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ORIGINAL RESEARCH
PEDIATRICS

Correlation between Multiparametric MR Imaging and
Molecular Genetics in Pontine Pediatric High-Grade Glioma

V. Rameh, S. Vajapeyam, A. Ziaei, P. Kao, W.B. London, S.J. Baker, J. Chiang, J. Lucas, C.L. Tinkle,
K.D. Wright, and T.Y. Poussaint

ABSTRACT

BACKGROUND AND PURPOSE: Molecular profiling is a crucial feature in the “integrated diagnosis” of CNS tumors. We aimed to
determine whether radiomics could distinguish molecular types of pontine pediatric high-grade gliomas that have similar/overlap-
ping phenotypes on conventional anatomic MR images.

MATERIALS AND METHODS: Baseline MR images from children with pontine pediatric high-grade gliomas were analyzed.
Retrospective imaging studies included standard precontrast and postcontrast sequences and DTI. Imaging analyses included me-
dian, mean, mode, skewness, and kurtosis of the ADC histogram of the tumor volume based on T2 FLAIR and enhancement at
baseline. Histone H3 mutations were identified through immunohistochemistry and/or Sanger or next-generation DNA sequencing.
The log-rank test identified imaging factors prognostic of survival from the time of diagnosis. Wilcoxon rank-sum and Fisher exact
tests compared imaging predictors among groups.

RESULTS: Eighty-three patients had pretreatment MR imaging and evaluable tissue sampling. The median age was 6 years (range, 0.7–17 years);
50 tumors had a K27M mutation in H3-3A, and 11, in H3C2/3. Seven tumors had histone H3 K27 alteration, but the specific gene was
unknown. Fifteen were H3 wild-type. Overall survival was significantly higher in H3C2/3- compared with H3-3A-mutant tumors (P ¼ .003) and
in wild-type tumors compared with any histone mutation (P ¼ .001). Lower overall survival was observed in patients with enhancing tumors
(P ¼ .02) compared with those without enhancement. H3C2/3-mutant tumors showed higher mean, median, and mode ADC_total values
(P, .001) and ADC_enhancement (P, .004), with lower ADC_total skewness and kurtosis (P, .003) relative to H3-3A-mutant tumors.

CONCLUSIONS: ADC histogram parameters are correlated with histone H3 mutation status in pontine pediatric high-grade glioma.

ABBREVIATIONS: DIPG ¼ diffuse intrinsic pontine glioma; DMG ¼ diffuse midline glioma; HGG ¼ high-grade glioma; IDH ¼ isocitrate dehydrogenase; OS ¼
overall survival; PG ¼ postgadolinium; pHGG ¼ pediatric-type high-grade glioma

D iffuse intrinsic pontine glioma (DIPG) is defined as an
expansile T1-hypointense, T2-hyperintense nonenhancing

pontine tumor involving at least 50% of the ventral pons and
engulfing the basilar artery.1-3 These tumors were reclassified in

the 2021 World Health Organization classification of CNS
tumors, emphasizing that molecular features are as essential as
histology in diagnosing pontine tumors.3,4 Numerous molecular
changes of clinicopathologic utility were incorporated, and the
designation of a subset of tumors formerly called DIPG as H3
K27–altered diffuse midline glioma highlights the importance of
this mutation in defining a disease entity.2,3

Pontine H3 K27–altered diffuse midline glioma (DMG) is an
aggressive pediatric-type high-grade glioma (pHGG) with a me-
dian age at diagnosis of 6–7 years and a poor prognosis, with
,10% overall survival (OS) of.2 years.5-7 The diagnosis has his-
torically been based on clinical and MR imaging characteristics.1

Surgery was not considered an option due to the location and
infiltrative nature of the tumor, and biopsy was uncommonly
performed after weighing risks and benefits.8

Recently, feasible and safe biopsies and postmortem examina-
tions have led to a greater understanding of the unique genetic
profiles of these tumors and the consequent identification of new
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potential therapeutic targets.9-11 Specifically, the somatic muta-
tions of histone H3 genes (H3-3A and H3C2/3), leading to their
protein products H3.3 and H3.1, respectively, and the substitu-
tion of a lysine for methionine have been identified. Up to 90% of
pontine high-grade gliomas (HGGs) have an H3 mutation, with
�65% in H3-3A and �25% in H3C2/3. Approximately 10% of
pontine HGGs lack an H3 mutation.5,10,12-14 Advances in “liquid
biopsy,” namely the ability to detect these mutations in circulat-
ing tumor DNA or CSF tumor DNA, may enable noninvasive
testing of molecular profiling in DMG and longitudinal monitor-
ing when the patient is on therapy.15,16

Prior investigators identified certain MR imaging features associ-
ated with worse prognosis in pontine HGGs, such as shorter survival
in patients with lower mean ADC histogram values, a lower Cho/Cr
ratio onMRS, and the presence of the H3 K27 alteration.17-19

It is now increasingly understood that different genomic alter-
ations in histone H3 isoforms result in tumors with variable
behavior and clinical prognosis, including differences between
H3C2/3- andH3-3A-mutant tumors.20-22

To date, few studies have elucidated these differences using radio-
genomic methods. This emerging technique uses primarily pretreat-
ment baseline multiparametric MR imaging features and correlates
themwith pathologic andmolecular data obtained from a specific tis-
sue biopsy site.12,18,23-26 Furthermore, a more recently described,
multimodel approach proposed the use of MR imaging radiomics
and clinical data to predict at least 1 of 3 important mutations (H3.1,
ACVR1, and TP53) in pontine pHGGs. This efficient model can be
used with the absence of data on biopsy and/or genetic results.27

In this study, we correlated different baseline MR imaging fea-
tures and OS in pontine pHGG subtypes with molecular parameters
using ADC histogram analyses in a large cohort of children newly
diagnosed with pontine HGGwho underwent tissue sampling.

MATERIALS AND METHODS
Subjects
This was a retrospective study approved by the institutional
review board and performed in accordance with the Declaration
of Helsinki. All consecutive patients who were clinically diag-
nosed with DIPG or pontine DMG at the time of presentation at
St. Jude Children’s Research Hospital between 2002 and 2019 and
had postmortem or biopsy data and baseline MR images were
included. Each patient underwent histologic tumor evaluation at
postmortem examination following unsuccessful therapy and/or
stereotactic biopsy before initiation of treatment, with the choice
of biopsy site left to the neurosurgeon’s discretion.

Immunohistochemistry or next-generation DNA sequencing
or both were used to identify histone H3 mutations, as previously
described.28 We defined 4 H3 mutation groups: 1) H3-3A K27-
mutant; 2) H3C2-/H3C3 K27-mutant; 3) H3 K27-mutant, specific
genes were unknown; and 4) H3 wild-type. The latter may include
pHGG (DMG, H3 K27–altered, subtype H3 wild-type with
EZHIP overexpression, and pHGG, H3 wild-type and isocitrate
dehydrogenase [IDH] wild-type) or adult-type diffuse glioma
(astrocytoma, IDH mutant and glioblastoma, IDH wild-type).3

Overall survival was measured for all patients, calculated as the
length of time from diagnosis to death and/or the last follow-up.

Imaging Analysis
Baseline MR imaging of the brain was used for analysis as previ-
ously described.24 MR imaging examinations were performed
primarily (94%) on Siemens MR imaging scanners and the
remaining on GE Healthcare scanners. Scanner details are pro-
vided in the Online Supplemental Data. The protocol included
sagittal T1, axial T2, precontrast axial T2 FLAIR, axial DTI, and
postgadolinium (PG) 3D T1.

Volumetric analysis of the tumor was obtained by generating
3D ROIs on a Vitrea workstation (Canon Medical) using Vital
3D Medical Imaging software (Access Radiology) on the ana-
tomic sequences. This procedure was performed on the T2
FLAIR imaging by delineating the abnormal T2-hyperintense sig-
nal seen in the pons. When T2 FLAIR was unavailable, this pa-
rameter was estimated using a 2D T2 TSE sequence. The volume
of enhancing tumor was assessed on the PG 3D T1 sequence.

ADC maps from the DTI data were generated on the scanner
in most cases and off-line using OsiriX (Pixmeo SARL) when
scanner-generated ADC maps were not available. To generate the
ADC histogram, we registered ADC maps to the anatomic
sequence of interest (T2 FLAIR or T2 and PG T1) using tools
from the FSL library (http://www.fmrib.ox.ac.uk/fsl),29 previously
described by Poussaint et al.17 In summary, b ¼ 0 (and subse-
quently the ADC map) was transformed into the space of the
anatomic sequences, and 3D ROIs were created using the thresh-
olding feature in Fiji (http://fiji.sc),30 an Open Source (https://
opensource.org/) distribution of Java modules along with
ImageJ software (National Institutes of Health). Values from
every pixel in the tumor volume from the ADC map were then
extracted, and histograms were generated. Within each tumor,
values of the mean, SD, median, mode, skewness, and kurtosis
of the ADC histogram for the total tumor volume (referred to
as ADC_total) and the enhancing tumor volume (referred to
as ADC_enhancement) were used for statistical analysis. The
choice of these ADC histogram metrics was based on previous
studies.14,19

Statistical Analysis
Clinical and demographic variables were summarized using de-
scriptive statistics. Continuous measures were summarized using
medians and ranges. Categoric measures were summarized using
frequencies and proportions. Kaplan-Meier curves of OS were
generated, and point estimates of OS 6 standard error were pre-
sented at 6, 12, and 18months. The histone H3 mutation groups
were tested for association with OS using a log-rank test.
Continuous variables (mean ADC_total, median ADC_total,
mode of ADC_total, mean ADC_enhancement, and median
ADC_enhancement) were dichotomized on the median value
and tested for association with OS using a log-rank test. The
Wilcoxon rank-sum test was used to compare continuous imag-
ing predictors between categoric end points of the histone muta-
tion groups. The Fisher exact test was used to compare categoric
imaging predictors (presence/absence of tumor volume enhance-
ment versus molecular subgroup). Two-sided P values # .05
were considered statistically significant. Given the hypothesis-
generating nature of these analyses, no adjustment for multiple
hypothesis testing was performed. R statistical and computing
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software Version 3.5.0 (http://www.r-project.org) and SAS
Version 9.4 (SAS Institute) were used for statistical analyses.

RESULTS
Patient Population Characteristics
There were 305 consecutively treated children with suspected
pontine pHGG. Eighty-three patients met the eligibility crite-
ria with MR imaging features of pontine pHGG on pretreat-
ment MR imaging and evaluable tissue sampling. Of the 83
patients in the study, biopsy samples were obtained from 26
patients, and postmortem material, from 50 patients for
genetic testing. Of these, 73 patients had evaluable DTI data at
baseline (Online Supplemental Data) and were included for
all ADC histogram analyses. In addition, 29 of 73 patients
were treated during the study time period (September 2002 to
December 2009).

The median age and follow-up time were 6 years (range, 0.7–
17 years) and 10.3months (range, 2.3–76.2months), respectively.

The cohort consisted of 43 (52%) male and 40 (48%) female
patients, of whom 23 (28%) were nonwhite. H3 K27–altered
tumors were categorized as follows in Table 1: H3-3A (n ¼ 50;
60%), H3C2/3 (n ¼ 11; 13%), H3-mutant specific gene unknown
(n¼ 7; 8%), and wild-type (n¼ 15; 18%).

Histone Mutation, Overall Survival, and ADC Histogram
Metrics
The mean OS at 12months for all patients was 37% [SD, 5.5%]
(Online Supplemental Data).

Children with H3C2/3-mutant tumors (n ¼ 11) had signifi-
cantly higher OS compared with those with H3-3Amutation (n¼
50) (73% [SD, 13.4%] versus 17 [SD, 5.6%] at 1 year, respectively;
P ¼ .003) (Online Supplemental Data and Fig 1A). Those patients
with H3 wild-type HGG tumors (n ¼ 15) had significantly higher
OS compared with H3C2/3- and H3-3A-mutant tumors (63%
[SD, 13.3%] versus 32% [SD, 5.8%] at 1 year, respectively; P ¼
.001) (Online Supplemental Data and Fig 1B).

The OS was significantly lower in patients with enhancing
tumors compared with patients whose tumors showed no
enhancement (29% [SD, 6.5%] versus 56% [SD, 10%] at 1 year,
respectively; P¼ .02) (Online Supplemental Data).

However, there was no statistical association between histone
H3 mutation groups and the presence of enhancement: P¼ .2 for
the association of enhancement and histone mutations (H3-3A
versus H3C2/3) and P ¼ .7 for the association of enhancement
with any histone mutation versus wild-type.

When we compared group median values, the H3-3A-mutant
group (n¼ 46) demonstrated lower values of mean ADC_total (P,

.001), median ADC_total (P , .001), mode ADC_total (P , .001),
mean (PG) ADC_enhancement (P ¼ .004), median (PG)
ADC_enhancement (P¼ .003), and mode (PG) ADC_enhancement
(P ¼ .002) compared with the H3C2/3-mutant group (n ¼ 9)
(Table 2 and Fig 2A). Skewness ADC_total (P ¼ .003) and kurto-
sis ADC_total (P¼ .002) were significantly higher inH3-3A- ver-
susH3C2/3-mutant tumors (Table 2 and Fig 2B).

There was no significant difference in ADC histogram metrics
between H3 wild-type (n ¼ 12) and mutant tumors (n ¼ 61),
even though the survival of patients with wild-type tumors was
significantly longer (Table 3).

Histone Mutation and Tumor Volume
The total tumor volume varied among mutation groups; how-
ever, these differences did not meet statistical significance (P ¼
.2 and 0.8, respectively) (Tables 2 and 3). No significant differ-
ences in the volume of tumor enhancement were identified
between the various mutational profiles (H3-3A versus H3C2/3
(P ¼ .6) and any histone H3 mutation versus wild-type (P ¼ .4)
(Tables 2 and 3).

DISCUSSION
Advances in genomic and epigenetic analyses have led to an
improved understanding of the clinical and biologic behavior of
pontine HGGs.13 The discovery of histone H3 mutations in 70%–
84% of pontine pHGGs was an important turning point in our
understanding of this tumor.10,31-33 Clinicoradiologic and prog-
nostic criteria were then refined with histone H3 genotyping
because mutations in the H3-3A- and H3C2/3 genes correlate
with different phenotypical and biologic behaviors and differen-
ces in OS.20,25 Prior work by Jaimes et al24 demonstrated differen-
ces in ADC histogram parameters and enhancement among
various histone mutations of pontine HGG. This radiogenomic
tool offers a framework for differentiating these alterations non-
invasively and, most important, identifying those that have a
worse overall survival. In this study, we examined whether radio-
mics could distinguish among molecular subtypes of pontine
pHGG with similar/overlapping phenotypes on conventional
anatomicMR images and with ADC histogram parameters.17,18,24

ADC values in this study were all derived from DTI data rather
than routine clinical DWIs.

Correlations among ADC values, tumor cellularity, and
response to treatment in low-grade and high-grade pediatric brain
tumors have been previously studied.34-36 The ADC histogram is a
valuable tool for describing diffusion characteristics in the total tu-
mor volume on T2 FLAIR and postcontrast T1-weighted images.

Table 1: Baseline characteristics of patients with pontine pHGG
(n = 83)

Patient Characteristic
No. (%) or Median

(Range)
Sex
Male 43 (52)
Female 40 (48)

Race
White 60 (72)
Black 19 (23)
Other 4 (5)

Age at registration (yr) 6 (0.7–17)
Histone mutation status
H3-3A 50 (60)
H3C2/3 11 (13)
Wild-type 15 (18)
H3 K27–altered, specific gene unknown 7 (8)

Presence of enhancement
Yes 54
No 25
Unknown 4

Median follow-up time of surviving
patients (mo)

10.3 (2.3–76.2)

AJNR Am J Neuroradiol 44:833–40 Jul 2023 www.ajnr.org 835

http://www.r-project.org


Key ADC histogrammetrics found to correlate with survival, treat-
ment response, and mutational status are the mean, SD, median,
mode, skewness, and kurtosis of the ADC histogram for the total
tumor volume and the enhancing tumor volume.17,24 This study
focuses on those ADC metrics in our statistical analyses to limit
the number of comparisons, thereby increasing statistical power.
Poussaint et al17 previously studied the correlation between ADC
histogram metrics and progression-free survival in patients with
pontine HGGs. Although tumor molecular characteristics were
not studied in the aforementioned work, the authors found 2 peak
histogram distributions (unimodal and bimodal), with the unimo-
dal peak increased skewness likely due to increasing cellularity.

Poussaint et al also reported that the mean ADC was lower in chil-
dren with shorter survival. Chen et al37 found a negative correla-
tion between fractional anisotropy and survival, and although the
correlation between ADC histograms and tumor profiles was not
studied, one may extrapolate that lower ADC values correlated
with more aggressive tumor behavior.

Castel et al20 reported that MR imaging features correlated
histologically with extensive extracellular edema, present primar-
ily within H3C2/3- compared with H3-3A-mutant tumors. ADC
values were lower in H3-3A-mutant tumors, concurring with this
work. This may be attributed to the differences in the oncogenic
mechanisms of these alterations. Jaimes et al24 suggested that

FIG 1. Differences in OS between variant histone profiles. A, Kaplan-Meier curves of a patient’s OS by histone H3 mutation: H3-3A (n ¼ 50) ver-
sus H3C2/3 (n ¼ 11). B, Kaplan-Meier curves of OS for patients with tumors with histone H3 mutation (H3-3A, H3C2/3, and H3-mutant, specific
gene unknown) (n¼ 68) versus H3 wild-type (n¼ 15) tumors.
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increased cellularity was the reason for the increased kurtosis and
skewness in H3-3A-mutant tumors compared with H3C2/3-mu-
tant tumors.

Calmon et al12 also reported that H3C2/3-mutant tumors
had higher ADC values than H3-3A-mutant tumors in 27
patients who underwent pretreatment MR imaging and biopsy
for their pontine pHGGs. They also hypothesized that H3C2/
3-mutant tumors demonstrated increased extracellular edema
due to ion channel gene downregulation.12 A higher positive
nuclear density was noted relative to H3C2/3-mutant tumors,
which they postulated may be secondary to interstitial edema
differences. However, they did not perform quantitative analy-
sis of the edema, and their study focused on only the biopsied
sample of the tumor and not the total tumor volume.
Furthermore, the H3C2/3- and H3-3A-mutant tumors showed
associated histologic differences, with the former containing
mesenchymal glioblastoma subtypes and astroglial cells and
the latter containing proneural glioblastoma multiforme and
oligodendrocytic signatures.20

Our analysis of ADC histogram metrics in H3-3A-mutant
pontine pHGGs demonstrates significantly lower mean and
median ADC values of total tumor volume with higher skew-
ness and kurtosis than the H3C2/3-mutant tumors, concurring
with the findings of Jaimes et al.24 Our study reports no signifi-
cant difference between ADC histogram metrics of wild-type
and H3 K27–mutant profiles, consistent with the study pub-
lished by Jaimes et al and Castel et al.38 This result is likely
related to the similar biologic phenotype of these 2 profiles
with the loss of H3 K27 trimethylation. In addition, the hetero-
geneous nature of these tumors may also be a valid contribu-
tor. Pertinent to this study, Aboian et al18,26 previously found
no statistically significant association between the MR imaging
characteristics of pontine wild-type or H3 K27–altered HGGs,
specifically edema, enhancement, necrosis, and the infiltrative
nature of the tumors.

Piccardo et al22 found a statistical correlation between MR
imaging parameters such as DWI, spectroscopy, and perfusion
in pontine HGGs. Significantly lower ROI ADC values were
found in H3 K27–altered tumors compared with H3 wild-type.

Their sample size was small and included HGGs in all loca-
tions, not just the pons. Furthermore, all the H3 K27–altered
tumors included in their 22-patient cohort were H3-3A-
mutant.

As mentioned previously and similar to the results pub-
lished by Khuong-Quang et al,32 we found that children with
H3 wild-type HGGs have significantly higher OS compared
with those with H3-3A- and H3C2/3-mutant tumors. We also
found that children with H3C2/3-mutant tumors had signifi-
cantly higher OS than those with an H3-3A mutation. This
finding is concordant with the work of Castel et al,20 which
demonstrated that OS differs significantly between histone H3
alterations. H3C2/3-mutant tumors have an overall better
prognosis because they tend to metastasize less frequently and
may respond better to radiation therapy.

Similar results were reported in the studies by Calmon et al12

and Jaimes et al,24 who studied 27 and 50 patients with DIPGs,
respectively. Additionally, patients with H3C2/3-mutant tumors
tended to present at a younger age, approximately 2 years
younger than patients withH3-3A-mutant tumors.12

In our cohort, enhancement was associated with a signifi-
cantly worse OS, confirming previous studies.17,24 However, the
total tumor volume seen on T2 FLAIR or volume of enhance-
ment was not significantly associated with OS. Similar to findings
of Jaimes et al24 and Calmon et al,12 differences in enhancing vol-
umes were higher, though not significantly, in H3C2/3- com-
pared with H3-3A-mutant tumors, with the latter carrying a
worse prognosis. This finding is likely multifactorial and may be
explained by higher microvascular density and perhaps increased
vascular/contrast leakage in H3C2/3, though also not statistically
significant, and may not adequately reflect the internal milieu in
these tumors.12

Our study has several limitations. All of the tumors in our
cohort are pontine pHGGs, and future work will have to
include HGGs in other locations. While our sample size is the
largest to date to study associations of ADC histogram metrics
with histone H3 gene alterations in pontine HGGs, these
results should be validated in larger, prospective studies, given
the breakdown in histone-altered tumor subsets. Second, we

Table 2: Association of measures of continuous imaging features with variant histone H3–altered tumors

Imaging Metric
H3-3A H3C2/3

P ValueaNo. Median (Range) No. Median (Range)
ADC total (�10–6 mm2/s)
Mean 46 1227.51 (538.06–1710.88) 9 1586.56 (1224.37–1797.58) .001
Median 46 1185 (532–1755) 9 1654 (1215–1842) .001
Mode 46 1168.14 (450.92–1902.53) 9 1703.88 (1263.52–1961.24) .001
Skewness 38 0.91 (�0.49–2.16) 9 –0.20 (�0.89–0.88) .003
Kurtosis 38 1.57 (�0.60–9.71) 9 0.40 (�0.78–1.79) .002

ADC_enhancement (�10–6 mm2/s)
Mean 33 1138.81 (689.44–1509.96) 7 1390.54 (1033.58–1898.26) .004
Median 33 1085 (667–1532) 7 1364 (995–1890) .003
Mode 33 1012.56 (577.86–1617.56) 7 1393.38 (966.31–1746.86) .002
Skewness 31 1.27 (�0.56–2.82) 7 0.52 (�0.71–2.61) .1
Kurtosis 31 2.08 (�0.94–13.03) 7 0.85 (�0.84–9.09) .3

FLAIR/T2/T1 PG volume (�103 mm3)
FLAIR/T2 44 35.75 (7.97–77.53) 10 41.10 (22.84–77.57) .2
Enhancing 32 1.90 (0.07–14.10) 9 5.04 (0.04–8.25) .6

aWilcoxon rank-sum test.
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did not perform a direct correlation to the histologic data or
include advanced imaging techniques such as perfusion in our
multiparametric MR imaging analysis. Third, we did not test
for EZHIP overexpression and IDH1/2mutations in our tumor
samples and did not perform DNA methylation profiling for
tumor subtyping; therefore, we cannot distinguish different
tumor subtypes in our H3 wild-type category. Finally, the studies
in this retrospective analysis were performed during 18 years and
on multiple scanners at the same institution. ADC values have
been found to be fairly consistent across scanner types and
strengths in both in vivo39 and in phantom studies,40 and the

ADC values found in this study are consistent with those in the
literature.17,24 However, the possible variability of ADC values
derived from DTI data frommultiple scanners may still be a limi-
tation of this study.

Future work may incorporate machine learning algorithms on
large data sets to expand our knowledge of the biologic features
of these tumors. Wagner et al41 found radiomics features on
standard MR imaging that were associated with progression-free
survival in pediatric diffuse pontine glioma not based on muta-
tional status. Future applications could incorporate mutational
analyses in a larger data set.

FIG 2. Differences in ADC histogram parameters among histone H3 K27–altered tumors. H3-3A-mutant tumor (A) shows lower ADC_total
mode (1252.531 � 10–6 mm2/s), higher ADC_total skewness (0.673), and higher ADC_total kurtosis (2.721) relative to H3C2/3-altered tumor (B)
(ADC_total mode: 1703.875 � 10–6 mm2/s; ADC_total skewness: �0.231; and ADC_total kurtosis: 0.399). H3-3A-mutated tumor (A) shows lower
mean (PG) ADC_enhancement (1216.092 � 10 mm2/s), median (PG) ADC_enhancement (1206 � 10–6 mm2/s), and mode (PG) ADC_enhancement
(1103.723 � 10–6 mm2/s), relative to H3C2/3-mutated tumor (B): mean (PG) ADC_enhancement (1461.677 � 10–6 mm2/s), median (PG)
ADC_enhancement (1500� 10–6 mm2/s), and mode (PG) ADC_enhancement (1665.322� 10–6 mm2/s). A, A 3-year-old girl with H3-3A-mutant dif-
fuse midline glioma and OS¼ 217 days. B, An 8-year-old girl with H3C2/3-mutant diffuse midline glioma and OS¼ 761 days.
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CONCLUSIONS
MR imaging features, including ADC histogram metrics, are dif-
ferent across H3C2/3-, H3-3A-mutant, and H3 wild-type pontine
HGGs. Future advances in noninvasive imaging approaches will
seek to improve our understanding of the biology and physiology
of these aggressive tumors and will help prognosticate survival.
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