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Background This review explores how diffuse intrinsic pontine glioma (DIPG) diagnosis and treatment have evolved

Main body Authors used various sources from 2000 to present time to compile information on diffuse intrinsic pon-
tine glioma in the pediatric population. The following topics were included: diagnosis procedure, molecular analysis,
stereotactic biopsy, radiation therapy and other treatments. Historically, diffuse intrinsic pontine glioma’s anatomical
proximity to crucial brain stem structures prevented biopsy thus limiting diagnostic and molecular analysis. However,
with the optimistic rise of the stereotactic biopsy technique, identifying genetic and other biological markers for tar-
geted treatments is more feasible. Previous investigations have identified a histone mutation that appears in 80%

of DIPG cases and there is plenty of exploration into how to unravel the effects of the resulting chromatin modifica-
tion. For example, new pharmaceuticals like Panobinostat and ONC201 show promise.

Conclusion Advances in stereotactic biopsy technology have resulted in more accurate diagnosis opening more
avenues for molecular analysis and thus, targeted treatments. DIPG requires more exploration to improve outcomes
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Background

Introduction and overview

Diffuse intrinsic pontine glioma (DIPQG) is a type of brain
stem glial tumor found in the ventral pons [1]. DIPGs are
a subset of high-grade gliomas (HGG), which account
for as high as 20% of pediatric central nervous sys-
tem tumors [2] and 10-15% of all pediatric tumors [3].
DIPGs are an astrocytoma that is categorized accord-
ing to World Health Organization as grade II, III, or IV.
As a high grade (WHO III or IV) glial neoplasm in the
brain stem with an infiltrating and diffuse nature, DIPGs
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are inaccessible for surgical resection [4—6]. Impacting a
median age of 6.5 years [1], DIPG displays a low surviv-
ability of 16—-24 months post-treatment [5, 7] and greater
than 90% of patients die within 2 years of diagnosis [3].
Additionally, when considering prevalence by sex, there
is slightly higher incidence in males compared to females
[8]. Theories about the etiology of this tumor correlate to
the rapid rate of cerebral tissue development occurring
in childhood. Pontine precursor cells in the ventral pons,
found in the region where DIPG originates, have two
generation peaks throughout the lifespan. The first peak
is during infancy, while the second peak occurs during
middle childhood, the same age range of median diagno-
sis of DIPG (6-7 years) [9] (Fig. 1).
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Standard DIPG Placement
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Tumor On Pons

Fig. 1 The characteristic placement of diffuse intrinsic pontine gliomas is at the base of the brain in the pons, a structure that plays a vital role
in controlling many essential bodily functions like heart rate and breathing [1, 3]. However, it is important to note that there is no standard position

of this tumor as it is by nature, a diffusely infiltrated tumor

Main text

Diagnosis

Regarding diagnosis, 2 of the 3 brain stem dysfunctions
(cranial nerve deficit, coordination dysfunction, and
pyramidal tract affection) must be present and persist
for 6 months. Furthermore, 50-66% of the pons must be
infiltrated [3]. The infiltration capacity of DIGP leads to
constriction and pressure on anatomical structures and
white matter tracts adjacent and near to the ventral pons.
Such compression generates various clinical presenta-
tions and symptoms of the disease. DIPG often affects
cranial nerves VI and VII, which are responsible for eye
movement and facial movement, respectively. Compres-
sion of these cranial nerves results in early symptoms of
abducens palsy, disconjugate eye movement, and diplo-
pia. Often, presentation of these symptoms occurs within
a month of a child’s diagnosis [10]. Further enlargement
of the tumor leads to symptoms such as ataxia, dysme-
tria, dysarthria, Babinski sign, and loss of motor skills
[10]. A small portion of pediatric patients (10%) develop
hydrocephalus as a symptom [1]. Additional symptoms
that insinuate a diagnosis may include <10% of patients
developing intracranial pressure and motor/muscular
abnormalities (increased tone, hyperreflexia, clonus etc.)
[11, 12]. Until very recently, the infiltrating nature of the
tumor upon the brain stem rendered biopsies to be con-
sidered inadequately informative, and too risky for medi-
cal justification [13]. Likewise, most biological models of
DIPGs were derived from autopsies [13]. Therefore, to
verifiably diagnose a child suspected of DIPG, MRI (with
and without contrast) demonstrates the greatest success.

Radiographic features of DIPG include a T1-hypointense
and T2-hyperintense tumor. Specifically, 50% of the pons’
cross-sectional area must be involved [14]. Acquiring
circulating tumor DNA through the cerebrospinal fluid
(CSF) is a future endeavor to potentially aid in DIPG
diagnosis [15]. Lastly, when considering genetics, 80% of
DIPG cases have included a H3K27M mutation [16]. This
mutation is characterized by a universal loss of H3K27
tri-methylation and subsequent acetylation which com-
pletely modifies the chromatin landscape [17]. Other
investigated mutations potentially involved in DIPG
include loss of FBXW?7 in H3.3G34R/V and BCOR muta-
tions in H3.1K27M [18].

Molecular analysis

The significant developments in molecular analysis
of these DIPG tumor tissues have provided substan-
tial evidence for distinguishing pediatric DIPGs from
adult HGGs [19]. Specifically, pathognomonic muta-
tions Lys27Met (K27M) and Gly34Arg/Val (G34R/V)
in genes encoding histone H3.3 and H3.1 (H3F3A and
HIST3H1B, respectively) have been identified in cer-
tain pediatric gliomas, allowing for the creation of a
biologically and clinically distinct subcategorization of
DIPGs [6]. 80% of DIPG cases exhibiting the H3K27M
mutation require a reclassification as a diffuse midline
glioma, H3K27M-mutant [15]. This molecular sub-
grouping is particularly compelling, as granular sub-
type classifications in other pediatric central nervous
system (CNS) tumors have allowed for the exploration
of tailored therapeutic approaches [15]. Information
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on molecular phenotypes derived from the acquisition
of actual malignant tissue (biopsy) can also provide
researchers and physicians valuable insights into treat-
ment and prognosis [19]. H3K27M mutations, due to
the location of K27 in a critical site for post-transla-
tional histone modification, have severe impacts on
gene transcription regulation and DNA methylation
[3]. Patients with H3 mutations tend to exhibit a more
aggressive clinical course and a worse response to radi-
ation therapy [3]. Knowing the clinical implications
of histone H3 mutation in DIPGs, molecular analysis
can serve to critically advance our understanding of
the mechanisms of diffuse midline glioma, H3 K27M-
mutants [3]. Aside from the molecular composition
of the tumors themselves, recent investigations into
biomarkers of DIPGs suggest that neoplastic DIPG
cells may release a variety of soluble molecules (i.e.,
nucleic acids and proteins) into the bloodstream [20].
Liquid biopsies, which require only minimally inva-
sive techniques to analyze these biomarkers in blood
and CSF may serve as a viable alternative to tissue
biopsy [20]. Monitoring levels of potential biomark-
ers, such as microRNA (miRNA), could potentially
allow for the collection of a more comprehensive clini-
cal and molecular assessment of DIPGs. In a prelimi-
nary study, serum samples taken from DIPG patients
at the time of MRI diagnosis showed a distinguishable
miRNA profile thus demonstrating a potential new
strategy for diagnosis [20] (Fig. 2).
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Computerized tomography and magnetic resonance
imaging

Traditionally, the diagnosis of DIPGs has been based
solely on clinical assessments and neuroimaging findings
(usually the appearance of an expanded/infiltrated pons
and the encasement of the basilar artery) [15, 19]. MRI
is the most common modality utilized; however, com-
puted tomography (CT) may also prove informative in
the diagnosis of DIPG [19]. 22 DIPG cases (in which tis-
sue samples were available) were retroactively reviewed
in 2019 and these findings confirmed the consistency of
imaging techniques with the biological markers detected
[21]. Despite these MR-affirming findings, related
research suggests that modern imaging techniques are
sufficiently reliable only in the cases of typical DIPG,
whereas atypical presentations may require histological
confirmation of the diagnosis [22]. Evaluations of consist-
ency in MR imaging analysis interpretations revealed a
significant amount of variation among pediatric neuro-
surgeons, especially in atypical tumor presentations [22].
The inconsistency in interpretations likewise led to dif-
ferences in therapeutic approaches, therefore revealing
a lack of standardization in diagnosis and management
of DIPGs [22]. With the modernization of surgical tech-
niques (i.e., stereotactic technology and operative micro-
scopes) the concept of foregoing biopsies has been called
into question [23]. Given the disadvantages of imaging
techniques and the reduced operative risk of brain stem
biopsies due to improved technology, [23] stereotactic
biopsy must continue to be explored.

Standard Chromatin

Mutated Chromatin

Fig. 2 The common histone mutation found in DIPG pediatric patients, H3K27M, is characterized by a loss of H3K27 tri-methylation
and subsequent acetylation which opens the chromatin, promoting oncolytic activity in this site [15]
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Stereotactic biopsy

Recent approaches to molecular analysis via stereotactic
tumor biopsy have revealed distinct molecular charac-
teristics of DIPGs in comparison with other high-grade
astrocytoma (HGA) [6]. Developments in the ability
to analyze DIPG tumor tissue greatly enhances overall
understanding of the disease and increases the potential
for new therapy development. Following a review of cases
in neurological units, researchers concluded that stereo-
tactic biopsies of DIPG could be incorporated in diagnos-
tic protocols [24]. Traditionally, biopsies are approached
through the trans-cerebellar route to obtain tissues from
the area of highest yield, which typically lies within the
T2 or T2 FLAIR hyper-intense region [5]. A burr hole is
made, the dura is cauterized and opened, the pial sur-
face is then cauterized, and the pre-set trajectory fixa-
tion guide is placed [5]. The core-biopsy needle is then
inserted and tumoral tissue is obtained. Researchers have
recently recommended offering stereotactic biopsy to all
children with suspected DIPGs because of the improve-
ments in the safety of brainstem biopsy [25]. Unlike
other gliomas, treatment of DIPGs is solely dependent
on identifying genetic markers for specifically targeted
therapies [5]. Therefore, stereotactic biopsy is increas-
ingly valuable as a diagnostic tool. Following tissue diag-
nosis, further work can be useful to identify the histone
genetic mutations and methylation discrepancies in
DIPGs [5]. Biopsy-derived tissue allows tumor sequenc-
ing for individualized treatment pathways. For example,
in immune-based therapy trials, it is critical to identify
targetable surface integers through biopsy-derived tis-
sues [25] (Fig. 3).

Frameless robot-assisted stereotactic biopsy of DIPGs
in pediatric populations serve to address complex cases
and heavy workflow. As histological diagnosis was
achieved in all cases, frameless robotic-assisted biopsy
was evidently a safe, effective, and highly accurate pro-
cedure to achieve diagnosis for pediatric patients with
DIPGs [27]. In one study, researchers had one group of
patients with DIPGs undergo microsurgical biopsies, and
another group of patients with DIPGs undergo frameless
robot-assisted stereotactic biopsies [26]. It was found that
operation time, postoperative ICU stay time, and post-
operative hospitalization time were longer when patients
underwent microsurgical biopsies as opposed to frame-
less robot-assisted stereotactic biopsies. More often
than stereotactic biopsy patients, microsurgical patients
needed more perioperative blood transfusions and neu-
rological impairments [26]. A recent metanalysis found
that when 99 pediatric patients with brainstem lesions
underwent frameless, robot-assisted biopsies there was
not a single case of procedure-related mortality and
100% of the biopsies resulted in successful diagnosis [28].
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Pons Specific Stereotactic Biopsy

Stereotactic Biopsy

Fig. 3 Stereotactic biopsy offers a feasible technique for collecting
tumor tissue in a location historically deemed too dangerous

to operate on [5, 25, 26]. Again, while this figure shows a pontine
tumor with well-defined borders in, this is hardly the case in DIPG

Although, it’s still important to note that approximately
10% of patients experienced temporary complications
following the biopsy procedure [28]. Most of these com-
plications were radiologic hemorrhages [26, 29]. How-
ever, radiologic hemorrhages are reported in 6-15% of all
robot-assisted brain biopsies in adults and children [30].
Therefore, the proximity of DIPG to the brainstem does
not seem to dramatically increase the risk of hemorrhage.
There were also some cases of cranial nerve palsy [31]
involving the hypoglossal, facial, and abducens nerves



Davidson et al. Egyptian Journal of Neurosurgery (2023) 38:64

[30]. These cases suggest that despite the programmable
nature of the frameless robot-assisted biopsy, the cranial
nerves are still vulnerable to injury [30]. Though once
reserved for cases with questionable diagnosis, biopsy
has now emerged a relatively safe part of DIPG diagno-
sis [25], with frameless robot-assisted stereotactic biopsy
serving as a minimally invasive and effective diagnostic
and research technique [26].

Radiation therapy

For patients with DIPGs, surgical resection is not an
option. Because of this, radiation therapy is the primary
form of treatment. Steroids, specifically dexamethasone,
are administered to help stabilize the blood—brain bar-
rier before radiation therapy [16]. Conventionally frac-
tionated radiation therapy is typically administered to
the tumor for a total amount of 54 Gy across six weeks,
whereas hypo-fractionated radiation therapy uses 39 Gy
with fewer fractions. Both treatments have similar out-
comes [16]. Thorough training is necessary for families to
be able to manage the physical side effects of the treat-
ments for the patients. Despite the advancements in radi-
ation therapy (RT) research over the past 20 years, overall
outcomes for survival have not significantly changed.
A large systematic review examining radiation thera-
pies found that the mean median overall survival was a
year for conventional RT regimens, almost 8 months
for hypo-fractionated RT regimens, and 10 months
for RT hyper-fractionated regimens [32]. Professionals
recommend that patients and families combine neuro-
oncology and palliative care to maximize performance
during treatment [16]. While radiation therapy remains
the mainstay of treatment as it temporarily improves
neurological symptoms, it lacks targeted control [33]. It
has been reported that radiation therapy can increase
the permeability of tumor blood vessels which increases
tumor cell death. It has been argued that future radia-
tion technologies must target tumor cells, rather than
endothelial cells, which is imperative to improving sur-
vival rates among patients with DIPGs [33].

Chemotherapy

In addition to radiation therapy, clinical trials are in pro-
gress in order to assess the efficacy of chemotherapeutic
agents as DIPGs treatment [34]. Different chemothera-
peutic strategies have not demonstrated an improvement
in survival rates for patients when compared to radiation
therapy alone. Administering chemotherapy adjuvant to
radiation therapy is not recommended outside clinical
trials [11]. It has been hypothesized that a lack of intra-
tumoral penetration prevents systemic chemotherapy
from helping DIPG patients; however, other trials inves-
tigating intratumoral chemotherapy pharmacokinetics in
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DIPG that used gemcitabine have provided more positive
preliminary evidence [35]. More recent research has rein-
forced the finding that in DIPGs, the blood—brain-barrier
is frequently intact, restricting the delivery of systemi-
cally administered therapies and leading to a decreased
effective concentration of therapeutic agents in the
tumor [11]. The efficacy of chemotherapy could possibly
be improved by the simultaneous use of efflux inhibitors
and should be considered in future clinical trials [11].

Emerging treatments

Academic research on DIPG in the pediatric population
has been hindered due to a shortage in tumor cultures
and inadequate experimental models [36]. However,
emerging innovations in the fields of microbiology and
genetics have illuminated potential effective therapeu-
tic strategies that are steering a new wave of oncological
treatment in the clinical setting. Previous investigations
have identified a clear link between histone H3 alterations
and DIPG: H3F3A, which encodes for histone H3.3, and
HIST1H3B, which encodes for histone H3.1, are found
to have undergone an Lys27Met amino acid substitution
in over 80% of patients analyzed with the malignant tis-
sue [37]. As such, Panobinostat, a multi-histone deacety-
lase inhibitor, has recently found itself to be a promising
pharmaceutical intervention for DIPG. Pre-clinical ani-
mal studies have shown a marked effect of Panobinostat,
in which the control group has comparatively exhibited a
~6.5-fold greater growth than mice treated with a thera-
peutic dose [36]. Overall, these results have translated
to significant prolonged survival in mice treated with
Panobinostat, in comparison with the control cohort.
Similarly, the pharmaceutical drug ONC201 is a dopa-
mine receptor D2 antagonist that has recently shown
clinical response in patients with DIPG [38]. ONC201,
which penetrates the blood-brain barrier, has shown
to have an agonist effect on mitochondrial Caseinolytic
protease, driving apoptosis through the degradation of
mitochondrial respiratory chain enzymes [39]. Since its
approval in a pre-clinical context, DIPG patients who
have utilized ONC201 as a treatment following radiation
have sustained a progression-free state for approximately
53-81 weeks [38]. Complete regression of the tumor has
been exhibited in a small percentage of patients as well.
Clearly, these outcomes prompt further clinical studies to
examine ONC201 in pediatric populations.

Furthermore, the inclusion of viral treatments in the
treatment plan of patients with DIPG is rapidly surging
as an alternate therapeutic approach. Historically, adult
patients with recurrent malignant gliomas have partici-
pated in investigations that imposed a dose-escalation
strategy to assess DNX-240, an oncolytic adenovirus
[40]. The results of the trials have displayed that a single
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intertumoral dosage of DNX-2401 promoted immune-
cell infiltration in the microenvironment of the tumor
cells, generated diverse tumor responses, and poten-
tially extended survival rates in a small percentage of
patients [40]. Since then, DNX-240 has been explored in
the context of DIPG, which demonstrates a direct onco-
lytic action against DIPG tumor cells, triggers apoptotic
immune responses, and interacts synergistically with
radiation therapy [41]. Despite the demand for additional
studies to evaluate the effectiveness of DNX-240, the ana-
tomical site of the brain-stem tumor appears to be diffi-
cult to access, and there are further concerns regarding
procedural complications and inflammation because of
virotherapy (Fig. 4).

In addition to histone demethylase inhibitors and
immunotherapeutic treatments, other categories of epi-
genetic modifying treatments may be therapeutically
effective for treating DIPQG, either alone or in combina-
tion once they are approved for use in clinical settings. As
more knowledge is acquired pertaining to different CNS
malignancies, immunotherapeutic treatments, such as
chimeric antigen receptor (CAR) T cells, are giving rise
to the approaching wave of DIPG clinical trials. Nota-
bly, recent analyses have shown that the DIPG microen-
vironment is fundamentally distinct from that of adult
glioblastomas; in that it is neither immunosuppressive
nor immunoinflammatory [42]. Additionally, following
its ground-breaking success in treating leukemia, CAR T
cells are especially promising in the absence of inherent
immunosuppression [43]. Presently, pre-clinical studies
utilizing CAR T cells directed against GD2, a disialogan-
glioside that expressed abundantly in histone H3 altera-
tions, eradicated tumors in mice models [44]. Following
a different trajectory, natural agents that potentiate DIPG
tumor cell proliferation and cell cycle arrest have been

DNX-240 Virotherapy

Fig. 4 The use of DNX-2401, an oncolytic adenovirus, promotes
immune cell infiltration of the tumor environment, potentially
increasing survival rates [40, 41]
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further explored utilizing molecular techniques. The
compounds in question were Brefeldin A, an antiviral
antibiotic, Chaetocin, an inhibitor of histone methyl-
transferases, Combretastatin A4, a microtubule polym-
erization inhibitor, Gracillin, a potential ATP synthesis
suppressor, Protodioscin, a promoter of testosterone, and
Tubercidin, a polymerase inhibitor [8]. The inhibitory
effects of these compounds led to the identification of
two novel cellular factors—Eukaryotic Translation Initia-
tion Factor 3 Subunit C-Like (EIF3CL) and Fibronectin 1
(FN1)—both of which are crucial for the survival of DIPG
tumor cells and can potentially be utilized as critical
therapeutic targets for future clinical trials [8]. Although
other eukaryotic translation initiation factors have been
thoroughly researched in a variety of malignancies, it is
uncertain what function EIF3C serves in cancer cells,
aside from aiding in the down regulation of phosphoryla-
tion of AMPKa and NF-kB p65 proteins [8]. Ultimately,
it is important to take into consideration that only a few
commercially patient-derived DIPG cell lines are acces-
sible for future application of all these novel factors that
are emerging today.

Conclusion

Diffuse intrinsic pontine glioma is an aggressive, brain
stem astrocytoma usually found in the ventral pons. 80%
of DIPG patients show evidence of a detrimental histone
mutation known as H3K27M. The delicate location of this
tumor previously rendered biopsy impossible. However,
in more recent years, the minimally invasive stereotactic
biopsy has been implemented as an important diagnostic
and research tool in cases of pediatric DIPG. Still though,
surgical resection is not possible; therefore, other forms
of therapy must be carefully considered. While radiation
therapy has been shown to reduce severity of symptoms,
it lacks localized control. Few chemotherapy regimens
have showed positive outcomes in DIPG patients as these
drugs are stopped by a hypothesized lack of intratumoral
penetration. The intact blood—brain barrier restricts
delivery of chemotherapy agents. However, new phar-
maceuticals like Panobinostat and ONC201 show prom-
ise. Additionally, viral agents like DNX-240 have been
explored to create direct oncolytic action against DIPG
tumor cells. Finally, with the well-known histone muta-
tion H3K27M in mind, epigenetic treatments may prove
to be the most adequate DIPG therapies. Diffuse intrinsic
pontine glioma is a heartbreaking fate for any child to fall
victim to. It is essential that scientists continue to explore
treatment options to prolong and save the lives of young
DIPG patients.



Davidson et al. Egyptian Journal of Neurosurgery (2023) 38:64

Abbreviations

DIPG Diffuse intrinsic pontine glioma
HGG High-grade gliomas

CSF Cerebrospinal fluid

CNS Central nervous system
miRNA  MicroRNA

cT Computed tomography
HGA High-grade astrocytoma
CAR Chimeric antigen receptor

Acknowledgements
None.

Author contributions

CD completed the introduction and conclusion. CD edited all main text sec-
tions, compiled all sources, created bibliography, and completed first-round
revisions. SW contributed to writing related to the pathology, prevalence, and
risk factors. CC authored and edited the overview information. SW created
Figs. 1,2, and 3. GP wrote the diagnosis and imaging techniques section. AD
wrote the stereotactic biopsy, radiation therapy, and chemotherapy portions
of the paper. DV authored the section regarding emerging treatments. DV
created and edited Fig. 4. All authors read and approved the final manuscript.
All authors consented to the publication of the final manuscript.

Funding
No funding was received for this study.

Availability of data and materials
Not applicable.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable. Our manuscript does not contain data from any individual
person.

Competing interests
The authors declare they have no competing interests that are relevant to the
content of this article.

Received: 11 June 2023 Accepted: 16 October 2023
Published online: 14 November 2023

References

1. Johung TB, Monje M. Diffuse intrinsic pontine glioma: new pathophysio-
logical insights and emerging therapeutic targets. Curr Neuropharmacol.
2017;15(1):88-97.

2. Patil N, Kelly ME, Yeboa DN, Buerki RA, Cioffi G, Balaji S, et al. Epidemiol-
ogy of brainstem high-grade gliomas in children and adolescents in the
United States, 2000-2017. Neuro Oncol. 2021;23(6):990-8.

3. Rashed WM, Maher E, Adel M, Saber O, Zaghloul MS. Pediatric diffuse
intrinsic pontine glioma: where do we stand? Cancer Metastasis Rev.
2019;38(4):759-70.

4. HuangTY, Piunti A, Lulla RR, Qi J, Horbinski CM, Tomita T, et al. Detec-
tion of Histone H3 mutations in cerebrospinal fluid-derived tumor DNA
from children with diffuse midline glioma. Acta Neuropathol Commun.
2017,5(1):28.

5. Janjua MB, Ban VS, El Ahmadieh TY, Hwang SW, Samdani AF, Price AV, et al.

Diffuse intrinsic pontine gliomas: diagnostic approach and treatment
strategies. J Clin Neurosci. 2020;72:15-9.

6. Saratsis AM, Kambhampati M, Snyder K, Yadavilli S, Devaney JM, Harmon
B, et al. Comparative multidimensional molecular analyses of pediatric
diffuse intrinsic pontine glioma reveals distinct molecular subtypes. Acta
Neuropathol. 2014;127(6):881-95.

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

Page 7 of 8

Perrone MG, Ruggiero A, Centonze A, Carrieri A, Ferorelli S, Scilimati A. Dif-
fuse Intrinsic Pontine Glioma (DIPG): breakthrough and clinical perspec-
tive. Curr Med Chem. 2021;28(17):3287-317.

Chen J, Lin Z, Barrett L, Dai L, Qin Z. Identification of new therapeutic
targets and natural compounds against diffuse intrinsic pontine glioma
(DIPG). Bioorg Chem. 2020;99:103847.

Monje M, Mitra SS, Freret ME, Raveh TB, Kim J, Masek M, et al. Hedgehog-
responsive candidate cell of origin for diffuse intrinsic pontine glioma.
Proc Natl Acad Sci USA. 2011;108(11):4453-8.

Damodharan S, Lara-Velazquez M, Williamsen BC, Helgager J, Dey M.
Diffuse intrinsic pontine glioma: molecular landscape, evolving treatment
strategies and emerging clinical trials. J Pers Med. 2022;12(5):840.

. Vanan M|, Eisenstat DD. DIPG in children: what can we learn from the

past? Front Oncol. 2015;5:237.

Pollack IF, Agnihotri S, Broniscer A. Childhood brain tumors: current man-
agement, biological insights, and future directions. J Neurosurg Pediatr.
2019;23(3):261-73.

Plessier A, Le Dret L, Varlet P, Beccaria K, Lacombe J, Mériaux S, et al. New
in vivo avatars of diffuse intrinsic pontine gliomas (DIPG) from stereotactic
biopsies performed at diagnosis. Oncotarget. 2017;8(32):52543-59.
Janssens GO, Gandola L, Bolle S, Mandeville H, Ramos-Albiac M, van Beek
K, et al. Survival benefit for patients with diffuse intrinsic pontine glioma
(DIPG) undergoing re-irradiation at first progression: a matched-cohort
analysis on behalf of the SIOP-E-HGG/DIPG working group. Eur J Cancer.
2017;73:38-47.

Vitanza NA, Monje M. Diffuse intrinsic pontine glioma: from diagnosis to
next-generation clinical trials. Curr Treat Options Neurol. 2019;21(8):37.
Joel E, Pellot OD. Diffuse intrinsic pontine glioma. StatPearls [Internet].
Treasure Island: StatPearls Publishing; 2023.

Krug B, De Jay N, Harutyunyan AS, Deshmukh S, Marchione DM, Guilha-
mon P, et al. Pervasive H3K27 acetylation leads to ERV expression and a
therapeutic vulnerability in H3K27M gliomas. Cancer Cell. 2019;35(5):782-
97.e8.

. Chan KM, Fang D, Gan H, Hashizume R, Yu C, Schroeder M, et al. The

histone H3.3K27M mutation in pediatric glioma reprograms H3K27 meth-
ylation and gene expression. Genes Dev. 2013;27(9):985-90.

Srikanthan D, Taccone MS, Van Ommeren R, Ishida J, Krumholtz SL, Rutka
JT. Diffuse intrinsic pontine glioma: current insights and future directions.
Chin Neurosurg J. 2021;7(1):6.

lanné MF, Biassoni V, Schiavello E, Carenzo A, Boschetti L, Gandola L,

et al. A microRNA prognostic signature in patients with diffuse intrinsic
pontine gliomas through non-invasive liquid biopsy. Cancers (Basel).
2022;14(17):4307.

Giagnacovo M, Antonelli M, Biassoni V, Schiavello E, Warmuth-Metz M,
Buttarelli FR, et al. Retrospective analysis on the consistency of MRI fea-
tures with histological and molecular markers in diffuse intrinsic pontine
glioma (DIPG). Childs Nerv Syst. 2020;36(4):697-704.

Hankinson TC, Campagna EJ, Foreman NK, Handler MH. Interpretation of
magnetic resonance images in diffuse intrinsic pontine glioma: a survey
of pediatric neurosurgeons. J Neurosurg Pediatr. 2011;8(1):97-102.
Infinger LK, Stevenson CB. Re-Examining the Need for Tissue Diagnosis in
Pediatric Diffuse Intrinsic Pontine Gliomas: A Review. Curr Neuropharma-
col. 2017;15(1):129-33.

Puget S, Beccaria K, Blauwblomme T, Roujeau T, James S, Grill J, et al.
Biopsy in a series of 130 pediatric diffuse intrinsic Pontine gliomas. Childs
Nerv Syst. 2015;31(10):1773-80.

Williams JR, Young CC, Vitanza NA, McGrath M, Feroze AH, Browd SR, et al.
Progress in diffuse intrinsic pontine glioma: advocating for stereotactic
biopsy in the standard of care. Neurosurg Focus. 2020;48(1):E4.

Wang M, Zhang Y, Shi W, Zhu R, Li H, Zhao R. Frameless robot-assisted ste-
reotactic biopsy: an effective and minimally invasive technique for pedi-
atric diffuse intrinsic pontine gliomas. J Neurooncol. 2022;160(1):107-14.
Coca HA, Cebula H, Benmekhbi M, Chenard MP, Entz-Werle N, Proust F.
Diffuse intrinsic pontine gliomas in children: Interest of robotic frameless
assisted biopsy. A technical note. Neurochirurgie. 2016,62(6):327-31.

Lu VM, Koester SW, Di L, Elarjani T, Luther EM, Eichberg DG, et al. Frame-
less robotic-assisted biopsy of pediatric brainstem lesions: a systematic
review and meta-analysis of efficacy and safety. World Neurosurg.
2023;169:87-93.e1.

Quick-Weller J, Tritt S, Behmanesh B, Mittelbronn M, Spyrantis A, Dinc

N, et al. Biopsies of pediatric brainstem lesions display low morbidity



Davidson et al. Egyptian Journal of Neurosurgery

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

(2023) 38:64

but strong impact on further treatment decisions. J Clin Neurosci.
2017,;44:254-9.

Carai A, Mastronuzzi A, De Benedictis A, Messina R, Cacchione A, Miele

E, et al. Robot-assisted stereotactic biopsy of diffuse intrinsic pontine
glioma: a single-center experience. World Neurosurg. 2017;101:584-8.
Machetanz K, Grimm F, Wang S, Schuhmann MU, Tatagiba M, Gharabaghi
A, et al. Rediscovery of the transcerebellar approach: improving the
risk-benefit ratio in robot-assisted brainstem biopsies. Neurosurg Focus.
2022;52(1):E12.

Gallitto M, Lazarev S, Wasserman |, Stafford JM, Wolden SL, Terezakis SA,
et al. Role of radiation therapy in the management of diffuse intrinsic
pontine glioma: a systematic review. Adv Radiat Oncol. 2019;4(3):520-31.
Deland K, Mercer JS, Crabtree DM, Guerra Garcia ME, Reinsvold M,
Campos LDS, et al. Radiosensitizing the vasculature of primary brainstem
gliomas fails to improve tumor response to radiation therapy. Int J Radiat
Oncol Biol Phys. 2022;112(3):771-9.

Frazier JL, Lee J, Thomale UW, Noggle JC, Cohen KJ, Jallo GI. Treatment of
diffuse intrinsic brainstem gliomas: failed approaches and future strate-
gies. J Neurosurg Pediatr. 2009;3(4):259-69.

Green AL, Flannery P, Hankinson TC, O'Neill B, Amani V, DeSisto J, et al.
Preclinical and clinical investigation of intratumoral chemotherapy
pharmacokinetics in DIPG using gemcitabine. Neurooncol Adv.
2020;2(1):vdaa021.

Grasso CS, Tang Y, Truffaux N, Berlow NE, Liu L, Debily MA, et al. Function-
ally defined therapeutic targets in diffuse intrinsic pontine glioma. Nat
Med. 2015;21(6):555-9.

Wu G, Broniscer A, McEachron TA, Lu C, Paugh BS, Becksfort J, et al.
Somatic histone H3 alterations in pediatric diffuse intrinsic pontine
gliomas and non-brainstem glioblastomas. Nat Genet. 2012;44(3):251-3.
Duchatel RJ, Mannan A, Woldu AS, Hawtrey T, Hindley PA, Douglas AM,
et al. Preclinical and clinical evaluation of German-sourced ONC201

for the treatment of H3K27M-mutant diffuse intrinsic pontine glioma.
Neurooncol Adv. 2021;3(1):vdab169.

Ishizawa J, Kojima K, Chachad D, Ruvolo P, Ruvolo V, Jacamo RO, et al.
ATF4 induction through an atypical integrated stress response to
ONC201 triggers p53-independent apoptosis in hematological malignan-
cies. Sci Signal. 2016;9(415)ra17.

Lang FF, Conrad C, Gomez-Manzano C, Yung WKA, Sawaya R, Weinberg
JS, et al. Phase | study of DNX-2401 (Delta-24-RGD) oncolytic adenovi-
rus: replication and immunotherapeutic effects in recurrent malignant
glioma. J Clin Oncol. 2018;36(14):1419-27.

Géllego Pérez-Larraya J, Garcia-Moure M, Labiano S, Patino-Garcia A,
Dobbs J, Gonzalez-Huarriz M, et al. Oncolytic DNX-2401 Virus for pediatric
diffuse intrinsic pontine glioma. N Engl J Med. 2022;386(26):2471-81.
Lieberman NAP, DeGolier K, Kovar HM, Davis A, Hoglund V, Stevens J, et al.
Characterization of the immune microenvironment of diffuse intrinsic
pontine glioma: implications for development of immunotherapy. Neuro
Oncol. 2019;21(1):83-94.

Gardner RA, Finney O, Annesley C, Brakke H, Summers C, Leger

K, et al. Intent-to-treat leukemia remission by CD19 CART cells of
defined formulation and dose in children and young adults. Blood.
2017;129(25):3322-31.

Majzner RG, Ramakrishna S, Yeom KW, Patel S, Chinnasamy H, Schultz
LM, et al. GD2-CART cell therapy for H3K27M-mutated diffuse midline
gliomas. Nature. 2022;603(7903):934-41.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 8 of 8

Submit your manuscript to a SpringerOpen®
journal and benefit from:

» Convenient online submission

» Rigorous peer review

» Open access: articles freely available online
» High visibility within the field

» Retaining the copyright to your article

Submit your next manuscript at » springeropen.com




	Diffuse intrinsic pontine gliomas in pediatric patients: management updates
	Abstract 
	Background 
	Main body 
	Conclusion 

	Background
	Introduction and overview

	Main text
	Diagnosis
	Molecular analysis
	Computerized tomography and magnetic resonance imaging
	Stereotactic biopsy
	Radiation therapy
	Chemotherapy
	Emerging treatments

	Conclusion
	Acknowledgements
	References


