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UNDERLYING PHILOSOPHY IN PEDIATRIC ONCOLOGY

-MITIGATE LATE EFFECTS

Avoiding treatments- wherever it’s safe

Treatment de-intensification- wherever feasible

Highly conformal radiation therapy techniques with crisper margins

Bhakta N, et al Lancet 2017



RADIATION OMISSION/DE-ESCALATION

<3 yrs >3 yrs P value

5 yr EFS 62.9% 70.5% NS

5 yr OS 87.4% 85.8% NS

Immediate postoperative radiation nullified the effect of age

Age Eligibility criteria for RT - 12 months 

HISTORIC DATA-EPENDYMOMAS ACNS-0121 study



DOSE ESCALATION



INDICATIONS OF RADIATION IN PEDIATRIC/AYA GROUP

Diagnosis Indication of Radiation Dose

Medulloblastoma All High Dose

Ependymoma All High Dose

Ped Gliomas Posterior fossa, high grade gliomas, DMG,  others Moderate to high dose

RMS Almost all, (Exceptions) Moderate to high Dose

Ewing’s Sarcoma Not all but nearly half of them or more Moderate to high Dose

Neuroblastoma All high-risk ones Moderate dose

Wilm’s Tumor Nearly 1/4th Moderate dose

Craniopharyngioma Nearly 50% High dose

Germ cell tumors Most intracranial ones Moderate to high dose

Epithelial Tumors Almost all High dose

Mesenchymal Tumors Almost all High dose

Lymphoma Diminishing but 1/5th-1/3rd Moderate dose



WHY/WHY NOT PROTON THERAPY ?



Physical Advantage of Proton Therapy

Almost universally, there is some dosimetric advantage with Proton therapy when compared to 

conformal photon techniques



Dense concentration of DNA damage vs. 
Sparsely distributed DNA damage

Greater complexity of damage - requires 
different mechanisms for DNA repair

Protons may result in greater down 
regulation of certain genes that could 

impact metastases

Girdhani, et al. Radiation Research 2013, Amundsen et al IJPT 2018

Biological advantage of Proton Therapy



PROTONS VS. PHOTONS COST

Photons Protons (single room)

Initial Setup x 15x 

Maintenance x 12x

Electricity x 10x

Throughput x 0.5x

Manpower x 2x therapist

2x physicists

2x radiation oncologists

Maintenance cost per year =/> Cost of latest Linac



BEST EVIDENCE SUPPORTING PROTON THERAPY

• Multiple phase 2 prospective & retrospective studies- Establish safety and efficacy of PT

• Multiple cohort studies of direct/indirect comparison for late effects- Superiority of PT

• Real and modelling studies comparing secondary cancers- Superiority of PT in reducing second cancers

• Comparative studies of QOL between modalities- Superiority of PT in improving QOL

• Multiple cost-effectiveness studies- PT in children for several indications is cost effective

Universal consensus regarding need for more evidence- 

clinical &. pre-clinical data



SAFETY/EFFICACY- MEDULLOBLASTOMA

• 178 patients

• 102 (57%) standard-risk

• 76 (43%) high-risk patients

• Median f.u: 8.1 yr

OS (10 y): 79.3% (95% CI, 73.1%-85.9%)

OS (10 y) standard risk:  was 86.9% (95% CI, 
79.9%-94.4%)

OS (10 y) IR/HR was 68.9% (95% CI, 58.7%-
80.8%)

- 10-y cumulative incidence of brain stem 

injury was 1.9% (95% CI, 0.5%-5.1%)

 - 10 y cumulative incidence of secondary 

malignancy was 2.1% (95% CI, 0.6%-5.8%) 



SAFETY/EFFICACY- EPENDYMOMA

• 386 patients

• Grade 2/3

• Median f.u: 5 yr



SAFETY/EFFICACY- RMS

• 544 patients

• 392 Embryonal, 144 alveolar

3yr 5yr

Local control 78% 

(95% CI 0.71–0.85) 

84% 

(95% CI 0.74–0.95)

OS 93% 

(95% CI 0.86–1.00) 

82% 

(95% CI 0.71–0.94)



SAFETY/EFFICACY- EWING’S SARCOMA

H Uezono, et al IJROBP 2020



LATE EFFECTS SUMMARY

 Hearing loss
 Impaired Cognition

 Impaired academic performance

 Endocrine Dysfunction

 Growth abnormalities

 Vasculopathy- CVA

 Brain stem necrosis

 Optic pathway dysfunction

 Social issues

 Psychological issues

 Impaired overall QOL

 Second Malignant neoplasms

Most are dose dependent- deterministic 

CSF shunting and increased cochlear dose (>32Gy) 
enhance the effect of ototoxic chemotherapy. 

JCO 2016,JCO 2011, R Jalali, et al PRO 2019 



LATE EFFECTS COMPARISON- 
NEUROCOGNITIVE OUTCOMES

Modelling Study based 

on Dosimetry

PRT group exhibited superior long-term outcomes in 

global intelligence quotient (IQ), perceptual reasoning, 

and working memory compared with the XRT group

TE Merchant, et al 

Seminars in Radiation Oncology 2013

Kahalley, et al JCO 2020



LATE EFFECTS COMPARISON-
ENDOCRINE OUTCOMES

Endocrine axis X-ray Proton P value

Hypothyroidism 69% 23% 0.01

Sex hormone 

deficiency

19% 3% 0.02

Any hormone 

replacement

78% 55% 0.03

Height SDS score -2 -1.19 0.02

Eaton, et al 
Neuro Oncol 2016, JCO 2019

77 patients, Medulloblastoma std. risk

3 yrs of Endocrine screening

Median follow up of 5.8 yrs



LATE EFFECTS COMPARISON-
EXTRACRANIAL LATE TOXICITIES

Spiotto, et al IJPT 2020



Facial Deformation in 

HN RMS
Cross Sectional study

173 HN RMS pts across 4 European & NA Centres

Four modalities Compared:

• Radiation

• AMORE-Ablative Surgery, Moulage Brachy, 

Reconstructive Surgery

• Proton Therapy (PBT)

• Paris Method- Limited Surgery, less adjuvant radiation 

dose & volume

PBT – significantly lesser deformities

Hol M, et al PBC 2023



Patient cohort of 4.5 lakh patients

>25 lakh patient-years of cumulative follow-up

Cancer 2020



QOL 

studies



• one-third of the children reported scores comparable to healthy children

• 90% of them could function in a regular school (albeit often with some additional support)

• Mean child and parent HRQoL scores in the study cohort were inferior to those of healthy 

children but comparable to the reference cohort with other chronic health conditions.
Eaton B, et al Neuro Oncology 2020

59 patients



COST-EFFECTIVENESS

Proton therapy for Medulloblastoma is cost-effective and cost-saving

52% reduction in SMNs 

33% reduction in cardiac and non-cardiac mortality

88% risk reduction for hearing loss, hormone insufficiencies, osteoporosis and IQ loss.

Authors reported a gain of 0.68 QALY/child with an estimated ICER of € 34,622 EUR.



ACCESS TO PROTON THERAPY 

80% of medulloblastomas diagnosed in the world belong to 

LMICs



APCC EXPERIENCE
DEDICATED PEDIATRIC SERVICE

Coloring Masks

(Child’s favorite super-hero)

Tour to PROTON Gantry



INDICATIONS AT APCC

3/4 patients belong to these sites

• Neuro

• Peds

• Musculoskeletal/BST

• HN & Skull base

2000+ Patients, Pediatric (Intra & Extra 

cranial)

22%

CNS

24%

Bone & Soft tissue

17%

Head Neck & Skull base

15%

Genitourinary

8%

Thoracic

4%

Gastrointestinal

5%

Breast

4%

Gynecology

1%





LOW ACUTE TOXICITIES & EXCELLENT 
LOCAL CONTROL

• 50% of our patients presented at the time of recurrence

• 22% at second recurrence

• 20% received prior radiation therapy

Toxicity (Grade >2) NCI 

CTC version 4.0 

CNS (n, %) Non-CNS 

(n, %)

Total (n,%)

Fatigue 8 (29.6) 4 (20) 12 (25.5)

Aloepecia 27 (100) 4 (20) 31 (65.9)

Dermatitis 9 (33.3) 16 (80) 25 (53.1)

Nausea 5 (18.5) 5 (25) 10 (21.2)

Vomiting 10 (37) 4 (20) 14 (29.7)

Mucositis 5 (18.5) 11 (55) 16 (34)

Dysphagia 5 (18.5) 10 (50) 15 (31.9)

Bowel 0 (0) 1 (5) 1 (2)

>Grade 2 neutropenia 10 (37) 7 (35) 17 (36.1)





Anindita Das, et al Diagnostics 2023

The 3-year OS, DSS, and PFS of this group

of patients were 88.5%, 91.7%, and 90.8%, respectively.



World Neurosurgery 2024

Our preliminary experience with 
modern PBS-PBT and image 

guidance for craniopharyngioma 
is encouraging. Proton therapy in 

our cohort was well tolerated, 
resulting in limited toxicity and 

promising early outcomes.



BMJ Case Reports 2024



Pre surgery & Pre Proton Post Proton 12 monthsProton plan

• 2-year follow-up - no residual disease. 

• Tumour markers within normal limits. 

IMPT: 40 GyE in 23 fractions (23.4GyE in 14# 
CSI and 16.2GyE in 9# boost)



2 YR OLD WITH RMS, POST 12 
WEEKS OF VAC AND SURGERY



2 YR OLD, POST 12 WEEKS OF VAC AND 
SURGERY

Spared OAR’s associated with 

neuro-cognitive outcomes

 

neuro-endocrine function

& vision



DEFINITIVE RADIATION THERAPY WITH WLI:
17 YEAR OLD WITH CHEST WALL EWING 

SARCOMA

CTV LR: 45CGE

CTV HR: 

55.8CGE

WLRT: 

15CGE/10#



Large targets: Enables delivery of radiation

Reduction in cardiac doses

Reduction in Lung doses



15 YR OLD, CHONDROBLASTIC OSTEOSARCOMA, 
POST MAP CHEMOTHERAPY



OVARIAN SPARING

Effective delivery of high dose of 

radiation

Spares rectum, small/large bowel and 

ovaries.



FOLLOW UP IMAGE (24 MONTHS)



13 YR, EBV DNA POSITIVE, 
UNDIFFERENTIATED NASOPHARYNGEAL 

CARCINOMA



DOSE DISTRIBUTION

Mucosal sparing

Better sparing of salivary glands, constrictors & mucosa



• 15 yr old

• Relapsed Hodgkins lymphoma

• Post transplant

Reduction in doses to 

mucosa, breast, thyroid, heart & lungs





Peer Review



CONCLUSION

• 22% of patients treated at our centre were children less than 18 years old

• Most procedures in children have been standardized to ensure safe practices.

• Peer review system is robust to encourage best practices

• Promising early outcomes

• Children will be recruited to prospective registry and will be followed up for 

long term.



Paediatric Cancer Management Team

Paediatric Surgical Oncology

Radiation Oncology

Paediatric (Medical) Oncology

Pathology

Radiology

Physiotherapy/Occupational Therapy

Endocrinologist

Paediatrician

Clinical Psychologist

Nutrition

Nursing 

Trial Coordinators

Social Workers

Interpreter & Translators

Service Excellence Coordinator
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