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What about the spectrum in India?

Jain A et al, Neurol Ind 2011

Generally consistent with CBTRUS as well as other international registry data 



Median age of presentation

TMH data Western data*

Medulloblastoma 10 yrs 9 yrs

Ependymoma 18.5 yrs 19 yrs

Brain stem glioma 11.5 yrs 11 yrs

Supratentorial PNET 15 yrs 9 yrs

Pineal tumour 18.5 yrs 18 yrs

Craniopharyngioma 20 yrs 28 yrs

Pilocytic Astrocytoma 16 yrs 23 yrs

Comparison with published Western data

* SEER Cancer Registry and CBTRUS Cancer 
Registry

Jalali and Datta J NeuroOncol 2008



Supratentorial 25-40%

Low grade astro            8-20%

High grade astro           6-12%

Ependymoma 2-5%

Mixed glioma 1-5%

Ganglioglioma 1-5%

Oligodendroglioma 1-2%

PNET 1-2%

Choroid plexus tumor 1-2%

Meningioma 1-2%

Germ Cell Tumors    1-2%

Others 1-3%

Location of primary 

Infra versus supra-tentorial

Infratentorial                  45-60%

Medulloblastoma (PNET)       20-25%

Astrocytoma, low grade          12-18%

Ependymoma 4-8%

Brain stem glioma, high grade 3-9%

Brain stem glioma, low grade 3-6%

Others 2-5%

Spinal tumors                   2-4%

Ependymoma                             1-3%

Astrocytoma                                 1%



Juvenile Pilocytic Astrocytoma

Most common astrocytic tumor in children

WHO Grade I (with low metastatic  potential)

Commonly arises from cerebellum (posterior fossa) 

Other common sites: optic pathway, thalamus, tectum, cerebral

Peak incidence is between 6-8 years of age

Discrete, well circumscribed cystic  SOL with contrast enhancing mural nodule 

Sometime larger solid component, occasionally completely solid tumors

Histologic appearance:  Biphasic with compact & spongy areas

Piloid cells & microcystic areas, Rosenthal fibers

No mitoses, no anaplasia, no necrosis



Classical Radiology & Pathology



Management of cerebellar pilocytic astocytoma

Surgery is the treatment of choice

Gross total resection (GTR) is generally curative

Pre-operative and per-operative considerations

Midline vs lateralized

Mainly cystic vs solid 

Relationship to vermis and IV th ventricle

Drain the cyst early, respect boundaries, & preserve the vermis

In experienced hands, GTR achieved in >90% patients



What are the long-term outcomes in cerebellar JPA? 

Large series of 110 consecutive patients (0-19 years) from 1960-2001

97 of 110 children alive at last follow-up

10-year and 25-year survival 89% and 85% respectively

5-year survival improved from 76% (before 1988) to 100% (after 1988)

Recurrence after GTR seen in only 5 of 76 patients

Growth of residual tumor seen in 7 of 26 patients after STR

Only 5 of these patients received radiotherapy.

Preserved or favorable function outcomes seen in 82% patients 

Tonnessen et al, Pediatr Neurosurg, 2002



Suggested algorithm for cerebellar pilocytic astrocytomas



Non-cerebellar pilocytic astrocytomas

(Optico-chiasmatic-hypothalamic (visual pathway ) tumors)

Mostly predominantly solid pilocytic tumors

Difficult to resect, may precipitate unwarranted morbidity

Safe decompression (generally biospy)  recommended

NF-1 ASSOCIATED

-15% of patients

- very indolent, biopsy not necessary

-safely OBSERVED clinico-radiologically

SPORADIC 

-Sporadic and progressive optic pathway gliomas need intervention 

-Treated with definitive radiotherapy for preservation of useful vision

-Chemotherapy (VCR + Carboplatin): Allows deferral of RT in young children 



May  L Tao, IJROBP 1997



Vision improved in 34%, stabilized in 49% & worsened in 17%

only establishing RT as the mainstay of treatment in OPGs



(47.1%) (38.5%)

Eur J Cancer 2010



Non-pilocytic low grade (grade II) astrocytoma

Not commonly seen in cerebellum

More common in supratentorial location

Some are pilomyxoid astrocytoma

Some are diffuse fibrillary astrocytoma

Others may be PXA or Ganglioglioma

Gross total resection is the goal

Can be observed if no atypical features

Adjuvant RT indicated for large residual

RT dose :54 Gy/30#/6 weeks



High-grade astrocytoma (WHO grade III-IV)

Rare brain tumors of childhood (<5% of all astrocytomas)

Being increasingly diagnosed in contemporary practice

Different molecular biology and pathology



Management of childhood high-grade astrocytomas

No established standard of care due to lack of high quality evidence

Maximal safe resection and decompression recommended 

Generally treated as per Stupp’s protocol  post-operatively

Focal conformal radiation (59.4-60Gy  in 30-33#s) 

Concurrent daily temozolomide (75mg/m2) during RT

6-12 cycles of adjuvant temozolomide (150-200mg/m2) post RT



Chemotherapy in childhood high-grade astrocytoma 

CCG 943 (Sposto et al, J Neurooncol 1989):  

Randomized trial of adding chemotherapy (CCNU, VCR, PRED) to RT

58 patients with histologically proven high-grade astrocytoma

5-year EFS  significantly better (46% vs 18%, p=0.026)  with chemoRx

5-year overall survival marginally better (p=0.067) with chemoRx

CCG 945 (Finlay et al, J Clin Oncol 1995):

Randomized trial involving 172 pts comparing 2 chemoRx regimens 

8-in-1 drug regimen (experimental) compared to standard CCNU/VCR/PRED

PFS & OAS at 5-years was 33% + 5% and 36% + 6% respectively

No significant difference in efficacy between the two regimens



Chemotherapy in childhood high-grade Astrocytoma 

(COG ACNS0126 study (Cohen et al. Neuro Oncology 2011)

107 patients with a diagnosis of  high grade gliomas were enrolled

concomitant  RT with TMZ, followed by adjuvant  TMZ

outcomes  compared with CCG-945

The 3 year-EFS and OS rates were 11+3% and 22+5%

The 3 year –EFS and OS when compared with CCG 945  not significant

There was no evidence that RT+ TMZ and as adjuvant resulted in

improved EFS compared with that found in CCG-945



TMH Experience of Pediatric GBM

N= 66 children (2004-2013)

Treated uniformly with post of RT+TMZ

Median OS: 15months

Tumors with MIB-1 labeling index >25% (p<0.002) had poor OS

Submitted in Neuro Oncology practise

1year OS:62%
2 year OS: 30%



Brain stem gliomas

Heterogenous group of tumors with varying biological behavior & outcome

Most common and challenging type is Diffuse Intrinsic Pontine Glioma (DIPG)

Less common and rather indolent types are Focal  & Dorsal Exophytic Tumors



Diffuse Intrinsic Pontine Glioma

Most frustrating and challenging childhood brain tumor

Most common type of brainstem glioma (>80%)

No role of biopsy (open or stereotactic)

Propensity for leptomeningeal dissemination at relapse 

Definitive radiotherapy (54Gy in 30#s) is the treatment of choice

RT provides early and durable symptomatic relief

No benefit of adding chemotherapy to RT

Median survival 10-12 months; 2-year survival around 5-8%

Lack of tissue samples hinders further progress



IJROBP 2010



Multiparametric MRI Predicts Outcome in Diffuse 

Brainstem Glioma –

A Report from a Prospective Phase-II Study

Goda JS, Ped Neuro Surg,2014

MR  Parameters* Adverse Pattern General index

Contrast enhancement yes 1

Pattern of contrast 

enhancement

Heterogeneous 1

MR perfusion Hyper perfusion 1

MR spectroscopy High Choline: NAA ratio; 

High Choline : Cr ratio; 

Presence of lipid lactate 

peaks

1

Maximum score 4

No of 

adverse 

parameter

s

RPI Grade of 

tumour

Class of 

tumour

1year 

OS

P -

value

0-1 Low Grade A 60% 0.02

2 Intermediate 

Grade

B 66%

3-4 High Grade C 8.3%



Focal Brainstem Gliomas

Most commonly arise from midbrain (tectum or tegmentum)

Less commonly arise from medulla oblongata

Most are low-grade (generally pilocytic), occasionally higher grade gliomas

Treatment is controversial and not standardized

Focal tectal plate gliomas can be followed clinico-radiologically

Resection/Biospy of dorsal exophytic tumors is possible 

Some focal brainstem gliomas may just need CSF diversion

Progressive lesions benefit from radiotherapy

No established role of chemotherapy as yet 



SEER database analysis of over 6000 pediatric glioma patients

Quadoomi et al, Cancer 2009



Pediatric Ependymomas

3rd most common primary brain tumor of childhood

Peak age of incidence between birth to 4 years

70% arise in the IVth ventricle in posterior fossa

Large majority (>70%) are WHO grade II 

Frequently extend outside the foramina & into upper 

spine

Locally invasive and difficult to resect completely

Small but definite propensity for CSF dissemination 

(5-7%)

Adjuvant therapy with RT; CT is not effective



Largely considered a surgical disease

Surgeons have the highest impact on prognosis 

Aggressive resection (GTR) recommended to achieve long term control

Most surgeons don’t chase the tumor in the floor of the IVth ventricle

Delicate balance between morbidity and control



Ridley et al, Neuro-Oncol 2008

Prognostic factors in pediatric intracranial ependymomas (N=97)



Merchant et al, Lancet Oncol, 2009



Post-operative radiotherapy improves outcomes in ependymoma



Grundy et al, Lancet Oncol, 2007

•This protocol avoided or delayed

radiotherapy in a substantial proportion of

children younger than 3 years without

compromising survival.

•Primary chemotherapy strategies have an

important role in the treatment of very

young children with intracranial

ependymoma



Medulloblastoma: enigmatic small blue round cell tumor

“In the course of our growing acquaintance with these baffling tumours, we

suspected from their peculiar cytology that they might be susceptible to

radiation and the first of the cases so treated both by the X-rays and radium was

in December, 1919. Here at least was a new therapeutic recourse and we began

with renewed encouragement to attack them with renewed vigour”

Cushing, 1930 



• Generally a radiosensitive &   

chemosensitive tumour

• Historical controls:  No long-term

survivors without RT

• High recurrence rates with focal

posterior fossa (PF) RT

• High recurrence rates for reduced 

dose craniospinal irradiation (CSI) 

without chemotherapy (CT)

Landberg, 1953

RADIATION 

ALONE

PF 

5%

PF+SC

25%

PF+CSI

53%

Rationale of radiotherapy in medulloblastoma 



Current clinical risk-stratification for medulloblastoma

Average-risk High-risk

Age ≥3 yrs <3 yrs

Residual Tumor ≤1.5 x 1.5 cm 2 >1.5 cm 2

Metastases No metastases 
(M0)

Metastases 
(M1 – M4)

Pathology Desmoplastic Anaplastic

Brain Stem invasion None Present

Mitotic index Low High

Trk-C protein mRNA High Low

C-myc & ERBB2 Low Amplified

Tumor DNA Content Diploid Aneuploid

Apoptotic Index High Low



Long-term survival with full-dose radiotherapy

Merchant et al, IJROBP 1996



Long-term sequelae of RT in medulloblastoma

• Neurocognitive & neurophysiological dysfunction

• Endocrine abnormalities & hormonal imbalance

• Growth retardation - spinal component

• Ototoxicity- particularly with platinum based adj CT

• Cerebrovascular accidents

• Gonadal toxicity & reduced feritility

• Second malignant neoplasms



Radiotherapy Toxicity: Dose-Volume Related 

Mulhern et al: Lancet Oncol 2004



Doses & volumes as per risk-stratification

CSI for average-risk disease

Standard dose CSI: 35-36 Gy/21-20#/4 weeks @ 1.67-1.8 Gy/#

Reduced dose CSI: 23.4 Gy/13#/2.5 weeks @1.8 Gy/# (+ adj CT)

Boost for average-risk disease

If Standard dose CSI : PF or TB boost: 19.8 Gy/11#/2 weeks

If reduced dose CSI: Tumour bed boost: 32.4 Gy/18#/3.5 weeks

CSI for high-risk disease

Standard dose CSI: 35-36 Gy/21-20#/4 weeks @ 1.67-1.8 Gy/#

Higher dose spinal RT: 39.6 Gy/22#/4.5 weeks @1.8 Gy/#

Boost for high-risk disease

Whole posterior fossa boost: 19.8 Gy/11#/2 weeks

Boost for gross focal spinal deposit: 5.4-9 Gy/3-5#/1 week

Total tumor bed dose: 54-56 Gy/30-33#/ 6.5 weeks (conventional #)



TMH Protocol for Medulloblastomas /PNET

https://tmc.gov.in/SBF/Nouro/flowcharts_final.pdf



Methods to improve outcomes in medulloblastoma

Reduce toxicity of radiotherapy 

1. Reduce the dose & volume of RT: 

a) Reduction in CSI dose

CSI dose to 23.4 Gy (with chemotherapy) 

CSI dose 18 Gy:  Investigational (ongoing randomized trial)

b) Reduction in primary site dose 

Total tumor dose <54 Gy: Increased incidence of local failures

c) Reduction in volume

Boost tumor bed with margins (1-1.5 cm): Acceptable 

d) Radiation avoidance strategies

Avoiding RT in <3 (sometimes 5) year old children 



N=65 patients

Conc wkly VCR followed by 8 cycles of CCNU, CDDP and VCR 

PFS- 86 ± 4% at 3 years , 79 ± 7% at 5 years. 

Results better than earlier study using reduced dose CSI alone

Positive impact of adjuvant chemotherapy on EFS

Packer et al, JCO 1999

Reduced dose CSI plus adjuvant chemotherapy



Packer et al, JCO 2006 



Patterns of failure following treatment for Medulloblastoma

Do we need to treat entire posterior fossa  

• N = 114 Patients,  27 

Recurrence (Median Age 8.6 

Yrs, Median time to recurrence 

19.5 Mths.) 

• Failure was defined as MRI or 

CT evidence of recurrence or 

positive cerebrospinal fluid 

cytology. 

– Local Relapse = within the 

original tumor bed

– Regional = Outside of the 

tumor bed but still within 

the PF.

Fukunaga et al, IJROBP 1998



Patterns of Failure Using a Conformal Radiation Therapy Tumor Bed Boost for 

Medulloblastoma (Wolden et al JCO 2003)

Median follow-up of 56 months.

32 consecutive patients.

6 patients have relapsed

- 5 outside PF

- only 1 in the PF

Freedom from posterior fossa failure was 100% and 86% at 5 and 10 years

Five-year actuarial disease-free and overall survival rates were 84% and 85%

Patterns of failure following treatment for medulloblastoma

Do we need to treat entire posterior fossa  



COG_ACNS_0331 study

Jeff Michalski



1. Maintain good quality of radiotherapy

a) Minimize deviations & comply to protocol specifications

2. Modify the fractionation schedule

a) Hyperfractionated Radiotherapy (HFRT)

b) Hyperfractionated-Accelerated RT (HART)

3. Add concurrent chemotherapy to RT  

4. Integrate newer/novel technology 

a) IMRT/IGRT: Helical TomoTherapy

b) Proton beam therapy

Methods to improves outcomes in medulloblastoma

Reduce toxicity and/or improve efficacy



Does minimizing RT deviations help?

GOOD QUALITY RADIOTHERAPY  

CRUCIAL    CRITICAL    CENTRAL 



Is there a role for modified fractionation?

HFRT & HART

Strong radio-biologic rationale



HFRT in Medullblastoma: Tata Memorial Experience 

Dr T Gupta (Principal Investigator) 

•Study accrual period: 2006 – 2010

•Patients completed treatment: All 20 patients

•Median age: 8 years (range 5-14 years)

•Risk-stratification: Average-risk disease (all patients)

•CSI dose: 36 Gy/36 fx, 1 Gy BID, 6 hrs apart over 3.5 wks

•Tumor bed boost: 32 Gy/32  fx, 1 Gy BID, 6 hrs apart over 3 wks 

•Total tumor bed dose: 68 Gy /68 fx, 1 Gy BID, 6 hrs apart over 6.5 wks

•Adjuvant chemotherapy: Not initially (offered only at progression) 

•Median follow-up: 27 months (range 13-54 months)    

Clinical, demographic & treatment characteristics

Gupta T,IJROBP 2012



Acute toxicity of HFRT: Mild & self-limiting

0
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14

Neutropenia Thrombocytopenia Dermatitis

Grade 0
Grade 1
Grade 2
Grade 3
Grade 4

Hematologic toxicity very very acceptable (mild & self-limiting) 

No episodes of febrile neutropenia, only 1 patient given G-CSF x 3 days

No patients required blood or blood-product transfusion

No interruptions of treatment due to toxicity 



8 (40%) children had subnormal intelligence even before RT (FSIQ<85)

Cognitive function preserved on all tested domains over time  
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Two patients relapsed at 18 and 21 months respectively from initial diagnosis 

One had leptomeningeal disease and local failure within tumor bed

Second had supratentorial frontal relapse (away from cribriform plate)

One child received salvage chemotherapy; the other refused salvage

Both children succumbed to disease at 21 and 27 months respectively

One child died on accidental burn injuries (unrelated cause)

Patterns of relapse and survival outcomes

3-year RFS: 89.2%

(95%CI: 74.8-100%)

3-year OAS: 78.3%

(95%CI: 55.7-100%)



Is Hyperfractionated RT better than Standard 

fractionation in Avg risk Medulloblastoma..... SIOP PNET 

4 Randomised trial 

Lannering, JCO 2012

• 322 Children with avg risk medulloblastoma across 122 european centres.

•Standard fraction:23.4 Gy to the CS axis and 54 Gy to whole posterior fossa

•HFRT: 36Gy CS and 60 Gy to Posterior fossa in 68Fractions,1Gy/# twice daily

•Chemotherapy regimen consisting of eight cycles of cisplatin, lomustine, and vincristine.



Conclusion of the study:

Excellent survival rates were achieved in patients with Avg risk Medulloblastoma wiithout

RT treatment delays. EFS and OS for HFRT was not superior to STRT, which therefore

remains standard of care in this disease.



High Risk Medulloblastoma: Using carboplatin as 

a radiosensitizer COG  Phase studyI-II. 

Regina Jackaki, JCO 2012

� 161 children with M + medulloblastoma
� carboplatin 35mg/m2 given with CSI

Conclusion: Carboplatin as a radiosensitizer in M+ Medulloblastoma is a 

promising strategy



Our own encouraging experiencing of adding concurrent carboplatin 

Presented at SNO 2010



Metastatic medulloblastoma?

M2-M3 Medulloblastoma 

SIOP-PNET3 study

1 in 2 children likely to survive for 5 years even with metastatic disease

SIOP PNET 3 STUDY



Medulloblastoma: in summary

• Common & radiosensitive childhood brain tumor

• Radiotherapy: An integral component of multi-modality management

• Significant long-term sequelae in survivors (dose & volume related)

• Favorable impact of reduction in radiotherapy dose & volume 

• Quality of radiotherapy significantly impacts upon outcome

• Modifying fractionation provides a therapeutic window of gain

• Adding chemotherapy improves outcomes

• Combining these approaches may yield the most optimal therapy



Age: 3-25 years

Histology: benign and 

low grade tumours

Informed consent

Detailed neurological, 

endocrinological and 

neuropsychological 

evaluation

SCRT

54 Gy/30#

Regular 

evaluations
(5 years)

Conventional RT

54 Gy/30#
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Stratification: NPS 0&1 Vs 2&3; Pre Vs Post pubertal; 

Hydrocephalus no/minimal Vs mod/severe

SCRT trial: Schema & Design

Dr R Jalali (Principal Investigator)



IJROBP, 2010



TMH Experience With Hippocamapal Dose And 
Effect On Neurocognition

� Hippcampus contouring done retrospectively in 50 patients accrued in 

the prospective TMH  Stereotactic Conformal radiotherapy(SCRT) trial.

� Low grade gliomas and benign tumours in pediatric and young adults

� Carefully laid out RT protocol with image fusion of CT images with MRI 

images.

� RT dose of 54Gy/30Fractions given with very conservative margins(    

CTV to PTV = 2mm).

� Detailed Neurocognitive assessment done.

� No attempt had been made to give any dose constraints to the  

hippocampi during SCRT treatment.

� Correlation of various Hippocampal dosimetric parameters on    

neurocognition



Mean IQ level after SCRT

IQ Parameters Baseline 6 months 2 year 3 year 4 year 5 year

Verbal IQ 87.59 89.43 85.39 85.22 83.94 87.62

Performance IQ 86.53 93.00 98.89 102.50 109.50 112.28

Memory IQ 92.00 93.16 99.29 107.75 113.56 116.61

Global/Full-scale IQ 83.96 87.1 88.98 89.49 96.19 94.81

Normal value: 90-109
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IQ parameters over 5 year follow-up were 

maintained or showed marginal improvement



Left Hippocampus dose & percentage change in IQ at 

5 years

5 year evaluation

Mean dose (Gy) p-value*

FSIQ >10%drop 31.0 0.040*

<10% drop 26.5

VQ >10%drop 32.0 1.00

<10% drop 25.6

PQ >10%drop 32.0 0.037*

<10% drop 26.0

Logistic regression analysis, model fit

Mean doses ≤30 Gy as a possible dose constraint cut off for IQ decline



IMRT: Really exciting technology

An advanced form of high-precision radiotherapy wherein the
beam intensity is modulated to produce highly conformal dose
distributions around target volumes with maximal avoidance of
surrounding normal structures



Br J Radiol 2009



� Difficulty in having reproducible whole-body immobolization & alignment

� Long vacuum-cradle with base-plate, thermoplastic mask, & knee rest 

� Leakage of the vacuum-cradle (necessitating repeat CT-simulation)

� Restricted gantry bore (60 cm) of CT-simulator

� Contouring almost every organ in the body

Challenges in immobilization and CT-simulation



Excellent PTV coverage & conformal avoidance of OARs



Proton beam radiotherapy for pediatric brain tumors



Proton-beam radiotherapy in medulloblastoma



Back to Biology:
Newer and future perspectives

What next in childhood brain 

tumours



Pediatric glioblastomas are different from adult counterparts?

30 pts with pediatric GBM analysed

p53 overexpression: Common: 63%

EGFR protein overexpression: 23%

EGFR gene amplification: Rare (5.5%)

PTEN gene deletion: Rare (5.5%)  

Neuro-Oncol 2009



Characteristic 

Pediatric 

GBM 

(TMH)

Adult primary 

GBM

Adult secondary 

GBM

P53 mutation 74 % 25 - 30 % 60 - 65%

MGMT methylation 37 % 36% 75%

EGFR amplification 0% 35 - 50% 8%

IDH-1 mutation 4 % 10% 85%

Key molecular differences between childhood GBM and  
adult GBM

Under revisions in neuro Oncology Practise



Gene expression patterns in ependymomas 

correlate with location, age, and grade

Korshunov et al, Am J Pathol, 2003



Molecular subclassification of Ependymomas

Tenley C. Archer, Scott L. Pomeroy,cell 2011



Medulloblastoma comprises four distinct molecular variants

Northcott et al, JCO 2010

Time for molecular classification & biological risk-stratification



Taylor M, Acta Neuropathologica,2012



Clinical trials in Medulloblastomas incorporating 

the molecular subtypes

HART with concurrent carboplatin in high risk Medulloblastomas

TMH Protocol

PI: Dr Tejpal Gupta 

Awaiting IRB approval



Thank You


