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1y'Ss objectives

] planning concepts used in

v the unique handling of CTV / ITV / PTV
reating with protons

= Pencil Beam distributions and PBS optimization



Janning Strategies 101-Protons
ith appropriate margins
e critical structures

fields that deliver the most “robust”



100]s to do our job

the Bragg peak (D90%)
ulation : The spread of the Bragg peak
pensators : Distal Shaping

atc

| Fields : Distal Edge to Lateral Edge Matching

= [MPT : Inverse planning method



I'he Physics of Protons

Spread Out Bragg Peak (SOBP)
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Aperture Design
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Design of the compensator
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Design of the compensator
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With Discrete Compensator
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Smearing
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mearing

] conformity to ensure you have
Modulation) to cover the target

ts for the fac
different than pla
rTors.

treatment path lengths
ed path lengths due to

ily be built into compensator design

= Not directly accounted for in PBS



uestion 1

smearing is used in
ed proton therapy to account

ess errors generated by the

stopping power data of compensator

Daily patient set-up uncertainties and possible
vement of anatomical inhomogeneities during
tment

d) All of the above



Patch Field Technique
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FOoTtoNns need no distal Set-
Jp margin?

t....\ t about

ange Uncertainties
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Figure 12. Dotted lines: typically applied range uncertainty margins in proton therapy treatment
planning as currently typically applied at the MGH (3.5% 4+ 1 mm), the MD Anderson Proton
Therapy Center in Houston (3.5% + 3 mm), the Loma Linda University Medical Center (3.5% +
3 mm), the Roberts Proton Therapy Center at the University of Pennsylvania (3.5% 4 3 mm) and
the University of Florida Proton Therapy Institute (2.5% + 1.5 mm). Note that these centers may
apply bigeer margins in specific treatment scenarios. Dashed line: estimated uncertainty without
the use of Monte Carlo dose calculation. Solid line: estimated uncertainty for complex geometries
without the use of Monte Carlo dose calculation. Dashed-dotted line: estimated uncertainty with
the use of Monte Carlo dose calculation.

Paganetti, Phys. Med Biol (57), 2012




oyers :lon Stopping Powers

and CT Numbers

Table 7. Summary of estimated uncertainties in treatment planning due to CT numbers and stopping powers

Uncartainty Befors Uncartainty Pogsible Futurs
Canze Mitigation Mitigation A fter Mitigation Uncartainty

Scanner calibration for sfandard conditions +0.2% day-to-day Fatient-specific scaling T 0.0% T 0.0%

kVp, filter, and FOV s=lection +2.0% Phihid, PC Uz only calibrated *F0.0% *0.0%
= X 2.0% bote conditions

Wolume and configuration scanned T253% Fatient-gpecific scaling T0.0% T 0.0%

Position in scan *1.5% water — * 1.5% water¥ +0.5% water™ ¥
2.5 tissue *+2.5% tissue +0.8% tismelE
>+ 3.0% bons > + 3.0% bone* =+ 1.0% bone"®¥

Metal implants 100% z = 22-MVXCT *5.0% metal¥ *5.0% metal¥®

z > 22 - subgtitution

Stopping power of watet T1.0% — T1.0% T05%

RLEFP of tissues and devices +0.0t0 3.0% Contour and subatitute T1.0% T10%

WEQ ve, RLEF (soft tissues only) +1.6% — *+1.5 g Y

Energy dependence of RLEP for low Z *1.2% — *1z2 *+0.5M=

Total (=oft tissuzs only) — — *+35 *+2z2

Abbreviations: DE, dualensrgy CT, MC, Monte Carlo calculations,
¥Not congiderad in total,

Moyers, Medical Dosimetry(35), 2010



Vang . Comprehensive analysis of proton range
INeertainties related to patient stopping power ratio
estimeation using the stoichiometric calibration

Table 9. Madian, &0

comespond ing p:

Tuamor site

Yang, Phys. Med. Biol, (57) 2012



“aganetti : Range uncertainties In
proton therapy and the role of

Vionte Carlo simulations

.

Range uncertainty Range uncertainty
Source of range uncertainty in the patient without Monte Carlo  with Monte Carlo

Independent of dose calculation

Measurement uncertainty in water for commissioning =+ 0.3 mm + 0.3 mm
Compensator design + 0.2 mm + 0.2 mm
Beam reproducibility + 0.2 mm + 0.2 mm
Patient setup + 0.7 mm + 0.7 mm
Dose calculation
Biology (always positive) ~ +~0.8% +~0.8%
CT imaging and calibration + 0.5%* + 0.5%*
CT conversion to tissue (excluding I-values) + 0.5%" + 0.2%#
CT grid size + 0.3%° + 0.3%°
Mean excitation energy (I-values) in tissues 4+ 1.5%4 +1.5%¢
Range degradation; complex inhomogeneities —0.7%° +0.1%
Range degradation; local lateral inhomogeneities * +2.5%" +0.1%
Total (excluding *, ") 2.7% + 1.2 mm 2.4% 4+ 1.2 mm
Total (excluding 7) 4.6% + 1.2 mm 2.4% 4+ 1.2 mm

Paganetti, Phys. Med Biol (57), 2012
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uestion 2
ndard PTV concept NOT fully

rget are required to account for range uncertainties which
are not accurately achieved using a standard PTV.

d) None of the above.



It conversions

HU to RSP has inherent problems

ner a spectrometer
ssues can have same HU but different RSP

g not natural can have large errors.
t

~ = Fillings
= Implants






Breast Prosthesis

v
am

Fig. 3: Treatment plan for patient with silicone breast prosthesis. (a) Planned dose

distribution without RLSP reassignment. (b) Delivered dose distribution if planned
without proper pRLSP assignment.



here any hope for
mprovements?

PET /SPECT) Tomography
- Gamma verification

= Proton Tomography / radiography
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PBS With Compensator
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‘ 100% of Dose 100% of Dose



Vinlti=Hield Optimized
©

< 100% of Dose 100% of Dose




range error
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VitltitField Optimized with a
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an we quantity this?
oustness analysis

. s and recalculate
nic Set-up errors

on shifted HU conversion curves and

HU conversion errors

5 Move Target structures and recalculate
= Mimic smearing



tue benefit of proton is in the difference in
egral dose. Make the best of this !!



streamlined Verification CT/plans

@ Motivation to build strong proton protocols
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