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Abstract

Background. Due to the novelty and rarity of infant-type hemispheric glioma (IHG), optimal treatment and factors 

determining clinical outcomes are yet to be established.

Methods. We curated a series of 164 patients with IHG; 155 identified by methodical literature search and nine addi-

tional patients contributed by collaborators.

Results. All tumors were hemispheric, diagnosed at a median age of 3.4 (0-52) months, and frequently (95%) 

non-metastatic. One hundred forty-two (86.5%) tumors harbored fusions involving receptor tyrosine kinase (RTK) 

genes (ALK [67/142, 47%], NTRK1/2/3 [32/142, 22.5%], ROS1 [29/142, 20.4%], MET [13/142, 9.2%], and ABL2 [1/142, 

0.7%]). Sixty-four percentage, 20%, and 8% of patients were treated with surgery and adjuvant chemotherapy, 

surgery-only, and surgery plus targeted therapy, respectively. Five patients received radiation. Three-year event-free 

survival (EFS) and overall survival (OS) was 49.5% [40.7-60.2] and 79.6% [72.1-87.9], respectively. Twenty-two patients 

succumbed to disease, of which tumor progression (8/22, 36%) and intra-cranial hemorrhage (5/22, 23%) were the 

most common causes. Multivariate analysis showed that the factors most associated with an increased risk of death 

were no treatment except for surgery and presence of residual tumor after definitive surgery. These findings present 

a challenging dichotomy where surgery is both a serious risk factor for early death and, when successful, a benefit.

Conclusions. Together, these findings show that IHG is a fusion driven tumor of the very young that is survivable 

even after progression. While optimal primary therapy for patients with IHG has yet to be established, the findings 

of this meta-analysis suggest treatment should focus on lowering surgical morbidity and improving its success.

© The Author(s) 2025. Published by Oxford University Press on behalf of the Society for Neuro-Oncology.
Received June 25, 2025; accepted September 29, 2025.
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Key Points

• Infant-type hemispheric gliomas frequently harbor oncogenic RTK fusions, most 

commonly ALK.

• While complete resection improves survival, upfront neurosurgery increases 

intracranial bleeding and early mortality.

• Development of safer surgical protocol may be key to optimize outcomes.
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Infant-type hemispheric glioma (IHG) is a newly defined 

tumor of the central nervous system (CNS) within 

pediatric-type diffuse high grade glioma (pHGG) in the WHO 

2021 classification of the CNS tumors.1,2 While other classes 

of pHGG (diffuse midline glioma, H3K27-altered, diffuse 

hemispheric glioma, H3G34-mutant, and pHGG H3 wild type 

and IDH wild type) are oncogenically driven by genomic 

alterations in genes like H3C1, H3C3, MYCN, PDGFRA, EGFR, 

etc.,3–6 IHG harbor unique chromosomal rearrangements 

involving receptor tyrosine kinase (RTK)-coding genes like 

neutrophic tyrosine receptor kinase 1/2/3 (NTRK1/2/3), ROS 

proto-oncogene 1 receptor tyrosine kinase (ROS1), anaplas-

tic lymphoma kinase (ALK), and MET proto-oncogene recep-

tor tyrosine kinase (MET).7–9 These alterations often lead to 

different 5’ binding partners fusing with 3’ end of the trun-

cated RTK with the kinase domain leading to the formation 

of chimeric proteins that constitutively activate the down-

stream PI3K/AKT and MAPK/ERK pathways critical for cel-

lular growth and proliferation.7–9

Historically high-grade gliomas (HGG) were considered 

biologically and clinically homogenous due to their 

histo-morphological similarities, therefore, uniform treat-

ment with primary surgery followed by involved field radi-

ation therapy (RT) was considered as standard. As RT is 

detrimental to early growth and development, HGG diag-

nosed in younger children (0-3 years) were treated with 

surgery and adjuvant chemotherapy to delay, avoid, or dose 

reduce RT. Despite the treatment modification, the infants, 

unexpectedly, had better survival rates and several patients 

were cured without RT (Overall survival [OS] 50%-70%).9–15

This contrasting clinical outcome suggested that HGGs 

diagnosed at very young age were intrinsically different. 

This was confirmed by subsequent molecular studies report-

ing different genomic drivers in infantile HGGs and their 

epigenetic segregation from HGGs diagnosed in older age 

groups.7,9 These discoveries were instrumental in recatego-

rization of gliomas in the 5th edition of classification of CNS 

tumors integrating molecular characteristics of HGGs with 

histo-morphological features and evolution of IHG as a 

unique diagnostic tumor type within pHGG.1,2 Furthermore, 

molecular discoveries of RTK fusions (NTRK1/2/3, ROS1, 

ALK, MET) as oncogenic drivers provided the rationale for 

using tyrosine kinase inhibitors (TKIs) (Entrectinib, Larotrec-

tinib, Lorlatinib, Alectinib, etc.) in treatment.7 ,8,16–18

The progress in standardizing clinical management of 

patients with IHG lags behind the remarkable gains made 

in our biological understanding of the tumor. The ultra 

rarity of diagnosis, the lack of frontline clinical trials, and 

the absence of patient registries specific to IHG have pre-

vented systematic curation, review, and study of IHG in a 

large enough sample size to identify representative char-

acteristics affecting prognosis and treatment. Currently, 

treatment often follows the historical convention of max-

imal surgical resection with adjuvant chemotherapy 

despite evolving preclinical and clinical data that suggest 

patients with IHG are good candidates for molecular 

directed therapy.7,16 Several clinical studies have published 

safety and efficacy data on molecular directed treatments 

in pediatric patients with fusion positive CNS tumors 

including IHGs.18–20 Still, molecular directed therapy is 

often reserved for recurrent setting or offered as a pallia-

tive option to patients.

This metadata analysis is the first systematic effort to 

curate a large series of unpublished and published patients 

with IHG validated by established diagnostic criteria speci-

fied in the 5th edition of the WHO classification of CNS 

tumors. The primary objective of the meta-analysis is to 

identify clinically significant factors that may inform prog-

nosis and survival outcomes in patients and to further 

advance our understanding of the molecular landscape, 

clinical course, and natural history of this very rare brain 

tumor diagnosed during infancy.

Methods

Comprehensive literature search was conducted using med-

ical subject headings (MeSH) within PubMed and EMBASE 

without date restriction on June 15, 2024. For PubMed the 

MeSH search terms were “infant,” “hemispheric,” “glioma,” 

“high-grade glioma,” “case”; 180 (“Infant” AND “high-grade 

glioma”), 127 ((Infan*) AND (hemispheric) AND (glioma*)) 

and 40 (“Infant” AND “high-grade glioma” AND “case”). 

English language and studies with human subjects were set 

as limitations. For EMBASE the search term “infant-type 

hemispheric glioma” was used, and 69 results were obtained 

(Table S1).

Of the 416 identified studies, we performed a backward 

snowballing search using references from 32 studies (Table 

S2), 9/32 had at least one previously unidentified study in 

their respective reference list, 16 additional studies were 

identified from the reference lists for further screening (Table 

S3) (Figure 1).

Importance of the Study 

Infant-type hemispheric glioma are rare brain tumor of 
infancy and are oncogenically driven by RTK fusion. Despite 
a high overall survival rate with radiation sparing treatment, 
the course is fraught with morbid primary surgeries, early 
deaths from hemorrhagic complications, and progression 
of tumor during or immediately after primary treatment, 
often requiring multiple lines of therapy for the cure. This 
meta-analysis is the first systematic effort to study a large 
cohort of IHG patients to develop an understanding of the 

factors that affect the clinical outcome. We report two fac-
tors most associated with an increased risk of primary 
treatment failure; (1) no treatment except for surgery and 
(2) presence of residual tumor after definitive surgery. 
These results underscore a clinical challenge—where the 
complete resection that is critical for cure simultaneously 
poses a high risk of early death, indicating that treatment 
should focus on reducing the morbidity of definitive surgery 
of patients.
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Identification and Initial Screening

Two independent authors (L.C., A.O.V.B.) manually screened 

all 432 studies; 384 studies were excluded based on (1) 

Non-English language of publication (n = 8), (2) duplicate 

studies (n = 109), (3) studies without clinical information such 

as reviews and book chapters (n = 26), (4) studies with 

non-human subjects (n = 10), and (5) studies with non-glioma 

diagnosis, that were unlikely to be IHG (n = 231). After exclu-

sion, 48 studies were identified for case specific data 

extraction (Figure 1) (Table S4).

Data Extraction

Thirty-five studies had the desired information available in 

methods, results, and supplementary sections. The corre-

sponding authors for 14 studies were contacted to obtain 

additional details on individual patient clinical and molecu-

lar data (IPD) (Tables S4 and S5).21–23 Individual patient data 

were subjected to data checking in case incoherence with 

the original article. L.C., F.T., A.B., and A.O.V.B. participated 

in data extraction process, based on a predefined template 

of categories including details of the study (author, date of 

Figure 1. The Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow diagram summarizes the identification and 
screening process for the articles and cases included in the study (Adapted from Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffman TC, 
Mulrow CD, et al. Al and Moher D, Shamseer L, Clarke M, Ghersi D, Liberati A, Petticrew M, Shekelle P, Stewart LA, et al.). Abbreviations: Dx: 
Diagnosis; IHG: Infant-Type Hemispheric Glioma; IPD: Individual Patient Data.
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publication, study design [case report, case series, retro-

spective studies, prospective trials], number of patients, 

clinical details of the patients [primary diagnosis, treatment, 

and clinical course, follow-up duration, disease status, and 

survival status], and available molecular characteristics of 

the tumor [eg, DNA and RNA sequencing, DNA methylation 

data, fluorescence in situ hybridization, and immunohisto-

chemistry]). Eight additional studies were further excluded 

based on incomplete information. Three studies were sus-

pected to have duplicate cases based on their case descrip-

tion, genetic fusion and treatment; these three studies were 

excluded after confirmation of duplicate cases with respec-

tive corresponding authors (Table S4). Among the studies 

(n = 14) for which IPD was requested, IPD was not provided 

for two studies (n = 2) (Figure 1).

Eligibility

The data extraction collated 387 cases (11 unpublished cases 

and 376 already published cases from 35 studies) which were 

further screened using the 2021 WHO classification diagnos-

tic criteria for IHG prior to inclusion in the meta-analysis. All 

the included tumors were newly diagnosed glial tumors 

located supratentorially in the cerebral hemispheres and had 

an original histological diagnosis compatible with IHG (Fig-

ure 2 and Table S7), further, the tumors either had a distinct 

DNA methylation array profile indicative of IHG and/or an 

RTK fusion. During the molecular analysis we identified eight 

additional cases with same identifying labels in their FASTQ 

and iDAT files, these cases were also removed as duplicate 

cases from further analysis. One hundred and fifty-five (155) 

published cases and nine (9) unpublished cases met the diag-

nostic criteria of IHG. The final cohort used for this 

meta-analysis study consisted of 164 patients (Figures 1 and 

2 and Table S7). The unpublished cases were collected by 

request from co-authors who were also contacted for IPD. 

Two authors provided encrypted information on 11 potential 

cases of IHG, 2/11 cases were excluded as they did not meet 

the diagnostic criteria for IHG.

Molecular Analysis

Ninety-three (93/164) iDAT files were obtained, these 

included tumors with either a calibrated classification score 

> 0.9 on the MNP classifier (n = 81), and 12 tumors with sub-

threshold scores for IHG on MNP classifier, which were 

included for re-analysis and confirmation of DNA methyla-

tion profiles. These were either downloaded from European 

Genome Phenome archive or procured by contacting the 

corresponding authors of respective publications. Nucleic 

acid (RNA/WGS) sequencing FASTQ files or the coordinates 

of the reported fusions were available for 84/164 tumors.

For comparable t-distributed stochastic neighbor embed-

ding (t-SNE), methylation data points from publicly available 

well-characterized reference CNS tumor methylation profiles 

were obtained from published brain tumor datasets.24 

Tumors were also classified using the Molecular Neuropa-

thology (MNP) brain tumor classifier (versions 12.5 and 12.8) 

(www.molecularneuropathology.org) (Table S5). The 

Figure 2. Sankey’s Plot demonstrating the integration of original histological diagnosis and molecular features used to formulate the integrated 
diagnosis of infant-type hemispheric glioma. Abbreviations: LGG: Low-grade glioma; HGNET: High-grade Neuroepithelial Tumor; HGG: High-grade 
glioma; GS: Gliosarcoma; Glioma-NOS: Glioma—Not Otherwise Specified; GG: Ganglioglioma; GBM: Glioblastoma; EPN: Ependymoma; DIG/DIA: 
Desmoplastic Infantile Ganglioglioma/Desmoplastic Infantile Astrocytoma; DA: Diffuse astrocytoma; AA: Anaplastic Astrocytoma; IHG: Infant-Type 
Hemispheric Glioma; NC: No Methylation Class; NA: Not Available; t-SNE: t-distributed stochastic neighbor embedding.
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RNA-seq data were aligned to the human reference genome 

(build GRCh38), as previously described.25,26 Fusion detec-

tion was performed using CICERO,27 Arriba v2.1.0,28 and Star 

Fusion29 with default parameters and then manually visual-

ized and reviewed using Fusion Editor (https://proteinpaint.

stjude.org/FusionEditor/).

Statistical Analysis

Descriptive statistics were used to analyze patients’ charac-

teristics. We defined overall survival (OS) as time from date 

of diagnosis to death of any cause; for patients who were 

alive at the time of last follow-up were censored at that date. 

Event-free survival (EFS) was defined as time from diagnosis 

to the earliest of occurrence of any of the following events: 

tumor progression, tumor relapse, development of second 

malignancy, or death from any cause. Patients who had not 

experienced any of these events by the time of last follow-up 

were censored at that date. Absence of residual disease was 

defined as patients who received gross total resection (GTR) 

or a near total resection (NTR) as part of the first line treat-

ment. Presence of residual disease was defined as patients 

who received subtotal resection (STR) or biopsy (B) or no 

surgery as part of first line treatment.

The clinical and molecular data was used to conduct an 

IPD pooled analysis. EFS and OS were estimated using the 

Kaplan-Meier method. Differences between pairs of survival 

curves were assessed with the log-rank test, a non-parametric 

approach for comparing survival distributions between 

groups. Kaplan-Meier curves were generated with the sur-

vdiff() function from the R survival package.30 Univariate and 

multivariate cox-regression survival analyses were per-

formed for the following variables: age, sex, presence of or 

type of RTK fusion, extent of resection, and type of primary 

treatment. The results were given in hazard ratio (HR), 95% 

CI, and P-value and calculated via the coxph () function in 

the same package (https://www.r-project.org, RRID: 

SCR_001905). Given the retrospective study design, no sta-

tistical endpoint was set for this analysis; therefore, all 

P-values are to be considered explorative. The local signifi-

cance level was set at 0.05.

Results

Molecular Characterization and IHG Diagnosis

All 164 tumors met the diagnostic criteria of IHG as defined 

by 2021 WHO classification of CNS Tumors (Figure 2).1,2 A 

total 94/164 (57.3%) tumors had a calibrated classification 

score > 0.9 on the MNP classifier (Version 12.5 and 12.8), 

12/164 (7.3%) tumors had subthreshold scores for IHG on 

MNP classifier but clustered closely with IHG on t-SNE (Fig-

ure S1) in our re-analysis and therefore were classified as 

IHG. Fifty-eight tumors (58/164, 35.4%) did not have avail-

able methylation class but met the diagnostic criteria of IHG 

based on histology and structural rearrangements in RTKs 

(Figures 2 and 3, Table S7).

One hundred and forty-nine (149/164, 90.8%) cases had 

available data on fusion status of the tumors, ALK fusion 

was the most prevalent. One hundred and forty-two (142/149, 

95.3%) tumors harbored fusions involving RTK genes (ALK 

[67/142, 47.2%], NTRK1/2/3 [32/142, 22.5%], ROS1 [29/142, 

20.4%], MET [13/142, 9.2%], and ABL2 [1/142, 0.7%]) (Figure 

3). Seven cases (7/149, 4.7%) with available RNA seq data 

were noted to be fusion negative and were diagnosed as 

IHG based on methylation and histology. Among the 67 ALK 

fusions PPP1CB::ALK (18/67, 26.9%) was the most common 

partner, followed by CCDC88A::ALK (11/67, 16.4%), 

EML4::ALK (7/67, 10.4%), SPECC1L::ALK (4/67, 6%), (2/67, 3%) 

each for CLIP2::ALK, QKI::ALK, and SOX5::ALK (14/67, 20.9%) 

had miscellaneous fusion partners and 7/67 (10.4%) were 

reported as ALK gene re-arrangements with no identified 

fusion partners. Among the 32 NTRKs fusions ETV6::NTRK3 

was the most common fusion (15/32, 46.9%), followed by 

TPM3::NTRK1 (6/32, 18.8%), TPR::NTRK1 (2/32, 6.3%) and 

the remaining 9/32 (28.1%) had miscellaneous fusion part-

ners with NTRK1/2/3. Among the 29 ROS1 fusions GOP-

C::ROS1 was the most common fusion (9/29, 31.0%), 

followed by ZCCHC8::ROS1 (4/29, 13.8%), 8/29 (27.6%) were 

cases reported ROS1 genetic re-arrangements with no iden-

tified fusion partners, 3/29 (10.3%) fusion partners could not 

be identified, 5/29 (17.2%) had miscellaneous fusion part-

ners. Among the 13 MET fusions TRIM24::MET (4/13, 30.8%) 

and CLIP2::MET (4/13, 30.8%) were the most common 

fusions, and the remaining five tumors (5/13, 38.4%) had 

miscellaneous fusion partners (Table S7).

Clinical Characteristics

Of the 164 patients, 76/164 (46.3%) were male and 88/164 

(53.7%) were female (Table 1, Table S7). One hundred and 

forty-three (143/164, 87.2%) patients had age of diagnoses 

data available, median age of diagnosis was 3.4 months 

(range: 0-52 months) (Table 1, Table S7). All 164 (100%) 

tumors were hemispheric in location and of the 93/164 

(56.7%) patients for whom metastatic status was available 

94.6% (88/93) were non-metastatic at diagnosis (Table 1, 

Table S7). The original diagnoses were glioblastoma (GBM) 

73/164 (44.5%), HGG 40/164 (24.4%), anaplastic astrocytoma 

(AA) 11/164 (6.7%), high-grade neuroepithelial tumor 

(HGNET) 11/164 (6.7%), glioma not otherwise specified 

(Glioma-NOS) 9/164 (5.5%), desmoplastic infant glioma 

(DIG)/desmoplastic infant astrocytoma (DIA) 7/164 (4.3%), 

diffuse astrocytoma (DA) 3/164 (1.8%), IHG 4/164 (2.4%), 

ependymoma (EPN) 2/164 (1.2%), ganglioglioma (GG) 2/164 

(1.2%), low grade glioma (LGG) 1/164 (0.6%), and gliosar-

coma (GS) 1/164 (0.6%) (Figure 2, Table S7). Treatment 

details were available for 111/164 (67.7%) patients. Twenty-five 

out of 111 (25/111, 22.5%) patients were treated with only 

surgery (S) without any adjuvant treatment, these patients 

were defined as group 1 for subsequent multivariate anal-

ysis in the manuscript. Patients who were treated with sur-

gery and adjuvant treatment were defined as group 2 that 

included 67/111 (60.4%) patients treated with surgery and 

adjuvant chemotherapy (S + C), 12/111 (10.8%) with surgery 

and targeted therapy (S+TT), 2/111 (1.8%) received surgery, 

chemotherapy and radiation therapy (S + C + RT) and 1/111 

(0.9%) received surgery, RT and TT (S + RT + TT). Of the 

remaining patients, 3/111 (2.7%) received no primary 
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treatment and 1/111 (0.9%) received chemotherapy only 

(Table 1, Table S7). Details of surgical extent of resection 

were available in 100/164 (61%) patients, 49/100 (49%) had 

gross total resection (GTR), 3/100 (3%) had near total resec-

tion (NTR), 31/100 (31%) had subtotal resection (STR), 15/100 

(15%) had biopsy and 2/100 (2%) had no surgery (Table 1, 

Table S7).

Clinical Outcome

Data on survival status and significant clinical events were 

available for 110/164 (67.1%) patients; 22/110 (20%) were 

reported dead at the time of the analysis. Data on follow-up 

were available for 110 patients with a median follow-up of 

33 months (range: 0-216 months) (Table 1). The 3-year EFS 

and OS for the whole cohort was 49.5% (95% CI [40.7-60.2]) 

and 79.6% (95% CI [72.1-87.9]) respectively (Figure 4A and 

B). Cox regression analysis demonstrated no impact of 

age, gender, fusion status on EFS. Patients with residual 

disease were at higher risk of an event (HR: 2.651, 

P = 0.0015; Figure 4C). Patients who received just surgery 

(Group 1, n = 25) as treatment without adjuvant therapy 

were also noted to have a worse EFS (HR: 3.807) (Figure 

4C). Similar effects were observed in OS (Figure S3). How-

ever, due to low event-per-variable ratio (2.4) the multivar-

iate analysis for OS is potentially underpowered and 

should be interpreted with caution.

Of the 25 patients in Group 1, 7/25 (28%) did not receive 

adjuvant cancer directed treatment most likely due to critical 

clinical state and/or early death; 1/7 (14.3%) reported 

intra-ventricular hemorrhage, hydrocephalous and middle 

cerebral artery infarcts, 5/7 (71.4%) reported critical clinical 

condition followed by early death post-surgery and 1/7 

(14.3%) reported increased intracranial pressure.

Twelve patients (12/25, 48%) in group 1 reported no pro-

gression, of them 5/12 (41.7%) were reported to have died 

early during the disease course due to post-operative or 

tumor associated complications and 1/12 (8.3%) died at 3.8 

months due to severe neurological complications. Only 6/12 

(50%) patients are reported alive with no progressive dis-

ease in Group 1; 5/6 (83.3%) had documented GTR post 

primary surgery and 1/6 (16.7%) had no information on 

extent of resection available.

Patients with no residual tumor were noted to have sig-

nificantly better EFS and OS (P = 0.0058 and 0.00032, respec-

tively) (Figure 4D and E). Patients who received adjuvant 

treatment after surgery (chemotherapy [S + C] or targeted 

Figure 3. Oncoplot depicting methylation class, t-SNE class assignment, structural variants, cytogenetics, single nucleotide variants, histology, 
metastatic state, tumor location, age at diagnosis and gender of 164 patients with IHG.

D
ow

nloaded from
 https://academ

ic.oup.com
/neuro-oncology/advance-article/doi/10.1093/neuonc/noaf264/8317257 by D

FKZ Zentralbibliothek user on 05 M
arch 2026



7Chavaz et al.: Meta-analysis—Infant-type hemispheric gliomas
N

e
u

ro
-O

n
c
o

lo
g

y

therapy [S + TT]) had better EFS and OS (P = 0.026 and 

0.00009, respectively) (Figures S4E and F and S5, Table S8). 

Sex and fusion status did not show any significant impact 

on EFS and OS (Figure S4A-D, Table S8). Comparison of 

EFS and OS in patients receiving chemotherapy (S + C) vs 

targeted therapy (S + TT) as primary treatment did not show 

significant differences (Figures S4G-L and S5). Overall sur-

vival of patients who received TT during their treatment 

course (as a primary treatment and/or post relapse treat-

ment) was not significantly different from those that never 

received TT (Figure S4O). However, due to variability of 

treatment type (Entrectinib and Larotrectinib for NTRK and 

ROS1 fusion Lorlatinib, Crizotinib and Alectinib for ALK 

fusion) and considering the era when the patients were 

treated (before or after clinical availability of targeted treat-

ment), these results are more than likely to be underpow-

ered to detect an actual effect of TT on clinical outcome and 

therefore, should be interpretated with caution.

Causes of death

There were 22 reported deaths in our cohort of 164 (22/164, 

13.4%) patients with IHG. Forty-one percent (9/22, 41%) of 

these deaths occurred within a month of diagnosis and met 

the criteria for early death in oncology.31,32 Majority of the 

early deaths (5/9, 55.5%) were from intracranial hemorrhage 

(4/5 [80%] developed hemorrhagic complications during, or 

post-surgery and 1/5 [20%] died of spontaneous pre-surgical 

hemorrhage). Other causes of early death included progres-

sive tumor (1/9, 11.1%), increased intracranial pressure (1/9, 

11.1%) and death short time after surgery with no docu-

mented cause (2/9, 22.2%) (Figure 5A and B and Table S9).

The causes of death for all 22 patients are summarized in 

Table S9; these include progressive tumor (8/22, 36.4%), 

intracranial hemorrhage (5/22, 22.7%), cause for death not 

available (3/22, 13.6%) increased intra cranial pressure (ICP) 

(2/22, 9.1%), infectious complications (2/22, 9.1%), neuro-

logical deterioration (1/22, 4.5%) and secondary malignancy 

(1/22, 4.5%) (Table S9).

Tumor progression and salvage therapy

There were 43 patients with documented progression/

relapse; median time to progression was 18 months. Post 

progression treatment details were available for 38 patients, 

16/38 (42.1%) were treated with TT with or without surgery, 

4/38 (10.5%) received surgery followed by chemotherapy, 

7/38 (18.4%) and 3/38 (7.9%) got surgery or chemotherapy 

only, 2/38 (5.3%) got radiotherapy and 6/38 (15.8%) received 

no treatment post progression. There were eight second 

progressions reported, RT was used for salvage in 3/8 

(37.5%) cases, TT was used for 4/8 (50.0%) cases and remain-

ing two were treated with chemotherapy (Table S10). For 

four patients a third progression was reported and were 

treated with surgery and chemotherapy (1/4, 25.0%) and TT 

(3/4, 75.0%) (Table S10).

Discussion

We report on a meta-analysis of 164 patients with IHG. We 

categorized and harmonized pertinent clinical and molecular 

data from 155 published and nine unpublished patients with 

IHG for age of diagnosis, metastatic state, extent of surgical 

resection, type of post-surgical adjuvant treatment, rate of 

progression/relapse, post progression treatment, survival 

status, events during the treatment and post treatment 

course, prevalence and type of RTK fusion, and pre-treatment 

primary histological diagnosis. To improve the quality and 

validation of published/unpublished raw data, individual 

patient level clinical and molecular data were obtained by 

directly communicating with the corresponding authors 

(published) and treating oncologists (unpublished) for most 

of the patients (n = 129/164) (Table S5). The diagnostic criteria 

for inclusion in the meta-analysis was adapted from the 5th 

edition of WHO classification of CNS tumors.1,2 One hundred 

and six tumors were confirmed to have methylation class 

of IHG. We found only 5% IHG tumors without any fusion in 

this cohort, which is much lower than the range of 20%-30% 

Table 1. Clinical characteristics and treatment data

Characteristics n = 164

Gender (n = 164)

Female 88 (53.6%)

Male 76 (46.3%)

Tumor location (n = 164)

Hemispheric 164 (100%)

Age at diagnosis (months)

<12 120 (83.9%)

12 to <24 11 (7.7%)

24 to <36 5 (3.5%)

≥36 7 (4.9%)

NA 21

Median follow up (months) 33 (Range: 0-216)

NA 25

Metastatic status

No 88 (94.6%)

Yes 5 (5.4%)*

NA 71

Extent of resection

GTR/NTR (No Residual Disease) 52 (52%)

STR/Biopsy/No surgery (Residual 

Disease)

48 (48%)

NA 64

Primary treatment (n = 111)

Surgery + Chemotherapy 67 (60.4%)

Surgery only 25 (22.5%)

Surgery + Targeted therapy 12 (10.8%)

No treatment 3 (2.7%)

Surgery + Chemotherapy + Radiation 2 (1.8%)

Surgery + Targeted therapy +Radiation 1 (0.9%)

Chemotherapy only 1 (0.9%)

NA 53

Abbreviations: GTR: Gross Total Resection; NA: Data not available; 
NTR: Near Total Resection; STR: Subtotal Resection.
*Metastatic at diagnosis.
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fusion negative IHGs in previously published studies. We 

attribute this discrepancy to higher reporting bias for RTK 

fusion positive tumors especially in case reports.7–9 ALK 

(67%) was most common gene with fusion followed by 

NTRK1/2/3, ROS1 and MET. As previously reported, the IHG 

harbored stable genome with rare copy number variations 

(CNVs) and single nucleotide variants (SNVs), other than the 

unique RTK fusion.7–9

Similar to the previously published report by Chiang et 

al. on 22 patients with IHG, a large gap was noted between 

EFS (53.1%) and OS (90.9%).9 There were 43/110 documented 

tumor progression/relapse, 8/43 of whom were recorded as 

deceased, foretelling that tumor progression/relapse doesn’t 

necessarily determine the curability of IHG as most relapsed 

cases can be salvaged with subsequent therapies. A high 

rate of relapse despite a ∼80% OS suggests that optimum 

primary treatment for IHG has yet to be defined.

Predictably, patients received a broad range of 

post-surgical adjuvant treatment. Multiagent chemotherapy 

was most frequently used (60.4%), followed by TT (10.8%). 

A comparison of efficacy of different regimens was not fea-

sible due to the multitudes of chemotherapy combinations 

and TT used. Nonetheless patients treated with adjuvant 

treatment (chemotherapy [S + C] or TT [S + TT]) had 

significantly (P = 0.026) better outcomes compared with 

those who received no adjuvant treatment post-surgery [S]. 

There are two possible explanations for this observation. 

One that patients need treatment after definitive surgery for 

cure in IHG; or two that patients who get critically sick 

post-surgery are too unstable to tolerate cancer directed 

treatment and succumb to hemorrhagic complications.

Presence of residual tumor was associated with higher 

risk of event or death than patients with no residual dis-

ease in our multivariate analysis. Other clinical and molec-

ular factors like age at diagnosis, type of RTK fusion, or 

sex did not appear to affect EFS or OS. There were only 

five metastatic tumors in our cohort and only three patients 

with reported RT use during primary treatment, therefore, 

it was not feasible to predict the effect of metastatic dis-

ease and RT treatment on clinical outcome of newly diag-

nosed IHG.

Tumor relapse/progression was primarily noted early and 

occurred within the first two years after diagnosis. Thirty-nine 

patients had progression within 12-24 months and only one 

patient had documented late relapse (48 months), further 

alluding to the lack of knowledge about optimal upfront 

therapy for initial disease control in IHG (Table S7). A wide 

variety of treatment modalities were used post progression 

Figure 4. Exploring the Risk Factors in IHG. (A) Kaplan Meier EFS plot for the 109 IHG patients. (B) Kaplan Meier OS plot for 110 IHG patients. (C) 
Univariate and Multivariate Analysis of Prognostic Features. Group1: surgery only (S) (n = 23); Group 2 (n = 73) surgery + adjuvant therapy (Including  
S+C, S+TT, S+C+RT and S+TT+RT as primary treatment). HR: Hazard ratio, 95%CI : 95% confidence interval. (D) Kaplan Meier EFS plot based on 
presence or absence of residual disease. (E) Kaplan Meier OS plot based on presence or absence of residual disease.
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for salvage including surgery, chemotherapy and RT, 

although, TT with or without surgery was the most common 

choice of treatment after relapse.

Previously published case reports33–35 have alluded to the 

critical and potentially lethal clinical presentation of IHG during 

the neonatal period and in early infancy. Our study reported a 

41% (9/22) early death rate (within 30 days of cancer diagno-

sis)31,32 among those patients who died (n = 22). This represents 

a much higher percentage than the 8%-9% of early deaths 

reported in other pediatric oncologic diagnosis. Notable causes 

reported in 5 of the 9 early deaths included increased intracra-

nial pressure and spontaneous intratumoral/intra-cranial 

Figure 5. Cause and time of death in patients with IHG. (A) Swimlane plot demonstrating the 22 patients with recorded deaths within the cohort. 
(B) Case illustration (SJBT035694)—3-week-old with IHG died on post op day 10 due to spontaneous hemorrhage (yellow arrow—2) adjacent to 
the biopsy site (Yellow arrow—1). Abbreviations: ICP: intracranial pressure; HC: head circumference; ICU: intensive care unit.
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hemorrhage. Though, pre-surgical spontaneous hemorrhage 

was reported, most hemorrhages were related to neurosur-

gery. Analogously, high surgical morbidity in patients with IHG 

was previously reported by Chiang et al.9 where in a series of 

30 craniotomies performed in 16 patients with IHG, 30% were 

complicated by high volume blood loss requiring initiation of 

a massive transfusion protocol and 13% had to be temporarily 

paused for patient stabilization.

Neurosurgical decisions at the time of presentation are 

often challenging not only due to the large size and hemor-

rhagic nature of IHG, but also because of very young age 

and very low body weight (< 10 kg, estimated blood volume 

of 70-80 ml/kg) of these patients. Furthermore, IHGs are soft 

friable tumors making even an attempt partial resection 

prone to intra-operative or postoperative bleeding that can 

lead to hypovolemic shock and coagulopathy. In such sce-

narios, the most effective means to cease bleeding is often 

a full resection of the tumor which is impossible to do with-

out causing egregious harm. Therefore, unless there is a 

compelling need to attempt resection or debulking, a limited 

biopsy for accurate tissue diagnosis is often the safest 

option, with a preference toward open biopsy that may pro-

vide a better means to control any bleeding rather than a 

needle biopsy. Following, diagnostic biopsy, medical cytore-

duction (chemotherapy or targeted therapy) of tumor may 

be considered over the course of several weeks to months- 

during which time the tumor volume decreases, and the 

infant grows, gaining the necessary weight and vitality that 

can support a subsequent surgery to attain GTR/NTR. 

Pre-surgical neoadjuvant chemotherapy has been used in 

limited number of cases of congenital glioblastoma with 

successful cytoreduction prior to primary surgery to attain 

GTR,36 yet it not used as a standard practice for IHG man-

agement. In recent years, case reports have shown that TKIs 

can also cause significant cytoreduction in IHG cases over 

the course of 2-6 months.17

Oncogenically driven by unique RTK fusion in an other-

wise silent genome makes IHGs excellent candidates for 

targeted therapies with TKIs. Preclinical experiments on ani-

mal models of IHGs have shown excellent short-term effi-

cacy and improved survival with TKI treatment,7,8,16 and 

early-phase tissue agonistic clinical trials have reported 

promising activity of TKIs in refractory pediatric CNS tumors 

with RTK fusions.18,37,38 Our study noted 20% TKI use as pri-

mary therapy in patients diagnosed within the last five 

years. In the recurrent setting, TKI was noted to be the pre-

ferred choice of treatment, with 42% of the second line treat-

ment using targeted agents. Overall, we found a total of 26 

patients who received TKI during their treatment course 

(primary or relapse). Most of these patients (23/26) had short 

follow up period (∼24 months) leaving critical questions, 

like long-term efficacy, optimal length of therapy with TKI, 

and long-term side-effects unanswered.

The authors acknowledge the selection and reporting 

biases associated with meta-analyses. Particularly here there 

was likely a reporting bias toward fusion positive IHG cases 

that have successfully responded to molecular directed treat-

ments when compared to cases that did not respond well to 

molecular directed treatments or cases which were fusion 

negative and treated on standard chemotherapy. However, in 

the absence of disease specific clinical trials and patient reg-

istries, our manuscript is unique in providing cohesive 

clinically relevant information of an extremely rare tumor in 

statistically meaningful numbers. The authors also acknowl-

edge that IPD pooled analysis39 doesn’t take into account the 

heterogeneity of treatment used in individual studies. Further-

more, data on molecular characteristics, staging, treatment 

and long-term follow up were missing in several cases and 

the year in which patient was diagnosed also played a role in 

treatment selection, since patients treated earlier did not have 

TKIs available as choice. For the current meta-analysis 142/164 

patients were collated from case reports (n = 22), case series 

(n = 6), retrospective studies (n = 6), and clinical trial (n = 1) and 

were treated with variety of treatment regimens (Tables S4 

and S5). The clinical trial represents 22/164 of the included 

patients in our study, all of them were treated on institutional 

protocol at St. Jude Children’s Research Hospital, Memphis, 

TN (Table S4), the EFS and OS for these 22 IHG patients have 

been previously reported by Chiang et al. in 2024 and shows 

a ∼37% difference between EFS and OS,9 which aligns with 

the gap in EFS and OS observed in our current analysis ∼30% 

(Figure 4A and B). We conducted a sensitivity analysis strati-

fying the clinical data from different sources (case series and 

reports, clinical trial, large retrospective cohorts) (Figure S6A 

and B), this analysis did not show significant differences in 

EFS and OS based on the source of the data.

Although, the results should be interpreted with extreme 

caution for direct clinical care, these results provide ratio-

nale and raise critical unanswered questions for future clin-

ical trials. In summary, our meta-analysis observed: (1) high 

survival rates in IHGs, despite inconsistent primary treat-

ment approaches and high rate of early progression/relapse; 

(2) a high incidence of early death in infants with IHG from 

intra-cranial hemorrhage and its associate complications; 

(3) an increasing trend of using TKIs both as first line and 

second line treatment.

Another, major drawback of the study is that it lacks data 

on long-term quality of life outcomes and functional out-

come of the patients. Given the high-risk surgeries and use 

of multiple lines of treatments, it is expected that this pop-

ulation pays a heavy price for the high cure-rate, however 

the data on long-term survivorship remains limited on this 

population.40 Future, prospective trials should incorporate 

specific objectives studying the long-term quality of life and 

common morbidities in this patient population for a better 

understanding of the price of high cure rate.

In conclusion, our study underscores the importance of 

standardizing upfront treatment for this vulnerable popula-

tion, providing evidence-based indication for surgery, 

neo-adjuvant treatment, adjuvant treatment, and use of 

molecularly targeted treatment in combination with or with-

out chemotherapy. This can only be attained by well-designed 

stringently monitored frontline collaborative clinical trials 

tailored to this rare population. Such trials should focus 

objectives on long-term quality of life parameters along with 

primary treatment objectives. The current active clinical tri-

als enrolling IHG patients are either tissue agnostic 

(NCT04589845) or inhibitor specific (NCT04774718 and 

NCT06528691) trials. Additionally, two clinical studies 

(NCT06333899 and NCT04655404) are testing combinations 

of targeted treatment with chemotherapy, but these trials 

are not focused specifically on IHG or infant HGG and there-

fore will have limited potential to standardize diagnosis 

specific treatment.
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Currently, the only means of systematically collect IHG 

cases is through existing large-scale registries, or platforms, 

that include a variety of cancers and other genetic and 

non-genetic disorders contributing to childhood cancers. 

While these registries are helpful to understand the preva-

lence, treatment, and outcome of various different tumor 

types, the data recording systems and protocols of such 

platforms are generalized and often focused on the most 

prevalent tumor type. Therefore, these registries can miss 

critical details that pertain to ultra rare disease-types like IHG. 

By contrast a disease specific registry can capture aspects 

unique to a given tumor in greater depth. For example, in 

IHG a detailed prenatal history including prenatal ultrasound 

reports, perinatal history, neonatal history may be important 

in determining the clinical course of the patients. Therefore, 

an IHG specific registry that can work in collaboration with 

larger registries like KidsFirst and CCDI, could facilitate meth-

odological curation of IHG pertinent data, thus providing a 

better clinical understanding of this tumor.
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