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Preclinical studies

* Therapeutic Window: Efficacy/Toxicity

* Disease Specificity

* Subtype Specificity

* Combination: Concurrent/Sequential

* Therapeutic situation: Response/ Survival

* Therapeutic Resistance



RADOO1: Oral mTOR Inhibitor

Active rapamycin derivative

HO 9 -,

Orally bioavailable; T, ,, 30 hours; CYP3A4
metabolism

Sustained inhibition of mTOR through daily
administration

Inhibits cell growth and angiogenesis

Broad antitumor activity

e Potential synergy with chemotherapy,
Everolimus radiation, and other targeted agents

 Demonstrated single-agent efficacy and
safety in a phase 3 trial in renal cell
carcinoma

 Other diseases: NET, Metastatic breast
cancer...

2011.6



The NEW ENGLAND JOURNAL of MEDICINE

“ ORIGINAL ARTICLE

Everolimus in Postmenopausal Hormone-
Receptor—Positive Advanced Breast Cancer

N EnglJ Med 2012;366:520-9.

Tumor subtype:
Hormone receptor +
HER2 -
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Hazard ratio, 0.36 (95% Cl, 0.27-0.47)
P<0.001 by log-rank test

Everolimus plus exemestane
(median PFS, 10.6 mo)

Probability of Event (%)

The most common grade 3 or 4 adverse events were
stomatitis (8% vs. 1%), (any grade: 12% vs. 5%)
anemia (6% vs. <1%),

dyspnea (4% vs. 1%),

hyperglycemia (4% vs. <1%),

fatigue (4% vs. 1%), and

pneumonitis (3% vs. 0%).
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Annals of Oncology 25: 2357-2362, 201
doi:10.1083/annonc/mduds
Published cnline 17 September 201

Everolimus plus exemestane for hormone-
receptor-positive, human epidermal growth factor
receptor-2-negative advanced breast cancer: overall
survival results from BOLERO-2!

M. Piccart’, G. N. Hortobagyi?, M. Campone?, K. I. Pritchard?, F. Lebrun', Y. ItoS, S. Noguchi®,

A. Perez’, H. S. Rugo®, |. Deleu®, H. A. Burris II1'°, L. Provencher™, P. Neven'2, M. Gnant'?,
M. Shtivelband™, C. Wu'5, J. Fan'5, W. Feng'®, T. Taran'® & J. Baselga'®
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BOLERO-3: Anti-HER2 trastuzumab resistant

N =572%
*Locally advanced or
metastatic HER2* breast
cancer
*Prior taxane required

* Trastuzumab Resistance
— Adjuvant: progression on or within 12

months of TRAS

— Metastatic: progression within 4
weeks of TRAS

_ *Measurable disease only

N

* Stratification by prior lapatinib use (yes/no)

Endpoints:

Primary: PFS

Secondary: OS, ORR, time to deterioration
of ECOG PS, safety, DoR, CBR, and QoL

Randomize

1:1

Everolimus (5 mg PO daily)
+ Vinorelbine (25 mg/m?
weekly) + TRAS (2 mg/kg

week?) (n = 284)

Placebo (PO daily) +
Vinorelbine (25 mg/m?
weekly) + TRAS (2 mg/kg
weekly*) (n = 285)

intolerable toxicit

\

J
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Everolimus for women with trastuzumab-resistant,

HER2-positive, advanced breast cancer (BOLERO-3): Fancet Oncol 2014 15: 580-91

. . . Published Online
a randomised, double-blind, placebo-controlled phase 3 trial April 15, 2014
Fabrice André, Ruth O'Reqan, Mustafa Ozguroghs, Masakazu Toi Binghe Xu, Guy erusalem Norikazu Masuda, Sharon Wilks, Francis Arena, http:/fdx.doi.org/10.1016/
Oaudine Isancs, Yoon-5im Yap, Papal Istvon Lang, A g Guillermao Lerza, MichelleWhite, Kunwei Shen, Jennifer Litton, S1470-2045(14)7013 g%

David Chen, Yufien #hang, Shyanne Al Tetiona Taran, Luco Gisni



Progressio n-free survival (%)

Number at risk

Everolimus
Placebo

BOLERO-3: Primary Endpoint
Progression-Free Survival by Local Assessment

100 - n/N Median PFS (95% CI) - Everolimus
Everolimus  196/284  7-00(6-74-818) & Placebo
L. Flacebo 210/285 578 (5-49-6-90)
80 I HR=078 (95% C1 0-65-0-95)
Log-rank p=0-0067
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Subgroup analysis

HR (95% CI) pvalve*t

All 569 —1 0.78 (0-65-0-95)  0-0067
Age

<65 years 472 —— 077 (0-62-0-95)

=65 years 97 | 0-93 (0-56-1-57)
Region

Europe 223 — 072 (0-53-0-09)

Morth America 123 . E— 0-86 (0-55-1-32)

Asia 166 — 0-83 (0-59-1-18)

Latin America 36 ¥ 0-61 (0-27-1-38)

Other pal 1.28 (0-48-3-45)
Previous lapatinib:

Yes 161 — 079 (0-56-1-11)

Mo 408 —il— 078 (0-62-0-99)
Previous adjuvant or
neoadjuvant trastuzumab

Yes 251 — . 0-65 (0-48-0-87)

No 318 o 0-92 (0-71-1-18)
Baseline ECOG PS5

0 382 —m 079 (0-63-1-00)

lor2 136 —a 0-75 (0-53-1-05)
Hormonal status

ER-/PR- 250 — 0-65 (0-48-0-87)

ER+/PR+ 317 —— 0-93 (0-72-1-20)
Visceral involvement

Yes 439 — . 0-89 (0.72-1-10) } 0.0201

Mo 130 = 0-48 (0-30-0-76)

0.|25 {:1!5 1 é
+— —>

Favours everolimus

Favours placebo




Biomarker study

Treatment Biomarker n Events Median PFS (95% Cl) HR (95% Cl)
Everolimus Biomarker 130 95 7.0(5.6, 8.1)
it 0.88 (0.67,1.17)
Placebo popuiation | 135 104 5.7 (5.3, 6.9)
Everolimus 15 9 5.5 (*)
P'Kfci 0.65* (0.29, 1.45)
Placebo mutant 1 51 19 6.7 (4.8, 7.6)
Everolimus 69 51 6.8 (5.5, 8.2)
P.'I';‘z’ca 0.98 (0.67, 1.44)
Placebo WHAtype 1 27 g 5.7 (5.2, 7.8)
Everolimus th | 26 16 9.6 (5.5, 12.2)
PTE;' |< 20 0.40 (0.20, 0.82)
Placebo ofle 22 18 5.3 (2.8, 5.7)
Everolimus 89 67 6.9 (5.5, 8.1)
>70th ’
PTE;'iEjO 1.05 (0.75, 1.45)
Placebo ° 100 78 6.9 (5.5, 8.3)
Everolimus 66 47 5.7 (5.4, 8.3)
<75th ’
psg__|75 1.14 (0.77, 1.68)
Placebo ofe 77 57 6.9 (5.5, 8.3)
Everolimus th | 23 15 6.8 (4.2,12.7)
ps;?|7es 0.48 (0.24, 0.96)
Placebo ? 22 20 3.9 (2.7, 5.5)

*Not evaluable due to small sample size.

PIK3CAmt in exons 9 and 20, pS6 and PTEN levels by IHC

T T T T T

0 0.2 0.4 0.6 0.8
<—— Favors
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T T
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Placebo

T T

16 18

—>
10




BOLERO-1/TRIO 019: Study Design

N=719

- Locally advanced or metastatic
HER2+ breast cancer

« No prior therapy for advanced or
metastatic disease (except
endocrine therapy)

« Prior (neo)adjuvant TRAS and/or
chemotherapy allowed

- Measurable disease or presence of
bone lesions (lytic or mixed)

A

Everolimus (10 mg PO daily) +

Paclitaxel? + Trastuzumab?

Randomized
2:1

Placebo +

. . Paclitaxel? + Trastuzumab?
Stratification factors:

* Prior neo/adjuvant TRAS
* Visceral metastases

- Primary: PFS (investigator-assessed) -+Secondary:

« Overall population and
*+ HR™ subpopulation

-« OS, ORR, CBR, Time to response, Safety, Duration of
response

11
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Publications of BRCA and PARP

_J T T T T II II I- T

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

i PARP BRCA

M PARP BRCA
inhibitor

12
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BSI 201 Iniparib for HR-/ HER2- subtype (rP2)

BSI-201 (5.6 mg/kg, IV, d 1, 4, 8, 11)
Gemcitabine (1000 mg/m?,1V, d 1, 8)
Carboplatin (AUC 2,1V, d 1, 8)

Metastatic TNBC

N=120
Gemcitabine (1000 mg/m?, IV, d 1, 8)

Carboplatin (AUC 2,1V, d 1, 8)

* Patients randomized to gem/carbo alone could crossover to receive gem/carbo + BSI-201 at disease progression

13



Overall Survival

Overall Survival (%)
3
|

. Hazard ratio for death with iniparib,

0.57 (95% Cl, 0.36-0.90)
P—0.01

Gemcitabine—carboplatin
plus iniparib

Gemcitabine—carboplatin
alone

No. at Risk
Gemcitabine—carboplatin plus iniparib 61 60
Gemcitabine-carboplatin alone 62 59

The NEW ENGLAND
JOURNAL of MEDICINE

JAMUARY 20, 2011 oL M wed

Iniparib plus Chemotherapy in M ic Triple-Negative

Breast Cancer

T T | | | | T 1
4 6 & 10 12 14 16 18 20 22 24

Months
54 50 46 35 24 17 12 11 & 3 0
47 38 29 22 16 12 9 4 1 0 0
Progression-free Survival
100

304 Gemcitabine—

Progression-free Survival (%)
b
1

Hazard ratio for progression with iniparib,
0.59 (95% Cl, 0.39-0.90)
P=0.01

L'J,I Gemcitabine—carboplatin
plus iniparib

20 carboplatin e
alone
10+ Poogmemmy .
0 T | T T T T T T T T T
0 2 4 6 8 100 12 14 16 18 20 22

No. at Risk
Gemcitabine—carboplatin plus iniparib 61 51
Gemcitabine—carboplatin alone 62 38

38 25 16

14



BSI 201 Iniparib for HR-/ HER2- subtype (P3)

Gemcitabine BSI-201

: Carboplatin mmmmmdl Gemcitabi
Metastatic TNBC platin - emcitabine

N = 519 over
1st-line, 2nd 3rd.
line

Carboplatin

BSI-201

Gemcitabine

Carboplatin

15



First line Second/third line
1.0l 1.0+
N HAR, 1.07 {35% CI, 0.B0 to 1.41} HR, 061 {85% C1, 0.45 to 022
Median 05, GCAECT 13.912.3 months Median 05, GLECE 8.1/12.1 months
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0 2 46 21012141618 2022 2426 0 2 46 8101214161820222426
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GC 4143130 MNMT 97 M M EEL 0 M 8 2 0 GC 19 % 31 68 M £ AW 12 6 00 0
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VOLUME 32 - NUMBER 324 - DECEMBER 1 2014

16
Phase III Study of Iniparib Plus Gemcitabine and

Carboplatin Versus Gemcitabine and Carboplatin in
Patients With Metastatic Triple-Negative Breast Cancer

Joyce O’'Shaughnessy, Lee Schwartzberg, Michael A. Danso, Kathy D. Miller, Hope S. Rugo, Marcus Neubauer,
Nicholas Robert, Beth Hellerstedt, Mansoor Saleh, Paul Richards, Jennifer M. Specht, Denise A. Yardley,
Robert W. Carlson, Richard S. Finn, Eric Charpentier, Ignacio Garcia-Ribas, and Eric P. Winer



PARP inhibitors

PAR o2 paRP inhibitors THRNLLCLSY breast
SSB : — ! e cancer
S +
mr | |
LlLLl LLLLL |
— 14 e j’ BRCA mutation
: High risk HER2-
Perse Uepaled {—r g :U__. Chemotherapy +
) HR (BRCA1/2)

SSBs

\ ¥ ARF HR (BRCA1/2, XRCC2/3, etc.)
__, FA(FANCD2, FANCC, etc.)
— TS (RAD18, PCNA, efc.)
Trapplng of F'ARP
DNA complexes ATM, FEN1, POLB etc.

Murai J et al. Cancer Res 2012;72:5588-5599.
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Angiogenesis inhibitors

w - Bevacizumab

Endothelial

Col PIGF

VEGF

. \ Dli4 o 7%
- ~.~ Notch

L I |r |a...1 .

QJQ

\

VEGFR2 VEGFR3 Integrins

NP 1/2 VEGFR}( Tie 1/2

PDGFR '
..--')\ FGFR

HSC Survival
Monocyte Chemotaxis Lymphangiogenesis
Inhibition of
DC Maturation -
Proliferation Survival Vascular Permeability Migration

18
JM Clarke and HI Hurwitz. Expert Opin Biol Ther. 2013 13(8): 1187-1196.



Pharmacology and Pharmacodynamics of Bevacizumab as

Monotherapy or in Combination with Cytotoxic Therapy
in Preclinical Studies

Hans-Peter Gerber and Napoleone Ferrara

Cancer Res 2005; 65: (3). February 1, 2005

19



Preclinical studies

Pharmacologic and Pharmacodynamic Characteristics
Inhibition of Primary Tumor Growth

Inhibition of Metastases

Tumor Growth Inhibition with Combination Therapy

Combination with Radiotherapy, Chemotherapy, and
Other Targeted Agents

Correlation between Pharmacologic Effects of Tumor
Growth Inhibition and Vascular Changes

Safety Profile of Bevacizumab in Animals
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E2100 PFS: 1st-line Metastatic Breast Cancer
with Bevacizumab Added to Paclitaxel

1.0

0.8

0.6

0.4

PFS Probability

0.2

0.0

+/- Bevacizumab 10 mg/kg q 2

Pac. + Bev. 11.4 months
Paclitaxel 6.1 months

HR =0.51 (0.43-0.62)
Log Rank Test p<0.0001

Miller K, NEJM 2007

6 12 18 24 30
Months

22

No difference was seen on OS.



Trial

Bevacitumab + chemotherapy
1st line therapy for metastatic/advanced breast cancer

E2100"

(n=722)

Phase Il

AVADO?
(n=736)

Placebo
controlled

Chemo
BV dosage

Endpoint

IRF

No

weekly
Paclitaxel

10mg/kg 2w

PFS

Retrospective

Yes

Docetaxel

7.5 or 15mg/kg
q3w

PFS

Yes

23

_13
AEEOIE RIBBON-13+A/T
SOElns (n=622)
(n=6195)
Yes Yes
Anthra or

Capecitabine Taxane

15mg/kg q3w 15mg/kg q3w

PFS PFS

Yes Yes

" Miller K et al. N Engl J Med. 2007; 357: 2666-76.
2 Miles D et al. ASCO2008 abstr#1011.
3 N. J. Robert et al. ASC0O2009 abstr#1005.



Subgroup: Bevacizumab + chemotherapy

HIF (95% I}
Pac n=227 |
F 05T (0L43-0.75)
Do PL  nedB8 B3
078§D sE-0
Doc+B7.E | e o
Do+ BAE 059 (0.52-0.00)
Cap=+PL n=idf a8z |
059 (0.55-0.8T)
Cape+B
Tax'Angthrm+PL  n=463 Bz
e —————— T
[1NE} 20 410 (=11 B0 Lile] 120 14.0 1.0
Ma=dian PFS {months)
Hormone: recepior-posithe: EA andior PR posithe. Excludes unknowrs.
Triple Negative HF [B5% C)
| |
Fac | n=#0 53
w# I
DocsPL | n=62 54
060 P44
D4+ BT s
Doc+B1E6 L5 01540 B4y
pesFL (i i .72 fLAD-L08)
w*
Tox'Anttrn+PL | n=dB B2 PR
e e E—— et
0.0 20 40 6.0 a0 A0 120 D 16.0
Median PFS [months)

Triple nesgative: ER negative, PH negaive, HER2 negatve by IHC andlor FISH. Excludes. any unknowns.

24

O’Shaughnessy J et al

. SABCS 2009 #207



BEATRICE: ER-/ HER2- subtype PBC

/ Resected
centrally confirmed
triple-negative?
and/or basal-like
operable primary
invasive breast

cancer (pT1a—pT3)

Stratification factors:

Axillary nodal status
Selected adjuvant CT

Hormone receptor status

Surgery

Investigator’s choice of

standard CT (4-8 cycles)

(N=1290)

BEV (5 mg/kg/wk
equivalent)
(N=1301)

Investigator’s choice of
standard CT (4-8 cycles)
»

Upto7
years

Follow-up >:

|
BEV monotherapy{ Follow-up >|
|

1 year

|
Observation ]‘
|
|
|

CT options:
» Taxane based (=4 cycles)
» Anthracycline based (=4 cycles)

« Anthracycline + taxane (3—4 cycles
each)
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Preoperative NSABP B40

1206 pts, HER2 (-)
A-T 8 cycles +/- BEV

C Breast D Breast and Nodes
A0 P-0.02 by chi-square tﬁid : 40— P=0.08 by chi-square test
15 T ]
. { 35
304 T 30— Ezle
T
8 5 & g5 23.0 T
= = I
= 204 T 204
- g
& 15 g 15-
104 10—
5- 5—
0
Without Bevaczumab Bavacizumab Without Bevacizumab  Bevacizumab
[N=5395] [N=531) (N=591) [N=584)
High-grade and NO tended to be associated 26
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BEV vs BEV+CAPE (IMELDA)

Metastatic BC: 284 pts, HER2-

3-6 cycles
... 1

Previously BEV 15 mg/kg +
untreated DOC
HER2-negative 75-100 mg/m?
LR/mBC d1 q3w : BEV 15 mg/kg d1 +

CAP 1000 mg/m? bid
d1-14 q3w

Stratification factors
*  ER status (positive vs negative)

*  Visceral metastasis (present vs absent)

* Stable disease/response/non-measurable disease

* LDH concentration (£1.5 vs 1.5 X ULN)
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BEV vs BEV+CAPE (IMELDA

PFS: 284 pts, HER2-

A
1007 —— Bevacizumab and capecitabine
—— Bevacizumab only
. 80- Stratified hazard ratio 0-38
£ 95% Cl 0-27-0-55; p<0-0001
5 60
)
z
§ a0
g
3
0 I I I I I I I I I I I I I | |
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BEV vs BEV+CAPE (IMELDA

0S: 284 pts, HER2-

B
100 _I-H-H—_H—h - H_I—L Stratified hazard ratio 0-43
ﬁ_“hl—xh% 1—_‘_'1 95% C1 0-26-0-69; p=0-0003
80 - A R
L IL—'_H
& - . iy 'H]
o 60 — I+
£ b
T 40- _hHi-l—I_L -
= (NTHI | | | | |
5 n I I I I I
20 -
0 | | | | | | | | | | | | | | |
o 3 6 9 12 15 18 21 24 27 30 33 36 30 42 45
Time from randomisation (months)
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Overall survival (%)

1040

70+
B0 -

50

207

10+

OS impact of Anti-VEGFR2 in GC

— Ramudirumab plus paclitael

I Censored
Q0+ —— Placebo plus paclitaxel
\'\l | Censored
80— Ny,

HR 0-807 (95% Cl 0-678-0-9632)
Stratified log-rank p=0-017

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28

> @ Ramucirumab plus paclitaxel versus placebo plus paclitaxel in
patients with previously treated advanced gastric or
gastro-oesophageal junction adenocarcinoma (RAINBOW):
adouble-blind, randomised phase 3 trial

Hansjochen Wilke, Kei Muro, Eric Van Cutsem, Sang-Cheul Oh, Gyérgy Bodoky, Yasuhiro Shimada, Shuichi Hironaka, Naotoshi Sugimoto, Oleg Lipatov,
Tae-You Kim, David Cunningham, Philippe Rougier, Yoshito Komnatsu, Jaffer Ajani, Michael Emig, Roberto Carlesi, David Ferryt, Kumari Chandrawansa,
Jonathan D Schwartz, Atsushi Ohtsu, for the RAINBOW Study Group*®

Summary
Lancet Oncol 2014; 15:1224-35  Background VEGFR-2 has a role in gastric cancer pathogenesis and progression. We assessed whether ramucirumab, a 30
Published Online  monoclonal antibody VEGFR-2 antagonist, in combination with paclitaxel would increase overall survival in patients
September18,2014  previously treated for advanced gastric cancer compared with placebo plus paclitaxel.



Clinical studies

Subtype-specific

Combination with other drugs

Combination: Concurrent/ Sequential

Metastatic disease: PFS/ OS

Primary disease: Preoperative/ Postoperative Adjuvant
PGX markers

Pathological markers/ Biomarkers

Molecular signatures..

QOL

COST



. as . Drug X
Predictive biomarker SEN  RES

' develuement |

&

Novel targeted Drug-based

agents sensitivity signatures
(Developed based on
preclinical models)

Patient
Bilateral biomarker development strategy selection
in clinical
trials
Large-scale cancer Mulgcular—based
genomics data sources signatures

(eg, Driver mutations,
pathway signatures)

KRAS
MUT WT

Molecular biomarker
development
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Perspectives

Subtype-specific/ Genome-based

Combination with other drugs

Combination: Concurrent/ Sequential

Metastatic disease: PFS/ OS

Evolution/ Heterogeneity (Intra-tumor/ Inter-tumor)
Primary disease: Preoperative/ Postoperative Adjuvant
Clonal Selection by treatment

PGX markers

Response-guided/ Imaging

Pathological markers/ Biomarkers

Molecular signatures..

QOL

COST



