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• Employment - University of California, San Diego

• California Protons Cancer Therapy Center

• Industry

• Bristol Meyers Squibb – Consultant

• Cooperative Groups

• Alliance for Clinical Trials in Oncology

• Rad Onc PI – AFT 16 and AFT 46

Disclosures
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Proton Beam Techniques

• Passive Beam Scattering
• Double Scattering System

• Loma Linda University

• Harvard MGH

• MPRI Room 1

• Uniform Beam Scanning
• “Wobbling beam”

• Midwest Proton Radiotherapy Institute Rooms 2, 3

• University of Florida

• MD Anderson Cancer Center

• Active Beam Scanning
• Spot Scanning

• PSI

• MD Anderson Cancer Center

• Harvard 
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Cyclotron
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Proton Therapy Components: 
Beamline
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Passive Beam Scattering
Double Scattering System

Loma Linda University
Harvard MGH
MPRI Room 1  - Indiana University (Closed)
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First Scatter Second Scatter

Proton Beam

After Koehler et al. HCL

Passive Beam Lateral Scattering
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MODULATOR WHEEL

Pure Bragg Peak Spread Out Bragg Peak (SOBP)

Modulator consists of 
multiple identical sectors

The modulator needs to be rotated around 
its axis parallel to the proton beam 

direction
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Contribution  from 
different modulator 
angles

The Spread Out Bragg Peak
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Modulator Wheel (HCL)
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Uniform Beam Scanning
“Wobbling beam”

Midwest Proton Radiotherapy Institute Rooms 2, 3 – Indiana (Closed)
University of Florida
MD Anderson Cancer Center
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Wobbling (Uniform Scanning) beam delivery system 
at MPRI in Gantries

Range shifter

Horizontal scan

Vertical scan
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Proton Beam Wobbling
Beam Wobbler

Range Shifter



15 Bussiere and Adams 2003

aperture

Lucite range compensator
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Compensator  3D Distal Shaping

As well as spreading out 
the Bragg peak, the final 
range itself must be 
shaped to the distal 
surface of the target 
volume taking into account 
heterogeneities
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Target Area

Inhomogeneity
(Air Pocket)

Proton Beam

Proton Passive Beam Delivery
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Proton Beam with Beam Modification

Target Area

Patient Contour

Inhomogeneity
(Air Pocket)

Compensator
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Active Beam Scanning
Spot Scanning

PSI
MD Anderson Cancer Center
Harvard

California Protons

University of Maryland
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Active Beam Spot Scanning 
(Pencil Beam Scanning, “PBS”) 

Courtesy 
of PSI
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Pencil Beam Scanning Technique to Delivery 
Highly Conformal Therapy

Scanning
Beam

Cumulative
Dose

Dong/MDACC
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Gantry Assembly
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Gantry Wheel
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IMPT vs Passive Scatter
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IMPT vs Passive Scatter coronal 10 Gy cloud

IMPT

Passive
Scatter
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IMPT vs Passive Scatter 50 Gy Cloud

IMPT

Passive
Scatter
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Passive scatter vs IMPT
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BN001 – HGG
Hypofx RT vs Stnd Fx RT
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BN003 – Obs vs RT
GTR Grade II Meningioma
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BN005 – Low Grade Glioma
IDH Mutant Low/Int Grade

Strat Factors: 1p19q; GTR vs STR; baseline cognition
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Objectives - LGG

1. Cognitive preservation

• Secondary /  Tertiary Endpoints

• QOL

• Safety

• Outcomes
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Photon vs Proton
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Meningioma case – skull base
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Brain Necrosis

Sato
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• Bo

Bojaxhiu IJROBP 2018 
PSI Data
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Brainstem Injury in Pediatric Patients With Posterior Fossa Tumors Treated With Proton 
Beam Therapy and Associated Dosimetric Factors

Michelle S. Gentile, MD, PhD, Beow Y. Yeap, ScD, Harald Paganetti, PhD, Claire P. Goebel, BA, Dillon E. Gaudet, BA, Sara L. Gallotto, 
MS, Elizabeth A. Weyman, BA, Michael L. Morgan, CMD, RT(R)(T), MSPH, Shannon M. MacDonald, MD, Drosoula Giantsoudi, PhD, 

Judith Adams, CMD, Nancy J. Tarbell, MD, Hanne Kooy, PhD, Torunn I. Yock, MD

International Journal of Radiation Oncology • Biology • Physics
Volume 100, Issue 3, Pages 719-729 (March 2018) 

DOI: 10.1016/j.ijrobp.2017.11.026

Copyright © 2017 Elsevier Inc. Terms and Conditions

http://www.elsevier.com/termsandconditions
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Fig. 1 

International Journal of Radiation Oncology • Biology • Physics 2018 100, 719-729DOI: (10.1016/j.ijrobp.2017.11.026) 

Copyright © 2017 Elsevier Inc. Terms and Conditions

http://www.elsevier.com/termsandconditions
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Passive Scatter Techniques

Giantsoudi IJROBP 2016
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2+ year follow-up
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2+ year follow-up
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2 year follow-up
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Thank You
Time for Questions?
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