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Objectives

+

Screening of Lung Cancer.

Early Stage Lung Cancer Curable by
High Technology to Reduce NTCP.
Molecular Target Agents and RT.
Immunotherapy and RT

SBRT.
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Smoking Cessation and CT Screening

Reduced Lung Cancer Deaths
National Lung Study Trial

Smoekiag-cessation prevents lung

cancer: CT screening reduced lung

Cumulative risk (%) of death from lung cancer mortality:
cancer by age 75 for men

B Death from Lung Cancer
500

— Current cigarette smoker
— Stopped smoking at 60 Chest radiography
Stopped smoking at 50 c
— Stopped smoking at 40
— Stopped smoking at 30

—— Lifelong non-smoker
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Years since Randomization

A up to 15% reduction in risk of A 20% reduction in risk of
death from lung cancer death from lung cancer among
smokers.

Peto R, BMJ 2000, 321(7257):323-9; NLST team, NEJM 365:395-409, 2011; www.wakehealth.edu; slide courtesy of Dr. Hong
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Conventional 3-D plan (8 mm PTV margin)
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SBRT Reports (Med Inop Stage | NSCLC)

Trial Dose LC % OS 9%
Kyoto 12 Gy x 4 94 83/72 (3-yr)
Stanford 15-30x 1

Scandinavian 15 Gy x 3
Indiana 20 -22x 3

RTOG 0236 20Gy x 3
Heidelberg 19-30x 1
Torino 15 Gy x 3
Tohoku 15 x 3, 7.5x8

VU Univ 20x3,12x5
7.5X8

Variable : Tumor Location, Operable , Pathologic Dx




Medically Operable Stage | NSCLC,,,,
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Stereotactic ablative radiotherapy versus lobectomy for
operable stage | non-small-cell lung cancer: a pooled
analysis of two randomised trials  (stars & ROSEL)
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Larry S Carpenter, MD, Katrien De Jaeger, MD, Prof Ritsuko Komaki, MD, Prof Ben J Slotman, MD, Prof Egbert F
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Survival
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| 3-yearauerall survival (36% C):
SABR DY (B-1007 surgery 79% (64-97)
HE:(D5% C1): 014 (6-017-1 150)
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Surgery(79%) b0+
4o 3 tecurtence-free survival (959 CI)
SABRBE% (74-100); surgery 50% (B5-07)
R (95% CT): 060 (0-20-2.25)
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Comparison SABR Operable Stage

Chang, 27 T1-2a
Lobectomy, NO
Phase I

Chang, 31 T1-2a
SABR, NO
Phase Il

Timmerman, 26 T1-2
RTOG 0618, NO
Phase Il

Lagerwaard , 177 T1-2
Retrospective NO
Onishi , 87 T1-2
Retrospective NO

Lobect -
omy

54 Gy/3
50 Gy/4
60 Gy/3

54 Gy/3

60 Gy/
3-5

45-72.5
Gy/3 -10

67

67

72

74

35.4
mos

40.2
mos

25.0
mos

31.5

mos

55.0
mos

3yr-4%

3yr-
10%

2 yr-
15%

3yr -
10%

5yr-
25%

3 yr-
9%

3yr -
3%

2 yr-
15%

3 yr-
10%

5yr-
25%

3 yr-
80%

3yr-
95%

2 yr-
65%

3 yr-
81%

NR

3 yr-
79%

3 yr-
95%

2 yr-
82%

3 yr-
85%

S yr-
70%

A 0% Lobar Failure w/lobectomy, will translate to improved outcome w/time?
A OS more comparable when comparing operable Stage | pts for surgery vs SABR

A Decrease toxicity with SABR
A Follow-up still short, with very limited prospective data (strongest evidence study of&B pts)

Grade >3,
48%,
1 Grade 5

Grade 3, 10%

Grade 3, 16%

Grade >3, RP
2%, rib fx 3%

Grade 3,8.2 %




Chemo/TRT for LA NSCLC (Inop)

314

400

212

178

102




Early Toxicity Comparison between
Sequential and Concurrent
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Major Dose Limiting Toxicities
by Thoracic Radiotherapy with
+ Concurrent Chemotherapy

A Pulmonary toxicity
A Esophageal toxicity

A Cardiac toxicity

| A Bone Marrow toxicity
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Improving radiotherapy conformality in lung cancer
(Chang and Cox: Semin Rad Onc 20:171, 2010)

Da




Comparison 3DCRT vs. IMRT
Secondary Analysis of NRG/RTOG 0617

RT: 60 Gy
Carbo/Taxol +/-

Cetuximab
RTOG 0617
Randomization Carbo/Taxol x 2
RT: 74 Gy
Carbo/Taxol +/-
Cetuximab

Compared RT technique in Univariate and Multivariate Analyses

Sstratified: 3D-CRT 53%, IMRT 47% in both RT dose arms

AEndpoints
A Survival i overall, progression free, local control
A Grade 3+ toxicity
A Amount of chemotherapy administered

S. Chun et al :World Lung Conference
International Association for the Study of Lung Cancer
September 8, 2015




STUDY HYPOTHESIS/RATIONALE

! "g|i IMRT

le

Intermediate

20 - 50 Gy
Q
Low <
Gy
I Rationale
A IMRT conformity and

A Exchange for large low dose bath

I Hypothesis: IMRT may improve outcomes for Stage Il NSCLC

S. Chun et al :World Lung Conference
International Association for the Study of Lung Cancer
September 8, 2015




RESULTS

Baseline Characteristics

‘ Deck stacked against IMRT

Characteristic 3D-CRT

Stage IlIB 30%

PTV
PTV:lung ratio

IMRT likely selected prior to randomization to
treat more ndi fficu

Steve Chun :World Lung Conference
International Association for the Study of Lung Cancer
September 8, 2015




RESULTS

Effect of radiation techniqgue on 2-year outcomes

No difference
Multivariate analysis 3D-CRT vs. IMRT

Outcome HR (95% CI)
Overall survival 1.01 (0.8, 1.28)

Progressionfree survival 1.12 (0.91, 1.39)
Local control 0.91 (0.67, 1.23)
Distant metastasis free 0.92 (0.71, 1.19)

Overall and progression free survival similar
in spite of more unfavorable tumors in IMRT group

S. Chun et al :World Lung Conference
International Association for the Study of Lung Cancer
September 8, 2015




RESULTS
Benefits of IMRT
Reduction of Normal Tissue Toxicity

Outcome 3D-CRT P-value

Grade 3+ pneumonitis 0.0462

Heart V40 . 0.0026

Full consolidative 0.05
chemotherapy

Other toxicity results

Grade 3+ esophagitis, weight loss, cardiovascular, neurologic adverse effects
similar in IMRT and 3D-CRT groups

S. Chun et al :World Lung Conference
International Association for the Study of Lung Cancer
September 8, 2015




CONCLUSIONS

Patient Qutcomes : IMRT vs. SADCRT

‘{‘ I Similar OS andPFS despite more stage IlIB and
larger PTV were treated by IMRT

Patient Toxicity : IMRT vs. 3DCRT
I Grade 3+ pneumonitis significantly lower by IMRT
I Lung dosesi V20 was significantly lower by IMRT

I Heart doses-V40 was reduced by IMRT
| Better tolerance of chemotherapy by IMRT

S. Chun et al :World Lung Conference
International Association for the Study of Lung Cancer

MD Anderson
September 8, 2015 '
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Stage Il NSCLC treated by conc.
Chemo RT or PTB
Grade 3+ Esophagitis & Pneumonitis

Esophagitis Pneumonitis
A 3D CRT 16% 32%
A IMRT 40% 9%
A Proton 6% 3%

Sejpal et al., Cancer 2011, 117(13): 3004-13
Nguyen Q et al Radioltherapy & Oncology 2016 (Long Term Survival)




Radiation Pneumonitis Rates

Stage |l NSCLC Treated by
Chemoradiotherapy

+ SDCRT IMRT Proton

Tucker S,et al , MDACC experience unpublished data, 2012




PBT 74Gy in 37 fx_and concurrent taxol/ carbo 8/2-9/24/2007

,

4/5/2007

3.3mm /3,3var,sp

0d+40+39 PM



Lung cancer survivor ' keeps on
running; completes second half-marathon race -
2011-Oct-22

UPDATE: ' finished the half marathon 168th in his age group, in 2
hours and 28 minutes. — More than 3,500 runners will take part in the
the Houston Half ...




Randomized Phase Il Trial
of Photons vs Protons for
NSCLC Stage Il/Ill (ID 2008 - 0133)

+Project I: PO - | NCI supported Grant
Pl : T Delaney/CO -PI:R Mohan

IMRT +Chemo (PC)
714 Gy @ 2 Gy/fx

Proton Beam + Chemo (PC)
74 CGE @ 2 CGE/fx

Oral Presentation ESTRO 2016
Pl at MDACC: Zhongxing Liao, MD

MN —Z00Z>T




RTOG 1308: Phase Ill Randomized Trial Comparing Overall

Survival after Photon vs Proton Radiochemotherapy for Stage

Stratify
Stage Arm 1
1.1l
2 A Photon: Highest achievable dose
3.11B between 60-70 Gy at 2 Gy, once |
j;g daily plus platinum-based doublet
GTV
=21V chemothera
1.<= 130 cc Z Py
2.>130 cc 8 | Arms 1 and 2: Consolidation
Histol Z Arm 2 | Chemotherapy x 2 is allowed
ISTOIogy p—
;'ﬁlq”aénous 'j\>l Protons: Highest achievable
Aon-sglamous — dose between 60-70 Gy (RBE) at
Chemotherapy Z platinum-based doublet
1. Yes chemotherapy
2. No

Plan must meet dose and volume constraints of all
OARs

Pl: Z Liao
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Targeted Therapy: RT + C225

—@— control
—@— C225x1
14 A ' —e— 18Gy
—@— C225x1+18Gy
—@— C225x3
—@— C225x3+18Gy
‘= 12 -
E
N
D 10 -
o
=
= 87
6 o a high EGFR-expressing
| sgquamous carcinoma
a0 A431 Xenograft _

O 8 16 24 32 40 48 56 64 72 80
Days After Initial Treatment



RTOG 0324 :
Phase |l Stage Il NSCLC
| Treatment Schema

Week 1 Weeks 2- 8 Weeks 9 - 11 Weeks 12- 17

Paclitaxel

Paclitaxel

. Carboplatin
— Cetux?mab - | e
400 mg/m? day 1 CRT 250 mg/m?/wk x 3 Cetuximab

Paclitaxel (200 mg/m2 Q 3 wk x 2)
Carboplatin (AUC =6 Q 3wk x 2)
Cetuximab (250 mg/m?/wk)

Paclitaxel (45 mg/m? jwk)
Carboplatin (AUC = 2/ wk )
Cetuximab (250 mg/m?/wk)

CRT ( 63 Gy/Tweeks/35 daily fx)

Follow — Up Time To Date
Median 21.6 months
Range 1.4 -39.3 months

Blumenschein G- - - - - Komaki R, JCO 6/10/2011

29




Comparison of RTOG Trials of LANSCLC
RTOG 0324 mandated 3DCR

(C225)

onQD D
o
2D (
2D
69.6Gy Q Y >
(BID Fx) 2D

MST and 2yr OS x1.3  and Gr3 Esophagitis less than a half = by adding

Cetuximab (Molecular Targeted) and 3 DRT (Better Tech) improved TR.

RTOG 0324: Blumenschein G,--Komaki R: JCO, June 10, 2011
RTOG 9410: Curran W,---- Cox, J : IJNCI| 2011




ieorrelation of EGFR Expression by IHC & FISH In
redicting Patient Outcomes: A Phase || RTOG 0324

Study for Patients With Stage Ill NSCLC Treated by
Chemoradiotherapy & Cetuximab (C225)

R. Komakit, R. Paulas?, J Moughan?,C.
Olsen?, K.K Ang! G. Blumenschein, Jrt W.
Curran?, F. Robert>, J. Thariat?!, H-Z. Zhang
1. M. Werner-Wasik?, R.Herbst! , H. Choy?,
SF. Hirsch & K.K.Ang*

Radiation and Oncology 112 (2014) 30-36




RTOG 0324:

Overall Survival by EGFR IHC QS and by FISH

100‘—[ 10: L_l
75 “ 75 L
50{ Mg 54 .
25] Dead / Total 25 ' Dead/ Total
— QS <=0625 8 /26 1 ——FISH Nedqati
gative 12/24
— Q@S>0625 11/25 IHC — FISH Positive 11/21 FISiE
ol L LA L L DL L DL L L L L L L L L L | 0-: ||||| T 1 1 1 17T T rrrrr T rrrrr T 1 1T rrr T r 1 117 T
0 3 6 9 12 15 18 0 3 6 9 12 15 18
_ Months from Randomization Pts. at Risk Months from Randomization
E‘;i ';_1225 e o - ” 1 1 g FISH- 24 21 17 15 14 14 14
QS>0625 25 23 20 18 17 16 12 FISH+ 21 20 18 18 T 16 i

Major Accomplishnments




RTOG 0324
Overall Survival by EGFR Analysis Status

18-Month
EGER Dead/Tota| Survival . HR P-

i | Rate (95% | ValUe o
Analysis Status 2 %I() 0 (95% CI) | value
Has EGFR Data 19/51 68.5% 1.0

53.8, 79 4)
No EGFR Data 23/36 34.4% 0.008 2.25 0.008
(19.1, 50.2) (1.22,
4.17)

* Kaplan-Meier log-rank test

** Cox Proportional Hazards Model Score Chi-square test



RTOG 0617, NCCTG N0628,CALGB 30609
Conventional vs. High Dose RT +

Cetuximab

RT: 60 Gy

Paclitaxel \
Carboplatin +/-

Cetuximab

R
A
N
D
O .
M
I
Z
=

Paclitaxel
Carboplatin X 2
RT: 74 Gy

Paclitaxel /
Carboplatin +/-

Cetuximab

MD Anderson
Caneer(Center
.\hkmg Cancer Hissory "
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Standard-dose versus high-dose conformal radiotherapy
with concurrent and consolidation carboplatin plus
paclitaxel with or without cetuximab for patients with
stage IllA or llIB non-small-cell lung cancer (RTOG 0617):
a randomised, two-by-two factorial phase 3 study

Prof Jeffrey D Bradley, MD'—], Rebecca Paulus, BS, Prof Ritsuko Komaki, MD, Gregory Masters, MD, Prof
George Blumenschein, MD, Prof Steven Schild, MD, Prof Jeffrey Bogart, MD, Chen Hu, PhD, Kenneth Forster, PhD,
Prof Anthony Magliocco, MD, Vivek Kavadi, MD, Yolanda | Garces, MD, Samir Narayan, MD, Puneeth lyengar, MD,
CIiff Robinson, MD, Prof Raymond B Wynn, MD, Christopher Koprowski, MD, Joanne Meng, MD, Prof Jonathan
Beitler, MD, Rakesh Gaur, MD, Prof Walter Curran Jr, MD, Prof Hak Choy, MD
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0.8 1
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0.1 -
0.0

OS Rate

+ Censored
pP=0.0042 (one-sided log-rank

Lancet Oncol 16(2):187-199, 2/2015.

———— 606Gy ———— 740Gy

60 Gy
74 Gy

217
207

212
198

194
180

181 169 160 142 129 11
162 142 126 112 95 8

1.0 1
0.9
0.8 1
0.7
0.6 1
0.5
0.4
0.3
0.2 -
0.1+
0.0+

OS Rate

+ Censored
p=0.2938 (one-sided log-rank

Lancet Oncol 16(2):187-199, 2/2015.

Cetux — No Cetux

Cetux
No Cetux

237
228

225
219

206
196

190 175 160 141 121 10
174 155 146 131 113 9¢

| | | | | T
9 12 15 18 21 2+



Conclusions : RTOG 0617

A Factors associated with improved OS are:

1. _IR_adiation Dose (60 Gy) compared to 74 Gy
2. Lower % of Lung V20

3. Treatment Compliance

4. Larger PTV margin

A There were higher deaths in 74 Gy due to toxicity,
although there was no sig. difference.

A No difference in OS with or without Cetuximab.

A H-score analysis( 220/465) suggests that high EGFR
expression(>200)may benefit from Cetuximab.

4D simulation was not mandated for this protocol




Staging and Anatom Treatment Radiation
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Lung Cancer Mutations

NSCLC by histology

Others
20%

Adenocarcinoma

Squamous Cell Bl
Carcinoma

/A\\
/
/

y
4 /

i ‘ y

Squamous Cell Carcinoma Adenocarcinoma

DDR2, 2% HER2/MEK, 2%

BRAF/PIK3CA, 2% 081, 2%

T, 49
PIK3CA Unknow NG L=

mutation, 15% : 20% . ALK, 5%

RET, 1%

FGFR1, 20%

Chan et al. Translation Lung Ca Res 2015



EGFR Mutations in NSCLC
(Location of Mutation is important)
Pao et al. PNAS 101:13306, 2004

igand binding yrosine kinase autophos

858 861 869 964

iy
oA

A

wy
A

Lol \cllow, sensitive to gefitinib; , sensitive to erlotinib;Black never treated by TKI



Influence on Local Regional Control
for Pts with EGFR Mutation In
NSCLC treated Radio(chemo)therapy

A From 1400 NSCLC patients treated with
definitive radio(chemo)therapy

A 111 had EGFR testing Jan.2007 to Dec.2009
A Carboplatin + Paclitaxel chemotherapy
A 24 had EGFR mutation

Quigsong P et al IJROBP 2013




L ocal control

Exon 19 Deletion vs. Exon 21 Mutation

Kaplan-Meier survival estimates

Exon 19 del: 10 pts

Dose Escalation?

/ Exon
18

19
P< 0.0021 -

21
Exon 21 mut: 11 pts

months

Types of EGFR Mutation

cases Types of mutation
2 1-18-80insertion,
719 (GGC to TGC)
10 Deletion
1 765 (GTG to ATG)
11 7 cases with

858 (CTG to CGG)
848 (CCG to CTG)
834 (GTC to GCG)
861 (CTG to CAG)

Quigsong P et al IJROBP 2013
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Radiosensitization of nonasmall cell lung cancer cells
by EGFR inhibitors

A549 with Erlotinib A549 with Iressa

Survival (%)
|_\
(@]

—— C ONtrol
—— Control

- -B- - Jressa (1uM)
—8— Tarceva (5uM 24hr)

—t— [ressa(2uM)

0 Gy 2 Gy 4 Gy 2 4
Dose (Gy) Dose (Gy)

Tanaka T ---Meyn R, CCR 14(4):1266-73, 2/2008
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Adding Erlotinib to Chemoradiation Improves @mm
Overall Survival but Not Progression-Free
Survival in Stage IIT Non-Small Cell Lung Cancer

Ritsuko Komaki, MD,” Pamela K. Allen, PhD,” Xiong Wei, MD, "
George R. Blumenschein, MD,' Ximing Tang, MD, PhD, |
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Diane D. Liu, MS," and Waun Ki Hong, MDH
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Molecular Pathology, and *Biostatatistics and Ipivision of Cancer Medicine, The University of Texas
MD Anderson Cancer Center, Houston, Texas

Received Nov 10, 2014, and in revised form Jan 27, 2015. Accepted for publication Feb 2, 2015.



ID 2005-1023: Phase Il Trial Stage Ill NSCLC
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XRT: 63 Gy/35 Fx/7weeks; 1.8Gy/daily x 5

= Consolidation
treatment Chemotherapy

x Every 3 weeks

Concurrent | 3 Concurrent
Tarceva / RT

x Two cycles

Chemo RT

Weekly x 7 weeks Tarceva alone:

X

x Paclitaxel: 200 mg/m?,

x Day: 1, 8, 15, 22, 29, 36 & 43 x over weekends x 7 weeks x Carboplatin: AUC=S,

x Paclitaxel: 45mg/m?2 x Starting on day 2 with RT,

x Carboplatin: AUC=2 x 150mg ; p.o.

(No Tarceva on the same day  x Daily Supported by DOD and Genentech
of Chemo)

44

Komaki R, et al: IJROBP 2015



Tarceva Protocol 2005 -0123
Fvaliilahle Protocol & IMRT IIIA/IIIB Cases

Tarceva/ChRT vs. ChRT 2 QOverall Survival
|

Log rank-p=0.0111

Komaki R, et al: IJROBP 2015



