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Abstract
Background. A comprehensive review and description of the clinical features that impact prognosis for patients 
with diffuse hemispheric glioma, H3 G34-mutant (G34-DHG) is needed. Understanding survival and prognostic 
features is paramount for clinical advancements and patient care.
Methods. PubMed, Embase, and Google Scholar were searched for English articles published between January 
1, 2012 and June 30, 2021. Eligible studies included patient(s) of any age diagnosed with an H3 G34-mutant brain 
tumor with at least one measure of survival or progression. Patient-level data were pooled for analyses. This 
study was prospectively registered in PROSPERO (CRD42021267764) and Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses guidelines were followed.
Results. Twenty-seven studies met the criteria with a total of 135 patients included. Median age at diagnosis was 
15.8 years (interquartile range [IQR]: 13.3–22.0) with 90% having localized disease. Co-occurring alterations in-
cluded ATRX mutation in 93%, TP53 mutation in 88%, and MGMT promoter methylation in 70%. Median time-to-
progression was 10.0 months (IQR: 6.0–18.0) and median overall survival was 17.3 months (95% CI: 15.0 to 22.9). 
The median time from progression to death was 5.0 months (IQR: 3.0–11.7). Factors associated with survival dura-
tion were age, as patients ≥18 y/o demonstrated longer survival (hazard ratio [HR] =2.05, 95% CI: 1.16 to 3.62), and 
degree of upfront resection, as near or gross-total resection demonstrated longer survival compared to those with 
less than near-total resection (HR = 3.75, 95% CI: 2.11 to 6.62).
Conclusion. This systematic review highlights available clinical data for G34-DHG demonstrating poor outcomes 
and important prognostic features, while serving as a baseline for future research and clinical trials.

Key Points

• Median overall survival (OS) for patients with G34-DHG was found to be 17.3 months.

• Time to progression was 10.0 months and time to death after progression was 
5.0 months.

• Improvements in OS were associated with greater resection and older age.

Systematic review of diffuse hemispheric glioma, H3 
G34-mutant: Outcomes and associated clinical factors
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Diffuse hemispheric glioma, H3 G34-mutant (G34-
DHG) was first described in 2012 when two studies 
reported the first findings of histone mutations in pe-
diatric brain tumors which included point mutations 
in the H3F3A gene, encoding for the histone variant 
H3.3.1,2 The H3.3 amino acid substitution at codon 34 
from either glycine-to-arginine (G34R) or, more rarely, 
glycine-to-valine (G34V) ultimately gives rise to this 
new tumor entity.1 Prior to the 2021 World Health 
Organization classification, G34-DHGs were categor-
ized based upon their histomorphology. These tumors 
are reported to occur in less than 1% of all gliomas, 
but in up to 15% of high-grade gliomas (HGGs) in ado-
lescents and young adults.3 They are generally ac-
companied by poor prognosis, and  are histologically 
HGGs, tumors of embryonal histology, or a mixture of 
both.3 Though relatively few studies have published 
clinical outcome data regarding G34-DHG, these tu-
mors appear to display consistent co-alterations in-
cluding in ATRX, TP53, and PDGFRA genes, as well 
as frequent methylation of the MGMT promoter.4,5 
Although patients diagnosed with G34-DHG have 
poor outcomes, generally, they demonstrate a longer 
overall survival (OS) than HGGs harboring H3  p.K27 
mutations or H3/IDH-wildtype HGGs.6

G34-DHGs have been histologically and molecularly 
studied; however a comprehensive description of clin-
ical features and factors which impact prognosis has not 
been widely studied.5,7 The literature lacks robust essen-
tial information on outcomes measures and common 
clinical variables for patients with G34-DHG. Of the few 
studies which have been concerned with the clinical 
presentations of G34-DHG, many are limited by small 
sample sizes while other studies seldom apply a clinical 
lens.5,8,9 We aim to describe the median OS for patients 
with G34-DHG. Secondary aims include exploration of 
the median time to progression (TTP), clinical and treat-
ment factors associated with G34-DHG, and clinical fea-
tures which might influence OS. This systematic review 
will provide clinicians and researchers with a compre-
hensive summary of the current literature regarding the 
common clinical features and outcome characteristics 
of G34-DHG allowing for an improved understanding of 
this disease.

Methods

Selection Criteria and Search Strategy

The protocol for this systematic review was prospectively 
registered with PROSPERO (CRD42021267764)10 and re-
porting followed PRISMA guidelines.11

This review includes published primary neuro-oncology 
studies, where patients with diagnosed H3 G34-mutant 
tumors are identified. Data concerning the patients with 
the disease of interest were searched for in all types of 
study designs including randomized control trials to meta-
analyses, systematic reviews, retrospective studies, case 
series, and case reports. Due to the rarity of this tumor type 
and the low number of available recorded patient informa-
tion, all types of studies were included to gather sufficient 
and representative data.

Included in this review are patients of all ages who 
have been diagnosed with a brain tumor that harbors an 
H3 G34 mutation and report at least one of the following 
outcome measures: (1) OS duration, (2) TTP, or (3) follow 
up duration with known vital status. Reviews of primary 
studies and non-English written publications were ex-
cluded. Duplications of patient data across different pub-
lished articles were identified by a patient’s assigned ID in 
their respective publications. Duplications were then re-
moved, ensuring only unique patient data were included 
in our review.

Electronic searches were conducted using PubMed, 
Embase, and Google Scholar for articles published be-
tween January 1, 2012 and June 30, 2021. January 1, 2012 
was chosen as this represents the date the H3 G34 muta-
tion was first described.1,2 This search was conducted using 
a search strategy, developed with the guidance of a knowl-
edgeable librarian (see Supplementary Data). Covidence, 
a systematic review production tool, was used for the 
discarding of duplicate articles, title and abstract screening, 
and full-text screening.12 The titles and abstracts of all arti-
cles identified by the search were independently screened 
against the eligibility criteria by two reviewers (C.C.  and 
C.E.). In cases of disagreements, inclusion was resolved 
at a meeting between the two authors through consensus. 
The authors then independently screened full-text copies 

Importance of the Study

Though H3 G34-mutant brain tumors (G34-
DHG) have been histologically and molecularly 
studied, further description of the clinical fea-
tures and factors that may impact prognosis 
is needed. Understanding survival data and 
prognostic features is paramount for clinical 
advancements and informing patient care. This 
systematic review highlights the poor prog-
nosis of patients with G34-DHG, common clin-
ical and treatment characteristics, and features 
associated with survival, while also providing 

a baseline for future outcome measures and 
clinical trials. Improved survival duration was 
associated with both increasing ages at diag-
nosis and the extent of up-front surgical resec-
tion. This study highlights the extensive gaps 
in available clinical data to appropriately eval-
uate this specific tumor and the need for large-
scale collaborative research. Further clinical 
research is urgently needed for G34-DHG to 
begin improving outcomes and define relevant 
biomarkers that stratify clinical behavior.
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Methods

Selection Criteria and Search Strategy

The protocol for this systematic review was prospectively 
registered with PROSPERO (CRD42021267764)10 and re-
porting followed PRISMA guidelines.11

This review includes published primary neuro-oncology 
studies, where patients with diagnosed H3 G34-mutant 
tumors are identified. Data concerning the patients with 
the disease of interest were searched for in all types of 
study designs including randomized control trials to meta-
analyses, systematic reviews, retrospective studies, case 
series, and case reports. Due to the rarity of this tumor type 
and the low number of available recorded patient informa-
tion, all types of studies were included to gather sufficient 
and representative data.

Included in this review are patients of all ages who 
have been diagnosed with a brain tumor that harbors an 
H3 G34 mutation and report at least one of the following 
outcome measures: (1) OS duration, (2) TTP, or (3) follow 
up duration with known vital status. Reviews of primary 
studies and non-English written publications were ex-
cluded. Duplications of patient data across different pub-
lished articles were identified by a patient’s assigned ID in 
their respective publications. Duplications were then re-
moved, ensuring only unique patient data were included 
in our review.

Electronic searches were conducted using PubMed, 
Embase, and Google Scholar for articles published be-
tween January 1, 2012 and June 30, 2021. January 1, 2012 
was chosen as this represents the date the H3 G34 muta-
tion was first described.1,2 This search was conducted using 
a search strategy, developed with the guidance of a knowl-
edgeable librarian (see Supplementary Data). Covidence, 
a systematic review production tool, was used for the 
discarding of duplicate articles, title and abstract screening, 
and full-text screening.12 The titles and abstracts of all arti-
cles identified by the search were independently screened 
against the eligibility criteria by two reviewers (C.C.  and 
C.E.). In cases of disagreements, inclusion was resolved 
at a meeting between the two authors through consensus. 
The authors then independently screened full-text copies 

of the selected articles to determine final inclusion in the 
review. This initial screening was then followed by manual 
reference scanning and snowballing of all initially included 
studies to capture as many relevant studies as possible.

Bias and Quality Assessment

Given the rarity of G34-DHG, studies that met inclusion cri-
teria were not excluded due to quality, unless striking is-
sues were noted by the reviewing authors. Eligible studies 
were still assessed for quality through critical appraisal 
by two reviewers (C.C.  and C.E.) to ensure transparency 
of the review. Studies were assessed using their respec-
tive Johanna Briggs Institute critical appraisal checklists.13 
Articles regarding molecular meta-analyses and cohort 
descriptions from randomized trials, which were separate 
from the original trial study, were appraised as case series. 
Decisions for ranking studies as low, moderate, and high 
quality were made a priori based on set scoring criteria. 
Each of the reviewers assessed the quality of each study in-
dependently and those with conflicting assessments were 
resolved via meeting between the two reviewers.

Data Extraction and Compilation

A standard data collection form (see Supplementary Data) 
was used to extract data from all included articles and data 
collection was performed by one reviewer (C.C.). Data 
were extracted from all available resources included in 
the selected articles, such as written text, graphs, tables, 
figures, and supplemental files. Patients within included 
studies were not included if at least one of the previously 
mentioned outcome data was unavailable, including 
OS duration, TTP, or follow-up duration with known vital 
status. Demographic variables included age and sex, while 
clinical variables included initial tumor histology, tumor 
mutation status, radiographic characteristics, disease ex-
tent and location, treatment strategies, relapse occurrence, 
and survival details. Initial tumor histology was classified 
as either HGG, primitive neuro-ectodermal tumor (PNET), 
or low-grade glioma (LGG). Tumor location was described 
as the brain lobe affected or if multiple lobes/structures 
were affected. Disease extent was categorized as either lo-
calized or metastatic at presentation. Tumor hemisphere 
was described as either the left or right side of the brain, 
bihemispheric, or midline. From each eligible publication, 
the individual participant-level data, as well as any poten-
tial aggregate data needed to analyze the median TTP or 
OS was extracted. Common co-alterations were selected 
based on availability and recognition in the literature in-
cluding ATRX, TP53, PDGFRA, and MGMT promoter meth-
ylation.1,7,14 When immunohistochemistry was used, cut-off 
percentages for ATRX and TP53 mutation status were set 
at 10% nuclear staining.15

Data Analysis and Statistics

Descriptive statistics were reported using medians and 
percentages. Individual patient data were collected, then 
pooled to generate a Kaplan-Meier plot and survival 

estimates were obtained. The association between clinical 
factors and TTP was not performed as insufficient reporting 
occurred for the time variable to progression. A univariate 
marginal Cox model was used to estimate the association 
of regression parameters with OS.16 Cluster random ef-
fects methods were used to help account for heterogeneity 
between studies in the marginal cox model. Variables were 
included based upon clinical relevance and if less than 20% 
of the data was missing. A  robust sandwich covariance 
matrix is used to account for intracluster dependence of 
patients from the same clinical study. Demographic vari-
ables of interest included age (<18 vs ≥ 18 years-old), sex 
(male vs female), tumor histology (HGG vs PNET vs other), 
tumor mutational subtypes (G34R vs G34V), and extent 
of up-front tumor resection prior to relapse (Gross Total 
Resection [GTR]/Near Total Resection [NTR] vs < NTR) were 
investigated for their impact on the OS of patients with 
G34-DHG. A P-value of < .05 was used to indicate statistical 
significance. SAS STAT 14.3 software, version 9.4 was used 
for all statistical analyses.

Results

Literature Search

The PRISMA flow chart for our study inclusion is shown in 
Figure 1. The search identified a total of 392 studies. Twenty-
seven studies met inclusion criteria and were included in 
our review. Reasons for article exclusion can be found in 
Figure 1. Included studies are detailed in Supplementary 
Appendix B including the consensus quality appraisal 
results.

Demographic, Clinical, and Radiologic Features

From the eligible studies, a total of 135 patients diagnosed 
with H3 G34-mutant brain tumors were identified, and 
their data included for analysis (Table 1). Pooled patient 
data demonstrates a median age at diagnosis of 15.8 years 
(interquartile range [IQR]: 13–22). Data regarding sex was 
available in 126 patients, where 59% were male and 41% 
were female (1.46:1 ratio). Of the 61 patients with data re-
garding the extent of disease at diagnosis, 55 patients 
(90%) presented with localized disease, while 6 patients 
(10%) presented with metastatic disease at diagnosis in-
cluding 2 with leptomeningeal disease and 4 not specified. 
As noted in Table 1, 125 patients had available tumor loca-
tion data, 36 patients (29%) presented with disease in mul-
tiple lobes/structures of the brain.

When disease presented in only a single lobe, the most 
common lobe impacted was the frontal lobe in 20 pa-
tients (17%). With respect to further radiologic features, 
20 patients (49%) demonstrated significant contrast en-
hancement and 20 (95%) demonstrated diffusion restric-
tion. Histologically, 122 patients (91%) were initially given 
a diagnosis of HGG such as glioblastoma or anaplastic 
astrocytoma, with 10 (7%) PNET, and 3 (2%) having LGGs. 
Of the 126 patients with data available for their H3G34 mu-
tation subtype, 118 (94%) had p.G34R and the remaining 
8 (6%) had p.G34V. The remaining 9 patients had their 
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G34-DHG diagnosed by methylation profiling with the spe-
cific G34 mutation not specified. Of the most commonly 
described co-mutations 95% (52/55) harbored ATRX muta-
tions, and 86% (55/63) harbored TP53 mutations. In addi-
tion, PDGFA point mutations were assessed in 24 patients 
with 11 having a mutation (45%) and 70 patients were as-
sessed for PDGFRA amplifications with 9 being amplified 
(13%). In our cohort, PDGFRA amplifications and muta-
tions were mutually exclusive. MGMT promoter methyla-
tion occurred in 70% (51/73).

Treatment and Survival Characteristics

As demonstrated in Table 2, 89 patients had data con-
cerning the degree of up-front surgical resection, where 40 
patients (45%) had GTR/NTR, 49 (55%) underwent less than 
NTR. Seventy-one patients had up-front radiation therapy 
details available with 69 (97%) of these patients receiving 
initial radiation therapy. Only 26 patients had detailed the 
radiation therapy type, with 14 (54%) having focal radi-
ation, 10 (38%) underwent craniospinal radiation, and 2 
(8%) not receiving initial radiation. Of the 72 patients that 
had chemotherapy data available, 69 (96%) patients un-
derwent initial chemotherapy treatment, while 3 (4%) did 
not. For the 31 patients with detailed chemotherapy agents  
used, 20 (64%) received Temozolomide-based therapy.

At time of study publications, 93 patients had data re-
ported on disease progression where 83 (89%) experi-
enced progression and 10 (11%) did not. Relapse occurred 
locally in 13 patients (69%), while 5 (26%) experienced both 

local and distant relapse and 1 (5%) experiencing only dis-
tant relapse. Fifty-one patients who experienced disease 
progression offered data regarding TTP with a median 
of 10.0  months (IQR: 6.0–18.0). Of the 131 patients with 
known survival status in accordance with their last fol-
low-up, 93 patients (71%) had died due to disease, while 38 
(29%) were alive at last follow up without known disease 
status. Of the patients who were alive at last follow up, 37 
had data pertaining to the time from diagnosis to follow 
up, with a median of 22.0 months (IQR: 14–31). For those 
with both progression and survival data (n = 42), the me-
dian time from progression to death was 5.0 months (IQR: 
3.0–11.7).

Survival and Associated Variables

The 1-, 2-, and 3-year survival estimates were found to be 
70.4 (95% CI: 62.1 to 78.0)%, 39.1 (95% CI: 30.4 to 48.3)%, 
and 20.8 (95% CI: 12.9 to 30.0)%, respectively. Five-year 
survival estimates were not reported as less than 5% of pa-
tients had follow-ups longer than 5 years.17 As shown in 
Figure 2A, Kaplan-Meier survival plots were generated to 
obtain survival estimates where the median survival time 
for patients diagnosed with H3 G34-mutant tumors was 
17.3 months (95% CI: 15.0 to 22.9). Kaplan-Meier plots using 
log-rank tests are also shown for age, sex, initial tumor 
histology, tumor mutation subtypes, degree of up-front 
surgical resection, and presence of MGMT methylation 
(Figure 2B–G). Results generated from the univariable Cox 
model with random cluster effects in Table 3 demonstrate 
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local and distant relapse and 1 (5%) experiencing only dis-
tant relapse. Fifty-one patients who experienced disease 
progression offered data regarding TTP with a median 
of 10.0  months (IQR: 6.0–18.0). Of the 131 patients with 
known survival status in accordance with their last fol-
low-up, 93 patients (71%) had died due to disease, while 38 
(29%) were alive at last follow up without known disease 
status. Of the patients who were alive at last follow up, 37 
had data pertaining to the time from diagnosis to follow 
up, with a median of 22.0 months (IQR: 14–31). For those 
with both progression and survival data (n = 42), the me-
dian time from progression to death was 5.0 months (IQR: 
3.0–11.7).

Survival and Associated Variables

The 1-, 2-, and 3-year survival estimates were found to be 
70.4 (95% CI: 62.1 to 78.0)%, 39.1 (95% CI: 30.4 to 48.3)%, 
and 20.8 (95% CI: 12.9 to 30.0)%, respectively. Five-year 
survival estimates were not reported as less than 5% of pa-
tients had follow-ups longer than 5 years.17 As shown in 
Figure 2A, Kaplan-Meier survival plots were generated to 
obtain survival estimates where the median survival time 
for patients diagnosed with H3 G34-mutant tumors was 
17.3 months (95% CI: 15.0 to 22.9). Kaplan-Meier plots using 
log-rank tests are also shown for age, sex, initial tumor 
histology, tumor mutation subtypes, degree of up-front 
surgical resection, and presence of MGMT methylation 
(Figure 2B–G). Results generated from the univariable Cox 
model with random cluster effects in Table 3 demonstrate 
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survival is worse with age <18 years old (hazard ratio 
[HR] = 2.05, 95% CI: 1.16 to 3.62), and degree of up-front 
surgical resection <NTR (HR = 3.75, 95% CI: 2.11 to 6.62). 
Patient sex, tumor histology, and histone point mutation 
type  were not associated with survival. Assessment for 
age, <18 vs ≥18 years of age, showed a cluster random ef-
fect P-value of .0315, demonstrating significant variability 
across studies for this variable. Remaining variables had 
non-significant P-values, demonstrating no statistically 
significant evidence of heterogeneity across studies.

Discussion

There is currently no standard of care for patients with 
G34-DHG and our understanding of outcome measures 
and influencing variables is limited. This systematic re-
view represents a comprehensive assessment of outcome 
measures, clinical factors, and their influence on survival 
for 135 patients affected by G34-DHG available in the liter-
ature. Our data illustrates the heterogeneity in treatment 
approaches and the poor prognosis of G34-DHG. Patients 
with G34-DHG demonstrated a slightly longer OS when 
compared to the median survival of 15 months for wildtype 
IDH1 GBM and the median survival of 8–13  months for 
diffuse midline gliomas (DMGs) harboring p.K27M muta-
tions.18–22 However, nearly 40% of patients with G34-DHG 
can live more than 2-years compared to approximately 
10% of patients with DMGs.22 Concerning disease progres-
sion, the median time to disease progression was brisk 
at 10.0  months (IQR: 6.0–18.0) with a surprisingly  high 
frequency of patients noted to have distant relapse sites 
(26%). Distant relapses might be overrepresented in our 
cohort due to missing items and case selection bias for 
those chosen to be published, but importantly highlights 
that this disease has the ability to have distant relapse and 

  
Table 1 Demographic and Clinical Characteristics

Variable N = n (%) 

Demographics

Age at diagnosis (years) 135  

 Median (IQR)  15.8 (13–22)

Sex 126  

 Male  74 (59)

 Female  52 (41)

Imaging and Location

Tumor location 125  

 Frontal lobe  20 (16)

 Parietal lobe  11 (9)

 Temporal lobe  13 (10)

 Occipital lobe  6 (5)

 Multiple lobes/structures  36 (29)

 Cerebrum, not specified  34 (27)

 Deep structure/midline  5 (4)

Brain lobes involved 90  

 1 lobe  49 (54)

 2 lobes  17 (19)

 3+ lobes  7 (8)

 Lobe(s) + deep structure  12 (13)

 Deep structure only  5 (6)

Tumor hemisphere 47  

 Right  14 (30)

 Left  23 (49)

 Bihemispheric  6 (13)

 Midline  4 (8)

Disease extent 61  

 Localized  55 (90)

 Metastatic  6 (10)

Contrast enhancement 41  

 Yes  20 (49)

 No  21 (51)

Diffusion restriction 21  

 Yes  20 (95)

 No  1 (5)

Tumor Characteristics

Primary tumor histology 135  

 High-grade glioma  122 (91)

 PNET  10 (7)

 Low-grade glioma  3 (2)

Mutation subtype 126  

 G34R  118 (94)

 G34V  8 (6)

MGMT hypermethylation 73  

 Yes  51 (70)

 No  22 (30)

ATRX mutation 55  

Variable N = n (%) 

 Yes  52 (95)

 No  3 (5)

TP53 Mutation 63  

 Yes  55 (87)

 No  8 (13)

PDGFRA alteration 72  

 No alteration  10 (14)

 Mutation present  11 (15)

 Amplification present  9 (13)

 No mutation (amplification not 
assessed)

 1 (1)

 No amplification (mutation not 
assessed)

 41 (57)

Abbreviations: IQR, interquartile range; PNET, primitive neuro-
ectodermal tumor.

  

Table 1 Continued
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further robust investigation of relapse patterns is needed. 
Of note, the date of disease progression indicating data 
on progression was widely underreported, highlighting 
the need for better data on progression in future research. 
It was found that the time from disease progression to 
death was short with a median of only 5.0 months (IQR: 
3.0–11.7), and the vast majority ultimately dying from the 
disease. The longer survival observed in G34-DHG com-
pared to DMG is likely in part due to the location where 
surgical resections are possible and about half of G34-DHG 
were reported to have an NTR or GTR in our review. Our 
results show that patients who were able to have GTR/NTR 
during up-front surgical resection had improved OS com-
pared to those who had less than NTR (P < .001). Previous 

trials of pediatric HGGs also demonstrate that greater ini-
tial resections result in better event-free survival and OS.23 
However, what constitutes a GTR or NTR was seldom de-
fined in the included studies. Thus, standardized guidelines 
to designate degree of resection in these tumors to allow 
for comparative analysis across different studies are also 
needed.24

Our review demonstrated a wide range of ages affected 
by G34-DHG. We report a median age of diagnosis of 
15.8 years, with an age range of 7 to 66 years old. Given 
the demographic of patients affected by this disease, it is 
important to acknowledge the role that age plays in their 
OS. We found that as age at diagnosis increases, so does 
the OS of the patient (P = .037). Patients diagnosed with a 
G34-DHG before the age of 18 years old were found to ex-
hibit a poorer OS compared to those diagnosed after the 
age of 18 years old (P = .0086). The reason for this is un-
known and requires further assessment. One possibility is 
the difference in adult compared to pediatric management, 
where adult institutions treat more patients with HGGs. 
Another possibility is biology may vary depending on age. 
Similar findings are seen in older patients with diffuse in-
trinsic pontine glioma suspected due to age-related varia-
tions in tumor biology.25 Though age was found to have a 
significant cluster random effect P-value, this is likely due 
to the nature of some studies exclusively including pedi-
atric patients, while others included adults only.

Notably, other clinical factors like sex, tumor histology, 
and H3 G34 mutational subtype did not statistically influ-
ence OS of patients. However, the number of patients with 
H3 G34V tumors is small occurring in 6% of our cohort. 
Therefore, further study as to whether this point mutation 
has prognostic value is needed.

The influence of treatment strategies on OS, such as 
chemotherapy regimen and radiotherapy, were difficult to 
analyze as almost all patients described in this study un-
derwent initial chemotherapy and radiotherapy prior to 
relapse with limited information regarding the specifics of 
these treatments. There was no statistically significant dif-
ference found regarding OS for temozolomide-based che-
motherapy compared to non-temozolomide-based, as well 
as focal compared to craniospinal radiotherapy, although 
substantial missing and incomplete data hampered robust 
analysis.

In addition to clinical outcomes, we aimed to summarize 
the common radiological features associated with G34-
DHG. In the studies included in this review, tumor location 
was not well characterized and was most often described 
as affecting multiple lobes and/or structures, or tumors 
were noted as affecting the cerebrum, not otherwise spe-
cified. Where literature documented tumor location, G34-
DHGs were most often located in the frontal lobe of the 
brain and more often in the left hemisphere. Interestingly, 
our review describes a small number of G34-DHGs 
impacting midline structures, including G34-DHGs with 
co-occurring H3 K27M mutations, with both alterations 
having been confirmed via sequencing, suggesting impor-
tance of tumor location.26,27 Also notable, this study cap-
tured patients who presented with metastatic disease at 
diagnosis, demonstrating that this tumor is not restricted 
to localized disease and full imaging of the neuraxis at di-
agnosis should be considered. Other radiological features 

  
Table 2 Treatment and Outcome Characteristics

Variable N = n (%) 

Degree of up-front surgical 
resection

89  

 GTR/NTR  40 (45)

 Less than NTR  49 (55)

Radiation prior to relapse 71  

 Yes  69 (97)

  No  2 (3)

Radiation type 26  

 Craniospinal  10 (38)

 Focal  14 (54)

 No radiation  2 (8)

Chemotherapy prior to relapse 72  

 Yes  69 (96)

 No  3 (4)

Chemotherapy type 31  

 Temozolomide-based  20 (64)

 Non-temozolomide based  11 (36)

Site of relapse 19  

 Local  13 (69)

 Distant  1 (5)

 Combined  5 (26)

Relapse 93  

 Yes  83 (89)

 No  10 (11)

Time to progression (months) 83  

 Median (IQR)  10.0 (6.0–18.0)

Time from progression to death 
(months)

51  

 Median (IQR)  5.0 (3.0–11.7)

Vital status 131  

 Alive  38 (29)

 Dead  93 (71)

Abbreviations: GTR, gross total resection; NTR, near total resection; 
IQR, interquartile range.
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at diagnosis such as contrast enhancement and diffusion 
restriction were poorly represented in the included litera-
ture. When described, however, they often had evidence 
of diffusion restriction while only half had evidence of 
significant contrast enhancement. The substantial portion 
of G34-DHGs lacking significant contrast enhancement is 
perhaps not surprising given similar findings seen in other 
histone mutant gliomas such as DMG, and also in subset 
of previously reported G34-DHGs.28,29 Our data on con-
trast enhancement and diffusion restriction variables are 
consistent with a recent review on imaging features of 
G34-DHG.30

This study describes several important molecular 
co-alterations. MGMT promoter methylation occurred in 
70% of tumors tested and though its presence demon-
strated a more favorable median survival from Kaplan 
Meier analysis, this result although clinically meaningful 
remains descriptive as over 20% of patients were missing 
this MGMT data in our review. MGMT promoter methyla-
tion has a favorable prognosis in adult HGGs, but its use 
as a biomarker in pediatrics remains controversial.31,32 
Studies suggest that MGMT promoter methylation can 
predict a beneficial response to temozolomide chemo-
therapy treatment in older patients.33,34 TP53 and ATRX 
mutations are key players in the epigenetic dysregulation 
and pathogenesis G34-DHG, and were the most com-
monly described co-mutations. Aside from these common 
mutations, a study investigating activating mutations of 
the PDGFRA gene occurs at a high frequency, with co-oc-
currence of G34R/V-mutant tumors and PDGFRA gene 
mutations being 7- to 8-fold higher than K27M DMGs, IDH-
mutant, and H3/IDH-wildtype HGGs.5 PDGFRA mutations 
can act as a glioma driver overtaking the pathogenic role 
of G34R/V, likely due to downstream activation of mitogen-
activated protein kinase signaling.5 It has been found that 
alterations in the PDGFRA gene might indicate poor prog-
nosis and potentially represent a therapeutic target for 

patients with G34-DHG.14 One study exploring biomarkers 
of survival in 15 patients with G34-DHG demonstrated 
that patients exhibiting PDGFRA mutations tended to ex-
hibit shorter OS, while those that had MUC16 alterations 
might have a more favorable survival, although patient 
numbers were limited and neither result was statistically 
significant.14 Our study did not assess outcomes based on 
tumor mutational burden where hypermutation has been 
reported in some patients with G34-DHG at the time of 
relapse.8 Tumor mutational burden might also be an im-
portant biomarker for future assessment on outcome and 
treatment.

A study recently published by Vuong et al. aimed to high-
light the role of genetic events and molecular alterations 
in prognosis for G34-DHG.35 Our studies demonstrated 
different median OS with theirs being slightly lower at 
14.4 months compared to 17.3 months in our study. Of note, 
their study also determined that G34V-mutant tumors had 
significantly worse OS when compared to G34R-mutant tu-
mors. However, our study had determined no difference in 
survival when comparing the two types of G34-DHG sub-
types. Given very few patients with G34V-mutant tumors, 
in both our study and the Vuong et al. study, we urge cau-
tion in making conclusions about differences in survival 
outcomes based on current available data for this variable. 
Also, their study demonstrated the role of EGFR amplifi-
cation on reducing patient survival, not assessed in our 
study, and should be further evaluated.35

Our systematic review has several limitations. First, 
many of the studies included in our review are case reports 
and series, which are often criticized for presenting non-
generalizable findings. However, considering the rarity 
G34-DHG, and resulting scarce literature, these important 
studies represent the bulk of available clinical data making 
them a useful starting point for clinical consideration and 
outcome evaluations. Another limitation is the quantity of 
missing data for many variables. Therefore, to minimize 

  
Table 3 Univariate Cox Regression for Clinical Factors Influencing Survival

Variable Hazard Ratio (95% CI) P-Value Cluster Random Effect 

P-Value

Age

 10-year increase in age (continuous) 0.714 (0.512–0.995) .0369 .0715

Age

 < 18 y/o vs ≥18 y/o 2.053 (1.16–3.623) .0086 .0315

Sex

 Female vs male 0.971 (0.623–1.513) .8858 .1394

Tumor histology

 HGG vs PNET 1.279 (0.509–3.216) .6005 .1064

 Other vs PNET 1.562 (0.173–14.147) .6914  

Mutation

 G34R vs G34V 0.440 (0.164–1.185) .0874 .1011

Degree up-front surgery

 <NTR vs GTR/NTR 3.745 (2.114–6.623) <.001 .2439

Abbreviations: HGG, high-grade glioma; PNET, primitive neuro-ectodermal tumor; GTR, gross total resection; NTR, near total resection.
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this limitation in analyses and meaningfully assess their 
impact on survival, we limited our analysis to variables 
with less than 20% missing data. These missing data points 
may also lead to inaccuracies in the represented preva-
lence for some of the described clinical features. The quan-
tity of missing data, alongside the heterogenous nature 
of the data, restricted any reliable multivariate analyses. 
Though this study review intended to capture other impor-
tant clinical variables, such as relapse treatment strategies, 
there was insufficient data for appropriate data descrip-
tion. This again only highlights the need for large-scale 
collaborative clinical research for this disease. Lastly, het-
erogeneity in study design and reporting is a limitation for 
this review although attempts to abrogate this was under-
taken in survival analysis using a cluster random effects 
assessment.

This systematic review highlights the poor prognosis of 
patients with G34-DHG, common clinical and treatment 
characteristics, and features associated with survival, 
while also providing a critical baseline for future outcome 
measures and clinical trials. Improved survival duration 
was associated with both increasing ages at diagnosis and 
extent of up-front surgical resection. This review highlights 
the paucity of data available to study biomarkers in G34-
DHG, and further clinical research is urgently needed for 
G34-DHG to begin improving outcomes and to define rele-
vant biomarkers that stratify clinical behavior.
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