
RESEARCH ARTICLE

Dynamic susceptibility contrast perfusion-

weighted and diffusion-weighted magnetic

resonance imaging findings in pilocytic

astrocytoma and H3.3 and H3.1 variant

diffuse midline glioma, H3K27-altered

Ryo KurokawaID*, Mariko Kurokawa, Akira Baba, John KimID, Ashok Srinivasan,

Toshio Moritani

Division of Neuroradiology, Department of Radiology, University of Michigan, Ann Arbor, MI, United States of

America

* kuroro63@gmail.com

Abstract

Objective

This study compared the dynamic susceptibility contrast (DSC) magnetic resonance imag-

ing parameters and apparent diffusion coefficient (ADC) between pilocytic astrocytoma

(PA) and diffuse midline glioma, H3K27-altered (DMG) variants.

Methods

The normalized relative cerebral blood volume (nrCBV), normalized relative flow (nrCBF),

percentile signal recovery (PSR), and normalized mean ADC (nADCmean) of 23 patients

with midline PAs (median age, 13 years [range, 1–71 years]; 13 female patients) and 40

patients with DMG (8.5 years [1–35 years]; 19 female patients), including 35 patients with

H3.3- and five patients with H3.1-mutant tumors, treated between January 2016 and May

2022 were statistically compared.

Results

DMG had a significantly lower nADCmean (median: 1.48 vs. 1.96; p = 0.00075) and lower

PSR (0.97 vs. 1.23, p = 0.13) but higher nrCBV and nrCBF (1.66 vs. 1.17, p = 0.058, respec-

tively, and 1.87 vs. 1.19, p = 0.028, respectively) than PA. The H3.3 variant had a lower

nADCmean than the H3.1 variant (1.46 vs. 1.80, p = 0.10).

Conclusion

DMG had lower ADC and PSR and higher rCBV and rCBF than PA. The H3.3 variant had a

lower ADC than the H3.1 variant. Recognizing the differences and similarities in the DSC

parameters and ADC between these tumors may help presurgical diagnosis.
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Introduction

Pilocytic astrocytoma (PA) and diffuse midline glioma, H3K27-altered (DMG) are primary

brain tumors that develop most frequently in children. PA is a potentially curable and less vas-

cularized central nervous system (CNS) World Health Organization (WHO) grade 1 tumor

[1]. PA is histologically characterized by a biphasic pattern consisting of densely populated

components of differentiated pilocytes with bipolar processes and various degrees of loosely

textured components with abundant myxoid stroma [2]. PA is molecularly characterized by

frequent fusions between KIAA1549 and BRAF [2]. PA frequently occurs in midline structures,

such as the optic nerve, hypothalamus, thalamus, cerebellar vermis, and brainstem, although it

also develops in the cerebellar hemispheres [3]. In contrast, DMG is a CNS WHO grade 4

tumor with a dismal survival prognosis characterized by a midline location and histone H3

gene alterations [1]. Approximately 70% of DMGs harbor a mutated H3F3A gene that encodes

the H3.3 variant, whereas most of the remaining DMGs have mutated HIST1H3B or

HIST1H3C genes, which encode the H3.1 variant [4]. The survival prognosis differs between

the variants. The median overall survival of the H3.3 variant is 9 months, whereas it is 15

months in the H3.1 variant [5]. The prognosis of the natural course and management required

in PA and DMG are substantially different; however, these tumor types tend to occur in the

similar regions of the pediatric population, and the imaging findings may overlap (especially

between predominantly solid PA [6] and DMG), occasionally rendering the diagnosis chal-

lenging. Furthermore, due to the tumor localization in the vital midline structures, even the

most minimally invasive stereotactic needle biopsy puts the patients at risk of complications,

including neurologic deficit, intraparenchymal hemorrhage, and death [7]. Although all the

included cases in the present study were pathologically diagnosed, the midline-located pediat-

ric tumors are often not biopsied and therefore managed without pathological evidence [8].

Hence, it would be clinically beneficial to improve the accuracy of preoperative imaging diag-

nosis of the midline-located tumors including PA and DMG.

DSC perfusion MRI (DSC-MRI) and diffusion-weighted imaging (DWI) play an important

role in brain tumor typing and grading. With regard to PA, Zhou et al. [9] (supratentorial PA

vs. extraventricular ependymoma), Kurokawa et al. [10] (infratentorial PA vs. medulloblas-

toma), and Ho et al. [11] (PA vs. pilomyxoid astrocytoma) reported the effectiveness of a com-

bined approach using DSC parameters and ADCs derived from DWI to differentiate between

the tumors. However, limited reports exist regarding the diagnostic performance of these

sequences, especially DSC-MRI, in differentiating DMG from other tumor types, including PA.

Furthermore, little is known about the characteristics and differences of the DSC parameters

and ADCs in the H3.3 and H3.1 variants of DMG, although their prognoses differ. Leach et al.

[12] compared the presence of diffusion restriction between 28 H3.3 DMGs and 11 H3.1 DMGs

and reported diffusion restriction in 18/28 (64.3%) cases and 6/11 (54.5%) cases, respectively.

However, the definition of diffusion restriction was not determined numerically in their study.

With the recent development of molecularly targeted therapies for DMG and the indication

for advanced therapies such as chimeric antigen receptor T cell therapy [13], recognizing dif-

ferences and similarities in the neuroimaging characteristics of DMG and its mimickers has

become more important than ever to ensure appropriate management. In this study, we aimed

to evaluate and compare the DSC parameters and ADC values between midline PA and DMG

and between the H3.3 and H3.1 variants of DMG.

Methods

The study was approved with a waiver of the requirement for informed consent owing to the

retrospective study design by the ethics committee of the University of Michigan. Data were
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acquired in compliance with all applicable Health Insurance Portability and Accountability

Act regulations, and all methods were performed in accordance with relevant guidelines and

regulations. Data were de-identified prior to any analysis.

Patients

Between January 2016 and May 2022, we searched the electronic database of our hospital. The

inclusion and exclusion criteria were as follows:

Inclusion criteria:

• Pathologically diagnosed tumors

• Pretreatment MRI with DSC-MRI or DWI data available

• The tumor was in the midline regions of the brain

• For DMGs, H3.3 or H3.1 variants were diagnosed via gene sequencing

Exclusion criteria:

• Extracranial tumors

• Patients with neurofibromatosis type 1 (in order to remove bias during imaging analysis and

to reduce heterogeneity in the patient population)

• PA with H3K27 mutation

• DMG with an unknown H3.3 or H3.1 status

• H3-wildtype DMG with EZH inhibitory protein overexpression [14].

MRI scanning protocol

For the MRI examinations of the brain, 1.5T and 3T MRI systems (Ingenia 1.5T and Ingenia

3T, Achieva: Philips Healthcare, Eindhoven, the Netherlands; Signa HDxt, MAGNETOM

Vida: Siemens, Erlangen, Germany) were performed with the patient in supine position. For

DSC-MRI, a power injector was used to administer an intravenous bolus of 20 mL of gadobe-

nate dimeglumine (Multihance; Bracco Diagnostics, Singen, Germany) or gadoteridol (Pro-

Hance; Bracco Diagnostics) with a flow rate of 5.0 mL/s through a peripheral vein in the arm,

followed by a 20 mL saline flush. An additional 5 mL of the contrast was administered 5 min-

utes before the dynamic perfusion scan. The dose of the total contrast material was determined

to be 0.2 mL/kg (ProHance) for pediatric patients.

The following parameters were used for fast field echo T2*-weighted imaging: plane, axial;

repetition time, 1500–1840 ms; echo time, 30–50 ms; number of excitations, 1; slice thickness,

4–5 mm; slice increment, 5–5.2 mm; flip angle, 40˚–90˚; field of view, 226–235 mm; matrix,

128 × 128–144 × 144; and timepoints, 40–70. The following parameters were used for DWI: b

value = 0, 1000 s/mm2; repetition time, 3500–5900 ms; echo time, 58.2–91.2 ms; number of

excitations, 1 or 2; slice thickness, 4–5 mm; slice increment: 4.4–5 mm; flip angle, 90˚–180˚;

field of view, 227–251 mm; and matrix, 176 × 176–320 × 320.

Quantitative DSC-MRI analyses

OleaSphere (version 3.0; Olea Medical, La Ciotat, France) was used to conduct the quantitative

DSC-MRI analyses. The data were processed with motion artifact correction using rigid-body

registration. Cluster analysis techniques were used to automatically calculate the arterial input
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function. A time-insensitive block-circulant singular-value decomposition [15] was used to

perform deconvolution of the arterial input. Voxel-wise division of the area under the concen-

tration-time curve by the area under the arterial input function was used to generate the

whole-brain leakage-corrected relative CBV (rCBV) and relative CBF (rCBF) maps. One

board-certified radiologist with 9 years of experience in neuroradiology, under the direct

supervision of another board-certified radiologist with 13 years of experience in neuroradiol-

ogy, carefully delineated the regions-of-interest (ROIs) by freehand on every axial slice of the

perfusion maps depicting the tumor to generate the volumes-of-interest (VOIs) while exclud-

ing cystic, necrotic, or hemorrhagic regions and vessels, by referring simultaneously scanned

conventional sequences including post-contrast fat-saturated T1-weighted imaging or by

copying ROIs placed on the post-contrast fat-saturated T1-weighted imaging as appropriate.

Another 10–15mm diameter circular ROI was placed as the reference over the supratentorial

normal-appearing contralateral (in cases with supratentorial tumors) or either side (in cases

with infratentorial tumors) of white matter to correct for age- and patient-dependent varia-

tions in perfusion parameters [16]. The radiologists were blinded to the tumor pathology. The

VOI and reference ROI on the perfusion maps were transposed on the rCBV and rCBF maps.

The normalized rCBV (nrCBV) and normalized rCBF (nrCBF) were calculated by dividing

the mean rCBV and mean rCBF of the tumor by those of the reference ROIs.

The following formula was used to calculate the percentage signal recovery (PSR) [17]:

PSR ¼ 100%�
½S1 � Smin�
½S0 � smin�

where S0 is the baseline signal intensity averaged over the first 10 timepoints, S1 is the tail aver-

aged over the last 10 timepoints, and Smin is the minimum T2*-weighted signal intensity in

the dynamic series. To calculate the PSR within the slice depicting the largest areas of the

tumors, a circular ROI (30–40 mm2) was placed within the solid components of the tumors.

Quantitative ADC analyses

OleaSphere (Olea Medical) was used to generate the ADC maps. VOIs were generated on the

solid components of the tumors using the same method that was used for DSC-MRI analysis.

The reference ROI was placed in the normal-appearing white matter, and the ADC values

were divided by the mean ADC of the reference ROIs to calculate the normalized mean ADC

(nADCmean) for each VOI of the tumors.

Statistics

The Mann–Whitney U test and Fisher’s exact test were used to compare the age at diagnosis

and sex between PA and DMG and between the H3.3 and H3.1 variants, respectively. The

Mann–Whitney U test was used to compare the DSC parameters (i.e., nrCBV, nrCBF, and

PSR) between PA and DMG and the nADCmean between PA and DMG and between the

H3.3 and H3.1 variants. Only one patient with the H3.1 variant underwent DSC-MRI; there-

fore, the DSC parameters were not compared between the H3.3 and H3.1 variants. Shapiro–

Wilk tests were conducted to confirm the normality of the distribution for numerical parame-

ters. The Bonferroni method was used to correct family-wise error. Two-sided p-

values< 0.05/18 (i.e., 0.0028) were considered statistically significant. R software (version

4.1.1; R Foundation for Statistical Computing, Vienna, Austria) was used for all statistical

analyses.
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Results

The demographic and imaging data are summarized in Table 1.

Demographic data

In total, 23 patients with midline PA (median age, 13 years; range, 1–71 years; 13 female

patients) and 40 patients with DMG (median age, 8.5 years; range, 1–35 years; 19 female

patients) were included in this study. The DMG group was further divided into 35 H3.3 cases

(median age, 11 years; range, 1–35 years; 15 female patients) and five H3.1 cases (median age,

7 years; range, 4–9 years; four female patients). No significant difference was observed in

terms of age and sex of the patients between PA and DMG or between the H3.3 and H3.1

variants.

Imaging findings

Sixteen patients with DMG (15 cases of H3.3 and one case of H3.1) and 14 patients with PA

underwent DSC-MRI. All patients in this study underwent DWI. The nADCmean was signifi-

cantly lower for DMG than that for PA (median: 1.48 vs. 1.96; p = 0.00075). The nADCmean

tended to be lower for the H3.3 variant than that for the H3.1 variant (median: 1.46 vs. 1.80;

p = 0.10), although the difference did not reach statistical significance. The nrCBV and nrCBF

tended to be higher for DMG than that for PA (median nrCBV [DMG vs. PA]: 1.66 vs. 1.17,

p = 0.058; and median nrCBF [DMG vs. PA]: 1.87 vs. 1.19, p = 0.028). PSR tended to be lower

for DMG than that for PA (mean PSR: 0.97 vs. 1.23; p = 0.13). However, the differences were

not statistically significant. Representative cases are shown in Figs 1–3.

Table 1. Demographic and imaging data.

Pilocytic

astrocytoma

Diffuse midline glioma,

H3K27-altered

H3.3 H3.1 p-value (PA vs.

DMG)

p-value (H3.3

vs. H3.1)

p-value (PA vs.

H3.3)

p-value (PA

vs. H3.1)

n = 23 n = 40 n = 35 n = 5

Age (median years

[range])

13 [1–71] 8.5 [1–35] 11 [1–35] 7 [4–9] 0.74 0.16 0.96 0.23

Sex (M:F) 10:13 21:19 20:15 1:4 0.60 0.17 0.42 0.62

Site

Brainstem 11 20 16 4

Thalamus 3 18 17 1

**Other 9 2 2 0

DSC-MRI n = 14 n = 16 n = 15 n = 1

nrCBV (median

[range])

1.17 [0.47–2.85] 1.66 [0.74–4.86] 1.67 [0.74–

4.86]

1.76 0.058 0.063

nrCBF (median

[range])

1.19 [0.78–3.00] 1.87 [0.91–11.2] 1.87 [0.91–

11.2]

1.56 0.028 0.023

PSR (median

[range])

1.23 [0.46–3.52] 0.97 [0.55–2.78] 1.00 [0.55–

2.78]

0.78 0.13 0.172

DWI n = 23 n = 40 n = 35 n = 5

nADCmean

(median [range])

1.96 [1.43–3.5] 1.48 [1.11–2.76] 1.46 [1.11–

2.76]

1.80 [1.59–

2.35]

0.00075* 0.10 0.00020* 0.68

* Indicates a statistically significant value.

DMG = diffuse midline glioma, H3K27-altered; DSC = dynamic susceptibility contrast; DSC-MRI = dynamic susceptibility contrast magnetic resonance imaging;

DWI = diffusion-weighted imaging; nADCmean = normalized mean apparent diffusion coefficient; nrCBF = normalized relative cerebral blood flow;

nrCBV = normalized relative cerebral blood volume; PA = pilocytic astrocytoma; PSR = percentage signal recovery.

** Other: cerebellum (n = 9) in PA; septum pellucidum (n = 1) and basal ganglia (n = 1) in DMG (H3.3)

https://doi.org/10.1371/journal.pone.0288412.t001
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Discussion

In this study, we aimed to evaluate and compare the DSC parameters and ADC values between

midline PA and DMG and between the H3.3 and H3.1 variants of DMG. We found that, com-

pared with midline PA, DMG had a significantly lower nADCmean and tended to have a

higher nrCBV and nrCBF and lower PSR. The nADCmean tended to be lower for the H3.3

variant than that for the H3.1 variant. To the best of our knowledge, this study is the first to

compare the DSC parameters and ADC between midline PA and DMG and between the H3.3

and H3.1 variants of DMG.

DMG is a primary brain tumor that accounts for 50% of all pediatric high-grade gliomas,

and it has a median overall survival of 9–11 months after diagnosis [18, 19]. Its prognosis is

considerably more unfavorable than that of PA, which also often develops in the midline

regions of the brain in children and is potentially curable via surgical resection. In contrast,

recent advances in molecular genetics have led to the development of several potentially prom-

ising drugs for the treatment of DMG, such as targeted therapy for the platelet-derived growth

factor receptor [20], ID1 [21], and dopamine receptor D2/3 [22] and GD2-directed chimeric

antigen receptor T cell therapy [13]. Concurrent with the development of such medications,

recognizing the differences and similarities in the imaging characteristics of DMG and its

mimickers is crucial. In the present study, we found that the nADCmean was significantly

lower for DMG than that for midline PA, possibly due to the different histopathological

Fig 1. Pontine pilocytic astrocytoma in a 3-year-old boy. The mass shows isointensity on diffusion-weighted imaging (a, arrow) and an increased apparent

diffusion coefficient (nADCmean = 1.52) (b, arrow). The normalized relative cerebral blood volume and flow are 1.79 and 1.90, respectively (c and d, arrows).

The corresponding post-contrast T1-weighted image and region-of-interest in this slice are shown (e). The percentage signal recovery of the mass is 1.50 (f).

nADCmean = normalized mean apparent diffusion coefficient.

https://doi.org/10.1371/journal.pone.0288412.g001
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characteristics of the tumors. The cellularity of PA is low to moderate with varying degrees of

myxoid background materials [23]. However, considerable overlap existed between the

nADCmean for PA (range, 1.45–3.5) and DMG (range, 1.11–2.76). This finding may be

because of the variations in the histopathology of these tumors. Some PAs tend to have a low

myxoid stroma and a low ADC, whereas DMGs have a high myxoid stroma and a high ADC

[24]. The H3.3 variant tended to have a lower nADCmean than the H3.1 variant in the present

study. This finding may be related to the difference in the survival status between the variants.

A significantly longer overall survival has been reported for patients with the H3.1 variant than

for those with the H3.3 variant [5, 19]. Moreover, Aboian et al. [24] reported a significantly

lower ADC in patients with DMG who survived <1 year after diagnosis than that in patients

who survived >1 year. However, the details regarding the H3 variant in their study are

unknown. Owing to the rarity of the H3.1 variant, only five H3.1 cases could be included in

the present study. Including more H3.1 cases may clarify the reason behind the difference

observed in the nADCmean between the two variants. The nrCBV and nrCBF tended to be

higher, and PSR tended to be lower for DMG than those for midline PA; however, the differ-

ences did not reach statistical significance. Previous studies [25–27] have shown significantly

lower nrCBV and nrCBF for DMG than those for H3-wildtype high-grade gliomas. In addi-

tion, lesser contrast enhancement has been reported in DMG than that in the H3-wildtype

glioblastoma [28, 29]. Molecularly, it has been suggested that tumor-associated blood vessels

in DMGs mainly consist of existing mature vasculature, not newly created vessels [30]. The

Fig 2. H3.3 variant diffuse midline glioma, H3K27-altered in a 28-year-old woman. The mass shows hyperintensity on diffusion-weighted imaging (a,

arrow) and a decreased apparent diffusion coefficient (nADCmean is 1.18) (b, arrow). The normalized relative cerebral blood volume and flow are 2.93 and

2.10, respectively (c and d, arrows). The corresponding post-contrast T1-weighted image and region-of-interest in this slice are shown (e). The percentage

signal recovery of the mass is 0.63 (f). nADCmean = normalized mean apparent diffusion coefficient.

https://doi.org/10.1371/journal.pone.0288412.g002
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unique molecular and radiological features of DMG resulting in poor contrast enhancement

for CNS WHO grade 4 glioma may partially account for the overlap of the DSC parameters

between DMG and PA in the present study.

This study had some limitations. First, it was a single-center retrospective study, and not all

patients underwent DSC-MRI. These factors may have led to insufficient analysis of the DSC

parameters. Second, owing to the rarity of the disease, only five patients with the H3.1 variant

of DMG were included, and only one patient underwent DSC-MRI. Future studies with a

greater number of H3.1 cases are necessary to further clarify the characteristics of DSC and

ADC in this variant. Third, the MRI protocols were not homogeneous owing to the differences

in the MRI systems. However, we mitigated the risk of heterogeneity for MRI parameters with

normalization.

The nADCmean was significantly lower, the nrCBV and nrCBF tended to be higher, and

PSR tended to be lower in DMG than those in midline PA. The H3.3 variant DMG tended to

have a lower nADCmean than the H3.1 variant. Recognizing these differences and similarities

in the DSC parameters and ADCs between DMG and midline PA and between the H3.3 and

H3.1 variants is important for the appropriate management of these tumors.

Author Contributions

Conceptualization: Ryo Kurokawa, Toshio Moritani.

Fig 3. H3.1 variant diffuse midline glioma, H3K27-altered in a 4-year-old girl. The mass shows isointensity on diffusion-weighted imaging (a, arrow) and

an increased apparent diffusion coefficient (nADCmean = 1.72) (b, arrow). The normalized relative cerebral blood volume and flow are 1.76 and 1.56,

respectively (c and d, arrows). The corresponding post-contrast T1-weighted image and region-of-interest in this slice are shown (e). The percentage signal

recovery of the mass is 0.78 (f). nADCmean = normalized mean apparent diffusion coefficient.

https://doi.org/10.1371/journal.pone.0288412.g003

PLOS ONE MRI findings in pilocytic astrocytoma and H3K27-altered diffuse midline glioma

PLOS ONE | https://doi.org/10.1371/journal.pone.0288412 July 14, 2023 8 / 10

https://doi.org/10.1371/journal.pone.0288412.g003
https://doi.org/10.1371/journal.pone.0288412


Data curation: Ryo Kurokawa, Mariko Kurokawa, Akira Baba.

Formal analysis: Ryo Kurokawa.

Investigation: Ryo Kurokawa.

Methodology: Ryo Kurokawa, Mariko Kurokawa, Akira Baba.

Project administration: John Kim.

Supervision: Toshio Moritani.

Visualization: Toshio Moritani.

Writing – original draft: Ryo Kurokawa.

Writing – review & editing: Mariko Kurokawa, Akira Baba, John Kim, Ashok Srinivasan,

Toshio Moritani.

References
1. Louis DN, Perry A, Wesseling P, Brat DJ, Cree IA, Figarella-Branger D, et al. The 2021 WHO Classifica-

tion of Tumors of the Central Nervous System: a summary. Neuro Oncol. 2021; 23: 1231–1251. https://

doi.org/10.1093/neuonc/noab106 PMID: 34185076

2. Collins VP, Jones DTW, Giannini C. Pilocytic astrocytoma: pathology, molecular mechanisms and

markers. Acta Neuropathol. 2015; 129: 775–788. https://doi.org/10.1007/s00401-015-1410-7 PMID:

25792358

3. Salles D, Laviola G, Malinverni AC de M, Stávale JN. Pilocytic astrocytoma: A review of general, clinical,

and molecular characteristics. J Child Neurol. 2020; 35: 852–858. https://doi.org/10.1177/

0883073820937225 PMID: 32691644

4. Schulte JD, Buerki RA, Lapointe S, Molinaro AM, Zhang Y, Villanueva-Meyer JE, et al. Clinical, radio-

logic, and genetic characteristics of histone H3 K27M-mutant diffuse midline gliomas in adults. Neu-

rooncol Adv. 2020; 2: vdaa142. https://doi.org/10.1093/noajnl/vdaa142 PMID: 33354667

5. Findlay IJ, De Iuliis GN, Duchatel RJ, Jackson ER, Vitanza NA, Cain JE, et al. Pharmaco-proteoge-

nomic profiling of pediatric diffuse midline glioma to inform future treatment strategies. Oncogene.

2022; 41: 461–475. https://doi.org/10.1038/s41388-021-02102-y PMID: 34759345

6. Chourmouzi D, Papadopoulou E, Konstantinidis M, Syrris V, Kouskouras K, Haritanti A, et al. Manifesta-

tions of pilocytic astrocytoma: a pictorial review. Insights Imaging. 2014; 5: 387–402. https://doi.org/10.

1007/s13244-014-0328-2 PMID: 24789122

7. Tripathy A, John V, Wadden J, Kong S, Sharba S, Koschmann C. Liquid biopsy in pediatric brain

tumors. Front Genet. 2022; 13: 1114762. https://doi.org/10.3389/fgene.2022.1114762 PMID:

36685825

8. Ostrom QT, Patil N, Cioffi G, Waite K, Kruchko C, Barnholtz-Sloan JS. CBTRUS Statistical Report: Pri-

mary Brain and Other Central Nervous System Tumors Diagnosed in the United States in 2013–2017.

Neuro Oncol. 2020; 22: iv1–iv96. https://doi.org/10.1093/neuonc/noaa200 PMID: 33123732

9. Zhou X, Su Y, Huang W, Lin X, Xing Z, Cao D. Differentiation between supratentorial pilocytic astrocy-

toma and extraventricular ependymoma using multiparametric MRI. Acta Radiol. 2021;

2841851211054195. https://doi.org/10.1177/02841851211054195 PMID: 34709088

10. Kurokawa R, Umemura Y, Capizzano A, Kurokawa M, Baba A, Holmes A, et al. Dynamic susceptibility

contrast and diffusion-weighted MRI in posterior fossa pilocytic astrocytoma and medulloblastoma. J

Neuroimaging. 2022. https://doi.org/10.1111/jon.12962 PMID: 34997668

11. Ho CY, Supakul N, Patel PU, Seit V, Groswald M, Cardinal J, et al. Differentiation of pilocytic and pilo-

myxoid astrocytomas using dynamic susceptibility contrast perfusion and diffusion weighted imaging.

Neuroradiology. 2020; 62: 81–88. https://doi.org/10.1007/s00234-019-02310-0 PMID: 31676961

12. Leach JL, Roebker J, Schafer A, Baugh J, Chaney B, Fuller C, et al. MR imaging features of diffuse

intrinsic pontine glioma and relationship to overall survival: report from the International DIPG Registry.

Neuro Oncol. 2020; 22: 1647–1657. https://doi.org/10.1093/neuonc/noaa140 PMID: 32506137

13. Majzner RG, Ramakrishna S, Yeom KW, Patel S, Chinnasamy H, Schultz LM, et al. GD2-CAR T cell

therapy for H3K27M-mutated diffuse midline gliomas. Nature. 2022; 603: 934–941. https://doi.org/10.

1038/s41586-022-04489-4 PMID: 35130560

PLOS ONE MRI findings in pilocytic astrocytoma and H3K27-altered diffuse midline glioma

PLOS ONE | https://doi.org/10.1371/journal.pone.0288412 July 14, 2023 9 / 10

https://doi.org/10.1093/neuonc/noab106
https://doi.org/10.1093/neuonc/noab106
http://www.ncbi.nlm.nih.gov/pubmed/34185076
https://doi.org/10.1007/s00401-015-1410-7
http://www.ncbi.nlm.nih.gov/pubmed/25792358
https://doi.org/10.1177/0883073820937225
https://doi.org/10.1177/0883073820937225
http://www.ncbi.nlm.nih.gov/pubmed/32691644
https://doi.org/10.1093/noajnl/vdaa142
http://www.ncbi.nlm.nih.gov/pubmed/33354667
https://doi.org/10.1038/s41388-021-02102-y
http://www.ncbi.nlm.nih.gov/pubmed/34759345
https://doi.org/10.1007/s13244-014-0328-2
https://doi.org/10.1007/s13244-014-0328-2
http://www.ncbi.nlm.nih.gov/pubmed/24789122
https://doi.org/10.3389/fgene.2022.1114762
http://www.ncbi.nlm.nih.gov/pubmed/36685825
https://doi.org/10.1093/neuonc/noaa200
http://www.ncbi.nlm.nih.gov/pubmed/33123732
https://doi.org/10.1177/02841851211054195
http://www.ncbi.nlm.nih.gov/pubmed/34709088
https://doi.org/10.1111/jon.12962
http://www.ncbi.nlm.nih.gov/pubmed/34997668
https://doi.org/10.1007/s00234-019-02310-0
http://www.ncbi.nlm.nih.gov/pubmed/31676961
https://doi.org/10.1093/neuonc/noaa140
http://www.ncbi.nlm.nih.gov/pubmed/32506137
https://doi.org/10.1038/s41586-022-04489-4
https://doi.org/10.1038/s41586-022-04489-4
http://www.ncbi.nlm.nih.gov/pubmed/35130560
https://doi.org/10.1371/journal.pone.0288412


14. Sievers P, Sill M, Schrimpf D, Stichel D, Reuss DE, Sturm D, et al. A subset of pediatric-type thalamic

gliomas share a distinct DNA methylation profile, H3K27me3 loss and frequent alteration of EGFR.

Neuro Oncol. 2021; 23: 34–43. https://doi.org/10.1093/neuonc/noaa251 PMID: 33130881

15. Mouridsen K, Christensen S, Gyldensted L, Ostergaard L. Automatic selection of arterial input function

using cluster analysis. Magn Reson Med. 2006; 55: 524–531. https://doi.org/10.1002/mrm.20759

PMID: 16453314

16. Morana G, Tortora D, Staglianò S, Nozza P, Mascelli S, Severino M, et al. Pediatric astrocytic tumor

grading: comparison between arterial spin labeling and dynamic susceptibility contrast MRI perfusion.

Neuroradiology. 2018; 60: 437–446. https://doi.org/10.1007/s00234-018-1992-6 PMID: 29453753

17. Lee MD, Baird GL, Bell LC, Quarles CC, Boxerman JL. Utility of Percentage Signal Recovery and Base-

line Signal in DSC-MRI Optimized for Relative CBV Measurement for Differentiating Glioblastoma, Lym-

phoma, Metastasis, and Meningioma. AJNR Am J Neuroradiol. 2019; 40: 1445–1450. https://doi.org/

10.3174/ajnr.A6153 PMID: 31371360

18. Hoffman LM, Veldhuijzen van Zanten SEM, Colditz N, Baugh J, Chaney B, Hoffmann M, et al. Clinical,

radiologic, pathologic, and molecular characteristics of long-term survivors of Diffuse intrinsic pontine

glioma (DIPG): A collaborative report from the international and European society for pediatric oncology

DIPG registries. J Clin Oncol. 2018; 36: 1963–1972. https://doi.org/10.1200/jco.2017.75.9308 PMID:

29746225

19. Mackay A, Burford A, Carvalho D, Izquierdo E, Fazal-Salom J, Taylor KR, et al. Integrated Molecular

Meta-Analysis of 1,000 Pediatric High-Grade and Diffuse Intrinsic Pontine Glioma. Cancer Cell. 2017;

32: 520–537.e5. https://doi.org/10.1016/j.ccell.2017.08.017 PMID: 28966033

20. Arunachalam S, Szlachta K, Brady SW, Ma X, Ju B, Shaner B, et al. Convergent evolution and multi-

wave clonal invasion in H3 K27-altered diffuse midline gliomas treated with a PDGFR inhibitor. Acta

Neuropathol Commun. 2022; 10: 80. https://doi.org/10.1186/s40478-022-01381-0 PMID: 35642016

21. Messinger D, Harris MK, Cummings JR, Thomas C, Yang T, Sweha SR, et al. Therapeutic targeting of

prenatal pontine ID1 signaling in diffuse midline glioma. Neuro Oncol. 2022. https://doi.org/10.1093/

neuonc/noac141 PMID: 35605606

22. Chi AS, Tarapore RS, Hall MD, Shonka N, Gardner S, Umemura Y, et al. Pediatric and adult H3 K27M-

mutant diffuse midline glioma treated with the selective DRD2 antagonist ONC201. J Neurooncol. 2019;

145: 97–105. https://doi.org/10.1007/s11060-019-03271-3 PMID: 31456142

23. Solomon DA, Wood MD, Tihan T, Bollen AW, Gupta N, Phillips JJJ, et al. Diffuse Midline gliomas with

histone H3-K27M mutation: A series of 47 cases assessing the spectrum of morphologic variation and

associated genetic alterations. Brain Pathol. 2016; 26: 569–580. https://doi.org/10.1111/bpa.12336

PMID: 26517431

24. Aboian MS, Tong E, Solomon DA, Kline C, Gautam A, Vardapetyan A, et al. Diffusion Characteristics of

Pediatric Diffuse Midline Gliomas with Histone H3-K27M Mutation Using Apparent Diffusion Coefficient

Histogram Analysis. AJNR Am J Neuroradiol. 2019; 40: 1804–1810. https://doi.org/10.3174/ajnr.A6302

PMID: 31694820

25. Ma H, Wang Z, Xu K, Shao Z, Yang C, Xu P, et al. Three-dimensional arterial spin labeling imaging and

dynamic susceptibility contrast perfusion-weighted imaging value in diagnosing glioma grade prior to

surgery. Exp Ther Med. 2017; 13: 2691–2698. https://doi.org/10.3892/etm.2017.4370 PMID: 28587332

26. Delgado AF, Delgado AF. Discrimination between glioma grades II and III using dynamic susceptibility

perfusion MRI: A meta-analysis. AJNR Am J Neuroradiol. 2017; 38: 1348–1355. https://doi.org/10.

3174/ajnr.A5218 PMID: 28522666

27. Smitha KA, Gupta AK, Jayasree RS. Relative percentage signal intensity recovery of perfusion metrics

—an efficient tool for differentiating grades of glioma. Br J Radiol. 2015; 88: 20140784. https://doi.org/

10.1259/bjr.20140784 PMID: 26110202

28. Kurokawa R, Kurokawa M, Baba A, Ota Y, Kim J, Capizzano A, et al. Dynamic susceptibility contrast-

MRI parameters, ADC values, and the T2-FLAIR mismatch sign are useful to differentiate between H3-

mutant and H3-wild-type high-grade midline glioma. Eur Radiol. 2022; 32: 3672–3682. https://doi.org/

10.1007/s00330-021-08476-7 PMID: 35022811

29. Banan R, Akbarian A, Samii M, Samii A, Bertalanffy H, Lehmann U, et al. Diffuse midline gliomas, H3

K27M-mutant are associated with less peritumoral edema and contrast enhancement in comparison to

glioblastomas, H3 K27M-wildtype of midline structures. PLoS One. 2021; 16: e0249647. https://doi.org/

10.1371/journal.pone.0249647 PMID: 34347774

30. Wei X, Meel MH, Breur M, Bugiani M, Hulleman E, Phoenix TN. Defining tumor-associated vascular het-

erogeneity in pediatric high-grade and diffuse midline gliomas. Acta Neuropathol Commun. 2021; 9:

142. https://doi.org/10.1186/s40478-021-01243-1 PMID: 34425907

PLOS ONE MRI findings in pilocytic astrocytoma and H3K27-altered diffuse midline glioma

PLOS ONE | https://doi.org/10.1371/journal.pone.0288412 July 14, 2023 10 / 10

https://doi.org/10.1093/neuonc/noaa251
http://www.ncbi.nlm.nih.gov/pubmed/33130881
https://doi.org/10.1002/mrm.20759
http://www.ncbi.nlm.nih.gov/pubmed/16453314
https://doi.org/10.1007/s00234-018-1992-6
http://www.ncbi.nlm.nih.gov/pubmed/29453753
https://doi.org/10.3174/ajnr.A6153
https://doi.org/10.3174/ajnr.A6153
http://www.ncbi.nlm.nih.gov/pubmed/31371360
https://doi.org/10.1200/jco.2017.75.9308
http://www.ncbi.nlm.nih.gov/pubmed/29746225
https://doi.org/10.1016/j.ccell.2017.08.017
http://www.ncbi.nlm.nih.gov/pubmed/28966033
https://doi.org/10.1186/s40478-022-01381-0
http://www.ncbi.nlm.nih.gov/pubmed/35642016
https://doi.org/10.1093/neuonc/noac141
https://doi.org/10.1093/neuonc/noac141
http://www.ncbi.nlm.nih.gov/pubmed/35605606
https://doi.org/10.1007/s11060-019-03271-3
http://www.ncbi.nlm.nih.gov/pubmed/31456142
https://doi.org/10.1111/bpa.12336
http://www.ncbi.nlm.nih.gov/pubmed/26517431
https://doi.org/10.3174/ajnr.A6302
http://www.ncbi.nlm.nih.gov/pubmed/31694820
https://doi.org/10.3892/etm.2017.4370
http://www.ncbi.nlm.nih.gov/pubmed/28587332
https://doi.org/10.3174/ajnr.A5218
https://doi.org/10.3174/ajnr.A5218
http://www.ncbi.nlm.nih.gov/pubmed/28522666
https://doi.org/10.1259/bjr.20140784
https://doi.org/10.1259/bjr.20140784
http://www.ncbi.nlm.nih.gov/pubmed/26110202
https://doi.org/10.1007/s00330-021-08476-7
https://doi.org/10.1007/s00330-021-08476-7
http://www.ncbi.nlm.nih.gov/pubmed/35022811
https://doi.org/10.1371/journal.pone.0249647
https://doi.org/10.1371/journal.pone.0249647
http://www.ncbi.nlm.nih.gov/pubmed/34347774
https://doi.org/10.1186/s40478-021-01243-1
http://www.ncbi.nlm.nih.gov/pubmed/34425907
https://doi.org/10.1371/journal.pone.0288412

