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Early stageNSCLC

Lung cancer is the most frequent cause of cancer relat
death in males and females.

Distribution of estimated new cancer
cases by sex, Canada 2015

w Males
100,500

New cases

¢ Breast
+ Lumg
¢ Colorectal

: Body of uterus :
Non-Hodgkin lymphoma 4.5% : Thyroid 5.0%
Kidney 3.9% : Mon-Hodgkin lymphoma 3.8%
Melanoma 3.6% : Melanoma 3.2%
Leukemia 3.5% : Owvary 2.9%
oral 2.9% : Leukemia 2.8%

Pancreas 2.4% : Pancreas 2.5%

Distribution of estimated cancer
deaths by sex, Canada 2015

w Males
41,000

Daaths
[ung 26.6% : Lung 7.0%
Colorectal 12.4% : Breast 13.6%
Prostate 10.1% : Colorectal +H59
Pancreas L.6% : Pancreas 6.2%
Bladder 4.0% : Ovary 4.7%
Esophagus 3.9% : Mon-Hodgkin lymphoma 3 3%
Leukemia 3.8% : Leukemia 3.1%
hNon-Hodgkin lymphoma 3.5% : Body of uterus 2 8%
Stomach 3.1% Brain/CM5 Z2.3%



Early stageNSCL@Iode Negative

1 Early Stage Notsmall Cell Lung Cancer (NSCLC)
15-20% of total cases
. By TNM staging: |IA or IB

o GoldStandard a[ 20SO02Yeé€é Ydzaid 0 ¢
surgical procedure of choider patients with peripheral
TINO NSCLC

1 Effective treatment
- Local control (6%0%)
- Overall survival 680% at 5 years

1 Patient selection
- proper staging
- adequate pulmonary function
- absent or controlled medical problems




Early stageNSCLC

oMany early stage pts [up to 50%] potentially resectable but are
medically inoperable

. Comorbidities preventing surgical resection:
. COPD, Cardimascular Disease

o Poor performance status
o In the USAdecline in the use of surgical resectifvom 75% to
63% despite the increasing use of less invasive surgery (VATS).

o Data from Amsterdam: this percentage drop under 40% for
patients >75 years
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patients

1-Whitson BA. Ann Thorac Surg 2011;92:15@3
2-Raz DJ. Chest 2007;132:14%®3
3-De Perrot M. Eur Respir J 1999;14:229



Early stageNSCLC

1 For medically inoperable patients, conventional:0-66 Gy in 2
Gyractions over a time period of-B weeks. Overall survival (OS

of about 30% at 3 years

1 Survival withconventional fractionated RT isistorically poor
. Overall survival with RT confounded by
+ Patient camorbidities (competing death causes)
+ RT interacting with conorbidities



Early stagelnoperable Patients

o Local tumor relapse being the most frequent site of failure

o Introduction of SRT modeled aftbrain radiosurgery principles:

- Treat tumors with very high radiation doses

- RT doses are delivered irb3ractions

- Abandon prophylactic treatment

- Achieve sharper dose faiff gradients to normal
tissue

1- Detterbeck FC. J Thorac Oncol 2008:3981
2- Rowell NP. Thorax 2001:56:628. .




High dose conformality
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Elementsf SBRT

* body frames
= vacuum cushions
= thermal plastic
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I- Medically inoperable EBISCLC: current results with

SBRT
lI- Radiobiology of SBRIdirect and indirect effect
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-Direct and indirect vascular damage

-Indirect Effects on immune response

V- Perspectives



I- Medically inoperable EBISCLC: current results with
SBRT



ESNSCL&ADblative hypofractionation

Biologically equivalent to 100 zpr moreare required to achieve
high local control rates (1, 2).

These doses are in excess of what is practical using conventional
fractionated treatment schemes.

Optimal SABR dose is unknown, although a ragi@ysis suggests
that highest (>146 Gy10) BED fractionations may have lower OS
mediunchigh (106,146 Gy10) fractionations [3].

1- Onishi H. J Thorac Oncol 2007;2¢&3400.
2- Olsen JR. Int J Radiat Oncol Biol Phys 2011;8%32%9
3- Zhang J. Int J Radiat Oncol Biol Phys 2011;81¢&805



Hypofractionated Stereotactic Radiotherapy (HypoFXSRT)
for Stage | Non-small Cell Lung Cancer: Updated Results of
257 Patients in a Japanese Multi-institutional Study

Local control rate
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BED < 100 Gy (2=42)
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local control and 5 years survive
rates were better with a BED of

100 Gy or more compared with
less than 100 Gy.

Onishi H. J Thorac Oncol 2007;2¢&3400



ESNSCLC management with SBRT

Introduction of SBRT in elderly patients was associated
- Absolute increase of 16% in RT use
- Decline In the proportion of untreated patients and
Improvement in OS (1).

5-year overall survival of patients with stage | NSCLC treated with
SBRT might be equivalent to surgery, even in operable patients

Phase lll studiefROSEL, STARS, RTOG JlleZhched between 2008
and 2011 and opened at 77 centres were closed for poor accrual.

1- Palma D. J Clin Oncol 2010;28:54%3
2- FJ Lagerwaard. Int J Radiat Oncol Biol Phys, 83 (2012), pp5348



Operable Stage | NSCGLEABR trials

Phase Il
JCOG 0403 stage |, 65 pts 3yr LC 68.5%, 3yr OS 76%
RTOG 0618 stage /Il Reported
Phase Il
ROSEL Stage A close due to lack of accrual
Radiosurgery Or

Surgery for operable
Early stage NSCLC

STARS Stage | close due to lack of accrual
Stereotactic
Radiotherapy with
Surgical resection
ACOSOG 24099/ Radiosurgery vs. close due to lack of accrual
RTOG 1021 Sublobar resection

+- brachytherapy




ESNSCLC management with SB

Development of these protocols provided the radiation
oncology community witlvaluable standards in qualky
assurance and for broad implementation of lung SBRT

In the absence of RCT data, other form§ofmparative
Effectiveness Research (Cafe)crucial in guiding
decision making



Comparative effectiveness Research

to Guide Clinical Practice

Comparative effectiveness research is to inform clinical practice

5-year OS for stage | given SBRT is close to 60 %, might be
equivalent to surgery, even in operable patients fit to undergo
resection (1, 2)

A propensity scorenatched analysis using the SH#A€dicare
database suggests thahort-term mortality is improved with SBRT
(<1%) compared with either lobectomy or sublobar resection
(about 4%, and longterm survival did not differ (3).

1- FJ Lagerwaard, IntJ Radiat Oncol Biol Phys, 83 (2012)
2- H Onishi, Int J Radiat Oncol Biol Phys, 81 (2011)
3- S Senthi, Radiother Oncol, 106 (2013)



Patterns of recurrence after SBRT

Patterns of recurrence in RTOG 0236e predominant
pattern of recurrence: was regional and distant recurrer

5-year primary tumor failure rate was 7%
5-year localregional failure rate was 38%

5-year rateof distant failures: 3%

Timmerman R. Int J Radiat Oncol BiolPhys 90:530, 2014



SBRT impact in H$SCLC

Introduction of SBRT in elderly patients was associated
- Absolute increase of RT use by 16%
- Improvement of 5year overall survival
- Propensity matched score analysis: survival of patients wjth
stage | given SBRT might be equivalent to surgery

The predominant patterns of recurrence is distant recurrence:
20-30%

SBRT and Risk Adaptive Regimen:

Adaptive dose and schedule based on tumor location
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What are the questions for SBR

Does radiobiology apply at highdoses
- DNA repair,TumorHypoxia,Reoxygenation

Fundamental difference in biology between conventionz:

RT and SBRT?
-primary mechanism otell death in fractionated RT Is

mitotic cell death

-Could the biological mechanism differ at high doses

- Are conventional models are valid at high dose per
fraction
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ARedistribution (reassortment)sensitize tumors:
cell cycle progression into R3ensitive phase

ARepopulation and Repair

AReoxygenatiorn sensitize tumors
- Oxygenation of surviving hypoxic cells

ARadiosensitivity (5t R)
-Intrinsic sensitivity of tumor: modeled by LQ



SBRT and redistribution

Radiosensitivity of cells
varies considerably as
they pass through the
cell cycle

S phase most resistant

Very late G2 and
mitosis most sensitive

Sinclair and Morton
Biophys J. 1965;5:1-25.

n.ma:F - | | | '
1] 200 400 @00 80l 1000 203 1400




SBRT and redistribution

5| ol Progression of HL-60 cells
52'_' = measured after 4 or 20 Gy
I Cells in late S and G2 died

ji : ; : of apoptosis: 4 h after 4 Gy
A L Bk | After 20 Gy, no cell cycle

| h progression. Cells died an
’ . interphase death in the
v SR cell cycle phase they where

2 -
: - gil o in at the time of irradiation

. | Park et al. Radiat Res
S ONAComtent (2000) 153:295-304




SBRT and repopulation/redistribution

* Conventional RT delivery repopulation evident 3-4
weeks after initiation

* Repopulation: SBRT complete with 1-2 weeks
— Negligible or no substantial role after high-dose SBRT

* Redistribution after high dose SBRT

— Dose-dependent arrest checkpoints

— Cells die an inter mitotic death (apoptosis or necrosis)
or indefinitely arrested

— Negligible or no substantial role after SBRT

.. Park et al Radiat Res (2000) 153:295-304




Dose rate and DNA damage repair

Surviving Fraction
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Absorbed Dose (Gy)

Cell killing decreases with
decreasing dose rate

DNA damage repair occur
between and during fractions

Effect increased with delivery

time




Conventional RT and reoxygenat

Hypoxia can be chronic
and/or acute

Hypoxic cells are less
sensitive to RT and cause
of treatment failure

Reoxygenation was shown
to occur in animal model

Evidence for reoxygenation
In human are less direct

Surviving fraction
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Tumor hypoxia at high doses

—— Fit to aerobac data
100 — — - Fit to hypouxic data
—— Sumultanecus fit to aerobic
and bypoxc data
ag = a,/OER = 0.05 Gy?
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OER values for cell death
are relatively constant over
a large dose range



SBRT and reoygenation
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Interplay between dose ,
fractionation, hypoxia
for SBRT treatment.

Hypofractionation
results in impaired LC of
hypoxic tumors as it
eliminates the possibility
of reoxygenation

Lindblom et al 2015




Reoxygenation (hypoxia) and SAB

Carlsoret al: in hypoxic situationd)
3 logs of cell kill lost up to single doses to-28 Gy
Can be overcome with hypoxia dose boosti2g¢)

Brownet al. (2010) evaluated the expected level of cell
killing by different SBRT regimezs Gy x 3 was barely
sufficient due to hypoxia (4)

Clinical outcomes for NSCLC with SABR are good
Indicative of mechanismasa addition to direct cell killing
Anti-tumor Immune responses, secondary effects from
vascular damage

1. Carlson et al. JROBP. 2011; 79: 1188; 2. Ruggieri et al. Acta Oncol 2010; 49:1304
3. Ling et al. IROBP 2000; 47: 551-560; 4. Brown et al. JIROBP 2010; 78: 323327



Hypothetical cell death mechanisms after SBR

(1) Direct and indirect vascular damage
ALarge fraction > 1Gymay prohibitreoxygenation
and increase hypoxitcimor cells (2

A Induction of endotheliatell apoptosis

A Alteration ofangiogenidactors and cells in the
microenvironment

1- Clement JJ, Takanka N, Song CW. Radiology 1978;1-80399



Vasculaturec important determinant of

tumor radioresponse with SBRT?
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Hypothetical cell death mechanisms after SAB

(2) Indirect effects: Cancer stem cells

- Cancer stem cells are considered radioresistant (1)
- Cancer stem cells identified in perivascular niche (2)
- SBRT destroying endothelial cells may eradicate
cancer stem cells

(3) Indirect Effects: Anttumor immunity

J.we YIé& (dz2NYy imKéogérdeYidsNg
priming systemic immune response

- Clinical evidenc&BRT contributes to antitumor
Immunologic responsat a distant site (2)

1. Pajonk et al. Stem Cells. 2010; 28(4): 639—-648
2. Charles and Holland Cell Cycle 2010; 9:3012-3021






