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Introduction: Radiotherapy Exposures

[} |
I Therapeutic

fter modern radiotherapy,

iced Late Effects Research

Intres Current State off Knowledge

Stiiay/ exposures Vary strongly: and
dependioni allarge number: of
treatment and host factors.

[lack of high=throtighput methods:

Intres Comparison; offMethods|for:
EStimation off Stray Dose

Approach Accuracy Speed Ease of Use | Generalizability
of Model

Measurement * * * *
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Intro: Physics-Based Analytical'Models

Eacilitatestundenstandingloithe physicsy
Cheap, fast; andigeneralizablerapproachs

Mihereione, potentizly Wellfstited torlarge:
SGale neltnerand clinicaliapplications, elg),
prospectiverclinicalitialstandepidemiologic
Studies:

See Newhauser WD, Berrington de Gonzalez A, Schulte R, and Lee C. A Review of Radiotherapy-Induced Late Effects Research
After Advanced-Technology Treatments. (Invited review), Frontiers in Oncology. Vol 6, article 13 (2016).
o

Physics-Based,
Analytical Models

8/2/2017




I Head off Electron Linear Accelerator
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Chofor, Harder, Willborn and Poppe. Phys. Med. Biol. 57 (2012) 1733-1743

Clinical Photon Planning Systems
and Measurements

D/[Dmax(CAX)] (mGy/Gy)

=== Pinnacle TPS (Jagetic and Newhauser, 2015)

— Eclipse TPS (lagetic and Newhauser, 2015)
o Measured (Stovall et al, 1995)

o Measured (Kaderka et al, 2012)
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Jagetic L and Newhauser: WD, A simple and fast analyticall method to calculate doses to the whole bodyfrom external
beam, megavoltage x-ray therapy. Phys Med Biol. 60/(2015) 4753-4775.
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Siemens Artiste
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H/D = Aje 201 +Ae 203
£(aD(X) + f)

Distance from the field edge (cm)

P) Taddei, W Jalbout, R Howell, N Khater, F Geara, K Homann, and W Newhauser. Analytical model for out-of- 1
field dose in photon craniospinal irradiation. Phys. Med. Biol. 58 (2013) 7463-7479
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PERIPHOCAL

PERIPHOCAL

Stand-Alone
Code with
Nice User
Interface

Versatile

Stylized
Phantom

12 equations

et al, Biomed Phys Engr Express, 2015

PERIPHOCAL Photon Model
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Sanchez-Nieto et al, Biomed Phys Engr Express, 2015

Physics-Based Modeling Approach

4 Electron beam

Sources (primary and scatter)

X-ray target
Primary

collimator Photon Fluence in air

Attenuation in head, phantem

«— lon chamber

pu— Scattering in head, phantom
collimators
(jaws)

Convert fluence to dose

— it it Soringplane

Combine doses
Water DT = DP -F DL + DS
il (32 Equations)

Jagetic L and Newhauser WD, A simple and fast analytical method to calculate doses to the whole body: 95
from external beam, megavoltage x-ray therapy. Phys Med Biol. 60 (2015) 4753-4775 -




Results: Physics Model Performance
6 MV, in-water, cross-plane, 5x5 cm?, d=1.5 cm
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Predictions: Jagetic L and NewfiauserWD, A simple and fast analytical metfiod to calculate doses to the whole body, from external
beam, megavoltage x-ray. therapy. Phys Med Biol. 60 (2015) 47534775,

Measurements: R Kaderka et al. Out-of-field dose measurements in a water phantom using different radiotherapy modalities. 16

Phys Med Biol 57.5050-5074 (2012).

Simpler Physics-Based Analytical Model

(21 eguations)

In'Near Fild Region Out-of-Field Region
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Knezevic Z,
ble model of therapeuti

Simpler Physics-Based Analytical Model:
Just 21 Equations, broad applicability:

TV Dl (CAX) (ALL)

Schneider: GW, Newhauser WD, WilsonLJ, Schneider. U, Kaderka R, Miljanic S, Knezevic Z, Stolarcyzk L, Durante M, Harrison RM. A descriptive
and broadly applicable model of therapeutic and stray absorbed dose from 6 MVito 25 MV.photon beams, Med Phys, at pr
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Dynamic Range in Dose > 106 . . [

OE403 Pl ! P 1.0E+02
TOE+DZ
TOE+DT -
10E+00 .. -
1OE-01 .k - {1.0E+00

TDE-02 5

Absorbed Dose (MGy)

C Schneider, W Newhauser, L Wilson, et al, in preparation.

Photon Scatter Model from Hauri et a/.
EI anthropomerphic phzantem
6=MVACRIIMRIYAMATF iectangular (prostate X fields)
Therapeuticidose modeledrusing MIPS (Eclipse)
lleakage and head scatiermodelediempirically,
*Maepenisie” model of geliant gee ey

= VEF (2= etae)?

Tedge — 2 Zedae

2. Sketch of a cylinder consisting of infinitely small sources of streagth d.

27 PR —t(Erort) -
D(z)=d- A /; ). P CH Fpaind)-3) (S;’““e‘“) % drde

Hauri, Halg, and Schneider, Med Phys, 43 1955-1968 (2017)
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(H/D)y4 (mSv Gy

Physics-Based,
Analytical Models:

Exposure From Proton RT

s

Schneider, C. Newhauser WD, Farah J. An analytical model of leakage
neutron equivalent dose for passively-scattered proton therapy and
validation with measurements. Cancers 7, 795-810 (2015).

Early: Physics-Based Model

250 MeV
200 MeV
180 MeV
140 MeV
Power law fit
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Methods: Neutron Spectral Fluence

100 b Thermal

' Evaporation

Direct
Al

g

3

e g Ey-H ' 1 arb.units —

8

Newhauser WD, Titt U, Dexheimer D, Yan X, Nill S. Nucl Instr Meth A 476:80-84, 2002.

Simple Model of Neutron Leakage
(9 Equations)

CARAN ey [P Y
), ) D enl-a —dew T]

Attenuation Relative
in Phantom Lateral
Intensity.

Divergence

Shape of neutron
energy. distribution

Perez-Andujar, Zhang, Phil, Newhauser. Prediction of neutron dose equivalent dose source terms
for radioprotection in proton therapy. Med. Phys 40, 121714 (2013) 26

Results of Physics-Based! Analytical
Model of LLeakage Neutron Exposure
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Schneider, C. Newhauser WD, Farah J. An analytical model of leakage neutron equivalent dose for:
passively-scattered! proton therapy and validation with measurements. Cancers 7, 795-810/ (2015).
27




Translation
to Clinic
Appears
Feasible
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Stray Neutron Dose

iy
Implemented LSU stray dose model R =
in GSI's TRIP RTP system

Eley, Newhauser, Homann, Howell, Schneider, Durante: Bert. Cancers 2015, 7, 427-438

Model by Gottschalk et al.
(Physics Based)

4
radius (cm)
29
B Gottschalk, E Cascio, J Daartz and M Wagner. arXiv:1412.0045v3 [physics.med-ph] 29 Ma\f2015

Discussion

Rapid progress toward understanding of:
physical processes of stray: exposures.

A variety of physics-based analyticall models
have emerged in recent years with promising
results.

Currently, we are in the late' R&DIphase and
will soon enter: translation phase.
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Connections andiintegration; ...

Existing Clinical Treatment Planning Systems
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