gliomas were 11.8 months. The average OS of 97 low grade gliomas (grade II) was 15.6 months and
the average OS of 20 high grade gliomas (grade III and IV) was 15.1 months. It can therefore be seen that
there is no statistical difference between the subgroups divided by H3K27M mutation (p=0.85) or
histological grade (p=0.35). When dividing the data according to what operations they received, the OS of
patients who received biopsies, subtotal resections, and total resections were 15.8, 17.6, and 11.6 months
respectively. There is no statistical difference between the biopsy and subtotal resection groups, but the
OS of patients who received a total resection was shorter than patients who didn't (p=0.00).

We then further explored the prognosis in different age groups. In younger patients, the
clinicopathological factors mentioned above, including IHC markers, tumor grades, and operations have
no in�uence on prognoses. The median survival time of the H3K27M-mutant was 20.1 months, while that
of the H3K27M wild-type was 39.5 months. Patients with the H3K27M mutation had relatively worse
prognoses than those without (p=0.003). For older patients, H3K27M is not a signi�cant factor that
affects patients' outcomes since the median survival time of the H3K27M-mutant was 22.3 months, while
that of the H3K27M wild-type was 17.1 months (p=0.460). According to the COX analysis, the type of
operation plays a key role in older patients. Those who received a biopsy had a better prognosis than
those who received a total resection (p=0.00) [Fig-3].

Discussion
The "DMG, H3K27M mutant" is a newly de�ned entity in the 2016 revision of the WHO classi�cation of
CNS tumors. It is a high grade glioma which mainly occurs in children, and the mutation in H3.3G34 often
results in a dismal outcome, with a median survival of around 1 year from the time of diagnosis in
children2. However, the characteristics of this tumor in adults remains unclear. We carried out a
retrospective analysis on 117 adult patients which focused on their clinical and pathological
characteristics and overall survival. To date, this is the largest cohort concerning DMG in adults in
available literature.

Unlike pediatric patients whose midline gliomas are mostly located at the pons3, our results revealed that
the most common sites of DMG in adults are the thalamus and brainstem. For H3K27M wild-type
gliomas, histologically low grade cases comprised more than H3K27M mutated gliomas. The average
age of H3K27M-mutated glioma patients was obviously younger than H3K27M wild-type patients.
According to our correlation analysis, there is a weak correlation between H3K27M mutations and the age
of patients. All these factors prove that the H3K27M mutation tends to happen in younger patients
among all age ranges. The older a patient is, the lower the chance they will develop a H3K27M mutation
is.
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Compared with the 6% rate of adult GBM 4and 14-29% rate of pediatric high grade glioma5, the observed
rate of ATRX mutation in our study was 23% and 36% in H3K27M mutated gliomas and H3K27M wild-
type gliomas respectively. The ratio was higher than gliomas in non-midline structures, corresponding to
the fact that H3K27M mutated gliomas seem to mainly result from lentheny of telomeres through ATRX
mutation6. Consistent with former reports, P53 overexpression was easily observed in our research,
especially in the H3K27M mutated groups7.

The H3K27M mutation is a genetic alteration reportedly linked with dismal outcomes in pediatric diffuse
intrinsic pontine gliomas (DIPG)8. The same phenomenon was also founded in some study concerning
H3K27M mutated DMG in adults9, 10. From 30 cases combined with the 171 cases reported in literature,
Toshiyuki et al. found that the status of H3K27M is not related to the prognosis in patients who are older
than 4011. However, another research reported that H3K27M does not correlate with the prognoses of
adults12. To date, our study covers the most patients and found that H3K27M mutant gliomas tend to
have poorer prognoses in patients younger than 35. For patients older than 35, the H3K27M mutation has
no effect on the patients' outcomes. The contradictory results found in the literature is possibly due to
some research not subdividing patients according to age. Our cohort's cutoff value for age was 35
instead of 40, which was used in the literature mentioned above11. More cases are needed to discover the
potential link between H3K27M and patients' age.

It is challenging for neurosurgeons to conduct operations on midline structures. The development of
technologies - including the integration of functional mapping data on the neuro navigation cortical and
subcortical electrical stimulation and awake anesthesia - has made surgical intervention more accepted
as an important part of DMG treatment13, 14.

It is widely accepted that extensive resections of high grade gliomas is bene�cial for patients, with more
extensive resections providing added advantages15. For adult DMG, it was reported that patients could
bene�t from tumor resections16, 17. Our work found that patients who underwent total tumor resections
had a worse outcome than those who underwent a biopsy or subtotal resection. This was especially true
for older patients, regardless of whether H3K27M had mutated or not. Our research was limited by the
fact that we didn't include a quantitative analysis of the extent of resections, and we didn't take
postoperative morbidity along with life quality into consideration. However, this tells us that unnecessary
total tumor resections is a potential factor that can lead to poor overall survival. Biopsies are
recommended so that the genetic phenotype can be accurately decided. A more comprehensive study
about the effect of operation is therefore needed.

With regards to pediatric DMG, the WHO histological grade is of no prognostic signi�cance18. From our
observations of adult patients, the tumor grade has no in�uence on the prognosis either. This may be
partially due to that most specimen were obtained by biopsy, which added the possibility of sample error.

It is interesting of the H3K27M mutation's low frequency and meaninglessness on old patients. Due to the
limited tumor samples available, we weren't able to explore other genetic changes. Further studies with
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complete genetic records are needed to describe the characteristics of this kind of glioma and potentially
obtain a more comprehensive understanding of the gene, H3K27M.

In conclusion, this study covers the largest single-center series of adult DMG patients. It found that the
DMG in adults mainly occurred in the thalamus. H3K27M mutations tend to happen more frequently in
young adults (age<35), and this genetic alteration results in a worse outcome only in young patients. For
old patients, age and the approach of surgery are independent prognostic factors. Patients received
biopsy instead of total resection had a better prognosis. Histological grade, tumor location and H3K27M
mutation has no prognostic value.
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  H3K27M-Wild

(N=78)

H3K27M-mutant

(N=39)

P-value

Epidemiology

Sex

M

F

 

41

37

 

25

14

 

P=0.323

Age Y

35

≥35

 

16

62

 

23

16

 

P=0.000

Location

Brainstem

Thalamus

Cerebellum

Medulla

 

7

62

6

3

 

8

26

 2

3

 

P=0.082

Pathology

WHO Histology Grading

     II

+IV

 

17

61

 

3

36

 

P=0.048

IDH Mutation

Yes

No

 

3

75

 

0

39

 

P=0.550

ATRX Mutation

Yes

No

 

60

18

 

24

15

 

P=0.087

P53 Overexpression

Yes

No

 

41

37

 

25

14

 

P=0.323

H3K27Me3 Downregulation

Yes

No

 

7

71

 

38

1

 

P=0.000
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Surgical resection

Biopsy

Subtotal resection

Total resection

Overall Survival

     Young (M)

Old (M)

 

 

60

2

16

 

 

39.5

17.1

 

 

33

4

2

 

 

20.1

22.3

 

 

 

 

 

 

 

P=0.010

P=0.465

Y: years, M: months

Figures

Figure 1

The age and location distribution of tumor in our research.
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Figure 2

The histological image and immunohistochemistry results of H3K27M and H3K27me3, A1-A3: a
histologically grade II glioma showing H3K27M expression A2 and downregulation of H3K27me3 A3 ;
B1-B3: a histologically grade III glioma showing H3K27M expression B2 and no downregulation of
H3K27me3 B3 ; C1-C3: a histologically grade IV glioma showing H3K27M expression C2 and loss the
expression of H3K27me3 C3 .
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Figure 3

Relationship between clinicopathological factors and OS: A, relationship between H3K27M and OS in
young patients, the H3K27M mutant had a worse prognosis; B, relationship between H3K27M and OS in
old patients, there is no difference in prognosis of two different subgroups; C-D, relationship between
histological grade and OS in young and old patients, the low grade group means WHO grade II and the
high grade group includes WHO grade III and IV. There is no difference in different histological grades; E,
relationship between operation and OS in young patients, although there was no statistical difference, the
OS of biopsy was better than other two groups; F, relationship between operation and OS in old patients,
only 1 patient received subtotal resection, the OS of biopsy is better than that of total resection.


