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"Proton Therapy Is Superior to
the Conventional Radiation
Therapy (Photon)."
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fLos Angeles Times | susivess

Blue Shield of California to curb coverage of
pricey cancer therapy

Blue Shield says the high cost of some proton beam therapies for cancer treatment compared
with conventional radiation isn't justified. The decision comes as hospitals build high-tech

facilities.
By Chad Terhune
August 28, 2013 |6:16 p.m.



"Proton/Carbon (Hadron) Radiotherapy is Superior to
Intensity Modulated Radiotherapy (IMRT)."
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"Proton/Carbon (Hadron) Radiotherapy is Superior to
Intensity Modulated Radiotherapy (IMRT)."
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Curr Urol Rep (2013) 14:199-208
DOI 10.1007/s11934-013-0320-2

PROSTATE CANCER (D PAREKH, SECTION EDITOR)

Proton Beam Radiation Therapy for Prostate
Cancer—Is the Hype (and the Cost) Justified?

Phillip J. Gray - Jason A. Efstathiou

In Comparing Proton Beam Therapy with Other Modalities

Is PBT better than IMRT?
1. It hasnot, as of yet, sufficientlgnsweredthe question on the
minds of patients, care providers, and policy makers across the
country.
2. Given the clealimitations in the available dataand thelack of
consensugegarding the comparative effectiveness of PBT and
photon-based radiotherapy, anore rigorous and definitivestudy in
needed



2D vs. 3D vs. IMRT vs Proton

Superior ? ’
O/{ Where is the

Where is the data?
data?
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"Proton/Carbon (Hadron) Radiotherapy is Superior to
Intensity Modulated Radiotherapy (IMRT)."

Superior ? How many phase Il
Trials Completed
Comparing IMRT Vs
Proton Therapy ?
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Dose Distribution Advantage

Relative dose deposited in the tissue
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The Proton plan delivers less scatter radiation dose to the pelvis compared to |
plan (axial view) Protons IMRT

REDs high dose(GREEINS intermediate doseBLUESs lower dose

Protons IMRT

RED PT\A related to TUMOR Contréy LC and OS
GREENSurrounding critical Normal Tissug Toxicity, QOL
BLUE V5A possible 2d malignancy
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How can WE prove the Proton Radiotherapy Is
Superior to Intensity Modulated Radiotherapy
(IMRT) ?

. Understanding the impact on biologically-
effective proton dose distributions delivered to
the patient

. linear energy transfer (LET) guided plan
optimization with intensity modulated proton
therapy (IMPT)

. Minimize the uncertainties: dose distribution,
range uncertainty, intra-fractional motion, inter-
fractional anatomic changes

. Randomized Phase lll trials in certain Tumor
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Phase Ill Randomized Trial Comparing Overall Survival
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PCORI:
PatientCentered Outcomes Research Institute

Pragmatic Randomized Trial of Proton vs.

Photon Therapy for Patients with Stage Il or

Breast Cancer

Principalinvestigator JustiBekelmanMD



Pragmatic Randomized Trial of Proton vs. Photon
Therapy for Patients with Stage |l or Il Breast Cancel

Surgery

N

Photon Proton

Photons/Electrons Photons Protons

The primaryoutcomes: majorcardiovascular events, such fasart attacks,
chest pain, and other heamnproblems

Number ofpts need to be randomized:716

Project Budget$11,830,530



Phase lIl: ProtoBeam or IntensigModulated
Radiation Therapy in Treating Patients with Low
or LowiIntermediate Risk Prostate Cancer

Jasonilexanderkfstathioy Principal Investigator
PRIMARY OBJECTIVES:

|. Compare the reduction in mean Expanded Prostate Cancer Index Composite (EPIC

bowel scoredor men with low or intermediate risk prostate canc&da treated with
PBT versus IMRT at 24 months following radiation (where higher scores represent be
outcomes).

SECONDARY OBJECTIVES

|. Assesshe effectiveness of PBT versus IMRT for men with low or intermediate risk
PCan terms of diseasspecificquality of life as measured by patientported
outcomes, perceptions of care and adverse events

Il. 1l. Assess theosteffectivenessof PBT versus IMRT under current conditions and
model future costeffectiveness for alternative treatment delivery and cost
scenarios.



Clinical Trials: IMPT vs. IMRT

1)Brain Tumors

2)H/N Cancer IMRT

e

IMPT

3)Breast Cancer
4)Lung Cancer

5)HCC
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6) Prostate Cancer




How about the

Carbon Therapy
?



What is Heavy lon therapy?

Type of radiation

Conventional Particle beams
radiation )' :

é : . - u~08l’b0ll‘

X-rays Negative Proton Z
Gamma rays - PCUOM Tgion  Neutron MMM

It is a radiation therapy with accelerated nuclei of He-4,
Li-6, Be-8, B-10,C-1 2 ¢



1) Heavy lons Stop In Tumor




2) Heavy lons exhibit low entrance dose

Carbon ion beams




3) Heavy long have very sharp edges

Sharp

Carbon

Proton or

X-ray




4) Heavy long Are Magnetically Controlled to
Very High Precision




5) Heavy long Offer
Unique Verification of Energy Deposition

Sim TP-CT | PET PET-CT




1 ne plological responses seen arter neavy charge
particle exposure is mostly driven by the unique

pattern of energy deposition

A Energy deposition patterns become more discrete

X-rays << 1 keV/um Protons @ 200 MeV, 20 keV/um
Random Energy
Deposition
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Carbon @ 390 MeV, 112 keV/um Oxygen @ 468 MeV, 175 keV/um
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Discrete patterns of energy deposition result in
clustered DNA damage and greater cell killing
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Enhanced cell killing described by
Relative Biological Effectiveness
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A Common RBE values:
I Xray (reference) 1.0
I Protons 1.0-1.2
I Carbon 2-4



Heavy charged particles can overcome
radioresistance due to hypoxia

A Hypoxiadimits the efficacyof radiotherapy
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Decreased repair between dose fractions with
heavy charged particles

AConventional radiotherapy delivers dose in daily fractions
A Daily schedule based on potential for
A Tumor reoxygenation
A Normal tissue sparing (1920s)
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Advantages with heavy charged particles:
Physics an@IOLOGY |

A Enhanced cell killing for the same amount of dose
I Opportunities to treat radioresistant tumors

A Potential to enhance tumor response in hypoxic settings

A Limited tumor sparing with dose fractionation
I Precise placement of dose limits normal tissue exposure

A Novel tissue effects
I Dose thresholds achieved at lower dose
I Enhanced immunologic response
I Reduction in metastatic potential



Chemoradiathe

Advanced

Local Survival Rate (%)
Radiation  Control 1-yr  1.5-yr

Study N Treatment Dose (Gy) (%)
ECOG (1985) 47 5FU + RT 40 68 32 11

44 5FU alone - 68 26 21
Crane (2002) 61 5FU + RT 30 46 28 7

34 GEM + RT 30 45 42 12
Okusaka 42 GEM + RT 50.4 94 28 25
(2004)
Murphy (2007) 74 GEM + RT 20-42 74 46 24
NIRS (2012) 46 Carbon ion 45.6-52.8 87 47 26
NIRS (2013) 47  GEM + Carbon 45.6-55.2 - 74 54 (2yr)

GEM: Gemcitabine

More than Doubled Survival Rate !

Slide Courtesy of Dr. Shigeru Yamada (NIRS



