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Background

* Clinical - Radiation Oncology
+ Proton Therapy
* Brain (adults and children)
+ Base of skull
+ Scientific y
» Neuroscience (not physics) )
+ & now “particle” biology LA

MI ),\ndérsnn
LeaneerCenter
her

Motivation to explore RBE
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Goals for today...

 Biologic assays used to define RBE
— Limitations and new directions
» Emphasize the need for involvement of physicists
— Experimental design, setup, data analysis,
reporting, grants etc.
» “Radiobiology from a clinician’s perspective”
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What is RBE?

* A comparison of two radiation types
using whatever measure you want.

—Typically cell kill (clonogenic survival)

* Measured with established (but NOT
standardized) techniques

Clonogenic survival assays
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Radiobiology

FOR THE
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Limitations of clonogenic survival?

Can only be performed in cell
lines which can grow in culture

Limitations of clonogenic survival?

5
* V79 cells
« CHOcells Often in non-patient derived cells lines

Limitations of clonogenic survival?
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What is the RBE for proton therapy?

{ In vitro studies

BE
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What does RBE depend on?

* dose
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What can we control....

* RBE (and LET) increases with depth

WED (cm)

Britten, Rad Res 2013

Along the SOBP....

* How do we all deal with this with PSPT?
— No single beams (except prostate)
— Select angles

—Don’t end in critical structure

Radiation Dase (Gy)

Britten, Rad Res 2013

What about IMPT?

A PSPT Beam An IMPT Beam

This is areal opportunity
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We need more and better data (for models)
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High-through put clonogenic assays
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We must think about the physics!
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Passively Scattered Beam

Scanning vs. PSPT -
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“IMPT in a dish”
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Guan & Bronk, Scientific Reports 2015

Results
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Models....

+ What do all models attempt to describe?
—A: Cell kill

= H480 H460 & H1437 - Protons
- H1437

RBE (0.1 SF)
N

1 Typical model
prediction
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Carbon???
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Comparison of protons vs. carbon
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Other cancer cell models
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What about normal tissues?
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What is necrosis?

* Not just cell kill

— An active spreading process involving
multiple cell types

* We are forcing models of clonogenic
survival onto a complex process....

Normal tissues — “Rat brain organoids”

¥ b o

8/3/2016

Normal tissues — “Rat brain organoids”

Live
active
neurons
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Normal tissues — “organoids”

’Sham ) 5.2 Gy, 16.7 keV/um

MDAndersor
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Cs-137

Cell type and viability: 20 Gy

GFAP (glia)
beta Ill tubulin (neuron)
CD68 (microglia)

10 kev/um 16 kev/um

3 kev/ium

Mapping Biologic Effect

Response at 2 Gy

Terminal fixation and
_histologic analysis
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Animals....

Dr. Poenisch

Patients!!!

Voxel-Level Analysis of Adverse Treatment Response in Pediatric Patlents Treated for Ependymoma with Passive Scattering
Proton Therapy
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CPeeler™2*, D Mirkavic?, U Titt?, D Grosshans?, R Mohan?, (1) The rsity of Texas MD Anderson Cancer Center,
Houston, TX, (2) The University of Texas Graduate School of Biomedical Sciences at Houston, Housten, TX
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WE-FG-202-9 [Wednesdy, August 3, 2016) 1:45 PM - 3:45 PM Room: 202

C Peeler

Pediatric ependymoma cohort

Probability of image change

Physical dose (Gy)

LET, (keV um'")
C Peeler
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Critical issues

* Particle therapy is different
— “It’s not just dose”
 Clonogenic survival
— Is still the “gold” standard

» “Biology” makes correlations with
physical factors challenging

We do understand the physics

» Technology is changing rapidly
- IMPT...
If we believe RBE (or LET) matters...

— This can (and should) be incorporated with
IMPT.

— What models to use for treatment planning?
— Are we ready to use this clinically?

Heavy ions may have even more benefits

Needs to be more collaboration

Physics is essential, especially for particles
— Experimental design
* MC based design
* Minimization of uncertainties
— Accurate data
* Dose
* LET
— Team science

8/3/2016
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