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Pediatric H3 K27-altered diffuse midline gliomas may
consist of two clinically relevant subsets based on patient
age and molecular genetic profile
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Abstract

Background. Diffuse midline gliomas, H3 K27-altered (DMG), are rare CNSWHO grade 4 tumors characterized by the
global loss of K27me3 on histone H3. DMGs cannot be safely resected and are associated with poor outcomes in
children, though relatively few DMGs have undergone extensive molecular and clinical profiling. Herein, we describe
the clinical and molecular profiles of 36 pediatric DMGs as they relate to patient outcomes.

Methods. Pediatric patients (<18 y/o) between 2015 and 2024 with biopsy-proven DMGs and next-generation sequenc-
ing (NGS) panels of 86 hotspot genes were reviewed for clinicopathologic characteristics and survival outcomes.
Gene Ontology (GO) enrichment analysis was performed. Progression-free survival (PFS) and overall survival (OS)
were calculated according to the Kaplan-Meier method. Multivariate Cox regression analysis was performed.
Results. Thirty-six patients were included (median age=9 y/o). Patients <10 y/o at diagnosis (n=24) progressed
significantly earlier and experienced significantly greater mortality than patients >10 y/o at diagnosis (n=11); PFS
and OS at 12 months were 9.0% and 26% for <10 y/o and 36% and 64% for >10 y/o (PFS: P<.03, OS: P <.03). NGS
findings revealed PIK3CA mutations occurred only in patients <10 y/o (10/25), and GO analysis revealed patients
<10 y/o were significantly more enriched for PI3K/AKT signaling pathway alterations than patients >10 y/o (P<.03).
Conclusion. We present findings that suggest “adolescent” DMGs carry more favorable prognosis and are molecu-
larly distinct from earlier onset pediatric DMGs. These findings have implications in the design and interpretation of
clinical trials, in addition to informing clinical practice.

Key Points
e DMG patients <10 y/o have worse survival outcomes compared to those >10 y/o

e DMG patients <10 y/o have significantly greater PIS3K/AKT mutation frequency than
those >10y/o

e Adolescent age should be considered in DMG clinical trial design and interpretation
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Importance of the Study

Given their proximity to eloquent CNS structures and
location commonly in the brain stem, these tumors were
historically diagnosed and treated based on clinical
characteristics. Only recently have stereotactic biopsies
of infiltrative midline lesions become a more common
practice, and few DMGs have been extensively charac-
terized by modern molecular diagnostics. We describe
alarge pediatric DMG series with comprehensive molec-
ular and clinical profiling and provide evidence that
“adolescent” DMGs may be distinct based on molecular

Diffuse Midline Gliomas, K27-altered (DMGs), are rare CNS
World Health Organization (WHO) grade 4 tumors classified
under the pediatric-type diffuse high-grade gliomas inWHO
CNS5."These lesions have hallmark characteristics on neu-
roimaging and are localized to the diencephalon, brainstem,
and cervical spine. DMGs mainly affect young children and
are associated with poor clinical outcomes, with a median
overall survival (OS) of <12 months.>® DMGs are diffusely
infiltrative tumors and cannot be safely resected, particularly
those that present in the pons/brainstem or thalami.®® DMGs
additionally demonstrate inherent resistance to other treat-
ments such as radiotherapy (RT) and chemotherapy—
although focal RT is the current standard of care.*"*The key
driver of tumorigenesis in DMGs involves the substitution
of lysine for methionine (K27M) in histone proteins H3.1 or
H3.3 and/or a global reduction of trimethylation at lysine 27
on histone H3 (H3K27me3), leading to pathologic transcrip-
tion at specific genomic sites.™? Clinical outcome studies
have suggested that adult DMGs are associated with
improved prognosis compared to pediatric DMGs, which
may be partially due to higher rates of cervical spine local-
ization that portend better survival; older children, or “ado-
lescent” DMGs, may have better survival than younger
children as well, but the survival of adolescent DMGs has
yet to be explicitly studied in an exclusively DMG coh
ort.2462734 However, clinical understanding of DMGs—a
biopsy-proven molecular diagnosis—is lacking compared
to that of diffuse intrinsic pontine glioma (DIPG), which is
diagnosed based on neuroimaging and may include molec-
ularly heterogenous lesions (likely 80%-90% DMGs) con-
fined to the pons. Stereotactic biopsies of the midline brain
and brainstem were discouraged until recent years due to
the belief of risk outweighing the benefits and lack of ther-
apeutic consequences.*" 13203536 |n gettings where stereotac-
tic biopsy is not feasible, there has been an increased
reliance on liquid biopsy via the sampling of CSF for K27M
circulating tumor DNA in conjunction with clinical and radio-
logic data to reach a diagnosis.*” Molecular profiling of biop-
sy-proven DMGs with clinical and treatment correlations
may add to our understanding and offer further age-specific
or molecular prognostic stratification.>*2¢32%To inform cur-
rent and planned DMG clinical trials assessing specific sys-
temic agents, targeted therapies, and applications of RT, we
present a large institutional pediatric DMG cohort with
molecular genetic profiling, treatment descriptions, and
clinical characteristics.

profile and clinical behavior. These findings may change
how clinical trial data is interpreted and lead to adoles-
cent age being accounted for in clinical trial design/
recruitment (ie being a confounder when evaluating the
efficacy of novel treatments). Our cohort revealed sig-
nificantly prolonged PFS and OS among adolescent
patients 10 years or older, compared to young children
under the age of 10 years. We further describe signifi-
cantly increased frequency of PI3K/AKT pathway alter-
ations in patients <10 y/o.

Materials and Methods

The protocol for this retrospective analysis and data collec-
tion, including patient demographics, treatments, and out-
come analyses, was approved by the Institutional Review
Board of the Ann and Robert H. Lurie Children’s Hospital of
Chicago (IRB #LCH2022-5620).

We examined electronic medical records and retrospec-
tively reviewed all children at Lurie Children’s Hospital diag-
nosed with a brain tumor and had the term “grade 3" or
“grade 4” in the pathology report between the years 2015-
2024. From an initial list of 731 pediatric brain tumor patients,
we manually identified patients with biopsied, pre-treatment
tumors that had a documented “K27M"” mutation or DMG
EZHIP or EGFR subtype diagnosis and available next-gen-
eration sequencing (NGS) data. Our search strategy encom-
passed patients with low-grade histology (grade 2) that
received a final integrated molecular diagnosis of “Diffuse
Midline Glioma, H3 K27-altered” or “Diffuse Midline Glioma,
H3 K27-mutant (WHO CNS4),” as these diagnoses included
“WHO grade 4" classifications on pathology reports—with
rare “WHO grade 3/4"” classifications on pre-2018 pathology
reports. NGS at Lurie Children’s Hospital entails DNA
sequence analysis on 86 genes for hotspot regions, 44 genes
for full coding regions, and 28 genes for focal high-level
copy number gains. ldentified patients underwent further
data collection, including clinical course, treatments
received, and molecular/histologic characteristics. Tumor
location was noted as the primary anatomical CNS region
of tumor origin. Radiation-related toxicities were docu-
mented and assessed by the Radiotherapy Therapy Oncol-
ogy Group toxicity scale (RTOG) based on descriptive
information provided in follow-up notes from an attending
radiation oncologist. Acute RTOG Grade | toxicity is defined
as minor neurological findings that do not require medica-
tion; Grade |l toxicity is defined as neurological findings
sufficient to require home-nursing care and/or medication;
Grade Il toxicity is defined as neurological findings requir-
ing hospitalization; Grade IV toxicity is defined as severe
neurological impairment, including paralysis, coma, and
seizures >3 times a week despite medication and
hospitalization.*®

The primary endpoints were progression-free survival
(PFS) and overall survival (OS). PFS was defined as the
elapsed duration between the date of completed initial
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intervention and the date of first radiographic and/or symp-
tomatic evidence of tumor progression. Tumor progression
was based on clinical examination findings from the attend-
ing neuro-oncologist that showed evidence of neurological
deterioration requiring treatment changes, as well as a cor-
roborating MRI.

OS was defined as the elapsed duration between the date
of biopsy and the date of death or last clinical contact. OS
after first progression was defined as the elapsed duration
between the date of first progression and date of death or
last clinical contact.

Gene Ontology

Reactome pathway over-representation analysis for 31
mutated genes found in the cohort was performed using the
ReactomePA package in R.°The top 15 pathways were visu-
alized as a dot plot.

Statistical Analysis

GraphPad Prism (GraphPad Software, San Diego, CA, USA)
was used to perform summary statistics and analyses. PFS
and OS were calculated according to the Kaplan-Meier (KM)
method. Log-rank tests were utilized to assess for statistical
significance between Kaplan-Meier (KM) curves (performed
by YY). All subsequent statistical analyses were performed
using R (version 4.4.2). Statistical significance was defined
as a P-value of <.05.

A box plot comparing the enrichment of PI3K/AKT path-
way alterations (PDGFRA/PIK3CA/MET/PTEN/EGFR/KIT/
PTPN11 mutations) in patients <10 y/o and patients >10 y/o
was performed, with the Mann-Whitney U test being used
to assess for statistical significance; a scatter plot showing
the distribution of age of onset, OS, and PI3K/AKT pathway
alterations was generated (performed by YA). Multivariate
Cox regression analysis was performed and was verified for
the assumption of proportional hazards using standard diag-
nostic tests (performed by YY).

Results

Cohort Characteristics

A summary of patient, tumor, and treatment characteristics
can be found in Table 1. We identified 36 molecularly
sequenced DMG patients that had a median age of 8 years
(range=2-17 years). There were 25 patients < 10 years old
(y/o) and 11 patients =10 y/o. The pons and/or brainstem
was the most frequent location (72%), with the thalamus
being the second most frequent (22%) and the cervical
spine being the least (6%).The majority of primary thalamic
DMGs were found in patients <10 y/o, while cervical spine
manifestation only occurred in patients >10 y/o. Most
patients only received a diagnostic biopsy (78%); among
patients that received surgical debulking (22%), 2/8 were
thalamic lesions, and both cervical spine lesions were
debulked. All patients but one—a patient that did not

receive any RT or systemic treatment due to personal
wishes—received RT as their primary treatment, either
focal external beam radiotherapy or craniospinal radiother-
apy. The patient that did not receive any RT or systemic
treatment was excluded from all survival analyses (See
section “Survival Measures of Cohort and Sub-groups”).
For progressive disease, re-irradiation (re-RT) was pursued
in 12 patients, who received a median lifetime radiation
dosage of 84 Gy (range=74-106); patients that did not
receive re-RT had a median lifetime radiation dosage of 54
Gy (n=22, range=0-58). Amongst patients <10 y/o, 9/25
(36%) received re-irradiation compared to 3/11 patients >10
y/o receiving re-irradiation (27%). Nearly all patients
received some systemic therapy (92%), with 53% receiving
more than one modality. For patients that received re-RT,
91% were administered some additional systemic therapy
between completion of re-RT and last clinical contact and/
or death. There were no acute radiation-attributed compli-
cations reported in our cohort, with all patients experienc-
ing Grade | or less toxicities, as defined by the RTOG
CommonToxicity Criteria.*® Figure 1A describes individual
patient clinical and treatment profiles, with patients num-
bered based on decreasing OS, and the primary systemic
modality for each patient received is noted.

Molecular Characterization of Cohort

Pathology and NGS reports from tumor biopsy samples
were available for all 36 patients. Histology reports for 32
patients were classified as “high-grade” (grade 3 or grade
4), while 4 patients were classified as “low-grade” (grade
2). Diagnosis-establishing H3F3A (histone H3.3 encoding
gene) and HIST1H3B (histone H3.1 encoding gene) muta-
tions were identified in 29 patients and 5 patients, respec-
tively. Two patients did not have a mutation in H3F3A or
HIST1H3B but instead were EGFR-altered subtypes of DMG
based on DNA methylation and NGS findings (still consid-
ered H3 K27-altered). Figure 1B details the molecular pro-
files for each patient, with corresponding tumor location,
Ki67 proliferation value, and OS with age stratification
between patients <10 y/o and patients >10 y/o. TP53 was the
most frequently mutated gene, occurring in 58% of lesions.
Alterations in PIK3CA (28%), PDGFRA (19%), NF1(14%), and
ACVR1 (14%) were the next most frequent. Stratifying
molecular profiles based on age <10 y/o and >10 y/o (Figure
1B) revealed that PIK3CA alterations were only present in
patients <10 y/o for, and 6/10 PIK3CA mutations did not
co-occur with HISTH13B and/or ACVR1 mutations. Among
patients <10 y/o, 40% had a PI3KCA alteration (10/25) com-
pared to none of the patients >10 y/o (0/11) having one. GO
analysis further revealed that, while our cohort overall was
enriched for PI3K/AKT pathway alterations, patients <10 y/o
had a significantly greater number of PI3K/AKT pathway
alterations compared to patients >10 y/o (Figure 2B, P<.03).
GO analysis additionally showed cohort enrichment for
TP53 and MAPK signaling pathway alterations (Figure 2A).
Alterations in the TP53 signaling pathway (TP53 and/or
PPM1D mutations) occurred in 74% of patients <10 y/o
(17/23) and 55% (6/11) of patients =10 y/o. Among those
patients with longer OS (top 50%), 44% (8/18) had a TP53
alteration; among patients with shorter OS (lower 50%),
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Table 1. General characteristics

Overall cohort (n=36)

Variable Number (%)  Variable
Age (years) Age (years)
Median 8 Median
Range 2-17 Range
Tumor location Tumor location
Pons/Brainstem 26 (72) Pons/Brainstem
Thalamus 8(22) Thalamus
Cervical Spine 2 (6) Cervical Spine
DMG molecular type DMG molecular type
H3F3A 29 (81) H3F3A
HIST1H3B 5(14) HIST1H3B
EGFR Sub-type 2 (5) EGFR Sub-type
Surgery Surgery
Biopsy 28 (78) Biopsy
Debulking 8(22) Debulking
Systemic therapy Systemic therapy
Yes 33(92) Yes
No 3(8) No
Re-irradiation Re-irradiation
Yes 12 (33) Yes
No 24 (67) No
RT toxicity RT Toxicity
<Grade | 36 (100) <Grade |
>Grade | 0 >Grade |
Figure 1.

72% (13/18) had a TP53 alteration.The only MAPK signaling
pathway alterations that occurred in our cohort were NF1
mutations, involving 13% (3/23) of patients <10 y/o and 18%
(2/11) of patients >10 y/o. NF1 alterations demonstrated a
locational preference, with 4/5 NF71-mutant lesions

Patients <10 y/o (n=25)

Patients >10 y/o (n=11)

Number (%) Variable Number (%)
Age (years)

7 Median 14

2-9 Range 10-17
Tumor location

18 (72) Pons/Brainstem 8(73)

7 (28) Thalamus 1(9)

0 Cervical Spine 2(18)
DMG molecular type

18 (72) H3F3A 11(100)

5 (20) HIST1H3B 0

2(8) EGFR Sub-type 0
Surgery

23 (92) Biopsy 5 (45)

2(8) Debulking 6 (55)
Systemic therapy

22 (88) Yes 11 (100)

3(12) No 0
Re-irradiation

8(32) Yes 3(27)

17 (68) No 8(73)
RT Toxicity

25 (100) <Grade | 11 (100)

0 >Grade | 0

Individual patient profiles based on treatment characteristics (A) and mutational composition based on NGS (B).

presenting in non-pontine locations. Every HISTH13B-mu-
tant DMG presented in patients <10y/o and had a co-occur-
ring ACVR1T mutation, with 3 out of 4 patients being the
longest surviving in this age range. Recurring mutations in
PPM1D, PTCH1, MYC/MYCN, and MET were only present in
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Figure 2. Gene ontology enrichment analysis of the cohort to identify recurrent intracellular mechanism disruption (A). Box plot comparing the
frequency of PI3K/AKT pathway enrichment between patients age <10 y/o and >10 y/o (B). Scatterplot visualizing the distribution of PI3K/AKT

pathway alterations with respect to age and 0S (C).

Figure 3.

Kaplan-Meier survival curves comparing various sub-groups: 0S of <10 y/o patients versus >10 y/o patients (A), PFS of <10 y/o patients

versus >10 y/o patients (B), 0S of patients that received re-irradiation (reRT) and those that did not (C), OS after first progression of patients that
received re-irradiation versus those that did not (D), PFS of only patients <10 y/o that received re-irradiation and those did not (E).

DMGs <10 y/o. The only recurring mutations exclusive to
DMGs 210 y/o were KIT alterations, and both cases
co-occurred with PDGFRA mutations.

Survival Measures of Cohort and Sub-Groups

Median PFS and OS for the cohort were 5.4 (95% Cl: 3.4-7.7)
and 10.5 months, respectively (95% Cl: 5.7-15.2). Median OS

based on tumor location was as follows: 9.6 months
(95% CI: 6.9-17.1) for lesions of the pons/brainstem (n=26),
10.6 months (95% CI: 4.0-20.2) for lesions of the thalamus
(n=7), and 34 months for lesions of the cervical spine (n=2).
Calculated probability of PFS and OS for the cohort at 12
months was 20% and 43%, respectively (Figure 3A). For sub-
group analysis, the probability of PFS and OS was compared
for the following categories: age <10 y/o versus age >10 y/o,
age <10 y/o versus age =10 in pontine/brainstem lesions,
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pontine/brainstem versus thalamus, re-irradiation versus no
re-irradiation, biopsy versus debulking, TP53-mutant versus
TP53-WT, and PIK3CA-mutant versus PIK3CA-WT. Probability
of OS after first progression for those that received re-irra-
diation and those that did not was additionally assessed.

Patients <10 y/o had significantly decreased PFS and OS
compared to those >10 y/o (Figure 3A and B). Probability of
0OS at 12 months was 26% for <10 y/o patients compared to
64% for >10 y/o patients (P-value<.03, HR: 2.2, 95% CI: 1.1-
4.6). When isolated to pontine lesions, patients <10y/o did
have improved probability of OS at 12 months compared to
patients >10 y/o (24% vs 50%), but this finding was not sta-
tistically significant (P-value=.09, HR: 2.2, 95% ClI: 0.9-5.0).
Median OS for patients <10 y/o was 9.1 months (95% CI:
5.4-16.1), and median OS for patients >10 y/o was 22.7
months (95% Cl: 11.0-29.0). This significant difference in OS
was not observed when comparing patients <9y/o and >9
y/o, with the probability of OS at 12 months being 35% and
40.0%, respectively (P-value<.4, HR: 1.4, 95% CI: 0.68-2.8).
Patients that received re-irradiation had a greater probability
of OS compared to those that did not, with a 12-month OS
of 75% compared to 17% (Figure 3C, P-value<.005, HR: 2.5,
95% ClI: 1.2-5.2). OS survival after first progression was addi-
tionally statistically significant between those that received
re-irradiation and those that did not (Figure 3D, P-value <.02,
HR: 0.45, 95% CI: 0.22-0.93). PFS between those that received
re-irradiation and those that did not was not statistically
significant across the whole cohort (P-value<.08, HR: 1.9,
95% CI: 0.94-3.8) or amongst patients >10 y/o (P-value<.5,
HR: 0.57, 95% Cl: 0.17-2.0) but was statistically significant
when isolated to patients <10 y/o (Figure 3E, P-value < .01,
HR: 3.8, 95% ClI: 1.4-10.1).

Pontine/brainstem DMGs did not have significantly dif-
ferent actuarial survival outcomes compared to thalamic
DMGs (P-value=.9, not shown). Patients that received diag-
nostic biopsy alone versus debulking also did not have sig-
nificantly different OS (P-value<.2, not shown). Lesions with
alterations in TP53 and PIK3CA had a worse probability of
12-month OS than theirWT counterparts (TP53: 53% vs 33%,
PIK3CA: 44% vs 22%), but OS curves were not statistically
significant (P-value= .2). A scatterplot of PI3K/AKT alter-
ations plotted with respect to age of onset and OS revealed
that PIBK/AKT alterations did not lead to noticeable changes
in OS for patients <10 y/o but did decrease OS for patients
>10 y/o (Figure 2C). Multivariate Cox regression analysis of
several potential predictors of OS (Table 2) found age at
diagnosis <10 y/o, TP53 mutation, re-irradiation, and tha-
lamic tumor location to be significant. Of these significant
variables, only age at diagnosis and re-irradiation were also
found to be significant on univariate log-rank test compar-
isons of Kaplan-Meier survival curves. Age at diagnosis <10
y/o carried the highest hazard ratio, with a 9 times greater
risk of worse OS than age at diagnosis >10 y/o. TP53 muta-
tions were equally divided amongst patients age <10 y/o
(60%) and age =10 y/o (565%), while more patients <10 y/o
received re-irradiation and had thalamic tumors than
patients >10 y/o (Table 1). PI3K/AKT pathway mutations,
surgical debulking, and cervical spine location (likely due
to low number) were not found to be significant
predictors.

Table 2. Multivariate cox regression analysis
Mean OS +
Variable SEM (months) HR (95% CI) P-value
Age at diagnosis
<10 y/o 13.6+£2.7 8.97 .00068*
(2.53-31.79)
>10vy.0 22.3+4.6
PI3K pathway
PI3K mutation 12.3+1.5 1.15(0.49-2.67) .75
No PI3K mutation 21.7+5.0
TP53 status
TP53-Mut 14.2+2.9 779 .00020¢
(2.64-22.98)
TP53-WT 19.2+4.0
Ki67
>30 14.7+3.3 1.68 2
(0.76-3.73)
<30 17.8+3.8
Resection status
Biopsy 145+2.4 2.47 .19
(0.64-9.59)
Debulking 24.0+6.8
Reirradiation
no reRT 10.7+1.3 744 .00039°
(2.46-22.5)
reRT 26.9+5.5
Location (vs pons)
Spinal Cord 34.2+21.8 0.13 .062
(0.016-1.10)
Thalamus 16.4+4.0 0.26 .0112
(0.092-0.74)

Abbreviation: Cl, confidence interval; HR, hazard ratio; SEM, standard
error.
aStatistical significance.

Discussion

We provide evidence that there may be further subgrouping
of pediatric DMGs based on age, as demonstrated by clinical
and molecular differences between “adolescent” DMGs (age
>10 y/0) and “child” DMGs (age <10 y/o) in our cohort. Ado-
lescent DMGs (ages ~10-17 y/o) have rarely been identified
as their own subgroup in the literature, often being grouped
together with all DMGs <18 y/o as “pediatric DMGs” and do
not receive demographic considerations in clinical trial
recruitment.*6272%%8 Adolescent DMGs had statistically
greater survival, corroborating a report made by the Inter-
national DIPG registry, which found patients >10 y/o had
greater OS in a cohort of mostly radiographically diagnosed
“DIPGs,” a clinical diagnosis given to pontine lesions that
can be several different molecularly diagnosed tumors;*
however, our findings were demonstrated in a smaller but
entirely molecularly diagnosed cohort of “DMGs” and
included lesions from the thalamus and cervical spine. In
addition, we found that “child” DMGs had significantly
greater enrichment for PI3K/AKT pathway mutations
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compared to adolescent DMGs; previously, PI3KCA muta-
tions were only described to be enriched in pediatric DMGs
(<18 y/o) compared to adult DMGs (=18 y/o) and did not
identify differences in mutation frequency between younger
and older pediatric patients, which we have done in our coh
ort.>41819.2629.35 \We additionally describe increased enrich-
ment of alterations along the entire PI3K/AKT signaling path-
way via GO in an age subset of pediatric DMG patients.
Although the sample size is small, our study facilitates new
discourse on the molecular and clinical understanding of
DMGs.

Since histone tail modifications were first identified as
driver mutations in pediatric high-grade gliomas, ushering
in the age of tumor molecular characterization, there have
been several updates to the molecular understanding of
DMGs."*19%541 DMGs with HISTH3B K27M mutations have
been shown to have longer survival, younger age of onset,
and predominant pontine localization compared to tumors
with driver H3F3A K27M mutations.>>'"? The finding that
midline gliomas with EGFR mutations or EZHIP overexpres-
sion can also display uniform loss of H3K27me3 despite not
possessing a K27M mutation led to the incorporation of
these lesions into DMGs as an entity in the WHO CNS5."15:2%
4243 Additionally, reports on adult DMGs (age >18 y/o) have
provided support that they are associated with favorable
clinical outcomes compared to pediatric DMGs (<18 y/o) and
also have distinct mutational profiles.2627:29323¢ However,
outside of the International DIPG Registry report, few pedi-
atric DMGs have been molecularly and clinically character-
ized to the extent of our cohort, positioning our study to look
into prognostic insights and/or therapeutic avenues that
have been relatively unexplored.* Patients <10 y/o in our
cohort not only progressed significantly earlier after primary
treatment (P<.03) and had significantly decreased OS com-
pared to those >10 y/o (P<.03), but a greater proportion also
received re-irradiation than adolescent patients >10 y/o (36%
versus 27%). The PI3K/AKT intracellular signaling pathway
is implicated in increased cell survival and division, and
missense variants in catalytic subunit-encoding PIK3CA and
inhibitor-encoding PTEN were only detected in our cohort
amongst patients who were <10 y/0.%# Compared to 48%
of patients <10 y/o harboring a mutation in this pathway
(10/25 PIK3CA, 2/25 PTEN), none of the 11 patients >10 y/o
had one. PIK3CA mutations have been noted in a sizable
percentage of DMGs (~12%), but their predilection for age
<10 y/o has rarely been explicitly identified—although many
known PIK3CA-mutant DMGs were <10 y/o when analyzing
prior cohort characteristics.>#'8192635 PI[K3CA mutations in
DMGs were also believed to mostly co-segregate with
HIST1H3B and ACVR1 mutations, but 6/10 PIK3CA-mutant
DMGs in our cohort did not have a corresponding HIST1H3B
and/or ACVR1 mutation.® Prior series that explored PI3KCA
mutations in DMGs also did not utilize GO to show increased
overall enrichment for the full spectrum of PI3K/AKT path-
way alterations in a specific age group, which we demon-
strated with child DMGs compared to adolescent DMGs
(P<.03). Our findings are consistent with recent studies that
utilized DNA methylation data to further identify prognostic
sub-groups among DMGs, wherein DMGs with improved
OS and higher frequency of MAPK signaling pathway alter-
ations clustered together, while DMGs with worse OS and
higher frequency of TP53signaling pathway alterations also

clustered together.?®32% |n Stegat et al, DMGs in the
improved survival MAPK cluster were comprised entirely of
adolescents and adults, with no patient younger than 11 y/o,
while DMGs in the worse survival TP53 cluster were overall
much younger, with a median age of 7.6 years.? In addition
to reporting a MAPK cluster amongst a cohort comprised of
long-term survivors (>36 months OS), Roberts et al., also
reported a median cohort age of 13.6 y/o, further suggesting
that the shift towards improved survival in DMGs happens
in adolescence rather than adulthood.®? Adolescent DMGs
further appear to be set apart from child pediatric DMGs in
terms of tumor location. In the literature, cervical spinal
DMGs have predominantly presented in adults and an over-
whelming majority of the few pediatric patients reported
were >10 y/o, including all cervical spinal cases in a multi-in-
stitutional pediatric DMG cohort of 85 patients.?562-3134 Qur
cohort supports this observation, with only patients >10 y/o
having cervical spinal tumors. One theory on the reason
adolescent DMGs may present with clinical, molecular, and
anatomic differences as compared to younger pediatric
DMGs is that the tumor microenvironment in the adolescent
brain (ages 10-18) may be more similar to the adult brain
(age >18) than the early child brain (age <10), facilitating
immune-tumor cell interactions that lead to adolescent DMG
tumor cells taking on cell states preferred by adult DMG
tumor cells versus early child DMG tumor cells.®4

There would be clinical implications if adolescent DMGs
were to be accepted as a more favorable presentation of
DMGs, akin to adult DMGs. This includes the interpretation
of clinical trial data, with future trials having to account for
adolescent age as a potential confounder when assessing
the efficacy of an agent in pediatric patients—and something
to be controlled for during patient recruitment and group
assignment. Another implication is on the clinical deci-
sion-making level, as providers may feel more inclined to
recommend location-specific but potentially beneficial clin-
ical trials (ie GD2-directed CAR-T therapy) or re-irradiation
as a secondary treatment to adolescent DMG patients, if
adolescent DMGs indeed have longer PFS and OS.*%4’ The
cohortin our study is not large enough to definitively estab-
lish adolescent DMGs as a subgroup having distinct prog-
nostic considerations, but it is able to bring attention to the
need for further study of adolescent DMGs and provide
clinical value on a case-by-case basis.

Regarding the re-irradiation of DMGs, 35% of our cohort
received re-irradiation following initial progression, and our
findings corroborate prior reports that re-irradiation is a safe
treatment route for progressive disease amidst concerns for
radiation necrosis; however, there is a risk that toxicity
symptoms are underreported, as it is based off progress
notes for terminally ill patients.'®'24647 Although re-irradia-
tion is a readily available treatment avenue for progressive
DMGs, there have been relatively few studies to assess the
survival benefit of re-irradiation, and all prior studies were
performed in mostly radiographically diagnosed DIPGs, not
biopsy-proven DMGs.">*’Patients that received re-irradiation
in our cohort did have significantly improved OS after pro-
gression compared to those that did not, but the true sur-
vival benefit of re-irradiation cannot be accurately
ascertained due to many re-irradiated patients also receiving
concurrent systemic therapies, the lack of a matched cohort,
and the potential that patients who received re-irradiation
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had intrinsic factors (ie tumor pathology) that predisposed
them for longer survival.

Notably, among patients <10 y/o, there was a significant
difference in PFS between those that received re-irradia-
tion compared to those that did not, while a significant
difference in PFS was not observed amongst patients >10
y/o (potentially due to being underpowered).This suggests
that patients <10 y/o may be more likely to experience
rapid disease progression and not be candidates for re-ir-
radiation regardless of shared decision-making
discussions.

Limitations

The most significant limitation of the present study is its
retrospective nature and overall small number of patients.
However, the present study remains one of the largest series
of molecularly characterized tumors. DMGs are rare and
molecularly characterized tumors for which robust molecu-
lar and clinical data is still sparse. Our current study presents
a relatively large collection of fully characterized, previously
unreported cases from a single institution that presents
molecular and clinical distinctions between “adolescent”
DMGs and younger “child” pediatric DMGs and opens the
door for further corroboration. A potential confounder to our
findings is the heterogeneity of disease management with
a high degree of variability amongst the systemic therapies
delivered. However, this confounder is less likely to have
impacted our findings on age of onset, as there was a ran-
dom distribution of primary systemic therapies across our
cohort. Another potential confounder is that patients >10y/o
had a higher proportion of debulking surgery compared to
patients <10 y/o, but there was no significant effect on OS
via log-rank test or Cox regression analysis, and the lack of
survival benefit with increased resection for DMGs is widely
accepted and was shown in a larger series.® An additional
limitation of our study is that our search terms did not
include “grade 27 which could have reduced our cohort size.
While we accounted for DMG patients with low-grade his-
tology because every patient that had a pathology report
with an integrated molecular diagnosis of DMG included the
terms “WHO grade 4” or “WHO grade 3/4” regardless of
histologic grade, it is possible that some DMG patients with
low-grade histology were not pulled by our search strategy.
However, aside from having a reduced cohort size, we do
not believe this would have affected our findings given that
DMGs with low grade histology are well established as hav-
ing the same outcomes as DMGs with high-grade
histology.?

In conclusion, diffuse midline gliomas are rare and deadly
brain tumors for which safe surgical resection is commonly
not an option. Despite numerous attempts at novel treat-
ment, survival for DMGs has not improved in the last
decade. Increased understanding of prognostic factors like
patient age at onset and molecular characterization will lead
to better and risk-adapted treatment strategies. We identified
age >10 y/o, or “adolescent DMGs,” having improved sur-
vival compared to younger “child” pediatric DMGs (age <10
y/o) in our cohort. We additionally identified high rates of

PI3K/AKT pathway alterations in DMGs <10 y/o only. “Ado-
lescent” DMGs having clinical and molecular distinctions
from earlier-onset pediatric DMGs has implications in clini-
cal trial design and interpretation, as well as clinical man-
agement decisions such as the viability of re-irradiation,
though the present study is not large enough to definitively
establish that. On the re-irradiation front, we provide the
first report of re-irradiation in an entirely molecularly diag-
nosed DMG cohort and support that re-irradiation is a rela-
tively safe option for progressive DMGs.
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