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The advantage of protons is that they stop.
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The disadvantage of protons is that we don’t always know where...
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Proton CT (pCT)
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Dual Energy CT (DECT)
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* More information — greater accuracy
e Reduction in CT artifacts



Validate DECT determined SPR with tissue substitutes and

animal tissue samples — Esther Bar NPL
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Wu R, Amos RA, et al. Effect of CT truncation artifacts on proton dose calculation.
Med Phys 35, 2697 (2008)

CSI case with arms
outside CT reconstruction

Thoracic phantom scanned with
tissue equiv. material truncated

Depth dose comparison
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Passive Scattering
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Positional uncertainty and anatomical variation
over course of treatment
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Image-guidance

* Daily orthogonal kV x-rays taken to align anatomy with
reference DRR’s using 2-D matching

RtLat DRR Rtlat x-ray image



CLINICAL INVESTIGATION

Prostate

DOSIMETRIC CHANGES RESULTING FROM PATIENT ROTATIONAL SETUP ERRORS
IN PROTON THERAPY PROSTATE PLANS
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*Division of Radiation Oncology, University of Texas M. D. Anderson Cancer Center, Houston, TX
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CLINICAL INVESTIGATION Prostate

SPOT SCANNING PROTON BEAM THERAPY FOR PROSTATE CANCER: TREATMENT
PLANNING TECHNIQUE AND ANALYSIS OF CONSEQUENCES OF ROTATIONAL AND
TRANSLATIONAL ALIGNMENT ERRORS
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From the *University of Texas-M.D. Anderson Cancer Center, Houston, TX
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CLINICAL INVESTIGATION Breast

EXTERNAL-BEAM ACCELERATED PARTIAL BREAST IRRADIATION USING
MULTIPLE PROTON BEAM CONFIGURATIONS
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MD Anderson .
Cancer Center Patient 3

Proton Therapy
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MD Anderson

CancerCenter  Image guidance: Patient 2
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Figure 3. Dose color wash
overlayed on the replan CT
(top row) and difference in
dose between replan CT and
deformed CT (bottom row) for
(A) the IMRT plan, (B) the
IMPT35 plan, (C) the SFUDzg
plan, and (D) the IMPTsg plan
for one of the patients included
in this study. The horizontal
purple lines indicate the length
of the CBCT FoV. Abbrevia-
tions: CBCT, cone-beam com-
puted tomography; CT,
computed tomography; FoV,
field of view; IMPT, intensity-
modulated radiation therapy;
IMRT, intensity-modulated
radiation therapy; SFUD,
single-field uniform dose.

Cone-Beam Computed Tomography and
Deformable Registration-Based “Dose of
the Day” Calculations for Adaptive
Proton Therapy
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ekl CBCT and deformable image registration for
1 adaptive lung proton therapy - Catarina Veiga
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Fig.2 Comparison of dose distribution from single RAO field before and after tumor
shrinkage as detected during third week of treatment. (This patient experienced the most
dramatic tumor shrinkage).

Fig.3 Comparison of total dose distribution before and after tumor shrinkage. (Same patient
as Fig.2

Amos R, et al. Variation in dose distribution with tumor shrinkage for proton therapy of lung
cancer. Proceedings of PTCOG 46, Zibo, Shandong, China, 2007




Prompt gammas
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Prompt gamma imaging for proton range

verification during PBT

Andrea Gutierrez

Medical Physics and Biomedical Engineering Department, UCL

A Compton Camera
for prompt gamma
imaging
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Geant4 simulations of prompt gamma emission

1D and 2D prompt gamma emission from 150
MeV proton beam irradiating a plastic phantom
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Prompt gammas
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MR image registration for radiotherapy applications

Planning CT Planning MR Mid-treatment MR Follow-up MR

T2-weighted

Rigid/

Deformable Deformable



Summary

Improve range uncertainty
* Dual-energy CT (DECT)
* Proton radiography/pCT

In vivo range verification
* Prompt gamma imaging
* |n-room PET

Volumetric image-guidance system
 Cone-beam CT (CBCT)

MRI

Imaging biomarkers
* Predict outcomes
* Adapt to response?

Adaptive therapy
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