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« Impact of Geometric Errors

« Calibrating CT for Proton Dose Calculation

« Potential Improvements in Stopping Power Measurements
« Clinical Examples of Anatomical Changes




Setup and Volume Variations

Nominal Plan

Setup and Volume Variations

Nominal Plan Lateral Shift in BEV

Setup and Volume Variations

Nominal Plan
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Setup and Volume Variations

Nominal Plan Long Shiftin BEV

Setup and Volume Variations

Nominal Plan Internal Target Shift

Setup and Volume Variations

Nominal Plan 3% Error in RSP
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Photon Planning: Relative Electron Density

« Scan commercial phantom with
known RED

* Measure HU in scan

« Enter HU-RED curve in photon
planning system

Proton Planning: Stopping Power

« Proton stopping power comes from Bethe-Bloch equation:
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* n is electron density of the medium
« | is ionization potential of the medium
* HU — RSP degeneracies

» Phantom materials are not like human tissues
« Stoichiometric Calibration Process

Stoichiometric Calibration
1. Measure HU of materials with known RED

* Plugs have well known RED values

« Elemental composition not tissue
equivalent

« Scan one plug at a time in center of
phantom

« Use fixed, clinical CT protocol

Schneider et al., PMB 1996
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Stoichiometric Calibration
2. Parameterize CT Scanner by Fitting HUs

- N
« Z and Z are material properties for
photoelectric and Compton

N N * Scanner parameters:
HU,. = pid(A-Z +B -7 + () + A: photoelectric
+ B: Compton
« C: Klein-Nishina

Schneider et al., PMB 1996

Stoichiometric Calibration

Stoichiometric Calibration

Parameter [ Value

KPP 8.68x107° (-1.668x10°, 3.404x10™°)
Keh 0.003356 (-0.003138,0.00985)

KRV 0.8814 (0.717.1.046)

Final values: KPP=3.404x10"% K*P=0.0002 and K""=0.8814
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Stoichiometric Calibration

3. Calculate Predicted HU for ICRU Tissues

HUy, =pil(A-Z+B-2+C)

Stoichiometric Calibration

4. Calculate Relative Stopping Power for Reference Tissues

« | is ionization potential for material
* lis assumed to be ~ 75 eV for
water

« More uncertainty in | for other
materials

Schneider et al., PMB 1996

Stoichiometric Calibration

5. Plot Relative Stopping Power vs. Calc. CT

« Nominally fit to bi-linear curve

* More segments used in soft tissue
region to cover tissues with differing

H composition

N

O Relative Sp

Schneider et al., PMB 1996




Every chef and every
proton physicist should
be friends with their
butcher

Experimental Verification of HU to Sp
u

Every chef and every
proton physicist should
be friends with their
butcher
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Experimental Modification of HU/RSP

MLIC Measurements
H

Experimental Modification of HU/RSP
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Clinical Impact of Change in RSP: Prostate

Clinical Impact of Change in RSP: CSI

MCR Curve New Curve DVH Report

Max  Mean Max  Mean D1%

[Gy) Gyl [Gyl  [Gv] [Gy]
Consfrictors 1258 377 1170 302 24
Esophagus 1603 429 1515 st 24
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Uncertainties in HU to SP
« Fitting experimental results for planning system curve
« Degeneracy in SP values for tissues with same HU

+ HU value uncertainty
« Technique
« Position in scanner
« Artifact

« Uncertainties in mean excitation value
* Variations in human tissue composition
« Expected Range Uncertainty: ~3.5% + 1 mm

Patient Outside FOV

Barrett, Radiographics 2004
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Metal Artifact Reduction

Barrett, Radiographics 2004

7/31/2018

10



Manual Artifact Reduction

Potential Improvements in RSP Measurement

* Dual Energy CT
* MegaVoltage CT
* Proton CT

Dual Energy CT

Taasti et al., PMB 2018

Rel. SPR error (%)

Relative SPR error for homogenous tissue samples
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Giantsoudi PMB 2017

MVCT

(a) Diagnostic kVCT
(Philips Brilliance CT
450-channel simulator)

(b) MVCT
(TomoTherapy Hi-ART)|

Proton CT

Johnson et al., Physics Procedia, 2017

Robust Treatment Planning

*Geometric and range uncertainties are
estimated at time of planning

» Treatment plans are optimized in a way to
account for range and setup variations

* Arobust plan provides CTV coverage and
critical organ sparing in presence of errors

* Physicians review coverage of CTV in light of
expected variations
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Robust Optimization

Proton Plan Robustness Evaluation

Nominal Plan Robust Proton Plan

Proton Plan Robustness Evaluation

« Nominal Plan « Nominal Plan
e +/-3mmx * +/-3mmx
*« +/-3mmy « +/-3mmy
« +/-3mmz « +/-3mmz

+/- 3% range +/- 3% range

Nominal Plan Robust Proton Plan

b
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Robust Plan Evaluation

Patient Contour Variations

« Range uncertainty also arises from changes in patient
external contour

« Variations in posterior tissue on immobilization device
« Folds in posterior neck
» Excess adipose tissue in pelvis

CT Guided SBRT

Original Plal
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CT Guided SBRT

Tx Image Registration

CT Guided SBRT

Verification Dose

Posterior Neck Variation
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Posterior Neck Variation

Oriiinal Plan VerificationPlan

Prostate SBRT

Prostate SBRT

Pre-Treatment Reiistration
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Prostate SBRT Variation

Oriiinal Plan VerificationPlan

Conclusion

« Converting HU to RSP is not trivial
« Increasing our knowledge of stopping power is important,
but not the only concern

« Aclinically viable plan already has lots of margin in the
beam direction

= Anatomical variation is a much greater variable than error
in stopping power

« Critical to validate anatomy before Tx (Dr. Winey)

« Ideally validate dose after Tx (Dr. Polf)
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