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Propositions

A Imaging serves to ensure the correct fraction dose
Aé and, Il n current pract i dosimetas s ume

A True for gi Geometry does not affect dosimetry
A False for p i Geometry strongly affects dosimetry
A Not all observables are image-based
A DGRT: Dose-Guided RT

A p RT requires different implementations
Aé thus, equipment has di fdaedpent ef

A p physics offers novel capabilities
A é  tviwo, chemical, control-feedback at the delivery level

Db
A Identify p-specific requirements & deployments
A Identify p workflow requirements
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Active Goals In RT

A Image-guided therapy for improved targeting

A Increase target to healthy tissue dose ratio

A Reduce treatment time and/or increase fraction size
A Reduce cost for patient, society, and caregiver
Requires

A Registration i Common reference of data

A Adaptive RT i Adjust delivery pattern

A Motion tracking i In-vivo

A Performance i Computations, Feedback & Control
A Connectivity i Data backbone & Logic

Claim: p can outperform g
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The p Is an instrument

A A narrow p beam is a concise information package

A E, T Egy dE/dX(x,y,z)

A Bragg peak localization (X,Y,2)

A Charged lonizing, count, control / ion

A Nuclear interactions g

A Highly redundant Effective use of prior knowledge

A Immediate control feedback
A Parameters into the system i (E,Q,x,y) i are the ones observed
AWe also need Ot 0
A Unlike IMRT where D = f(leaf position)
A High-speed controls
A Limited, typically, by E switching
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PBS Control
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A In PBS: Same variables (Q, E, x, y)
throughout in planning, control,
and verification

A Fully electronic -
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Challenge 0 IGRT

p IGRT: Difference Range Map

Patient 2 Subtraction (before - after treatment)
Exam ID 8532 - 8795 T= 0%

(mm-WEL)

Blue region

Primary changes
due to tumor
Shrinkage

S Mori & G Chen MGH S.Mori, PhD MGH 2006
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P IGRT: Dynamics / ART

Prior Knowledge

A Pre-treatment imaging
resolves the set of target
positions

A Selective range imaging
can rapidly npr
patient

A Energy is slowest (0.5 s ?)
A Q(lelE) - Q(X,y,E,t)

S Mori & G Chen MGH
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OncoRay i National Center for
Radiation Research in Oncology, Dresden

/In vivo dosimetric verification of proton radiation therapy:
Biomolecular understanding and application of hepatocyte -

specific functional MRI

C. Richterl, J. Seco?, O.C. Andronesi3, R. Borra3,
A.R. Guimaraes3, T.S. Hong?, A. Palard?, T. Bortfeld?

1 Helmholtz-Zentrum Dresden-Rossendorf, Institute of Radiation Physics, Dresden
2 Massachusetts General Hospital, Department of Radiation Oncology, Boston
3 Massachusetts General Hospital, Department of Radiology, Boston
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Eovist uptake mechanism

Gd'EOB'DTPA Space of

Bile canalicus

MRP2-Transparter

AcClinical available (Eovist = Primovist)

A50 % actively taken up in healthy
hepatocytes by Organic Anion Transporter
Proteins (OATPS)

Hepatocyte
TNFa+Receptor
OATP-Transporter
Kupffer cell
Endothelial cell
Liver sinusoid

Influence of irradiation @ GA.E0BOTPA

Alrradiation induced release of proinflammatory
cytokines (TNF-U, -11bL-6)1 L

AProinflammatory cytokines influence hepatocytic
function
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Eovist enhanced MRI post -pRT

2.5 months.after end of proton therapy 1  S S
40 Gy in 5fx over S — e



Response during treatment?

Difference Image (Post 5fx - Post 3fx)
r %_ = hi -

Post 5fx

=

£ Q‘ Noe L . Dose-correlated changes visible
T r : 3 about 7-12 days after start of

: '\ A treatment!
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A Detailed Comparison of
proton vs. Carbon lon
Computed Tomography

David C Hansen!, Thomas S Sgrensen!2, Joao Seco3

1 Department of Clinical Medicine,
2 Department of Computer Science, Aarhus University, Denmark
3 Harvard Medical School and Massachusetts General Hospital, MA, USA

Email contact: dch@ki.au.dk
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lon Tomography

A Stopping Power ratio conversion from HU based on
population average has a systematic range error (~2%)

A Proton tomography originally proposed by Andy
Koehler (1968, Science)
A Experiment: A Cormack & A Koehler (1976, PMB)

A Issues:
A Proton: Scatter in patient
A Carbon: Dose in patient

A Use prior information
Conventionalmin || AXT b |f subjectto x>0
+Prior CT:  min ||AXi b |[f+1 || xT p |F subjectto x>0

where A is the path to DE functional, x reconstructed
density, b energy loss, p prior CT converted to S
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lon Tomography
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/n vivo proton beam range verification
using resolvable prompt gamma lines

Joost Verburg, Kent Riley PhD, Joao Seco PhD

Harvard Medical School andlassachusetts General Hospital
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Resolvable prompt gamma lines

A Most prompt gamma-rays near end-of-range result
from a few nuclear level transitions

A 180(p,pd PO* 6.13 MeV 2
A 12C(p,p6 FC* + 180(p,pU ¥2C* 4.44 MeV 2
A 180(p,pd PO* 2.74 MeV 2

A 180(p,px) 1°N* + 160(p,px) 150 * ¢é 5.2 MeV o

A Resolving discrete energies allows for

novel range verifications methods
A Incorporate known nuclear reaction cross sections
A Improve accuracy in the presence of tissues

with unknown compositions ’ T y
*-> ’Q
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Prototype detector

1. LaBr4(Ce) scintillator with high |y

energy resolution |
Collimator

5 mm slit

2. Active anti-coincidence shield
A Reduce Compton background
A Reduce neutron-induced gamma background

Primary
detector
3. Data acquisition system

A Synchronized to cyclotron
radiofrequency (9 ns period)

A 200 ps sampling resolution Active Active
A Digital pulse processing shield shield
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Results: Time/energy histogram
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Results: Range 16 cm
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