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Epidemiology

• Brainstem Glioma: heterogenous group with wide variation in histology and prognoses

• Brainstem Gliomas: overall rare disease comprising <2-3% of all primary brain tumors

• However, common in the pediatric age group: Over 30% of all childhood brain tumors

• Diffuse Intrinsic Pontine Glioma (DIPG): Nearly 80% of all brainstem tumors in children

• Unless otherwise specified, brainstem glioma generally refers to DIPG: focus of the talk 

Patil et al, CBTRUS 2000-2017,  Neuro-Oncol 2021 (in press)



Classification of Brainstem Glioma

• Diffuse brainstem glioma
DIPG is prototypical example

• Focal brainstem glioma
Tectal plate glioma is prototypical example
other focal gliomas are rare

• Dorsal exophytic glioma
Gliomas with exophytic component

• Cervico-medullary glioma
Arise from medulla and extend inferiorly or can also be due
to superior extension of cervical spinal gliomas

Anatomic location
• Pontine: commonest

• Mesencephalic/midbrain: less common 

• Medullary: least common

McLone et al, Pediatric Neurosurgery, 2001
Keating et al, Tumors of Pediatric CNS, 2001



Clinical Presentation

• Can be some what variable depending upon location and size of the lesion

• Focal tectal plate gliomas present generally early with small tumors due to obstructive hydrocephalus

• Common presentation: headache, vomiting, and imbalance

• Dorsal exophytic tumors present with signs/symptoms related to involvement/compression of tracts

• Commonly present with slowly progressive dysarthria, dysmetria, and long tract signs  

• Cervico-medullay gliomas are sometimes associated with NF1 and detected on surveillance imaging

• Sporadic cervico-medullary gliomas can present with nuchal pain and lower cranial nerve palsy

• DIPG the prototypical brainstem glioma presents with rapidly progressive signs and symptoms  



• Clinically and biologically indolent tumor

• Presents with hydrocephalus most commonly

• Only CSF diversion is recommended

• Endoscopic third ventriculostomy (ETV) is the procedure of choice

• Mostly pilocytic astrocytoma on histology (if biopsied)

• Rarely progresses after CSF diversion

• Occasionally may warrant intervention for progression

• Can be treated with chemotherapy (LGG protocol) in children

• Rarely definitive RT is offered for growth arrest in older children/adults

Focal Tectal Plate Glioma



Dorsal Exophytic Glioma and Cervico-medullary Glioma

• Only biopsy is recommended for histological diagnosis

• Sometimes safe debulking in dorsal exophytic gliomas may be considered

• Commonest histologic diagnosis is Pilocytic Astrocytoma

• BRAF alterations (particularly fusions) are commonly seen in children

• In pre-pubertal children, chemotherapy with low-grade glioma protocol is advisable

• The typical 5-year progression-free survival with chemotherapy is 40%

• In post-pubertal children, focal conformal radiation therapy can be offered

• Radiation therapy provides good symptomatic relief and durable local control

• Targeted therapy is still investigational in pediatric LGG including brainstem glioma 



DIPG: prototypical brainstem glioma

• Short latency - 2-3 months

• Classical triad of symptoms: 
• Cerebellar signs

• Long tract signs 

• Multiple cranial nerve abnormalities

• Classical radiology
• T1 hypointense, T2 hyperintense

• >2/3rd of Pons, >180 degree basilar artery

• Nil/minimal contrast enhancement

Clinico-radiological diagnosis



Leach et al, IDIPG Registry, Neuro-Oncol 2020



Is biopsy needed in DIPG?

• Associated with significant morbidity (nearly 10-20%)

• Limited therapeutic options based on biopsy results

• Widespread availability of MRI with characteristic neuro-imaging

Biopsy in DIPG is typically reserved for doubtful diagnosis or biological/translational research



Histo-pathological spectrum

• Majority are high-grade tumors

• Sometimes lower grade astrocytomas seen

• Grade does not correlate with prognosis

• H3K27/ACRV1/PDGFR mutations

• A subset demonstrates PNET-like features



Buczkowicz et al, Acta Neuropathol 2014



Management Options for DIPG

SURGERY SYSTEMIC THERAPY
(chemotherapy, targeted therapy, 

immunotherapy)

RADIOTHERPY

NOT ADVISED due the 
significant morbidity 
and mortality caused

Unsatisfactory response

Standard of care

Best Supportive care



RADIOTHERAPY

• Most effective therapy in DIPG

• It induces 

• Neurological improvement (around 85%)

• Reduction/discontinuation of steroids

• Radiological response (around 50%)

• Numerous studies have proven effectiveness



Radiation Therapy in DIPG

• Fractionation schedules

• Conventional fractionation (1.8-2.0Gy/fraction): considered as standard

• Hypofractionated RT: non-inferior to standard fractionation

• Hyperfractionated RT: no benefit over standard fractionation

• Standard dose-fractionation: 54Gy/30 fractions

• RT techniques: Conventional/3D-CRT/IMRT

• Target Volumes and Margins: Variable practice globally



Recommended Target Volumes and Margins

Tinkle et al, IJROBP 2020







Does hyperfractionated RT help improve outcomes?

POG-9239, Mandell et al, IJROBP1999



What about hypofractionated RT?

Zaghloul e al, R&) 2014



Systematic review of hypofractionated RT in DIPG



No difference in outcomes with hypofractionated RT



Altered fractionation RT no better than standard fractionation RT



26
74



Does adding systemic therapy to RT help?
Chemotherapy – Targeted Therapy – Immunotherapy --- Vaccine 

Single and combination 
regimens 

• PCV regimen
• Etoposide, Vincristine, 

Cyclosporin A

• Temozolomide (TMZ)
• Platins – Carboplatin, Cisplatin

• Topotecan

• Interferon
• Tamoxifen

Neoadjuvant, concurrent, and/or adjuvant to RT





IJROBP2010



Impact of RT + TMZ in DIPG: No survival benefit

Shi et al, WNS 2021



Gallitto et al, ARO 2019 

No benefit of adding any radiosensitizing therapy to RT in DIPG



LoBULarDIPG study (NCT04250064): PI: Dr Rahul Krishnatry, TMC-Mumbai

Thinking out of the BOX for improving outcomes

Funding support: Anchit Ahuja Fund/Brain Tumor Foundation (BTF) of India



Prognosis of DIPG: DISMAL

• Universally fatal with in 2 years

• Median OS 10-12 months

• Deviations generally with 
• Age <3-years or >10-years

• Prolonged interval between onset of symptoms and diagnosis >6 months

• Absence of <2/3 classical clinical or radiological triad

• Above ones are called “Atypical” (colloquially)



Prognostic scoring system for DIPG

Jansen et al, Neuro-Oncol 2014





Prognostic factors for long-term survivors (>2-years)



Leach et al, IDIPG Registry, Neuro-Oncol 2020

MRI and clinical predictors of survival



Recurrence/Progression: Rule

• Inevitable 

• Median PFS – 6-8 months 

• Median survival –10-12 months

• Progression - local recurrence with or without dissemination 
• Disseminated disease: 15-20%

• Cause of death – rapid local progression

Wagner et al, BJC, 2006

Gallitto et al, ARO, 2019



Options at recurrence/progression

Salvage therapy

Systemic 
therapy

Re-irradiation
Best supportive 

care



Re-irradiation

• Benefit compared to other options shown consistently

• Aims –
• Effective palliation

• Steroid independence

• Multiple studies (majorly retrospective) 
• Pan-European, Pan-American studies, some single-institution studies

• No randomized data available



Case selection for Re-irradiation

• Longer PFS: Typically >6 months

• Good response to index course of RT

• Reasonable performance score LPS >40



• Only prospective study of Re-RT in DIPG

• To identify optimal dose for Re-RT in DIPG

• 12 patients completed Re-RT in 3 dose levels  
• 24Gy/12# (6 patients), 
• 26.4Gy/12# (4 patients)
• 30.8Gy/14# (2 patients)

24Gy in 12 fractions was the recommended dose-fractionation based on utility analysis



Dose at Re-irradiation

Trend of increase in median survival with increase in Re-RT dose

Tsang et al, Clinical Oncology, 2018



Systematic review and meta-analysis of re-irradiation in DIPG



Re-RT in DIPG: Outcomes (N=90)

➢Clinical improvement – 87%

➢Radiological response – 69% (40 patients)

➢Steroid weaning – 76%  (42 patients)

➢Median PFS (from time of reRT) – 4.2 months

➢Median OS (from time of reRT) – 6.2 months

➢Median OS (from diagnosis) – 18 months

Lu et al, CNS 2019







Rashed et al, CMR 2019

Molecular Biology of DIPG



Alterations in histones predominant driver in pediatric glioblastoma including DIPG

Histones 



Pathogenesis of DIPG via Histone Alterations 



Srikanthan et al CNJ 2021

Newer Therapeutic Avenues in DIPG



Chimeric Antigen Receptor (CAR)- T cells targeting DIPG

Wummer et al, JNO2021





Prabhu et al, Neoplasia 2020



ONC201: is this the magic bullet?

Prabhu et al, Neoplasia 2020



Allen et al, SNO 2019



Allen et al, SNO 2019
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