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Introduction

Diffuse intrinsic pontine glioma (DIPG) is an aggressive tumor of the brainstem. It almost always affects the pediatric

population, with approximately 200 to 300 new annual cases in the United States. Most patients survive less than one

year.[1] These patients were primarily treated with radiation therapy, as surgical resection was not a viable option for

them. The effects of radiation therapy are temporary, and no chemotherapeutic agent has been effective in treating this

pathology. Several clinical trials of new agents and novel therapeutic approaches have emerged over the past decades

to improve the outcome of patients with DIPGs, yet no success has been obtained.

Etiology

The formation of this tumor may be linked to brain development. Studies suggest that the disease process is created by

particular cells that exist in very high concentrations, while the cerebral tissue is developing. This theory is supported

by the fact that this tumor rarely occurs in adults and almost always occurs in mid-childhood (ages 5 to 10), a period in

which the cerebral tissue is very active in development. The model has identified the neural precursor-like cell

population in the normal human ventral pons that is linked both anatomically and temporally to the incidence of

DIPG.[2][3] The frequency of this cell type during mid-childhood mirrors the bell-shaped incidence curve of DIPG.

These cells are notably absent in the midbrain, where DIPGs are virtually nonexistent.[1][4]

On the molecular level, recent advances in the biological understanding of the disease have identified the H3K27M

mutation in nearly 80% of DIPGs, leading to the 2016 World Health Organization (WHO) classification of diffuse

midline glioma H3K27M-mutant, a grade IV brainstem tumor.[5]

Epidemiology

Brainstem gliomas affect approximately 300 children in the United States each year and are the major cause of death

in children with brain tumors. The most common of these is DIPG comprising 80% of the cases. Incidence is 1 to 2

cases per 100,000 population. DIPG has a peak incidence of 6-9 years and a slight preference for males.[6] Among all

the tumors in children, they represent 20% of them.

Pathophysiology

One of the most accepted theories for the development of DIPG is a mutation in the H3 gene. Mutations in the

N-terminal tail of histone H3 gene have been recently found in midline pontine high-grade gliomas and at a high

frequency in DIPG. Substitution of the lysine at position 27 of the H3 encoding gene is the driving force behind DIPG

oncogenesis.[7] It is implied that whichever histone H3 variant is targeted by the mutation (H3.1, H3.2, or H3.3), may

lead to the development of a DIPG. The H3K27 mutation and loss of H3K27me3 are of paramount importance since it

is characteristic of DIPG and likely represents the first genomic event leading to transformation in these tumors. DIPG

thus appears as a homogeneous tumor group defined as a glial neoplasm with a stereotypical epigenetic drive
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consecutive to the histone H3 mutation. All H3K27 mutations described in DIPG appear to have the same epigenomic

consequences on the polycomb repressive complex 2 despite the distinct functions and genomic distribution of the

different variants.[8]

Histopathology

DIPG belongs to the fibrillary astrocytoma family. Most lesions are WHO grade III or IV.[1][9] Very few cases are

WHO grade II, but they act similar to the high-grade cases.[10] The disparity between histological grade and clinical

outcome may be overcome by using molecular features in the tumoral cells.[11]

Microscopically, DIPG infiltrates grey and white matter structures. The tumor cells are generally small and

monomorphic, but sometimes can be large and pleomorphic. They typically have an astrocytic morphology, although

oligodendroglial morphology is also a recognized pattern. The majority of the tumors have mitotic figures,

microvascular proliferation, and necrosis. About 10% of DIPGs lack mitotic figures and microvascular proliferation;

thus, they are histologically consistent with WHO grade II.

History and Physical

The clinical course for children with DIPG is rapid.[4] Most symptoms start less than four weeks before seeking

medical attention. Symptoms are caused by dysfunction of pontine structures, including long tracts and cranial nerve

nuclei. Diplopia is usually the first sign secondary to abducens nerve palsy. Damage to the facial nucleus will produce

facial weakness or paralysis. Damage to the long motor tracts will produce weakness and hyperreflexia. Dysfunction

of the cerebellopontine connections will cause ataxia, dysmetria, dysarthria. A classic triad in DIPG is present in about

50% of the patients, which includes long tract signs, cerebellar signs, and cranial nerve neuropathies.

[1][4] Hydrocephalus occurs in less than 10% of the cases, but if untreated, it can progress to coma and death.[12]

Evaluation

Magnetic resonance imaging (MRI) of the brain with and without contrast is the best diagnostic study to evaluate a

patient with suspected DIPG. Usually, more than half of the enlarged ventral pons will show an increased signal on the

T2 FLAIR MRI sequence. The tumor will not show contrast enhancement, but occasionally, small areas of necrosis

can enhance. Higher values on the apparent diffuse coefficient derived from diffusion-weighted MRI images correlates

with better median survival.[13][14] Brain MRI will assess leptomeningeal tumor dissemination. MRI of the entire

spine is recommended to exclude spinal seeding.[15] In patients without hydrocephalus, a lumbar puncture can be

performed for cerebrospinal fluid analysis to evaluate for tumoral cells and circulating tumoral DNA (ctDNA,

detecting the H3K27 mutation).[16][17][18]

Treatment / Management

Steroids, specifically dexamethasone, are given, and the goal of treatment is the stabilization of neurological

symptoms until possible neurosurgical biopsy or radiation therapy. Complications due to long term use should be

avoided; thus, it should be weaned off as quickly as tolerated.[19][20] Steroids stabilize the blood-brain barrier and

can affect tissue penetration of systemic therapies.[21] Additionally, dexamethasone use in high-grade gliomas is

associated with worse overall survival.[22] During the management, less than 10% of patients diagnosed with DIPGs

develop hydrocephalus and require a third ventriculostomy or ventricular shunt.[23]

The most important step in management is obtaining a tissue diagnosis. First, it characterizes the lesion for

classification and treatment, and second, it is used for research and development of more effective management

strategies. Nevertheless, there has been a historical resistance to biopsy of these tumors, because of anatomical access.

Fortunately, the technology has advanced, and stereotactic biopsy is a safe and minimally invasive procedure that has a

very low complication rate. Based on the literature, a stereotactic biopsy of DIPG is as safe and diagnostic as a

supratentorial biopsy, and the amount of tissue in the biopsy allows for analysis, including whole-genome sequencing.
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[17][24][25][26]

Radiation oncologists are consulted immediately after diagnosis to plan further treatment. Even though there have

been tremendous advancements in radiation and research in oncology, outcomes for survival for children with DIPGs

have not changed significantly over the past 20 years.[27] Conventionally fractionated radiotherapy is still the standard

of care for children with DIPGs, but hypofractionated radiotherapy has shown promising results when compared with

conventional radiotherapy.[27] Radiotherapy is usually given to the tumor for a total dose of 54 Gy for six weeks (1.8-

Gy daily fractions). Hypofractionated radiation with 39 Gy using fewer fractions have similar outcomes and is better

tolerated in young children.[28][29] Re-irradiation for tumor progression can be considered with 25 Gy given over ten

fractions producing a mild symptom or survival benefit.[30][31] Radiosensitizing agents do not improve survival.

Several clinical trials of various systemic therapies, including stem cell transplantation, temozolomide, gemcitabine,

capecitabine, and tyrosine kinase inhibitors have been tested or are ongoing. Still, none have proved to increase the

survival of children with DIPGs.[15][32] Convection-enhanced drug delivery systems have brought hope to the

treatments of DIPGs. Improvements in this field may provide better drug delivery systems and target these tumor cells

directly, especially at the normal brain tissue interface.[33] A new therapy for the management of DIPG is adjuvant

multimodal immunotherapy. This therapy consists of vaccination cycles (Newcastle disease virus, mature dendritic

cells) and immunogenic cell death therapy (temozolomide, local modulated electro-hyperthermia), offering improved

overall survival but warrants further investigation.[34]

Differential Diagnosis

Midbrain gliomas

Cervicomedullary glioma

Pilocytic astrocytoma

Cavernous malformation

Demyelinating disease

Infectious diseases

Prognosis

The prognosis of DPIG is dismal due to the absence of effective therapies. This tumor is the principal cause of death

among brain tumors affecting childhood. Most patients are diagnosed before seven years of age. After diagnosis,

median survival is usually nine months. Only 10% live for more than two years.[35] When compared to pediatric

glioblastoma, the prognosis for DIPG is the worst with less overall survival.

Complications

Facial paralysis

Dysphagia

Respiratory insufficiency

Hemiparesis

Deep vein thrombosis

Hydrocephalus

Radiation necrosis
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Brain herniation

Coma

Surgical complications (intracranial hemorrhage, edema, seizures, and cranial nerve injury)

Consultations

Neuro oncologist

Radiation oncologist

Neuroradiologist

Neurosurgeon

Neurologist

Neuropathologist

Pediatric intensivist

An early consideration should be the consultation of advanced pediatric care or pediatric palliative care specialists.

Offering palliative care services to all patients with DIPG early in the course of the disease provides support for the

immediate and ongoing physical, psychological, and social effects this lethal disease will have on the patient and the

family. Combined neuro-oncologic and palliative care support maximize how patients and families perform during

their treatment and can even help to identify disease-related changes before clinically or radiographically suspected

progression.[36]

Deterrence and Patient Education

Patients with DIPG and family members should have a complete understanding of the disease and prognosis to have

realistic expectations. The timeline of how early the patient is diagnosed will have an important part in how the family

reacts to the situation. It is why, in the early phase, psychologists, psychiatrists, and family therapists should form part

of the team. The realities of deficits, physical impediments, and overall conditions after treatments should be clearly

explained to the parents. Thorough training of how to manage these situations is necessary, including nasogastric

nutrition, foley catheter, the possibility of being bedridden, and sacral ulcers.

Enhancing Healthcare Team Outcomes

While the pediatrician is almost always involved in the care of a patient with DIPG, it is essential to consult with an

interprofessional team of specialists that include a neurosurgeon, neuro-oncologist, and radiation oncologist. The

nurses are also vital members of the interprofessional group as they will monitor the patient's vital signs and assist

with the education of the patient and the family. In the perioperative period for pain, wound infection, and

nausea/vomit, the pharmacist will ensure that the patient is on the right analgesics, antiemetics, and appropriate

antibiotics. The problem gets even more complicated when the parents suffer the emotional burden of the dismal

prognosis of DIPG. Early phase interaction with psychologists, psychiatrists, and family therapists are needed to

handle this critical issue.

Questions

To access free multiple choice questions on this topic, click here.
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Figures

Typical MRI appearance of diffuse intrinsic pontine glioma (DIPG). (A) T1-weighted post contrast, (B) T2-

weighted, (C) FLAIR. Contributed from Warren KE (2012) Diffuse intrinsic pontine glioma: poised for progress.
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