
Siddhartha Laskar 
Professor 

Department of Radiation Oncology 
Dy Director Academics 

Tata Memorial Centre, Mumbai 
INDIA 

(laskars2000@yahoo.com, laskarss@tmc.gov.in)

Proton Beam Therapy in Pediatric Malignancies

S Laskar ICRO 2019

mailto:laskars2000@yahoo.com
http://laskarss@tmc.gov.in


Positively charged within the atomic nucleus (nucleon) 

Proton charge +1 (1.602 x 10-19 Coulombs) 

Mass approximately 1,836  times of e- 

Diameter: 1.65 x 10-15 m 

Proton is comprised of Quarks held together by Gluons

PROTONS
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GOAL OF RADIATION THERAPY
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PHYSICAL & BIOLOGICAL ADVANTAGES OF PROTONS/ HEAVY IONS

• Relatively Low Entrance Dose (Plateau) 

• Maximum Dose at Depth (Bragg peak) 

• Rapid Distal Dose Fall-off (No Exit Dose) 

• Energy Modulation (Spread-out Bragg Peak) 

• Relative Biological Effectiveness (Higher)

X RAYS HEAVY IONS
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RADIOBIOLOGICAL ASPECTS
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CLINICAL IMPLICATIONS

IMPROVED CONFORMITY
Reduced Non Target Dose 

Reduced Acute/ Late Toxicity 
RT Dose Escalation 

Conc use with CTh/ Surg 
Hypofractionation 

Re-Irradiation 
Better Disease Control 

Improved Therapeutic Ratio

HIGHER BIOLOGICAL EFFICACY

Cell Kill 
Immune Modulation

REDUCED NON TARGET LOW DOSE VOLUME

Acute/ Late Toxicity 
Integral Dose 

2nd Cancer Risk

S Laskar ICRO 2019



PTCOG Database Updated Jan 2019 
Proton Carbon

Functional 77 12
Under Construction 44 5
Under Planning 19 1
Pts Treated Till Date 1,18,195 15,736

Functional Facilities: 
Proton: 77 (Japan – 8, China – 1, S Korea – 1, India - 1)
Carbon: 12 (Japan – 4, China – 1)

Facilities Under Construction:
Proton: 44 (Japan – 4, China – 1, S Arabia – 1, S Korea – 1, Taiwan – 1, India - 1)
Carbon: 5 (Japan – 1, China – 2)
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Radiother & Oncol 2018

Pediatric Proton Foundation (PPF): 2012 - 2013 
Pediatric Proton Consortium Registry (PPCR): 2014 - 2016 
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April 2003 to April 2009 
n=30  

Unresectable Ewings Sarcoma 
Radical Proton Beam Radiation Therapy 

Median dose: 54 Gy (RBE) 
Median age: 10 years 

Median FU: 38.5 months

3 year local control :88% 
Secondary malignancies: 3 AML, 1 MDS 

No severe late toxicity
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PBC 2017

Data from PSI Switzerland 

2005 to 2016, n=38  
Sites: Axial Skeleton/ Pelvis - 71% 

Median Age: 11.3 Yrs 
Tumor Size: 1.7 - 24cm  

CTh + Radical Proton Beam Radiation Therapy 
Dose:  54.9Gy RBE 

Median FU: 49.6 months 
5 Yr LC: 81.5% 

5 Yr EFS: 76.4% 
5 Yr OS: 83%

Toxicities 
Late Grade III: 03/38 (7.8%)

Poor Prognostic Factors 
Age > 10 Yrs 

Tumor Volume: > 200cc 
Metastatic Disease at Presentation
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Study/ Year Type of RT Number of patients Local control at years Remarks/ Toxicity

Weber (Def+ 
Post Op)

Proton 
Dose: (45-60 cGyE)

38 
Median Fu: 49 months

5y LC: 82% 
3y OS: 83%

The 5y toxicity-free 
survival was 
90.9%, only 2 grade 3 
toxicities were observed 
in this series 

Rombi (Def+ 
Post Op)

Proton  
Dose: 43-59 cGyE)

30 
Median Fu:39 months

3y LC: 86% 
3y OS: 89%

8 % of these patients 
presented 
grade 3 toxicities

EICESS 92 Photons 347 
Median Fu:8.5 Years

3-year EFS rates were 
73% and 74% in the 
SR-VACA and SR-VAIA 
arms, respectively 
3 Year OS:88%

Severe Haematological 
Toxicity:70% 
Severe Non 
Haematological toxicity:
15%

COMPARATIVE DATA: PROTON VS. IMRT (EWINGS SARCOMA)

Disease control: Marginally superior with Protons 

Toxicity: Lesser with Proton (Marrow Sparing)

S Laskar ICRO 2019



IJROBP 2009S Laskar ICRO 2019



IJROBP 2009

CONCLUSION:  Proton beam therapy for PRMS reduces radiation doses to several critical structures. Based 
on historical dose–response relationships, proton beam therapy may reduce the risk of cataracts, hearing loss, 
neurocognitive decline, xerostomia/ poor dentition, growth delay, and endocrinopathies compared with IMRT. 
However, proton use may increase the risk of late facial asymmetry. 

COMPARATIVE OAR DOSE: PROTON VS. IMRT (Dose: 50.4Gy/ 28#)
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COMPARATIVE OAR DOSE & CLINICAL OUTCOME
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2006 to 2015, n=46  
Location: Parameningeal - 54%, I/C Extension - 24% 

Primary Tumor > 5cm: 28% 
Radical Proton Beam Radiation Therapy 

Dose:  50.4Gy RBE 
Median Cyclophosphamide Dose: 13.2g/m2 

Median FU: 3.9 Yrs 
5 Yr LC: 84% (Compared to IMRT series- COG ARST0531 - JCO 2018  LF rate:  22.4%) 

5 Yr PFS: 57% 
5 Yr OS: 76%

Poor Prognostic Factors 
Intracranial Extension (ICE) 

Tumor Size > 5cm 
Delay in RT > 4wks of CTh in Pts with ICE 

Suggest RT Dose escalation to 59.4Gy - for tumors > 5cm (COG ARST1431) 

Radiother & Oncol 2019

Significant Observations 
No Marginal Failures 

Acute Grade III Toxicity: 9% 
Late Grade III Non Cataract Toxicity: 11% (Compared to IMRT series - 47%, PBC 2016)
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JCO 2014

Combined COG & EPSSG Protocols 
2005 to 2012, n=57  

Sites: H&N, Thorax, Extremeties, Pelvis (All Sites) 
Age: < 21 Yrs 

Radical Proton Beam Radiation Therapy 
Dose:  50.4Gy RBE 

Median FU: 47 months 
5 Yr LC: 69% (Low Risk - 93%, Int Risk - 77%)  

5 Yr EFS: 78% 
5 Yr OS: 81%

Toxicities 
Acute Grade III: 13/57 (22.8%) 

Late Grade III: 03/57 (5.2%)
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Study/ Year Type of RT Number of patients Local control at years Remarks/ Toxicity

Ladra, 2014 
JCO

Proton, Definitive+ Post 
op RT (Median 50.4 
cGYE) 
Median Fu:47 months

52 3y LC: 81% 
5y LC: 81% 
3y OS: 81% 
5y OS: 78%

20 incidents of late grade 
2 toxicity in 12 patients 
(28%).

Leiser 
(Radiotherapy 
and Oncology,
2016)

Proton 
Median Dose: 54 cGYE

83 5y LC: 78.5% 
5y OS: 80.6%

14% Grade 3 toxicity 
Hameatological :80%

IRS IV, 2001 
JCO

Photons (40- 50 Gy) 
Post Op RT for all 
Median FU: 5 years

883 Overall 3-year FFS and 
survival were 77% and 
86%, respectively. 

> 90% severe 
myelosuppression, 55% 
infection

COMPARATIVE DATA: PROTON VS. IMRT (RMS)

Disease Control: Similar 

Toxicity: Lesser with Proton (Marrow Sparing)
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Massachusetts General Hospital 

1980 to 2002, n=41  

Inoperable/ +ve Resection Margins 

Gross Total Resection: 65.8%, Subtotal Resection: 21.9%, Biopsy: 12.2% 

Median RT Dose:  66 Gy 

Proton + XRT: 56% pts 

Median FU:  months 

5 Yr LC: 68.3% Overall 

GTR - 78.4% +/- 8.6% 

STR - 77.8% +/- 13.9% 

Biopsy - 40% +/- 21.9% 

Grade III Late Toxicity: 24% 

IJROBP 2005S Laskar ICRO 2019



Study/ Year Type of RT Number of patients Local control at years Remarks/ 
Toxicity

Ciernik,Cancer 2011 
(MGH)

Proton 
or mixed photon 
proton 
Dose: (68.4 cGyE)

55 
Median Fu: 49 months 

Only unresectable or Partially 
resectable OGS

5y LC: 82% 
3y LC: 72% 
5 Year OS:67%

Grade 3 to 4 late 
toxicity was 
seen in 30.1 % 
of patients. One 
patient died from 
treatment-
associated 
acute 
lymphocytic 
leukemia, and 1 
from secondary 
carcinoma of the 
maxilla.

DeLaney, 
2011, 
IJROBP

Photons 
Median Dose:66 Gy

41 
Median Fu: 40 months 
Only unresectable or Partially 
resectable OGS 

5 year LC: 68% 
5 year OS:72%

Ten patients 
(24%) 
experienced 
significant late 
complications 
related to RT 
that required 
hospitalization 
or surgery

COMPARATIVE DATA: PROTON VS. IMRT (OGS)

Disease control: Marginally superior with Protons 

Toxicity: Lesser with Proton
S Laskar ICRO 2019



IJROBP 2013

June 2000 to June 2010, n=26  
Unresectable Chordoma (19), Chondrosarcoma (7) 

Base Shull (17), Axial Skeleton (9) 
Radical Proton Beam Radiation Therapy 

Dose:  Chordoma - 74 Gy RBE, Chondrosarcoma - 66 Gy RBE  
Median age: 13.2 years 
Median FU: 46 months 

5 Yr LC: Chordoma - 81%, Chondrosarcoma - 80% 
5 Yr OS: Chordoma - 89%, Chondrosarcoma - 75% 

No Avute Grade III Toxicity 
Late Grade II Toxicity: 19%, No Grade III
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IJROBP 2015

Massachusetts General Hospital 

1986 to 2012, n=49  

60 Eyes (49 pts) 

Bilateral Retinoblastoma: 85% 

Median RT Dose:  45 Gy RBE 

Median FU:  8 Years 

No death due to Retinoblastoma, No Mets 

Data on Vision Status available: 30/49 (61%) 

14/30 (47%): Vision 20/40 - Good Vision 

07/30 (23%): Vision 20/40 - 20/600 - Moderate Vision 

09/30 (30%): No Vision

S Laskar ICRO 2019



IJROBP 2015S Laskar ICRO 2019



Study/ Year Type of RT Number of patients Local control at years Remarks/ Toxicity

Mouw, 
IJROPBP, 
2015

Proton 
Median Dose:44 
Gy(RBE)

49 
60 eyes 
Median Fu:9 years 
85% had b/l disease 

Post RT enucleation rate 
18% (11 vs 23% for group 
A_B vs Advanced group) 

Enucleation mostly due to 
progression

14/30 eyes (47%) had 20/40 
visual acuity or better, 7/30 
(23%) had moderate visual 
acuity (20/40 - 20/600), and 9/30 
(30%) had little or no useful 
vision (worse than 20/600). 
Twelve of 60 treated eyes (20%) 
experienced a post-PRT event 
requiring intervention, with 
cataracts the most common (4 
eyes). No patients developed an 
in-field second malignancy 
Average Useful Vision:70%

Pradhan, 
IJROBP,1997

Photons 
Dose:45 Gy

120  
192 Eyes 

2 Year LC (Overall for all 
groups: 71%)

Useful  vision: Stage 1 to 5: 7 of 
7, 6 of 6, 4 of 8, 10 of 15, and 7 
of 28 eyes 
Average Useful Vision:50%)

COMPARATIVE DATA: PROTON VS. XRT (RETINOBLASTOMA)
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PROTONS FOR RETINOBLASTOMA / LYMPHOMA/ NEUROBLASTOMA: CLINICAL OUTCOME
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Study/ Year Type of RT Number of patients Local control at years Remarks/ Toxicity

Hill-Kayser 
2019, IJROBP 
High RIsk

Proton 
Median Dose:21.6cGyE

45 
Median Fu: 49 months 

5y LC: 97% 
3y LC: 97% 
5 Year OS:80% 
3 year OS:88%

No patient has 
experienced World Health 
Organization grade 3 or 4 
long-term renal or hepatic 
toxicity.

Casey, 
2016, 
IJROBP 
High Risk

Photons 
Dose:21 Gy

213 
Median Fu: 6.4 years 
(Surviving patients) 

2 Year LC:92.9% 
5 year LC:90.2%

5% severe 
haematological toxicity 
2 severe renal and 
hepatic dysfunction

COMPARATIVE DATA: PROTON VS. IMRT (NEUROBLASTOMA)
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Massachusetts General Hospital 
1973 to 2001, n=558 Treated with Protons 

Matched Pair (n=558) - SEER Database. Treated with X Rays 
Median FU:  6.7 Years 

Median Age at Treatment: 59 Years 
2nd Malignancy: With Protons - 29/558 (5.2%) 
                            With X Rays - 42/558 (7.5%)
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Cancer Sci 2017

Aim: Evaluate the long- term benefits of PBT in cancer survivors  

n=343 

> 5 Yrs follow up - 62/343 (18%) 

1983 to 2014, treated at 4 Japanese Institutions 

Median Age: 10.8 Years (0 - 19 Years) 

Proton Dose: 10.8 - 81.2 Gy RBE (Median - 50.4 Gy RBE) 

Median FU: 8.1 Years
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SUMMARY 

• Proton beam therapy results in similar / improved disease control 

• Potentially result in reduced dose to surrounding structures/ tissues (reduced toxicity) 

• Robust level III data still not available to support or refute the use 

• Paucity of comparative data on QOL/ Functional Outcome  

• Dosimetric robustness (e.g: end of range RBE) 

• Neutron contamination 

• Expensive treatment 

• Significant role in management of Pediatric Malignancies

S Laskar ICRO 2019


