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Proton Therapy in the US

Sources:  PTCOG, https://www.ptcog.ch/index.php/facilities-in-operation (2022.07.07)

NAPT, https://www.proton-therapy.org/map/ (2022.07.07)
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Proton Therapy in the US

Data extracted from PTCOG, https://www.ptcog.ch/index.php/patient-statistics (2022.07.07)
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1995 2005 2015 2025
1

21
41
61
81

101
121
141
161
181
201
221

ClinicalTrials.gov 

* Only studies with proton on title 
or intervention

* Institutional, multi-institutional 
and cooperative group studies 

8 in 2002
69 in 2012
167  in 2022
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• COG

Cooperative group trials

Source:  Ken Ulin, IROC Rhode Island QA Center
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Cooperative group trials

Source:  Ying Xiao,  NRG

https://www.nrgoncology.org/Home/News/Newsletters

• NRG Oncology
○ 1st Trial allowing protons in 2013 (RTOG-1112)

○ 4 Open trials with proton vs photon

○ 8 Trials allowing protons
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https://www.nrgoncology.org/Home/News/Newsletters


Other large scale proton trials

• PCORI
○ RADCOMP - Comparing Two Types of Radiation 

Treatment for Patients with Breast Cancer
▪ 2016, randomized controlled trial, 1278 patients

○ COMPPARE - Comparing Radiation Treatments for 
Localized Prostate Cancer
▪ 2018, pragmatic clinical trial, 3000 patients

Source:  https://www.pcori.org/, https://comppare.org/, https://www.radcomp.org/ 7

https://www.pcori.org/
https://comppare.org/
https://www.radcomp.org/


Registries

• PPCR - Pediatric Proton/Photon Consortium 
Registry
○ Since 2012, 22 Institutions, 3936 Proton patients

• PCG – Proton Collaborative Group
○ Since 2009, 20 Institutions, 23209 patients

○ Clinical trials, 566 patients

Source:  T. Yock (PPCR), J. Plochocki-Smallwood (PCG) 8



• Prescribing, Recording, and Reporting 
Proton-Beam Therapy
○ Standardization of techniques and procedures 

and harmonization of the clinical descriptions of 
proton treatments with those of other modalities

○ RBE, dosimetry, deliveries, target volumes, DVH, 
treatment planning, uncertainties, motion management, 
QA, and prescribing, recording, and reporting  treatment

ICRU Report 78 (2007)
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ICRU Report 78 (2007)
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• 2019, TG-256: Relative biological effectiveness of proton 
beams in radiation therapy

• 2019, TG-224: Comprehensive proton therapy machine 
quality assurance

• 2020, TG-185: Clinical commissioning of intensity 
modulated proton therapy systems

• 2020, TG-202: Physical uncertainties in the planning and 
delivery of light ion beam treatments

• 2022, TG-290: Respiratory Motion Management for 
Particle Therapy

AAPM Proton Reports
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NCI trial proton guidelines

• ‘Substantial concerns persist as protons are more 
sensitive than photons to uncertainties in the 
processes of planning and delivering radiation 
therapy’

• To ensure safe and consistent proton therapy in 
multi-institutional cooperative group clinical trials 
so that neither patient safety nor the study are 
compromised 

• 2007, 2010, 2012, 2019
12



1. Institution approval by IROC
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NCI proton guidelines - 2019



1. Institution approval by IROC
33 US Institutions approved

Passive scattering: 8

Uniform scanning: 6

Pencil beam scanning: 27
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NCI proton guidelines - 2019

Source:  http://irochouston.mdanderson.org/RPC/Services/Proton_Approval/Approved_Proton_Centers.htm



IROC proton approval

• Evaluation of institution’s general ability to deliver 
proton therapy treatments

• Steps
○ Questionnaire

○ Baseline phantom irradiation

○ On-site audit

○ Annual dose monitoring
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IROC on-site audits

• Reviews of
○ Dose absolute/relative, IGRT, CT-RPSP

○ QA program

○ Clinical practice

• Recommendations for
○ Best practices

○ Consistency among proton centers
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IROC on-site audits

Source:  Taylor PA, Lowenstein J, Followill D, Kry SF. The Value of On-Site Proton Audits. Int J 
Radiat Oncol Biol Phys. 2022;112(4):1004-1011 
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Source:  Taylor PA, Kry SF, Alvarez P, et al. Results From the IROC Houston's Anthropomorphic 
Phantoms Used for Proton Therapy Clinical Trial Credentialing. Int J Radiat Oncol Biol 
Phys. 2016;95(1):242-248



• 2007, 2010, 2012, 2019
1. Institution approval by IROC

2. Institution credentialling for protocol
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NCI trial proton guidelines



Institution credentialling for protocol

• Evaluation of institution’s ability to deliver proton 
therapy treatment according to specific protocol

• Procedures
o Site-Specific phantom irradiation
o Evidence of experience according to protocol
o Protocol-specific knowledge assessment
o Protocol-specific benchmark case
o IGRT process verification
o Plan rapid review
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• 2007, 2010, 2012, 2019
1. Institution approval by IROC

2. Institution credentialling for protocol

3. RBE = 1.1, with long term goal of ‘robust biological dose’

21

NCI proton guidelines



• 2007, 2010, 2012, 2019
1. Institution approval by IROC

2. Institution credentialling for protocol

3. RBE = 1.1, with long term goal of ‘robust biological dose’

4. Monte Carlo dose calculation for heterogeneous sites 
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NCI proton guidelines



• 2007, 2010, 2012, 2019
1. Institution approval by IROC

2. Institution credentialling for protocol

3. RBE = 1.1, with long term goal of ‘robust biological dose’

4. Monte Carlo dose calculation for heterogeneous sites

5. PTV still there, but error-scenario-based evaluation

23

NCI proton guidelines



• Robustness is the degree of resilience of desired dose 
distribution to uncertainties

24

Robustness evaluation

Source:  Yock AD, Mohan R, Flampouri S, et al. Robustness Analysis for External Beam Radiation 
Therapy Treatment Plans: Describing Uncertainty Scenarios and Reporting Their 
Dosimetric Consequences. Pract Radiat Oncol. 2019;9(4):200-207



• Robustness analysis describes the dosimetric effects of 
uncertainties by determining dose under instances of 
uncertainty conditions
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Robustness evaluation

Source:  Yock AD, Mohan R, Flampouri S, et al. Robustness Analysis for External Beam Radiation 
Therapy Treatment Plans: Describing Uncertainty Scenarios and Reporting Their 
Dosimetric Consequences. Pract Radiat Oncol. 2019;9(4):200-207



• Robustness analysis describes the dosimetric effects of 
uncertainties by determining dose under instances of 
uncertainty conditions
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Robustness evaluation

Source:  Yock AD, Mohan R, Flampouri S, et al. Robustness Analysis for External Beam Radiation 
Therapy Treatment Plans: Describing Uncertainty Scenarios and Reporting Their 
Dosimetric Consequences. Pract Radiat Oncol. 2019;9(4):200-207

Robustness analysis is 
essential for IMPT



• Robustness analysis describes the dosimetric effects of 
uncertainties by determining dose under instances of 
uncertainty conditions

o Full description of uncertainty scenarios
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Robustness evaluation

Source:  Yock AD, et al. Pract Radiat Oncol. 2019;9(4):200-207



• Robustness analysis describes the dosimetric effects of 
uncertainties by determining dose under instances of 
uncertainty conditions

o Full description of uncertainty scenarios
▪ Sources, magnitude, likelihood and correlation between 

sources 
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Robustness evaluation

Source:  Yock AD, et al. Pract Radiat Oncol. 2019;9(4):200-207
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Scenarios – clinical practice

Source:  COG technical proton 
practice survey sent to IROC 
approved centers, Jan 2022
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Scenarios – trials
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Scenarios – trials



• Robustness analysis describes the dosimetric effects of 
uncertainties by determining dose under instances of 
uncertainty conditions

o Full description of uncertainty scenarios
o Description of dosimetric consequences 
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Robustness evaluation

Source:  Yock AD, et al. Pract Radiat Oncol. 2019;9(4):200-207



33Source:  Yock AD, et al. Pract Radiat Oncol. 2019;9(4):200-207



34Source:  Yock AD, et al. Pract Radiat Oncol. 2019;9(4):200-207



35Source:  Yock AD, et al. Pract Radiat Oncol. 2019;9(4):200-207
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Scenarios – trials
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Robustness evaluation – trials

• Pencil beam scanning vs photons
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Robustness evaluation – trials

• Pencil beam scanning vs photons



• Robustness analysis describes the dosimetric effects of 
uncertainties by determining dose under instances of 
uncertainty conditions

o Full description of uncertainty scenarios
o Description of dosimetric consequences 
o Data representation for robustness analysis
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Robustness evaluation

Source:  Yock AD, et al. Pract Radiat Oncol. 2019;9(4):200-207



• 2007, 2010, 2012, 2019
1. Institution approval by IROC

2. Institution credentialling for protocol

3. RBE = 1.1, with long term goal of ‘robust biological dose’

4. Monte Carlo dose calculation for heterogeneous sites

5. PTV still there, but error-scenario-based evaluation

6. Proton radiation oncologist and proton medical physicist 
per protocol
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NCI proton guidelines



• To define technical requirements, guidelines, 
and recommendations for safe, consistently 
high-quality treatments 
• Meticulous QA program to produce optimal dose 

distributions

• Training for less experience centers
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Role of proton medical physicist 



1. Proton approval and credentialling 
requirements 
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Protocol physics contribution



1. Proton approval and credentialling requirements

2. Allowed equipment, modalities, and techniques
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Protocol physics contribution



1. Proton approval and credentialling requirements

2. Allowed equipment, modalities, and techniques

3. Motion management
• Protocol updates according to TG290
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Protocol physics contribution



1. Proton approval and credentialling requirements

2. Allowed equipment, modalities, and techniques

3. Motion management

4. Planning guidelines
• Nominal CT, SFO / MFO optimization, 3D/4D optimization, field 

number/orientation, dose calculation algorithm
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Protocol physics contribution



1. Proton approval and credentialling requirements

2. Allowed equipment, modalities, and techniques

3. Motion management

4. Planning guidelines

5. Robustness evaluation
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Protocol physics contribution



1. Proton approval and credentialling requirements

2. Allowed equipment, modalities, and techniques

3. Motion management

4. Planning guidelines

5. Robustness evaluation

6. Dose verification and plan adaptation
• QACT based evaluation of dose, criteria for re-planning, dose 

accumulation 
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Protocol physics contribution



1. Proton approval and credentialling requirements

2. Allowed equipment, modalities, and techniques

3. Motion management

4. Planning guidelines

5. Robustness evaluation

6. Dose verification and plan adaptation

7. Data submission
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Protocol physics contribution



Patients in proton trials
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Source:  Gupta A, Khan AJ, Goyal S, Millevoi R, Elsebai N, Jabbour SK, Yue NJ, Haffty BG, Parikh RR. 
Insurance Approval for Proton Beam Therapy and its Impact on Delays in Treatment. Int J 
Radiat Oncol Biol Phys. 2019 Jul 15;104(4):714-723

• Insurance coverage matters



Patient equity in proton trials

50

Source:  Bero EH, Rein LE, Banerjee A, et al. Characterization of Underrepresented Populations in 
Modern Era Clinical Trials Involving Radiation Therapy. Pract Radiat Oncol. 2021; 11(6):453-
459



Thank you

and

all the people who responded happily to my 

requests and questions

For comments, questions or more information: stella.flampouri@emory.edu


