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1908- Stockholm Method of Hypofractionation Us|
Brachytherapy
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Lat e 1 9eCGkysell

LATE radiation toxicity: ulceration, denervation, devasculization,
stenosis, fibrosis, devitalization



Why did the sky fall?

A Technology problems
I Very low energy beams (most dose into the skin)
I Crude guidance
I Poor understanding of radiation interactions (unable to represent dose
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Why did the sky fall?

A Technology problems
I Very low energy beams (most dose into the skin)
I Crude guidance
I Poor understanding of radiation interactions (unable to represent dose

A Biology problems
I As with tumor, normal tissues poorly tolerantrafdiation therapy

A Clinical problems
I Crude understanding of tumor location
I Normal tissues extensively irradiated



Traditional Radiobiology

Survival
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US Pioneers Champion
Protracted Fractionation




Fletcher, Kaplan, Lampe, Del Regado, an
dza OK1 SQa ¢2 2f
A Mostly 1-D and 2D teletherapy
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A Stereotactlc targeting
A 3-D conformal avoidance
A IMRT

A 4-D motion assessment
A Motion control

A Image guidance

I ALL FACILITATING STEREOTABIIATIVE (SABRDIMAGE
GUIDED HYPOFRACTIONARADOTHERAPY



The Advancement of Radiation Therapy
Technology

" Early Stage NSCLC SBRT
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Stereotactic Body Radiation Therapy
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RTOG 0236: Local Control
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— 25/
Fail: 1
Total: 55
O 6 12 18 24 30 36
Patients Months after Start of SBRT
at Risk 55 54 47 46 39 34 23

Timmerman: ASTRO 2009, 11/2/2009 Chicago



" Stereotactic Body Radiation Therapy for Inoperable
Early Stage Lung Cancer

Robert Timmerman, MORebecca Paulus, BBimes Galvin,
PhD;Jeffrey Michalski, MDVilliam Straube, PhDJeffrey
Bradley, MDAchillesFakiris MD; Andrea Bezjak,
MD: Gregory VideticMD:;DavidJohnstone, MDJack Fowler,
PhD;Elizabeth Gore, MHak Choy, MD

100

Online article and related content
current as of July 15, 2010,

Fail Total
4 55

RTOG 0236
Primary(In-field +
Marginal) Tumor
Recurrence

~]
Lh

60 month
Primarytumor recurrence=/%

Failure Rate (%)
)
-

J
Lh

gl

Ot . : . : .
0 1 2 3 4 5
Years Since Start of SBRT
Patients at Risk 55 47 39 30 25 20




Stereotactic ablative radiotherapy versus lobectomy for
operable stage | nesmaltcell lung cancer: a pooled analysis
of two randomizedrials

- Joe Y Chanet al.
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;r; 40— 3-year overall survival (95% Cl):
S SABR 95% (85-100); surgery 79% (64-97)
o) HR (95% Cl): 0-14 (0-017-1-190)
20 - —— SABR
log-rank p=0-037 —— Surgery
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Number at risk
SABR 31 31 29 27 22 18 1/ 15 i 1 0
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Radiation Oncology I Beyond Photon

C Conventional Therapy .L —

o Standard Care

C Proton therapy
o0 The Recent Technology




Number of patients treated with
Protons in the world
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Proton Therapy:
Whatis it ?
What s the big deal about it ?
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How Proton is different than
X-rays/Photon ?

Mostly In the Physical property
Not much difference in Biology!



Dose Distribution Advantage

Relative dose deposited in the tissue
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Effectiveness of Particle
Therapy
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Fig. 3. Estimated WIAT spelling score for patients with optic pathway
glioma planned for treatment with scanning proton beam (blue line) and
conformal photon radiation therapy (red/dashed line). | Color figure can
be viewed in the online 1ssue, which 1s available at www.interscience.

wiley.com. | Pediatr Blood Cancer 2008:51:110-117
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Fig. 5. Estimated 1Q for patients ages 5 and 9 with craniopharyng-
ioma planned for treatment with scanning proton beam therapy and
conformal photon radiation therapy. [Color figure can be viewed in the
online issue, which is available at www.interscience.wiley.com. |

Pediatr Blood Cancer 2008:;51:110-117



Model Application

Benefit of Proton Therapy Estimated at 5 years
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General Hypothesis of using Proton
Beam for Lung Cancer

1. Proton therapycan significantlyeducedthe
volumeof lung/heartexposedo radiation

and sparing ofnormaltissues comparetb

photontherapy: Potential reduced Toxicities
and perhaps better survival.

2. Higher dose conformity of dose distributions
can be exploited to escalate tumdbse:

Possible better tumor control.



Longterm outcomes after proton therapy, with concurrent
chemotherapy, for stagedlll inoperable norsmall cell lung cancet

Q-N. Nguyen et al. / Radiotherapy and Oncology 115 (2015%)33&

Type of Toxicity No. of patients experiencing toxicity (%) I
Grade 0 Grade 1 Grade 2 Grade 3 Grade fl |

Dermatitis 74 (55) 33 (25) 19 (14) 8 (6) 0
60-66 Gy(RBE) 14 (61) 5(22) 20(9) 21(9) 0
70-72 Gy(RBE) 19 (56) 8 (26) 4112) 2(B6) 0

74 Gy(RBE) 41 (52) 19 (25) 13 (17) 4 (5) 0
Esophagitis 69 (51) 25(19) 33 (25) 6(4) 1(1)
60-66 Gy(RBE) 10 (43) 3(13) 8 (35) 21(9) 0

70-72 Gy(RBE) 24 (71) G (18) 3 (9) 1(3) 0

74 Gy(RBE) 35 (45) 16 (21) 22 (29) 3(4) 1(1)
Radiation pneumonitis 68 (51) 35 (26) 29(22) 2(1.5) 0
60-66 Gy(RBE) 14 (61) 5(22) 417) 0 0

70-72 Gy(RBE) 20 (B) 8 (26) 5(15) 0 0

74 Gy(RBE) 34 (44) 21 (27) 20 (26) 21(3) 0

Foica =24 ™l

1. Protontherapy can significantly reduced the volume
of lung/heart exposed to radiation and sparing of

normal tissues compared to photon therapy:
Potentialreduced Toxicitie§ improve survival &



Longterm outcomes airter proton tnerapy, witn
concurrent chemotherapy, for stagelilll inoperable
non-small cell lung cancer
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Random Phase Il trial comparing
e e~ Proton vs Photon in stage Il
riomes onsent NSCLC with chemo: PI. Liao

4D simulation;

peiineation ofargetsand .~ MDD Anderson/MGH Joint Trial

normal tissues

ves 74 CGE proton & photon

plans achievable

Yes ¢
66 CGE proton & photon No
plans achievable

_ _ — Denied
Randomize at achieved Insurance

dose level I

OK
Photons —I— Protons

L * | -
Photons @ highest Modality that allows

Photons (Group 1) Protons (Group 2) dose achievable higher dose (Group
(Group 4) 3)

i i I |
R
During treatment
WVeekly CT images
oRe-planning if indicated
WMDASI - Lung (optional)
Blood samples (optional) *IMRT or 3D CRT

Follow -up (see table)
oMonthly tox. Assessment
oI ests on each follow -up
visit



IMRT vs. PSPT - Latest Results

Moving Average of Mean Heart Dose
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How can we demonstrate 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: Range uncertainty,
Intra-fractional motion, inter-fractional anatomic
changes

. Randomized Phase Il trials in certain Tumor



RTOG 1308

Phase Ill Randomized Trial Comparing Overall Survival
after Photon versus Proton Radiochemotherapy for

<TM=4>7340

Inoperable Stage II-11IB NSCLC
SCHEMA
Stage Arm 1; Photon
1. I .
dosed Higher
2. A .
3 B achievable dose
between 60-70 Gy,
GTV Volume R once daily plus
A A platinum-based
1. O130 cc :
> ~ 130 cc N doublet Both A_rms_‘..
' D chemotherapy* Consolidation
: O chemotherapy
TIStOSIO%émous M Arm 2{ Proton X 2 1s
' 9 | dosed Higher allowed*
2. Non- .
Squamous Z achievable dose
E between 60-70 Gy
Neoadjuvant (RBE), once daily
Ch plus platinum-
emo
based doublet
L. No chemotherapy*
2.  Yes Py

Target Accruab60, Accrual as of 1/188



Radiation Oncology i Beyound Photon and Proton

C Conventional Therapy - L!JY from
o Standard Care 51
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o0 The Recent Technology
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World Wide Heavy lon Therapy Centers

Operational (11) _\
Austria MedAustron, Wiener Neustadt
China Fudan Univ CC, Shanghai
China IMP-CAS, Lanzhou
Germany HIT, Heidelberg
Germany MIT, Marburg

Italy CNAO, Pavia

Japan HIMAC, Chiba

Japan HIBMC,Hyogo

Japan GHMC, Gunma

Japan SAGA-HIMAT, Tosu
Japan i-ROCK, Kanagawa

!

,_:-"4'—' :

Under Construction(5) 4

China HITFIL, Lanzhou

China Another Center, Lanzhou
Japan, Osaka

Japan, Yamagata

South Korea KHIMA, Busan

} :‘_ {"

il
-

Advanced Planning(4) &

Japan Okinawa

Taiwan, CMU

Taiwan, Taichung Univ

South Korea, Yonsei University

Total : 20

AP End of 2015






Perhaps, we can do better with
Heavy lon Therapy (Carbon) !



