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Pediatric-type diffuse high-grade gliomas (pHGG) are rare, 
aggressive central nervous system malignancies newly clas-
sified in the 2021 World Health Organization classification. 
Extracranial metastasis of pHGG is uncommon, mostly in 
H3K27M-mutant diffuse midline gliomas. We report that a 
26-year-old H3-wildtype and IDH-wildtype (RTK1 subtype) 
male developed extensive extracranial metastases after sur-
gery. Despite radiochemotherapy, the disease spread. This 
case shows extracranial metastasis potential in pediatric-type 
gliomas, especially RTK1. Recent studies indicate about half 
of Adolescent and Young Adult (AYA) high-grade gliomas are 
pediatric-type, and around 40% of extracranial metastases 
occur in AYA patients. Recognizing this metastatic potential, 
especially in AYA, is significant for better outcomes.

Extracranial systemic glioma metastasis is rare, particularly 
in children, where cases of extracranial metastases in pediatric 
glioma are exceedingly uncommon.1,2 Lun et al. undertook a 
retrospective analysis of 88 cases of extracranial glioblastoma 
between 1928 and 2009, revealing that the median age was 
38 years (range 6–64 years).1 Among these, only 13 patients 
were under the age of 18, accounting for 14.7% of the total. The 
study indicated that the incidence of extracranial metastases 
in pediatric glioma patients is significantly lower compared to 
adults.

The fifth edition of the World Health Organization (WHO) 
classification of central nervous system tumors, published in 
2021, distinguished pediatric-type gliomas from the broader 
glioma category for the first time, further subdividing them 
into pediatric-type diffuse low-grade gliomas and pediatric-
type diffuse high-grade gliomas (pHGG).3 pHGG are highly ag-
gressive central nervous malignant tumors, with a relatively 
low incidence rate.4,5 Notably, the age of diagnosis is not a 
defining criterion for pediatric-type gliomas,6 as some young 
adult patients may also be diagnosed with these tumor types. 
Consequently, certain biological characteristics of pediatric-
type high-grade gliomas, including the conditions of extracra-
nial metastasis, remain incompletely known. Recently, a few 
case reports have revealed the occurrence of extracranial sys-
temic metastasis in pediatric-type high-grade gliomas. Nearly 

all of these cases were diffuse midline gliomas with H3K27M 
mutations,7–9 while metastases in other types have rarely been 
reported.

Here, we present a case of a young adult with a pHGG, 
H3-wildtype and IDH-wildtype, RTK1 subtype, who devel-
oped multiple extracranial metastases involving the pancreas, 
lungs, and bones following surgical treatment.

Case Presentation

A 26-year-old previously healthy man presented to his local 
hospital with an acute headache. Cranial magnetic resonance 
imaging revealed abnormal signal lesions in the right frontal 
lobe and basal ganglia, initially suspected to be gliomas with 
hemorrhage extending into the ventricles (Figure 1A–D). 
The patient underwent an emergency craniotomy at the 
local hospital, with a gross total resection of the right deep 
supratentorial lesion. Intraoperative findings revealed a tumor 
in the right frontal lobe with a gelatinous appearance and in-
distinct margins, accompanied by peritumoral edema.

Pathological examination of the resected specimen showed 
a tumor composed of round and oval cells with diffuse brain 
tissue infiltration, nuclear atypia, and brisk mitotic activity. 
Some areas exhibited a perinuclear halo, resembling oligo-
dendroglioma, along with focal necrosis and microvascular 
proliferation. These histological features were consistent with 
a high-grade diffuse glioma (Figure 1E–G).

Immunohistochemical analysis revealed a Ki-67 labeling 
index of approximately 45% (Figure 1H). The tumor cells were 
positive for GFAP and Olig2, and negative for ATRX, H3K27M, 
IDH1, BRAF (VE1) (Figure 1I–J), while P53 showed positive 
expression only in a few cells. Genetic profiling via next-
generation sequencing (NGS) demonstrated a homozygous 
deletion of CDKN2A/2B, mutations in ATRX and TP53, ampli-
fication of the PDGFRA gene, and mutations in the MUTH and 
MSH6 genes (Figure 1K)(see Supplementary Table 1). No mu-
tations were found in IDH1, IDH2, H3, TERT, EGFR, and BRAF 
genes; chromosomal abnormalities such as chromosome 
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7 gain or chromosome 10 loss were absent, and 1p/19q 
co-deletion was not detected. Based on histopathology, 
immunohistochemistry, and molecular findings, the tumor 
was integratedly diagnosed as a diffuse pediatric-type 
high-grade glioma, H3-wildtype and IDH-wildtype (see 
Supplementary Table 2). Whole-genome DNA methylation 
analysis further confirmed the diagnosis as an RTK1 sub-
type diffuse pediatric-type high-grade glioma, H3 wildtype 
and IDH-wildtype (classifier version 12.3, score 0.81) 
(Figure 2).

The patient subsequently underwent standard 
radiochemotherapy, for PTV1, radiotherapy (RT) was de-
livered at 2.00 Gy/fraction (Gy/f) to a total dose of 60.00 

Gy in 30 fractions; for PTV2, RT was delivered at 1.70 Gy/f 
to a total dose of 51.00 Gy in 30 fractions. Temozolomide 
(TMZ) (200 mg orally nightly for 5 days, followed by a 
23-day rest period, repeated every 28 days) was admin-
istered as adjuvant chemotherapy. However, his condi-
tion failed to improve over the following five months. 
Neurological symptoms persisted, and the quality of life 
declined. The patient later experienced a sudden syncope, 
and further clinical examination raised suspicion of pancre-
atic cancer. PET-CT imaging identified a space-occupying 
lesion in the tail of the pancreas, approximately 2.24 cm 
in diameter, with additional tumors in both lungs, lymph 
nodes in the left lung, and bones throughout the body 
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Figure 1.  Preoperative MRI showed abnormal signal intensities in the right frontal lobe and basal ganglia, with indistinct margins from the sur-
rounding brain tissue, low signal intensity on T1-weighted images (A) and high signal intensity on T2-weighted images (B). T1 sagittal imaging 
showed the mass to be low density (C). T1 coronal imaging showed uneven hypodensity within the lesion, with significant perilesional edema 
and midline shift (D). H&E stain of resected tissue showed oval to round tumor cells (E), with focal necrosis and microvascular proliferation (F). 
Marked atypia, frequent mitotic figures, and perinuclear halos were observed in some areas (G). The Ki-67 index of the tumor cells was approxi-
mately 45% (H). Immunohistochemical staining showed diffuse positive expression of GFAP (I), and the absence of ATRX expression, with en-
dothelial cells of blood vessels and other non-neoplastic cells demonstrating positive expression (J). Copy number profiling of DNA methylation 
sequencing revealed amplification of PDGFRA, and the deletion of NF1 and CDKN2A (K).

http://academic.oup.com/noa/article-lookup/doi/10.1093/noajnl/vdaf069#supplementary-data
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(Figure 3A–D). Additionally, there was no evidence of scalp 
or skull metastases, as confirmed by the imaging studies. 
Brain imaging also revealed a malformed right frontal lobe 
with a cerebrospinal fluid (CFS) cystic cavity, alterations of 
the entire ventricular system, and paraventricular edema. 
The clinical preliminary diagnosis was pancreatic cancer 
with extensive systemic metastasis.

To confirm the diagnosis, a percutaneous needle biopsy of 
an iliac bone lesion was performed. Histopathological analysis 
showed small patchy pleomorphic cells with marked atypia and 
frequent mitotic figures (Figure 3Eand F). Immunohistochemical 
findings indicated a Ki-67 of approximately 80%. The tumor 
cells were positive for GFAP, Olig2, Vimentin, and focal S100, 
but negative for CK, EMA, CEA, MUC6, and E-cadherin (Figure 
3G–I). Considering the patient's medical history of brain tumor, 
these findings supported a pathological diagnosis of pediatric-
type high-grade glioma, H3 wildtype and IDH wildtype, with 
extracranial systemic metastasis.

The patient continued to receive radiochemotherapy and 
symptomatic treatment at an oncology hospital. Despite 
these efforts, his condition progressively worsened, and 
he ultimately succumbed to the primary disease 9 months 
after his initial craniotomy (see Supplementary Figure 1).

Discussion

While high-grade gliomas are highly aggressive, extracra-
nial metastases are rare and usually confined to intracranial 

dissemination.10 The 2021 WHO classification of central 
nervous system tumors classified the clinical, patholog-
ical, and molecular differences between pediatric and adult 
gliomas in detail, and first recognized pHGG as a distinct 
category.11 These tumors are relatively rare, accounting 
for only 15%–20% of pediatric intracranial tumors.12 Given 
that the 2021 classification was recently introduced, the re-
ported incidence of pHGG remains notably low.

Recently, some studies have revealed that approxi-
mately half of gliomas in adolescent and young adult 
(AYA) patients (aged 15–39 years) may be pediatric-type 
gliomas.12,13 In a retrospective analysis by Michael et al. of 
92 glioblastoma cases with bone metastases, 40 occurred 
in AYA patients, representing 43.5% of the total.14 It is esti-
mated that about half of AYA metastases may be pediatric 
high-grade gliomas. Although pediatric gliomas occur less 
frequently than adult gliomas, the incidence of extracranial 
metastasis in pediatric high-grade gliomas may be higher, 
emphasizing the need for focused research and treatment 
for children and AYA high-grade glioma patients.15–17

In adult-type high-grade gliomas, the most common 
extracranial metastatic sites include the lungs, pleura, 
lymph nodes, bones, and liver. Less common sites include 
the kidneys, pericardium, retroperitoneum, adrenal glands, 
spleen, pancreas, and subcutaneous tissues.14,18,19 Analysis 
of 88 glioblastoma extracranial metastasis cases by Lun et 
al. identified differences in metastatic sites between pedi-
atric and adult glioma patients.1 Bone and lung metastases 
were common to both groups; however, pediatric patients 
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Figure 2.  Whole-genome DNA methylation profiling analysis result confirming the tumor to be H3-wildtype and IDH-wildtype, classified as RTK1 
subtype.
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were more likely to experience metastases to the spinal 
cord and leptomeningeal regions, while adult patients 
more commonly had metastases to lymph nodes, pleura, 
and liver.

Pediatric-type high-grade gliomas are now categor-
ized into 4 subtypes: H3K27-altered, H3G34-mutant, 
H3-wildtype and IDH-wildtype, and infant-type hemispheric 
glioma.20 Almost all cases of extracranial metastases in 
pHGG involve H3K27M-mutant diffuse midline gliomas. 
H3K27M mutation appears to play a critical role in metas-
tasis, increasing tumor aggressiveness and metastatic po-
tential.21 To our knowledge, the patient described here is 
the second reported case of pediatric high-grade glioma, 
H3-wildtype and IDH-wildtype (RTK1 subtype), with mul-
tiple extracranial metastases. The pHGG_RTK1 subtype, as-
sociated with a median overall survival of approximately 
21 months, is characterized by frequent PDGFRA amplifi-
cations and the absence of other typical adult-type glioma-
associated molecular abnormalities, such as mutations in 
the IDH1, IDH2, BRAF, and H3 genes.22,23

The pHGG-H3wt IDHwt were divided into 3 subtypes, the 
RTK1 and RTK2 subtypes characterized by the RTK signaling 
pathway, and the MYCN subtype, defined by the amplifica-
tion of the MYCN gene, often linked to worse prognosis 

and more aggressive tumor behavior.22 The precise inci-
dence of the RTK1 subtype remains unknown; however, it 
is commonly associated with hereditary cancer predispo-
sition syndromes such as constitutional mismatch repair 
deficiency (CMMRD) syndrome, Lynch syndrome, and 
Li-Fraumeni syndrome.24,25 In this case, there was the detec-
tion of the mutation of the MSH6 gene by NGS the patient’s 
primary brain tumor. However, the immunohistochemistry 
revealed normal expression of mismatch repair-related pro-
teins, including MLH1, MLH2, MLH6, and PMS2.

The mechanisms of extracranial metastases in gliomas 
remain unclear, but are hypothesized to involve several 
factors: (1) the “seed and soil” hypothesis, where inter-
actions between tumor cells (seeds) and the organ micro-
environment (soil) promote colonization and metastasis; 
(2) immune evasion strategies, such as immunosuppres-
sive microenvironments and molecules, which facilitate 
systemic tumor spread; and (3) circulating tumor cells 
that breach the blood–brain barrier and disseminate via 
the bloodstream.26–30 Additionally, ventriculoperitoneal 
shunting may increase the risk of intracranial tumor 
spreading to the abdominal cavity through CSF.31

Distinctions in metastatic mechanisms between pedi-
atric and adult gliomas remain poorly understood. Some 
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Figure 3.  PET-CT scan findings demonstrated widespread metastatic involvement of the tumor throughout the body (A). A distinct space-
occupying lesion in the tail of the pancreas (B). The scan detected areas of increased uptake in the upper lobes of both lungs (C), revealing 
the evidence of multiple skeletal metastases of the tumor (D). H&E staining of the pancreatic mass showed the pleomorphic tumor cells in 
small clusters (E), exhibiting marked atypia with frequent mitotic figures (F). The Ki-67 index of the tumor cells was approximately 80% (G). 
Immunohistochemical staining showed low positive expression of GFAP (H), and focal positive expression of Olig2 that was cytoplasmic and 
nuclear (I).
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reports suggest that extracranial metastasis may be re-
lated to specific molecular features, including specific 
genetic mutations and changes in epigenetic regulation, 
which significantly impact the development and thera-
peutic response of gliomas.32 For example, the H3K27M 
mutation, a hallmark of diffuse midline gliomas, alters his-
tone H3 methylation status and destabilizes gene transcrip-
tion, promoting tumorigenesis and metastasis.33 Despite 
the growing importance of molecular features in glioma di-
agnosis, our understanding of the molecular basis of extra-
cranial metastasis remains limited, constraining our ability 
to predict metastasis risk and develop targeted therapies.34

This case illustrates the rare metastatic potential of 
gliomas. After 5 months, the patient developed syncope, 
with PET-CT scan results suggesting pancreatic cancer with 
systemic metastases, neglecting the history of glioma and 
the emergence of new cerebral symptoms. With the prog-
ress of glioma treatment, which extends the survival time 
of patients, we need to be more alert to the occurrence 
of systemic metastasis, even in the context of local con-
trol of the primary brain tumor. However, the direct impact 
of these therapeutic advances on metastatic potential still 
requires further research. Clinicians should consider sys-
temic metastases when peripheral lesions appear, even in 
the absence of cerebral symptoms, and conduct detailed 
investigations to ensure timely and accurate treatment, ul-
timately improving patient prognosis.

Supplementary Material

Supplementary material is available online at Neuro-
Oncology Advances (https://academic.oup.com/noa).

Keywords: 

Pediatric-type glioma; RTK1; Extracranial metastasis; 
Molecular subtype; Methylation; 

Funding

This work was supported by Scientific Research Project 
of National Key Clinical Specialty Construction Project 
(2022YBL-ZD-03).

Conflict of interest statement

The authors have declared that no competing interest exists.

Author contributions

Clinical data collection: J.W., R.Z., X.S., and P.W. DNA methyl-
ation array analysis: C.R. Conducted the molecular studies: 

C.R., Y.C., and L.H. Pathology diagnosis: R.Z., X.S., and X.W. 
Manuscript writing: J.W. and X.W.

Data availability

No datasets were generated or analyzed during the current 
study.

Ethics approval and consent to 
participate

This study was approved by the Clinical Ethics Committee of 
the First Affiliated Hospital of Fujian Medical University and the 
patient's family gave consent.

Affiliations

Department of Pathology, The First Affiliated Hospital of Fujian 
Medical University, Fuzhou, China (J.W., X.S., P.W., C.R., Y.C., L.H., 
X.W.); National Regional Medical Center, Binhai Campus of the 
First Affiliated Hospital, Fujian Medical University, Fuzhou, China 
(J.W., X.S., P.W., C.R., Y.C., L.H., X.W.); Department of Pathology, 
The Second Hospital of Zhangzhou, Zhangzhou, China (R.Z.); 
Department of Pathology, Jianning General Hospital, Sanming, 
Fujian, China (X.W.)

References

1.	 Lun M, Lok E, Gautam S, Wu E, Wong ET. The natural history of extra-
cranial metastasis from glioblastoma multiforme. J Neurooncol. 
2011;105(2):261–273.

2.	 Omuro A, DeAngelis LM. Glioblastoma and other malignant gliomas: a 
clinical review. JAMA. 2013;310(17):1842–1850.

3.	 Sejda A, Grajkowska W, Trubicka J, et al. WHO CNS5 2021 classification 
of gliomas: a practical review and road signs for diagnosing patholo-
gists and proper patho-clinical and neuro-oncological cooperation. Folia 
Neuropathol. 2022;60(2):137–152.

4.	 Suri V, Das P, Pathak P, et al. Pediatric glioblastomas: a histopatho-
logical and molecular genetic study [published correction appears in 
Neuro Oncol. 2009 Dec;11(6):972. Pathak, Pankaj [added]]. Neuro Oncol. 
2009;11(3):274–280.

5.	 Perkins SM, Rubin JB, Leonard JR, et al. Glioblastoma in children: 
a single-institution experience. Int J Radiat Oncol Biol Phys. 
2011;80(4):1117–1121.

6.	 Weiser A, Sanchez Bergman A, Machaalani C, et al. Bridging the age 
gap: a review of molecularly informed treatments for glioma in adoles-
cents and young adults. Front Oncol. 2023;13(12):1254645.

7.	 Lazow MA, Leach JL, Trout AT, et al. Extraneural metastases of diffuse 
midline glioma, H3 K27M-mutant at diagnosis: case report, review of 
the literature, and identifying targetable alterations. J Pediatr Hematol 
Oncol. 2022;44(2):e597–e604.

https://academic.oup.com/noa


 6 Wu et al.

8.	 Aftahy AK, Butenschoen VM, Hoenikl L, et al. A rare case of H3K27-
altered diffuse midline glioma with multiple osseous and spinal metas-
tases at the time of diagnosis. BMC Neurol. 2023;23(1):87.

9.	 De Martino L, Picariello S, Russo C, et al. Extra-neural metastases in 
pediatric diffuse midline gliomas, H3 K27-altered: presentation of two 
cases and literature review. Front Mol Neurosci. 2023;16(13):1152430.

10.	 Gu P, Ding Y, Zheng G, Xu P, Xia X. Extracranial metastasis of glio-
blastoma: a case report and literature review. Int J Surg Case Rep. 
2023;111:108895.

11.	 Louis DN, Perry A, Wesseling P, et al. The 2021 WHO classification 
of tumors of the central nervous system: a summary. Neuro Oncol. 
2021;23(8):1231–1251.

12.	 Lim-Fat MJ, Das S. Unique molecular, clinical, and treatment aspects 
of gliomas in adolescents and young adults: a review. J Neurosurg. 
2023;139(6):1619–1627.

13.	 Roux A, Pallud J, Saffroy R, et al. High-grade gliomas in adolescents and 
young adults highlight histomolecular differences from their adult and 
pediatric counterparts. Neuro Oncol. 2020;22(8):1190–1202.

14.	 Strong MJ, Koduri S, Allison JA, et al. Bone metastasis from glioblas-
toma: a systematic review. J Neurooncol. 2022;158(3):379–392.

15.	 Ferrari A, Stark D, Peccatori FA, et al. Adolescents and young adults 
(AYA) with cancer: a position paper from the AYA Working Group of 
the European Society for Medical Oncology (ESMO) and the European 
Society for Paediatric Oncology (SIOPE). ESMO Open. 2021;6(2):100096.

16.	 Nussbaumer G, Benesch M, Grabovska Y, et al. Gliomatosis cerebri in 
children: a poor prognostic phenotype of diffuse gliomas with a distinct 
molecular profile. Neuro Oncol. 2024;26(9):1723–1737.

17.	 Ostrom QT, Price M, Neff C, et al. CBTRUS statistical report: primary 
brain and other central nervous system tumors diagnosed in the United 
States in 2016-2020. Neuro Oncol. 2023;25(12 Suppl 2):iv1–iv99.

18.	 Cunha MLVD, Maldaun MVC. Metastasis from glioblastoma multiforme: 
a meta-analysis. Rev Assoc Med Bras (1992). 2019;65(3):424–433.

19.	 Mujic A, Hunn A, Taylor AB, Lowenthal RM. Extracranial metastases of a 
glioblastoma multiforme to the pleura, small bowel and pancreas. J Clin 
Neurosci. 2006;13(6):677–681.

20.	 Gianno F, Giovannoni I, Cafferata B, et al. Paediatric-type diffuse 
high-grade gliomas in the 5th CNS WHO classification. Pathologica. 
2022;114(6):422–435.

21.	 Zheng L, Gong J, Yu T, et al. Diffuse midline gliomas with histone H3 
K27M mutation in adults and children: a retrospective series of 164 
cases. Am J Surg Pathol. 2022;46(6):863–871.

22.	 Korshunov A, Schrimpf D, Ryzhova M, et al. H3-/IDH-wild type pedi-
atric glioblastoma is comprised of molecularly and prognostically dis-
tinct subtypes with associated oncogenic drivers. Acta Neuropathol. 
2017;134(3):507–516.

23.	 Kibe Y, Ohka F, Aoki K, et al. Pediatric-type high-grade gliomas with 
PDGFRA amplification in adult patients with Li-Fraumeni syndrome: clin-
ical and molecular characterization of three cases. Acta Neuropathol 
Commun. 2024;12(1):57.

24.	 Hong L, Shi ZF, Li KK, et al. Molecular landscape of pediatric type 
IDH wildtype, H3 wildtype hemispheric glioblastomas. Lab Invest. 
2022;102(7):731–740.

25.	 Tauziède-Espariat A, Uro-Coste E, Nicaise Y, et al. Refinement of diag-
nostic criteria for pediatric-type diffuse high-grade glioma, IDH- and 
H3-wildtype, MYCN-subtype including histopathology, TP53, MYCN and 
ID2 status. Acta Neuropathol Commun. 2023;11(1):170.

26.	 Paget S. The distribution of secondary growths in cancer of the breast. 
1889. Cancer Metastasis Rev. 1989;8(2):98–101.

27.	 Gangoso E, Southgate B, Bradley L, et al. Glioblastomas acquire myeloid-
affiliated transcriptional programs via epigenetic immunoediting to elicit 
immune evasion. Cell. 2021;184(9):2454–2470.e26.

28.	 Lu Y, Huang Y, Zhu C, et al. Cancer brain metastasis: molecular mechan-
isms and therapeutic strategies. Mol Biomed. 2025;6(1):12.

29.	 Li Y, Liu F, Cai Q, et al. Invasion and metastasis in cancer: molec-
ular insights and therapeutic targets. Signal Transduct Target Ther. 
2025;10(1):57.

30.	 Huang WZ, Chen HC, Chang TK, et al. Extracranial metastasis of pedi-
atric glioblastoma: case report and literature review. Childs Nerv Syst. 
2024;40(3):933–937.

31.	 Stephens S, Tollesson G, Robertson T, Campbell R. Diffuse midline 
glioma metastasis to the peritoneal cavity via ventriculo-peritoneal 
shunt: case report and review of literature. J Clin Neurosci. 
2019;67(67):288–293.

32.	 Jones C, Karajannis MA, Jones DTW, et al. Pediatric high-grade 
glioma: biologically and clinically in need of new thinking. Neuro Oncol. 
2017;19(2):153–161.

33.	 Kfoury-Beaumont N, Prakasam R, Pondugula S, et al. The H3K27M mu-
tation alters stem cell growth, epigenetic regulation, and differentiation 
potential. BMC Biol. 2022;20(1):124.

34.	 Rathi A, Choudhari AK, Chatterjee A, et al. Spinal diffuse midline glioma 
H3 K27M-altered: report of a rare tumor with extracranial skeletal me-
tastases and review of literature. Int J Surg Pathol. 2024.


	Pediatric-type diffuse high-grade glioma with systemic metastasis: A case report  
	Case Presentation
	Discussion
	Supplementary Material
	References


