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Radiation: Therapeutic, Scatter, Leakage

Scatter

Therapeutic

Newhauser and Durante, Newhauser WD, Durante M. Assessing the risk of second malignancies after modern
radiotherapy. Nat Rev Cancer 11(6):438-48, 2011




Wihere Do Second Cancers) Develop?
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Diallo et al Int. J. Radiation Oncology Biol. Phys., Vol. 74, No. 3, pp. 876—883, 2009




Bielegic Uncertainties;are Huge.
Why Worry: Abeut Physical ASpects?

“A'larger number off stUdIes INVoIVING
IORIZING radIation: ... NaVve INCreaseal Oulr:
deneral knewledge offrisk:.. " Many/ Stuaies
lack the sample size ana nighEauaicy,
GOSIMELR/ that are NECessary. or the
Precise; estimateé; ol sk as a iUNCton of
dose...”

NAS BEIRWITH2006)



Radiation Expoesure



Clinicall Photon Dose: Models

—— Pinnacle TPS (Jagetic and Newhauser, 2015)

- Eclipse TPS (Jagetic and Newhauser, 2015)

o Measured (Stovall et al., 1995)

o Measured (Kaderka et al., 2012)
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From Jagetic et al (in preparation)



Methods: New: Physics Model
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Convert fluence to dose
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Jagetic L and Newhauser WD, A simple and fast analytical method to calculate doses to the whole body g
from external beam, megavoltage x-ray therapy. Phys Med Biol. 60 (2015) 4753—4775



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

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

different radiotherapy modalities. Phys Med Biol 57 5059-5074 (2012).




Accuracy. o New: Model
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o Measured (Kaderka et al., 2012)
- 0 Measured (Stovall et al., 1995)
1.00E+02 - ‘ —— Analytical Model(Jagetic and Newhauser, 2015)

Pinnacle TPS (Jagetic and Newhauser, 2015)

Eclipse TPS (Jagetic and Newhauser, 2015)
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Varation with lireatment iechnigue

In/Near Field Region Out-of-Field Region
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C Schneider, W Newhauser, L Jagetic, U Schneider, R Kaderka, S Miljani¢, Z KneZevi¢, L Stolarcyzk, M
Durante, and R Harrison. A simple, descriptive, and broadly applicable model of therapeutic and
stray absorbed dose from 6 MV to 25 MV photon beams. (in review)




Varation with lireatment iechnique

In/Near Field Region QOut-of -Field Region
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C Schneider, W Newhauser, L Jagetic, U Schneider, R Kaderka, S Miljani¢, Z Knezevi¢, L Stolarcyzk, M Durante, and R Harrison. A
simple, descriptive, and broadly applicable model of therapeutic and stray absorbed dose from 6 MV to 25 MV photon beams. (in
review)




Approach torReduce [Late Effects: Start By
Reducingl PhysicalfDese to Normal tisSsUes
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Neutronr Leakage Exposure From! Preton Rl
- .

Schneider, C. Newhauser WD, Farah J. An analytical model of leakage neutron equivalent dose for 1,
passively-scattered proton therapy and validation with measurements. Cancers 7, 795-810 (2015).



Preten inerapy: New Analytical Miedel
off Neutren lleakadge
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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).
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AccUracy: o Moedel o Neutron [leakade
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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).




Holjtine
Prososct)ye
Calculation of
Stiay,
Neutrons Doese
LO)IS feasib/e

Sagittal equivalent dose planes overlaying a thoracic
CT image of the HL patient showing (a) proton
equivalent dose and (b) combined proton and neutron
equivalent dose. Equivalent dose values are
percentages of the prescribed target equivalent dose,
i.e., 36 Sv. The mediastinal tumor and healthy
thyroid are contoured in black.
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Eley, Newhauser, Homann, Howell, Schneider, Durante Bert.
Cancers 2015, 7, 427-438 17



Estimation: of
Mean Radiation

QUality,

of Neutrons



Neultron Spectral Fluence

— =150 cm, 6=0"

— =150 cm, §=45"

-— =— =150 cm, 6=90"
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Zheng et al Journal of Nuclear Materials 361 (2007) 289-297



Neutron Welghting Factor
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wr(x)=a(l- aad )+c

Perez-Andujar A, Zhang R, Taddei P, Newhauser W. Prediction of neutron dose equivalent dose
source terms for radioprotection in proton therapy. Med. Phys 40, 121714 (2013)




Comparative
Assessment of
Radiation: Risk
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Algoerithmic MInIMmization O RISKI O Late ERECLS
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A Few ol the Many: Remaining llasks

Anatemy’ (missing, moving, netvisible)

Iiransiate to) clinicaliplanning systems

Standardize terminelegy and repoerting

\/alidation

Workimore closely: with all the disciplines that

are contrbUbing torimproving R

ouUtcCOmes z



=nle



