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Late-Effects of Pediatric Proton Therapy?

Number of Proton Centers (a) Photon 25.8 Gy
Worldwide :
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2012 2018 2025*

*projected based on construction plans

Zhang et al, Physics in Medicine and Biology (2013)
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Proton Therapy Dosimetry Consortium
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Monte Carlo (MC) Pencil Beam
Scanning (PBS) Model
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MC Modeling for PBS System

Proton beam
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Beam Commissioning Data of Maryland Proton
Treatment Center (MPTC)
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Automatic MC Beam Modeling Program

( Start )

Initial value of the target beam
property (spot size, spot
divergence, mean energy, or energy
spread)

-4
-

Generation of a TOPAS parameter file and
execution of TOPAS for MC simulation

Change the value of
the target beam
property

h 4

Comparison of the MC simulation result with
the beam commissioning data

Dose the comparison No
result meet a

desirable criterion?

Final value of the target beam property

STOP
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MC Simulation vs Commissioning Data — Spot Sizes
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MC Simulation vs C
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Proton Irradiations

100%

NCI computational phantoms
0%

Created by Treatment Planning System of MPTC
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Dose Distributions (TPS vs MC)

5 year — intracranial irradiation

L)

Gamma index passing rate (3 mm, 3%): 99%
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Dose Distributions (TPS vs MC)

1 year - craniospinal irradiation

Gamma index passing rate (3 mm, 3%): 98%
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Organ Doses — 1 year
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Organ Doses — 1 year

I Craniospinal
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Secondary Neutron Measurement
to Validate MC Model

NNNNNNNNNNNNNNNNNNNNNNN

16



Neutron Spectrum Measurement at NIST

Neutron Source: Cf-252
(Mean energy: 2.1 MeV) Polyethylene phantom
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Measurement vs MC Simulations
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Neutron Dose Measurement at MPTC (Future Plan)

Proton pencil beam
1) 100 MeV
2) 150 MeV
3) 200 MeV

(1)

(2)

(3)

Water
(30x30x30cm?)

Water
(30x30x30cm?)

Water
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Neturon
Detector

WENDI-2 neutron detector
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Summary

* The MC PBS model was developed for dose reconstruction of
proton patients for epidemiological studies of late effects.
= Dose reconstruction for Pediatric Proton/Photon Consortium
Registry (PPCR)
= Experimental measurement of out-of-field dose (i.e., secondary
neutron dose) is critical to validate the MC model
= Collaboration work with experts in neutron measurement field

and supports by proton centers (e.g., beam times)
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Thank you!
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