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Study Team Outside of NCI

Amy Berrington, D.Phil.

Institute for Cancer Research, London
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Massachusetts General Hospital
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cancer.gov/CCDI #data4childhoodcancer



6

Study Funding

Funding for data collection 

provided by the NCI Childhood 

Cancer Data Initiative (CCDI)

CCDI goals include improving data 

sharing to accelerate pediatric 

cancer treatment and survivorship

cancer.gov/CCDI #data4childhoodcancer
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Rationale and Objectives
Cari Kitahara, Ph.D.
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Advances in Cancer Radiotherapy

▪ Radiotherapy is an essential tool in the treatment of many cancers

▪ Conventional radiotherapy associated with late effects (subsequent 

malignancies)

▪ Pediatric patients particularly radiosensitive

Goal of emerging radiotherapy techniques:

Reduce radiation exposure to normal (“healthy”) tissues

cancer.gov/CCDI #data4childhoodcancer
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Focus on Reduction in Normal Tissue Dose

Conventional 

photon 

radiotherapy

Intensity 

modulated 

radiation therapy

Proton 

therapy

Passive scattering Pencil beam scanning

Gondi V, et al. Nat Rev Neurol 2016

cancer.gov/CCDI #data4childhoodcancer
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Craniospinal Irradiation in Proton Therapy (Medulloblastoma)

Proton Photon

Radiation-induced 

second cancer (sarcoma)

Gondi V, et al. Nat Rev Neurol 2016

cancer.gov/CCDI #data4childhoodcancer
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Rapid Expansion in Proton Therapy 
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U.S. Pediatric Radiotherapy Patients: Patterns of Care Survey

Pediatric proton patients doubled 
from 2012 to 2016

Proton centers increased from 9 
to 23

15% of pediatric U.S. 
radiotherapy patients 

47%

12%

7%

4%

6%

24%

Pediatric Cancers 
Treated with Protons

CNS

Soft Tissue Sarcoma

Bone Sarcoma

Neuroblastoma

Hodgkin Lymphoma

Other

Journy N, et al. Radiother Oncol 2019

cancer.gov/CCDI #data4childhoodcancer
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Scattered (Out of Field) Neutron Doses

▪ Passive scattering versus pencil 

beam proton therapy – more 

neutron scatter 

▪ Neutron doses more carcinogenic 

than photons

▪ Neutron doses and associated 

cancer risks from proton therapy 

remain unclear

Proton and 

neutron dose

Proton only 

dose
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Risks of Second Cancers

Are risks of second cancers lower in pediatric cancer 

patients treated with proton therapy versus photon 

therapy?

We do not know yet.

cancer.gov/CCDI #data4childhoodcancer
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Studies Examining Late Effects of Proton Therapy

▪ No randomized trials of pediatric patients – considered 

unethical due to dosimetric advantages of protons

▪ Reliance on single-center observational and modeling studies

▪ Small sample sizes

▪ Lack of formal comparison group

▪ Short or likely incomplete follow-up

▪ Large-scale observational studies required

cancer.gov/CCDI #data4childhoodcancer
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Berrington de González A, Vikram B, Buchsbaum JC, et al. A Clarion Call for Large-Scale Collaborative Studies of Pediatric Proton Therapy. Int J 

Radiat Oncol Biol Phys. 2017 August 1. doi: 10.1016/j.ijrobp.2017.03.033.

#data4childhoodcancercancer.gov/CCDI

Commentary
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Study Design
Cari Kitahara, Ph.D.
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Scientific Article

Berrington de González A, Gibson TM, Lee C, et al. The Pediatric Proton and Photon Therapy Comparison Cohort: Study design for a 

multicenter retrospective cohort to investigate subsequent cancers after pediatric radiation therapy. Advances in Radiation Oncology. 2023 May 

21. doi: 10.1016/j.adro.2023.101273.

cancer.gov/CCDI #data4childhoodcancer
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NCI Pediatric Proton and Photon Therapy Comparison Cohort

▪ Primary aim → Examine risks of second cancers

▪ Proton (passive scattering, pencil beam) versus photon therapy

▪ Dose-response

▪ Dose-volume effects

▪ Secondary aim → Examine differences in in-field and out-of-

field doses by radiotherapy modality

Berrington de González A, Gibson TM, Lee C, et al. The Pediatric Proton and Photon Therapy Comparison Cohort: Study design for a 

multicenter retrospective cohort to investigate subsequent cancers after pediatric radiation therapy. Advances in Radiation Oncology. 

2023 May 21. doi: 10.1016/j.adro.2023.101273.

cancer.gov/CCDI #data4childhoodcancer
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Building Upon Infrastructure of an Existing Registry

▪ Pediatric Proton Consortium Registry (PPCR)

▪ Eligible: Treated in U.S. or Canada from 2015-present

▪ 25 participating proton or photon centers → 4,800 patients

▪ Active enrollment (patient consent required)

▪ Primary outcomes: Acute adverse effects

▪ NCI Pediatric Proton and Photon Therapy Comparison Cohort

▪ Eligible: Treated in U.S. or Canada from 2007-2023; selected first primary cancers

▪ Proton or photon centers with >500 eligible patients: targeting 20,000 total patients

▪ Passive enrollment (patient consent not required)

▪ Primary outcomes: Radiation-associated second cancers

cancer.gov/CCDI #data4childhoodcancer
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NCI Pediatric Proton and Photon Therapy Comparison Cohort

Radiotherapy 
Centers

10,000 proton 
and 10,000 

photon therapy 
patients 

(2007-2023)
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First tumor 
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surgery
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Digital Imaging 

and 
Communications 

in Medicine 
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Registry 
Linkages

Second cancers 
and death

(2007-future)
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Strengths of Study Design

▪ Pediatric patients treated with radiotherapy in the modern era

▪ Older (3D-CRT, IMRT, passive scattering) and newer (VMAT, pencil 
beam) modalities 

▪ No active consent required → more inclusive, less selection bias

▪ Cancer registry linkages → more complete, systematic, long-term 

follow-up

▪ Detailed covariate data

▪ Age, stage, treatments, insurance status, known cancer predispositions

▪ Comprehensive dosimetry

▪ Organ doses, particle type (photon, proton, neutron), dose-volume

cancer.gov/CCDI #data4childhoodcancer
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Importance of Study Findings

▪ Inform treatment decisions for 

current and future patients

▪ Inform long-term surveillance 

strategies

cancer.gov/CCDI #data4childhoodcancer
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Current Status of Enrollment
Cari Kitahara, Ph.D.
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NCI Pediatric Proton and Photon Therapy Comparison Study

13 Study Centers (as of 9/24)

1. University of Colorado, Denver

2. Children’s Hospital Los Angeles

3. University Health Network Toronto

4. Massachusetts General Hospital

5. University of Florida

6. Mayo Clinic - Rochester

7. Emory University

8. The Ohio State University

9. University of Utah

10. University of Pennsylvania/Children’s Hospital of Philadelphia

11. University of Texas/MD Anderson Cancer Center

12. California Protons Cancer Therapy Center

13. Baylor University

2020

2021

2023

Funding for data 

collection by CCDI

cancer.gov/CCDI #data4childhoodcancer
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NCI Pediatric Proton and Photon Therapy Comparison Study

2020

2021

2023

13 Study Centers (as of 9/24)

1. University of Colorado, Denver

2. Children’s Hospital Los Angeles

3. University Health Network Toronto

4. Massachusetts General Hospital

5. University of Florida

6. Mayo Clinic - Rochester

7. Emory University

8. The Ohio State University

9. University of Utah

10. University of Pennsylvania/Children’s Hospital of Philadelphia

11. University of Texas/MD Anderson Cancer Center

12. California Protons Cancer Therapy Center

13. Baylor University

Funding for data 

collection by CCDI

2024: 3-5 new 

centers expected

cancer.gov/CCDI #data4childhoodcancer



27

Current Status of Enrollment (October 8, 2024)

Primary Modality Per Patient Enrolled Patients (%)*

Total (n=7,301)

Proton therapy 43%

Photon therapy 53%

Both 2%

Unknown 2%

*Transfer of patient data in process

cancer.gov/CCDI #data4childhoodcancer
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Current Status of Enrollment (October 8, 2024) Cont.

Enrolled (%)

Year of diagnosis

Before 2010 22%

2010-2014 35%

2015-2019 36%

2020-2023 8%

Age at diagnosis

<5 26%

5-9 23%

10-14 23%

15-21 27%

cancer.gov/CCDI #data4childhoodcancer
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Current Status of Enrollment (October 8, 2024) Cont.

Enrolled (%)

First cancer diagnosis

Central nervous system tumors 57%

Hodgkin’s lymphoma 10%

Neuroblastoma 6%

Rhabdomyosarcoma 11%

Bone sarcoma 9%

Soft tissue sarcoma 6%

cancer.gov/CCDI #data4childhoodcancer
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Dosimetry Methods
Choonsik Lee, Ph.D.

cancer.gov/CCDI #data4childhoodcancer
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Dosimetry Methods 
Agenda

1. Background

2. Method Development

▪ Anatomy extension

▪ Automatic segmentation

▪ Monte Carlo simulation

3. Publications

cancer.gov/CCDI #data4childhoodcancer
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Dosimetry Study Goal

Estimate individualized, whole-body organ doses for 

10,000 photon and 10,000 proton therapy patients

cancer.gov/CCDI #data4childhoodcancer
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Historical Methods for Organ Dose Estimation

Extract parameters 

from paper 

radiotherapy records

Measurements of dose in 

water and simplified 

anatomy phantoms

Mean dose or point 

dose to a few organs

Stovall et al. MP 1989, Diallo et al. RO 1996

cancer.gov/CCDI #data4childhoodcancer
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Dosimetry Study Goal

▪ Estimate individualized, whole-body organ doses for 10,000 

photon and 10,000 proton therapy patients

▪ Individualized: collect electronic radiotherapy records (DICOM-RT)

▪ Whole-body: extend anatomy to whole body for out-of-field dose

▪ Organ dose: automatic segmentation methods

▪ Photon and proton: develop Monte Carlo radiation transport methods

cancer.gov/CCDI #data4childhoodcancer
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Data Flow for Pediatric Proton and Photon Therapy 
Comparison Study

DICOM-RT:

• DICOM CT

• RT STRUCTURE

• RT DOSE

• RT PLAN

U.S./Canada proton and photon centers

MIMcloud

Patient and

treatment

data

REDCap

DICOM-RT

automatically mirrored

Amazon Web 
Services

Dose calculations
cancer.gov/CCDI #data4childhoodcancer
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DICOM-RT Issues

DICOM-RT ISSUES

DICOM CT

RT STRUCTURE

RT DOSE

RT PLAN

cancer.gov/CCDI #data4childhoodcancer
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DICOM-RT Issues Cont.

DICOM-RT ISSUES

DICOM CT Missing anatomy

RT STRUCTURE

RT DOSE

RT PLAN

?

cancer.gov/CCDI #data4childhoodcancer
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DICOM-RT Issues Cont.

DICOM-RT ISSUES

DICOM CT Missing anatomy

RT STRUCTURE Missing contour

RT DOSE

RT PLAN

DICOM CT +

RT STRUCTURE

Brain sub-structures?

cancer.gov/CCDI #data4childhoodcancer
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DICOM-RT Issues Cont.

DICOM-RT ISSUES

DICOM CT Missing anatomy

RT STRUCTURE Missing contour

RT DOSE Missing dose

RT PLAN

Photon beam

Normal 

tissue

in-field

Normal tissue

Out-of-field
Tumor

Beam-shaping devices

cancer.gov/CCDI #data4childhoodcancer
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DICOM-RT Issues Cont.

DICOM-RT ISSUES

DICOM CT Missing anatomy

RT STRUCTURE Missing contour

RT DOSE Missing dose

RT PLAN

Monte Carlo

(gold standard)

Main proton, scattered 

proton, neutron

RT DOSE

Main proton only

cancer.gov/CCDI #data4childhoodcancer
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Dosimetry Methods
Solution to missing anatomy:

CT anatomy extension 

cancer.gov/CCDI #data4childhoodcancer
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CT Anatomy Extension
Original CT

cancer.gov/CCDI #data4childhoodcancer
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CT Anatomy Extension Cont.
Original CT Test CT

Extend

Extend

Pediatric CTs: 180 males and 179 females

cancer.gov/CCDI #data4childhoodcancer

Extend
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CT Anatomy Extension Cont.
Original CT Test CT

Extend

Extend

Extend

Extension 1 Extension 2 Extension 3

cancer.gov/CCDI #data4childhoodcancer
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CT Anatomy Extension: Examples

Original head CT Torso-extended CT Torso-extended CT with contours

cancer.gov/CCDI #data4childhoodcancer
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Dosimetry Methods
Solution to missing contour: 

Automatic organ segmentation

cancer.gov/CCDI #data4childhoodcancer
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Centralized Segmentation: TotalSegmentator

Missing organs: thyroid, testes, ovaries, breast, substructures of the brain and heart

cancer.gov/CCDI #data4childhoodcancer
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Atlas-based Heart Segmentation Methods1,2
M

an
u

al
A

u
to

m
at

ic

Whole Heart Left Atrium

Right Ventricle Left Ventricle

Right Atrium

Left Artery Descending

Axial Sagittal Coronal

Geometric evaluation for RadComp3 

breast radiotherapy cohort

1Jung ... Lee phiRO 2019
2Jung ... Lee phiRO 2021
3Radiotherapy Comparative Effectiveness

cancer.gov/CCDI #data4childhoodcancer
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In-house Deep Learning-based Segmentation Methods

Saha... Mille PhiRO 2023

cancer.gov/CCDI #data4childhoodcancer
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In-house Deep Learning-based Segmentation Methods Cont.

Saha... Mille PhiRO 2023

cancer.gov/CCDI #data4childhoodcancer
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Dosimetry Methods
Solution to missing dose:

Monte Carlo simulations

cancer.gov/CCDI #data4childhoodcancer
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Monte Carlo 
Simulation:
Photon Therapy
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Monte Carlo 
Simulation:
Photon Therapy
Cont.
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Monte Carlo 
Simulation:
Photon Therapy
Cont.
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Monte Carlo 
Simulation:
Photon Therapy
Cont.
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Compatibility Tested for Multiple TPS and Techniques

▪ Eclipse MLC1: Univ. Michigan breast therapy patients (n=120)

▪ Pinnacle block: National Wilms Tumor Study patients (n=5000)

▪ Eclipse EDW2: Univ. Maryland breast therapy patients (n=50)

▪ RayStation EDW2: MDACC breast therapy patients (n=20)

1Multi-Leaf Collimator
2Enhanced Dynamic Wedge

cancer.gov/CCDI #data4childhoodcancer
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Proton Therapy: Passive Scattering
Massachusetts General Hospital

Founding Member, Mass General Brigham

Proton accelerator

1st scatterer

Modulator

2nd scatterer

Aperture

Compensator

Tumor

cancer.gov/CCDI #data4childhoodcancer
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Monte Carlo Dose Calculation for 30 Craniospinal Patients

Monte Carlo
Main proton, scattered 

proton, neutron

RT Dose
Main proton only

#data4childhoodcancer
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Monte Carlo vs. RT Dose for Craniospinal Passive Scattering

cancer.gov/CCDI #data4childhoodcancer
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Monte Carlo vs. RT Dose for Craniospinal Passive Scattering

Difference due to 

neutron and 

algorithm

Difference due to neutron

Griffin et al. to be submitted late 2024
cancer.gov/CCDI #data4childhoodcancer
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Proton Therapy: Pencil Beam Scanning (PBS)

Proton accelerator

Orthogonal 

dipole 

magnets

Tumor

cancer.gov/CCDI #data4childhoodcancer
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Collaboration to Develop PBS Dose Calculation Methods

Maryland Proton Treatment Center

Affiliated with University of Maryland 

Marlene and Stewart Greenebaum 

Comprehensive Cancer Center

TOol for PArticle Simulation 

(TOPAS)

cancer.gov/CCDI #data4childhoodcancer
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Validation of Computer Simulation Model of PBS

Measurement 

(solid)

Simulation 

(line)

Yeom... Lee JRP 2020

cancer.gov/CCDI #data4childhoodcancer
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Organ Dose for PBS Patients: Monte Carlo Calculations

Intracranial Craniospinal Dose per prescribed 

dose (Gy/Gy)

100%

0%
Yeom... Lee JRP 2020

cancer.gov/CCDI #data4childhoodcancer
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Organ Dose for PBS Patients: Monte Carlo Calculations

1% of prescribed dose
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Organ Dose for PBS Patients: Monte Carlo Calculations Cont.

1% of prescribed dose



67

Organ Dose for PBS Patients: Monte Carlo Calculations Cont.

Neutron dose contribution (%)
0 20 40 60 80 100

Neutron dose contribution (%)

Intracranial
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Organ Dose for PBS Patients: Monte Carlo Calculations Cont.

Neutron dose contribution (%)
0 20 40 60 80 100

Neutron dose contribution (%)

Intracranial
Craniospinal
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Method Papers Published to Date

▪ Solution to missing anatomy

▪ Morato Rafet et al. Realistic extension of partial-body pediatric CT for whole-
body organ dose estimation in radiotherapy patients, RPC (in press)

▪ Solution to missing contour

▪ Jung JW, Lee C, Mosher EG, et al. Automatic segmentation of cardiac 
structures for breast cancer radiotherapy. Phys Imaging Radiat Oncol. 2019 Dec 
5. doi: 10.1016/j.phro.2019.11.007.

▪ Jung JW, Mille MM, Ky B, et al. Application of an automatic segmentation 
method for evaluating cardiac structure doses received by breast radiotherapy 
patients. Phys Imaging Radiat Oncol. 2021 Aug 23. doi: 
10.1016/j.phro.2021.08.005.

▪ Saha M, Jung JW, Lee SW, et al. A deep learning segmentation method to 
assess dose to organs at risk during breast radiotherapy. Phys Imaging Radiat 
Oncol. 2023 Nov 21. doi: 10.1016/j.phro.2023.100520.

cancer.gov/CCDI #data4childhoodcancer
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Method Papers Published to Date Cont.

▪ Solution to missing dose

▪ Mille MM, Jung JW, Lee C, et al. Comparison of normal tissue dose 

calculation methods for epidemiological studies of radiotherapy patients. J 

Radiol Prot. 2018 Jun. doi: 10.1088/1361-6498/aabd4f.

▪ Yeom YS, Kuzmin G, Griffin K, et al. A Monte Carlo model for organ dose 

reconstruction of patients in pencil beam scanning (PBS) proton therapy for 

epidemiologic studies of late effects. J Radiol Prot. 2020 Mar. doi: 

10.1088/1361-6498/ab437d.

▪ Yeom YS, Griffin K, Mille M, et al. A dose voxel kernel method for rapid 

reconstruction of out-of-field neutron dose of patients in pencil beam 
scanning (PBS) proton therapy. Phys Med Biol. 2020 Aug 27. doi: 

10.1088/1361-6560/abaa5f.

cancer.gov/CCDI #data4childhoodcancer
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Publication Plan

▪ Method papers

▪ Use of natural language processing for centralizing organ contour naming

▪ Comparison of organ contours manual vs. automatic segmentation

▪ Dose comparison TPS vs. Monte Carlo for photon and proton patients

▪ Application papers

▪ Dose comparison for specific cancer types photon vs. proton therapy

cancer.gov/CCDI #data4childhoodcancer
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Q&A

cancer.gov/CCDI #data4childhoodcancer
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How You Can Engage with CCDI

Learn about CCDI and subscribe to our monthly newsletter:

cancer.gov/CCDI

Access CCDI data and resources:

ccdi.cancer.gov

Questions? Email us at:

NCIChildhoodCancerDataInitiative@mail.nih.gov

cancer.gov/CCDI #data4childhoodcancer
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Thank you for attending!
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