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3500-2500 BC
(The Pyramit Age):

Egyptian texis descried 8
cases of tumors that

were lreated by

cauterizaion witha “fim

dril

The evolution of breast cancer: 3500 BC to 2016

168 BC
Galen
propased that
breast tumor

René Descartes
(1596-1650)
rrcq:)osed the

mphatic
theory forthe
orgin of breast
cancer

John Hunter
{(1728-1783)
proposed that
palpable braast
uMmars were
caused by
coagulation of

In 1838,
Johannes Muller
proposed that
cancer cells
developed from
the blastema in
the normal
tissues

In 1848

William Marton
demonstrated the
use of ether
anesthesia for
surgery

1800-1899

In 1926 Janet
Ezabeth Lane-
Ciaypon led an
unprecedented
study that
identified breast
cancer risk
factors

From the
1930s,
radiotherapy
ntroduced a&
altemative to
radcal
masieciony

19001999

In 1962,
Robert Egan
reporied the

2000-2018

Breast cancer
sublypes-
HER+, ER#+,
basal etc
dantified via
gane expresson
profiing in 2000

The human

Fulvestram,
sacond-line
endocrne
therapy, FDA,
2002

Aromatase
Inhibitors:
L alrazole

Edwin Smith urgical
Papyrus bebeved to be
preduced around the

Anastrazole,
-Raoxifene

irst cases of
bragst cancer

was a
coagulum of
black bile in

Fromthe 1930s,
radiotherapy

defective lymph genome

sequenced In

Pyramid Age

1600-1500 BC

Ebers Papyrus dated o8
period that coincdes with
the reign of Amenhotep |
in 1534 BC. It descnbed
the "sweling (tumor) of

vessels®

460 8.C.; Hippocrates
roposed the Humoral

what is known
as the Galenic
humoral
theory

1600-1799

In 1713,
Bernardino
Ramazzni
observed that
nuns frequently
had breast
cancer; blamed
lack of sexual
intercourse & a
cause of braast
cancer

In 1757, Henri Le

in 1882, Wilkam
Haisted
introduced
racical
mastectomy for
breast cancer
treatmeant

In 1896, Thormas
Beatson reportad
regression of
metastalic breast
cancer after
oophoraciomy
(Lhe andi-
humoral
concept)

became an
alternative to
radical
masleclomy

In 1976,
Bemard Fsher
showed that
ess-invasive
lumpectomy
was as offective
as disfigunng
raccal
masteclomies

Tamoxifen
appraved for
traatment of
matastatic
breast cancer.

FDA, 1977

getected using
mammograpty

Breast cancer
awareness in
the '70s
promoted by
First Lady
Betty Ford and
journalist Rosa
Kushner

Genergtion of
the MMTV-
neu-NT
transgenic

mouse, 1988

Herceptin,

2003

New genetic tests
-“Oncotype DX for

ER+ early diagnose;

MammaPrint for
distant metastasis,
FOW, 2007

The Angelina
Jolie effect for
prophylaclic
biatera
mastectomy
started in 2013

HERZ2 and HER
nhibitor Lapatind
FDA- approved n
2010

The CLEOPATRA
study in 2070 in
favor of
combination
therapy

Next-genaration
targeted drug
called
trastuzumab
emtansine
(Armed antibody
drug), FDA 2013

The discovery of
X-rays by Wilkam
Rontgen in 1896
laid the
foundation of

rammegraptty

ory of Medicine and
attributed cancer to an
axcass of black bile. He
befieved the cancer should
be left alone, because
those who got treatment
did not live: as long as
those who were untreated,

Dran postulated
thal cancer
progressedin
stages, anc
advocated suroeyy
to prevent
spreading of
breast cancer

First targeted
therapy.
FDA, 1998

Susan G.
Komen Braas!
Cancer
Foundation was
founded in 7982




EIIIAHMIOAOI'TA KAPKINOY MAXTOY

e 38% TV KoKONOEI®V TOV YOVUIK®OV

e 12% tov Bavatov and KapKivo GTIg
YOVOIKEC

o 2" autio BavaTov amd KapKivo GTIC YOVOTKES



Testicular abnormalities: cryptorchidia, congential
inguinal hernia, orchiectomy, orchitis, testicular
trauma

Hormonal alterations:
Infertility, Klinefelter’s syndrome, obesity, cirrhosis
(and heavy alcohol intake)

Family history of breast cancer, mutations in
BRCA1/2, CHEK2, PTEN

Benign breast lesions:
Nipple discharge, breast cysts, breast trauma

Exposure to radiation or high temperatures
Old age

Jewish descent

Breast Cancer Kills Men, Too.

Less than 1% of all new breast cancer
cases occur in men.

Men with a BRCA1 mutation have a 1%
risk of developing breast cancer by age
70: BRCAZ2 mutations confer a 6% risk.

Breast cancer prognosis, even in stage |
cases, IS worse in men than in women.

Treatment for male breast cancer has
usually been a mastectomy, which may
be followed by radiation, hormone
therapy (such as with tamoxifen), or
chemotherapy.

http://www.cancer.org/docroot/CRI/content/CRI_2_4 1X_ What_is_male_breast_cancer_28.asp



Ductal carcinoma in situ
(DCIS) 1s the most common

: _ type of non-invasive breast
DCIS: Ductal Carcinoma In Situ Cancer.

LCIS: Lobular Carcinoma In Situ
IDC: Invasive Ductal Carcinoma
ILC: Invasive Lobular Carcinoma
Inflammatory Breast Cancer
Male Breast Cancer

Recurrent and Metastatic Cancer

Lymph nodes

Invasive ductal carcinoma (IDC) is the most
00 Lymph vessels
common type of breast cancer, comprising

about 80% of all breast cancers.



2.1<RR<4.0

1.1<RR<2.0

» Female

* Age (65+)

* Inherited genetic mutations associated with breast cancer such as BRCA1/BRCA2
 Two or more first-degree relatives with breast cancer diagnosed at an early age

» Personal history of breast cancer

* High density breast tissue

* Biopsy-confirmed atypical hyperplasia

* One first-degree relative with breast cancer
* High-dose radiation to chest
* High bone density (post-menopausal)

Factors affecting circulating hormones:

* Late age at first full-term pregnancy (>30 yrs)

« Early menarche(<12 yrs)

* Late menopause

* No full-term pregnancies

* No breastfeeding

* Recent oral contraceptive use

* Recent and long-term hormone replacement therapy
* Obesity

Other factors:

* Personal history of endometrium, ovary or colon cancer
* Alcohol consumption

* Height (tall)

* High socioeconomic status

« Jewish heritage




I[TAPAT'ONTEXZ KINAYNOY

Hlwia: > 50 gto@v.
Eppnvapyn ntpo tov 12 e1@v, epunvonavcn neta tao S5 1.
Texvomoinon petd ta 30 £, LIKPOTEPOS UPLONOC TEKVOV, O TEKVIC.
Owoyeveroko Iotopiko Yo Kapkivo tov Maostov ] Kapkivo tng Qo0nqkng.
ANyn Owstpoyovav 1) Ilpoyestepovic, 10LOC HETA TV ELUNVOTOVGY).
Aopraxog 1 ITopoyeviic Kapkivog in situ Ttov Maotov (LCIS 1 DCIS).
Hoayvcopkio, Wioitepa aVCNON TOV CORATIKOD BAPOVS NETA TNV
guunvoTavon.
"Ex0gom oe AkTivofoiia o€ veapn nMKia.
I'evetikn) tpoowaBeon (m.y. petarraln tov yovioiov BRCA1 11 BRCA2).
Tponog Cong:

EMLEWYT] CONATIKIG 0OKIGEMG

KOTOVAAMOT OLVOTTVEDRATOODV (TEPLEGOTEPO. 00 1 TOTO TNV NUEPQX)

olalta TAoVo 6€ KEKOPESUEVD, (Cmkd) Almn

YP1C1] UVTIGUAATITIKAOV
Kamviopo,




Breast cancer is many diseases!

MOLECULAR CLASSIFICATION OF BREAST CANCER

Subtype Molecular characteristics Histological characteristics | Biology/treatment
SURROGATES
Luminal A * luminal CK expression *ER+ *indolent behaviour
* resembles normal epithelium * low grade * sensitive to hormonal
cells therapy
Luminal B *similar than luminal A * ER+ (lower expression * more aggressive
than in luminal A) behaviour than luminal A
* high grade *less sensitive to
hormonal therapy than
luminal A
Basal-like * without expression of ER, PR and | *“ Triple negative” * aggressive behaviour
HER-2 genes (ER-, PR -, HER 2-) * sensitive to
*basal CK expression (CKS) * high grade chemotherapy
* expression of growth factors
(EGFR, c-kit, HGF, IGF)
* BRCA disfunction
* genetic instability
Her-2 + amplification of HER-2 geneand | * HER 2+ * aggressive
enriched overexpression of HER-2 receptor | * high grade * sensitive to anti-HER-2
therapy
* sensitive to

chemotherapy

BC subtypes

W Luminal A/B (65%)
W HER2 positive (20%)

W Basal-like (15%)




Breast Cancer Phenotypes

Phenotypes of interest with clear
therapeutic implications



Time-Dependent Effects by ER Status:
SEER 1992-2007
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From Jatoi |, et al. J Clin Oncol. 2011;29:2301-2304. Republished with permission. © 2011
American Society of Clinical Oncology. All rights reserved.




Breast Cancer Patient Management

Size

Grade

Type

Lymph Node
metastasis
Vascular Invasion

Chnlcal

Pathology j

ER, PR and HER2

“Precision medicine”-based breast cancer patient therapy



e MéyeOos Oykov &
 Karaoraony Asupadcvwy

. Io"roloyma Xapakmpmﬂka grade,ictoloyikog
TOTOG , Eufoia o€ ayysia

« MIB1
e p53, Topo lla, k.a.



Breast cancer markers for prediction

¢ Traditional * Molecular




KAPKINOX MAXTOY

Octiko¢ yio ER onuaivel mog pe v
ETLOPUGT] TOV OLGTPOYOV®V, TEAIKMOC
EVEPYOTOLOVVTOL YOViIOla LTELOVVA Y10, TN

neyEbuvon Kot avamtucn Tov OYKOL




BioAovia OioTpoyovwyv

* 17 B ooTtpadidoin, oloTpOVN, OIGTPLOAN
e IIpoepunvomavclaKeg yovalkeg
— Qobnkec (17 B oloTpadtoin)
— Mikp0O T0G0GTO OO TEPLPEPTKOVE 1GTOVG
e MeTepuuNVoTaVGIUKES YUVATKEC
— O1o1poOVN
— ApOUOTOTOING™ 0VOPOYOVEOV TTOL TAPAYOVTOL OTTO
emvepidia Kol moONKec



OPMONIKOI-OIXTPOI ONIKOI
YIHOAOXEIX

Ot ER givon amapaitnrot yio va ekonimbel | opdon tov
O1GTPOYOV®V GE VAV 10TO, EITE OWTOC EIVAL PLGLOAOYIKOG ElTE
veomhocLatikoc. Avevpickovtor oto 90-80% twv deryudtov
KOPKIVOL LOGTOV.

Etvat mopnvikog petaypagikoc mwopdyoviog wov puOuiletl tnv
EKQPOGT YOVIOLOV TTOV £YOVV GYECT LE TNV AVATTUEN KOl TOV
TOAAOTAQGIUG O TOV KLTTAPOL. AVTO YIveETUl Y10l POV O
VTO00YENC OLEYEPDEL OO TOV EL0TKO OLEYEPTT - GLVOETT TOV
(016TPOYOVO), KATOLO EIOTKT TEPLOYT TOV avVoyvpilel Kot
GLVOEETOL UE ELOTKT TEPLOYT TOV YoVIdiov-otodyov (EStrogen
Responsive Elements ERES) kot avti] pe tn ogpd Tne Tpodiyet
TNV EVEPYOTTOINGT, TOAAATAACLOGHUO KOL LETOYPOPT] TOV
YOVIOL0V.




Estrogen Receptors
Trigger Gene Activation

Estrogen molecule ®
Nucleus
Cytoplasm
Estrogen receptor Coactivators
Gene activated
DNA molecule
Messenger RNAs
Estrogen . .
response Specific proteins

elements

Change in cell behavior
(e.g., increased proliferation)



O16TPOYOVIKOL VTTOOOYEIC KOl GUGYETION UE

YOPOKTNPLICTIKA TOV AGOEVOV K OYKOL

e 50-60% Twv Nposupnvonauciakwyv kal 80% Twv
LETEUUNVONAUCIAKWY YUVAIKWV UE KAPKIVO HaoTou
£XOUV BETIKOUC OPHOVIKOUC UNOdOYXEIC OTOV OYKO.

e H napoucia ER ouvdeeTal
— JE OYKOUC XapnAou grade (BaBuou).
— 0ev oxeTieTal pe peyeBoC oykou, OINBNoN ayyeiwv N
AEPPAyYEIWV.
— 'Oykol ER apvnrTikoi oxeTidovTal P HEYaAUTEPO pUBUO
noAAanAaciacpoU TwWV KApKIVIKWV KUTTApwV .



2VYVOTNTO «EUPAVICTIC» OPLOVIKOV
VTOOOYEMV GTOV KOUPKIVO LOGTOV

« ER+/PrR+ = 40%
* ER-/PrR- = 25-30%
* ER-/PrR+ = <%

« ER+/PrR- = 30%



ER Positive Breast Cancer

60 Sample ER+ Tamoxifen-Treated Test Set
Ma et al., Cancer Cell 5, 1-10 (2004).
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Chang et al., PNAS 102, 3738-43 (2005) + UNC



Xpon opHOVvoBEPATTEIOG OTOV KAPKIVO
MOOTOU

* [1lpwiyn vooo¢
— EcaAeiyn YIKPOOKOTTIKAC VOOOU
* [1poxwpnuevn voooC
— EAGTTWON OpPTIOU VOOOU
— AvakoUu@ion CUUTITWHATWY
— BeATiwon katdoTtaong ikavotntacg (PS)
— BeATiwon emiBiwong

* [MpoAnyn



Endocrine Agents for Breast Cancer

- SERMs * Progestins
— Tamoxifen — Megestrol acetate
— Toremifene — Medroxyprogesterone acetate
- SERDs - Estrogens
— Fulvestrant — Estradiol
- Aromatase inhibitors - DES (diethylstilbestrol)
— Anastrozole - Androgens
— Letrozole — Fluoxymesterone
— Exemestane - LHRH analogs
— Goserelin
— Leuprolide
— Buserelin

SERM, selective endocrine receptor modulator; SERD, selective estrogen receptor-down regulator




MPQIMOZ KAPKINOZ MAXZTOY

e O MpwTeUWYV OTOXOC €ival N TTPOANYN TNG
UTTOTPOTTNG

* To 6PeAOC TNC gival TEKUNPIWUEVO

* )0TO0O, TA TTOCOOTA TWV UTTOTPOTTWV Eival
£TNCIWC KAl TWV YUVAIKWVY avaTITUOGOUV
uttoTpoTTiIdlouca vOoo evioc 15 eTwv?

IEBCTCG overview. Lancet 2005; 365: 1687-1717



Systemic therapy (drugs) early stage disease-
rationale

Early stage disease (stage |, II, 111)
. Micro-metastatic Disease (Tumor A,)
* Given after (or before) surgery Target of Adjuvant Systemic Therapy

for finite duration
* Kill micro-metastatic disease

* Primary goal is to reduce
chances of future breast cancer
relapse and reduce chances of
eventual death from breast
cancer




Oppovikotl Xepropot

e Q0ONKIKY KOTOGTOAN
* Toauolipaivn

e AVOGTOAEIC ApOUOATACTG



2ourAnpopotikn Opuovodepameio

* Evvoeitat puovo o€ yovaikec pue 0€tikong
opprovikovg vtodoyeis (ER kot PgR)

 [IpoEUUNVOTTOGIOKES YOVOIKES

— Tapo&iupévn pe N yopic avdioyo LHRH
e METEUUNVOTTOVGIOK®OV YUOVOLK®OV

— Tapolpevn

— AVOGTOAEIC OpOUATACTC



Tapogipaivn

Mn 6TEPOEIONC OVAGTOAENC TV OLGTPOYOVIKMDV
VTTOOOYEWMV

— AV0OGTOAT GTOV LOGTO

— AyoVieTng 6T 0614, NTOP, EVOOUNTPLO
Anoterlecpotikotnto o€ Ca poeton: TPOPLAAKTIKN
oY YY), GOUTATPOUOTIKY] OY®YT), LETAGTATIKT] VOGOC
IIpo@OAUEN 0GTEOTOPMONG GE UETEUUNVOTOVGIUKES
YOVOIKEG AALG OYL GE TPOEUUVOTTOVGIOKES

Tolwota:
— 2-4 popéc avénon Ca evoountpiov
— OpouPwoelg, mvevpovikn eupoin
— Koatappdktng



Relevance of breast cancer hormone receptors and other
factors to the efficacy of adjuvant tamoxifen: patient-level
meta-analysis of randomised trials

Eary Breast Cancer Trialists" Collmborat ive Group (EBCTCG)™

Hecurrence
10645 women (100% ER positive, 44% node positive, 51% chemotherapy)
207 Control
46-2%
40-1%
40
[Ty
L
el 33-0%
E 3':'_ 28_?% 25 }TEEIE
S tamoxifen
Recurrence g
2 25-9%
al
e 304
16-4%
104
RR 0-61 (95% Cl 0-57-0-65)
Log-rank 2p=0-00001
15-year gain 13-2% (SE1-1)
0 T T T
o 5 10 15 years

Recurrence rates (% per year) and log-rank analyses

Years 0-4 Years 5-9 Years 10-14 Year 15+
Tamoxifen 374 (891/23819) 2-62(454/17315) 2-06(220/10657) 1.75(88/5034)
Control 671 (1466/21862) 3-46 (499/14420) 2-11(182/8620) 176 (71/4045)
Rateratio 0-53(SE0-03) 068 (SE0-06)  0.97 (SE0-10) 0-88 (SE 0-16)
(O-EyV  -343-3/5351 -82.5/217 5 -3-3/93-3 -4-4/355

Lancet 2011; 378: 771-84



EBCTCG 2005
TapoCupaivn

€ yovaikec ue ER + oykovug :
e Meimon £Motov Kivouvov LTOTPOoTNG Katd 39%
¢ Meimon enolov kivovvov Bavdatov kotd 31%
e Opehloc avecdptnto amd

— Hiwda

— Epunvomavon

— Xpnon XMO

— IIpocPoAn Aep@aoivav



Tamoxifen (T): mechanism of

action

o~ Estrogen

P Blockage of signal prevents
(- cell growth; tumor shrinks' cells die

‘v Antiestrogen
Estrogen receptor |, ated in cell

nucleus

Estrogen can't
bind

Effective in premenopausal and
postmenopausal women with ER+ BC

Role in primary prevention; adjuvant
therapy; metastatic disease

Partial agonist effects: bone;
endometrium; CVS




TpoOmog opaionc TAHOCUPEVNC

* AvToy®VviCETUL TO OIGTPOYOVO GTOV
VTTOO0YEN, TOVG

e Kata mepiepyo tpOmTo £YEL O1GTPOYOVIKN
0P GE OPIGUEVOLC 1GTOVG
— Evoountplo
— Oocta
— MetaPoiicuod Mmoimv



TocikOTnTO TAHOZIPEVNC
EEdwelc kot epuOnua TpocmmTov
MetafoAn ownbécemg
Nowtio ko CaAn
IIepipepd otonuo
ApBpaiyiec

Alomexia
Ontucéc ooTaparyEg
Agvkomevia kol OpopPomevia

DAePikéc OpouPooelc Kol aLENUEVO KIVOLVO TVELLOVIKNG
eUPOANG

Y neprlacia evoounTpiov

Kapkivoc evoountpiov



AvaoTOAEIC ApWHATAONG

1M yevid: AptvoyAovtediuion

— Avtamokpicelg 30% o€ LeETOGTATIKT) VOGO
— Avaoctol] AoV eviOumV

— Avdykn yopnynomns KopTiKoEW®V
2"yevid: Fadrozole kon Formestane

— Ilepropiouevn ypnon

3" yevid:

— Mn otepoedeic: Anastrozole, Letrozole

— 2tepoegons: Exemestane

— POAO G€ HETEUUNVOTTOVGIOKES YUVATKES
POAO otV cupumAnpopatikn Oepameio Kot 6T
LETOGTOTIKT) VOGO

Oy adénon Ca evoountpiov 1 OpouPoncemv



Androstenedione Testosterone

Peripheral tissues (subcutaneous
fat, liver, muscle, or brain)

o : Aromatase
Aromatase S0 Aromatase
inhibitors
F.‘;tl':'n':‘ \ H
stradiol

(? ‘L@"

Tamoxifen

L

( ~

O [‘\ o el ‘lr4|] eC '_“_I_I_D

Breast-cancer cell

Figure 1.

Mechanism of Action of Aromatase Inhibitors and Tamoxifen.




AVOGTOAEIC pOUOTACTC

* Mn otEPOEOEIC (AVTIOTPETTY) GUVOEGT) UE TO
evCouo)
— Avaotpaloin (Arimidex)
— Agtpoldin (Femara)

* XTEPOEIOEIC (UM AVTICTPETTI] GOVOEGCT) LE TO
evCouo)
— E&eueotdvn (Aromasin)



Effect of anastrozole and tamoxifen as adjuvant treatment 2> W *
for early-stage breast cancer: 10-year analysis of the ATAC

trial
Jack Cuzick, Ivana Sestak, Michael Baum, Aman Buzdar, Anthony Howell, Mitch Dowsett, john F Forbes, on behalf of the ATACJLATTE
investigators
A , Absolute
30 4 s Tamoxifen Difference
m=m= Anastrozole 4.3%
Absolute  24-0%
20 Difference |
_ _ i 19-7%
TR s 2.7% 197
bl |
5 12-5% |
Hormone- = :
receptor- * 104 ’9 - |
positive | HR 0.79, p=0.0002 !
patlents ' |
f | | | | ]
5

6 7 8 9 10

Follow-up (years)
Number at risk

Tamoxifen 2598 2516 2398 2304 2195 2086 1934 1796 1650 1453 /53
Anastrozole 2618 2541 2452 2362 2279 2163 2028 1896 1728 1542 800

Lancet Oncol. 2010 Dec;11(12):1135-41



VOLUME 28 - NUMBER 21 - JULY 20 2010

Effect of Body Mass Index on Recurrences in Tamoxifen and

Anastrozole Treated Women: An Exploratory Analysis From
the ATAC Trial

Ivana Sestak, Wolfgang Distler, John F. Forbes, Mitch Dowsett, Anthony Howell, and Jack Cuzick

A All Recurrences

Anastrozole Tamoxifen

BMI No. % No. % HR* 95% Cl
<23 55  11.3 79 165 0.64 0.45 to 0.91 4.—
23-25 56 13.2 81 209 058  0.41t00.82 —.-:—
25-28 % 152 114 197 076  0.57101.00 {
28-30 54 166 63  19.8 083  057t01.20 —l—
30-35 72 16.3 92 192 084  061to1.14 4l—
- 35 39 197 50 21.8 076  0.49t01.16 ——
All 366  14.8 479 194 073  0.63t00.83 i

1

J Clin Oncol 2010;28:3411-3415



OpuovoBepameia

Metepunvornavciokov I'vvaitkoy
* H toapolipévn mopauever YpnGLULo @OpLLOKO
* O1 0VOGTOAEIC OPOUATACNC EO0E1EAYV KAAVTEPU
amoteEAEoUOTO (EAEVOEPO VOGOV OLAGTNLLOL) YOPIG
OLMG OLPOPA GTNV EMPImoN
* [ToALO1 TPOTOL YOPNYNGOMG
— AvVOGTOAENS OPOUATACNC ECAPYNC YL S YPOVIOL

— Tapolipévn yio 2-3 ypovia Kot G GLVEYELDL
OVOGTOAENS OPOUATAGTNC (GLVOAKA S ¥pOVIQ)

— Tapo&upevn v 5 xpovux KOl 0T m)vsxsux
OVOGTOAENS OPOUATACTC Y10 AAAD 3-5 ¥pOVia
(cuvolikd 10 ypovia)




QoOnNKIKR KAaraoToANn

XEPOVPYIKN
— Xpnon ano 100etiog
- A,noﬁgmﬁ GOV CUUTANPOUOTIKY OEpameia 1 Y10 LETOGTATIKY)
vOGO
AxTtivobepameia
— 2TV XPNOLLOTTOLELTOL

DopuaKeLTIKN

— LHRH avéioya

— AvooTtpEyiun

— To&wotnro: cvuntodpata spunvoraveng, flare, tomukoc
epeliopnog

POA0 oty cvunAnpouatikn Oepaneio Kol 6
LETACTOTIKT VOGO



Mnyovieouog opacnc tov LHRH ayovietov

EC1G0U amoTEAEGLATIKOL LLE TNV YELPOVPYIKT)
enéuPaon (Taylor et al. JCO 1993)

H epapuakevtikn modnkektoun etvat
AVTIGTPENTTN

... OAAQ EYEL OVENUEVO KOGTOG
Tpomoc opdionc

— H odvoeon tov gapudkov avtov pe tov vroooysa e LHRH
TPOKAAEL APYIKA O1EYEPGT) TOL LTOOOYEN KOl TAUPOOIKN AvENGT
¢ otabunc e LH kot ¢ avtictoymce opuovng (flaring
QAVOUEVO)

—  XTNV GUVEYELN O VTTOOO0YENS amevatcOnTOTOIEiTAN,
EVOOKVLTTOPMOVETOL KO OTOOOUEITAL LLE CUVETELD TNV LEI®ON TNG
otdOunc e ooudvne svrioc orvov Boouddmv



Avembountec evepyeiec tov LHRH

AYOVICTOV

* OQEINOLEVEC GTNV EUUNVOTAVGT): ECAYELC,
KEQUAOAYLO, EPLOPOGELS, CLVOLCONUOTIKY)
actadelo, KaTabAy, veEvpikOTNTO,
nuikpovia, kpaumes, peioon tg libido,
OLOTAPEVVELD, KATOUPOAN, akun,
GUNYLOTOPPOTKT) OEPUOTITIC, VTEPTPLYMOT,
avopeCia, COAT, KVIOUOC, KOTAKPATNON
VYPOV, AHTVIA. . ..

* Meilwon 0oTIkNG LACoC

* Atatapayn ToV ATOImV TOV 0pov



2YMIIEPAXMATA

H opupovoBepameia €xel pOLO UOVO GTOV OpLUOVOELOIGONTO KAPKIVO
LOGTOV
‘Exetl évoeiEn o1 coumAnpouatikn 0epaneio Tov TPOUOV KOPKIVOL
LOGTOV
—  TIpogUuUNVOTLGIOKES YOVOIKEC
* Tapoéupaivn £ LHRH
* Avaotoréac apouoatdone + LHRH
— MeTePUNVOTAVGLUKES YUOVOIKEC
*  AvooTOAL0C OPOUATACTG
* Tapolipaivn
Amotelel mpOTNG Ypouuns Oepancio oe acOeveic pe un-omioyvikéc
LETOGTAGELC

To 6@peLog and v opuovobepameio vVIEPTEPEL TNG TOEIKOTNTOG

O avemBounteg evépyeteg g opuovobepameiog eivor oyeTikd NITLEC
Kol Lmopovv va eAgyyBolv ue emttuyia



METOOTATIKOG KAPKIVOG
MOOTOU



MeTaoTarikog Kapkivog MaoTou

* Aviatn vooocg
— Alapeon emiBiwon 18-24 pnveg

— Makpoxpovia emiiwon Kal “iaon” o€ TTapa TTOAU
UIKPO TTOOOCTO

« O¢epartreia
— XnueloBepartreia

— Trastuzumab, ...
— OppovoBepartreia
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ASCO : “quality adjusted survival”
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Progress in Systemic Treatment of MBC
1980 1985 1990 1995 2000 2005 2010

—

== [amoXifen —

Doxorubicin —
. MIOXANIIONE  c—————————————————————
Cisplatin s —————————————————-

3 LT 1  ———————————————————————

Pacliiaxe] o ——————

Vinorelbine e ————————-

Aromatase Inhibitors s ———————————————

Docetaxel ————————ly

Gemcitabine =—————————l

Capecitabine ——— ———ly

Trastuzumab —

) MBC
Albumin-Bound Paclitaxe| =
=l ER or PR+ MBC Bevacizumab ﬁ
=—p HER2+ MBC Lapatinib s=p-
Ixabepilone ===p
Eribulin=—3p-

Courtesy of G Hortobagyi



Treatment algorithm for MBC

HER2- [Eeeal BRCA
mutated

L N l l \

Trastuzumab PolychemoRXx DNA d -
amaging CT
_. Paclitaxel + Beva Olaparib S

+ anastrozole
+ taxanes

lapatinib + |
I(etfozole) / \ ChemoRx +PARPI
Paclitaxel + Beva Lapatinib + Trastuzumab+
: capecitabine ” capecitabine
Single agent chemo

TDM-1, Pertuzumab, Neratinib, mTORI

Metastatic Bone Disease:

Bisphosphonates
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There are four receptors in the HER
family

HER1/EGFR HER2 HER3 HER4

=

EGFR, epidermal growth factor receptor Yarden & Sliwkowski. Nat Rev Mol Cell Biol 2001;2:127-137



HER dimers initiate mitogenic signalling

Homodimers Heterodimers

4 N7 )

HER1:HER2 HER1:HER3
HER4:HER4 HER1:HER4

HER2:HER3
. 1' fﬂ"ﬁ\ '/‘ | HER2:HER4

(:1 h ¢ g 8, ¢~>~ A=t ‘\, L 'h\, HER3:HER4
! \ " o7 \ v X S .47 s

S AVACAN vy T
;

HER3:HER3

HER2:HER2
b
: SSUNS
A
¥

()

HER1:HER1

AN
éll},,,

ie

+ + + +

S’ ; t #

i Hany

Signalling activity

Tzahar et al. Mol Cell Biol 1996;16:5276—5287; Citri et al. Exp Cell Res 2003;284:54—65; Huang et al. Cancer Res 2010;70:1204-1214



Trastuzumab targets HER2 and
Lapatinib targets both EGFR and HER2

Domains

® The HER2 gene EGF
is localized to F-0u
chromosome 17q Ligands Amn
e HER2 and EGFR B n
are tyrosine HB-EGF
kinase B -\ W
transmembrane . m - -
growth factor .I .I .I Extracellt;:a:‘
receptors ~ ysteine-Ric
P . N - ] -] Domains
Cell Membrane ‘ n
-  Intracellular

Fernandes et al, Cancer Lett 1999; Moghal et al, Curr Opin Cell Biol 1999;
Yarden et al, Nat Rev Mol Cell Biol 2001

Tyrosine Kinase



Trastuzumab: Mnxaviopoi dpaong

Chemothers
e.g. tax

HER )
g.activatign
3 o /s

(X

Phgnnt‘\.-pc T B ; )
“activation ] - 5l . Cell-mediated
2 Immunity
FeyRIII o \

Breast
cancer

o e

NK lymphocyte




Trastuzumab consistently demonstrates
benefits across multiple lines of treatment

EBC MBC
A A
r N\ r N\
oo Y adovant [P 1ot tno [N ance ines
5 o S
0
S 8 0
= o 0
N 4 5
HERA HO648g o Numerous
NOAH v Phase II
MDACC NSABP-B31 M77001 o. studies
Neo- NCCTG N9831 US Oncology
ALTTO BCIRG 006 BCIRG 007
CHAT
TRAVIOTA
TAnDEM

EBC, early breast cancer; MBC, metastatic breast cancer



Trastuzumab + Chemotherapy
improves OS (HER2 IHC 3+ )

Probability].0
of surviva)I” 0 Trastuzumab + chemo

9 - —_ Chemotherapy alone

0.8 -

0.7 T
0.6 -
oS T—-——~—~—""~""""~="="="==—=--
0.4 T
0.3 T
0.2

0.17 20 months

29 months

p<0.05

0-0 1 1 1

0 5 10 15 20 25 30 35 40 45

Time (months)

IHC, immunohistochemistry

50

Slamon et al 2001



Adjuvant Trastuzumab Trials

HERA
/" Observation

HER2+ —»iiiiii—»l HEER
(IHC or FISH)

Accepted \
chemotherapy:
AC, EC, FAC,
FEC, ET, AT,
CMF

NCCTG N9831

4x AC 12x T 90 mg/m?

EEEE VI
HER2+ 4
aHcor — EEEE THTTIINI
FISH) N

EEEE VI

1 year Herceptin

IHC, immunohistochemistry; FISH, fluorescence in situ hybridisation;

1 year Herceptin
(I
2 years Herceptin

NSABP-B31
4x AC 4xT175mg/m?

eror .~ BARRENEN

1 year Herceptin

BCIRG 006

4 x AC 4 x docetaxel
60/600 mg/m? 100 mg/m?2

ac-7T FEREONNN
HER2+
Fist) — ac-THEHE AN N

n=3222 :
N\ 1 year Herceptin

6 x docetaxel and platinum salts
75 mg/m? 75 mg/m? or AUC 6

TCarboH IIIIII

1 year Herceptin

AC, doxorubicin + cyclophosphamide; T, paclitaxel; Carbo, carboplatin



HERA: DFS at 4 years of follow-up

DFS benefit of trastuzumab vs observation maintained at 4 years

~ 100 -
>
N
0 80 Trastuzumab 1 year
w N ]
= . ¢6.4%
) Observation
") 60 -
(1]
()
a
L™ 40 -
p= 4-year
(] 0 Events DFS HR 959 CI P value
2 - 369 78.6 0.76 0.66-0.87 <0.0001
- — 458 72.2
<
0 1 | | | 1 1 | 1 | |
0 6 12 18 24 30 36 42 48
Months from randomisation
No. - 1703 1619 1552 1485 1414 1352 1280 1020 854

atrisk —— 1698 1564 1440 1363 1297 1240 1180 992 712



HERA: Adverse events and cardiac

endpoints
Low incidence of cardiac adverse events with trastuzumab

Adverse event, n (%) O?ﬁf;‘;""fg”* 1;?:: %ﬁ:rl”;?bn
Patients with 21 Grade 3/4 AE 131 (8) 239 (14)
Patients with 21 SAE 129 (8) 199 (12)
Fatal adverse events X(0)) 12 (1)
Treatment withdrawals — 176 (11)
Cardiac endpoints

Cardiac death 1(0) 0

Symptomatic CHF (ll, lll and V)T 2 (0) 33 (2)*

Confirmed significant LVEF drop$ 13 (1) 62 (4)

Trastuzumab discontinued due to B 87 (5)

cardiac problems

Any type of cardiac endpoint 14 (1) 75 (5)

*Crossover patients were censored from the date of starting trastuzumab; TNot including cardiac death
$20 New York Heart Association II and 13 New York Heart Association III and IV
§ Asymptomatic or mildly symptomatic

Gianni L, et al. 2011




NCCTG and NSABP Combined analysis:
DFS at 4 years of follow-up

Significant DFS benefit of trastuzumab at all timepoints

100
o | AC->TH
S, 80 - |
q) | |
o : : : AC->T
S I I 173.7%
o 60 - | | |
o | | |
(7)) | | |
T | | |
© - e
e llstratified HR at 4 years = 0.52 (95% CI: 0.45-0.60); P<0.00
c Factors: nodes, hormone receptor status, paclitaxel schedule, stud
m 1
) : : :
2 20- | | |
< 1952 17_56 1300 89_1 495 | No.
1881 1652 1132 702 395 | atrisk
0 . } i i .
0 1 2 c 4 5

Perez EA, et al. 2011

Follow-up (years)



DFS and OS: Summary of findings

DFS (O
Study Regimen
DFS, % HR P value OS, HR P value
(95% Cl) % (95% CI)
HERA 4-year follow- CT £ RT 72 0.76 <0.0001 88 0.85 0.11
up? 79  (0.66-0.87) 89 (0.70-1.04)
CT*RT—>H
AC—TH 84 0.64 <0.001 92 0.63 <0.001
BCIRG 006 AC—T 75  (0.53-0.78) 87 (0.48-0.81)
S-year
follow-up?
TCH 81 0.75 0.04 91 0.77 0.038
ACT 75  (0.63-0.90) 87 (0.60-0.99)
NCCTG N9831/ AC—TH 86 0.52 <0.001 93 0.61 <0.001
NSABP B-31 AC—HT 74  (0.45-0.60) 86 (0.50-0.75)
4-year
follow-up3

1. Gianni L, et al. 2011; 2. Slamon D, et al. 2009; 3. Perez EA, et al. 2011



Low Incidence of cardiac events across
studies

Cumulative incidence of cardiac events* with 1 year

of trastuzumab remains low with long-term follow-up

B— NSABP B-31 AC—TH (n=947)!
3 - A—A NCCTG N9831 AC—TH (n=570)2
S i
j; A—A NCCTG N9831 ACHT—>H (n=710)2
% @—® BCIRG 006 AC—>TH (n=1068)3
6 -
% €—@ HERA CT—H (n=1682)4
£ BCIRG 006 TCH (n=1056)3
o
2 4 —— —m 3.89%
I -4 A 3.3%
g —A 2.89%,
S 2- - -® 2%
(8]
—& 0.8%
0.4%
0 1 | | | 1
0 1 2 C 4 5

*Cardiac events: CHF or cardiac death Time (years)

1. Rastogi P, et al. 2007; 2. Perez EA, et al. 2008
3. Slamon D, et al. 2009; 4. Procter M, et al. 2010



Conclusions

Trastuzumab for 1 year

for patients with HER2-positive EBC

DFS and OS benefits with trastuzumab are
maintained at long-term follow-up

Trastuzumab may be administered either concurrently or
sequentially with chemotherapy

Trastuzumab is well tolerated with a consistent safety and
tolerability profile

Incidence of cardiac events remains low



Neoadjuvant Trastuzumab doubles
the pathological response rates

Patients 50-

(%)
40+
30+
20+

10-

P=0.002

p=0.29

p=0.003

38

p=0.43

ul

\INith H Without H HER2
|

HER2 positive
|

negative

\INith

H WithoutH HER2

l negative

HER2 positive

PCR

tpCR, total pCR in breast and nodes

tpCR

Eierman et al, 2008



EFS: HER2-positive population

Probability, 1.00 —
EFS
0l75 —_—
0.50 —
0.25 . Patients Events HR2 95% CI pa
115 36 0.56 0.36-0.85 ~ nne
w— H + CT
CT 112 52 0.006
DL | | | | | | |
(1] 6 ' 18 24 30 36 42

Months

Median follow-up is 3 years
aUnadjusted for stratification variables: adjusted HR=0.55, p=0.0062
HR, hazard ratio; Cl, confidence interval; CT, chemotherapy



Conclusions

* Primary objective was achieved for the combination
arm: 51.3% pCR rate (L+T) was significantly higher
than 29.5% (T)

* There was an increased toxicity, but manageable,
observed in the lapatinib arms (diarrhea and liver
enzyme alterations)



Complementary modes of action
Herceptin and pertuzumab bind to distinct epitopes
on HER2 extracellular domain

Herceptin Pertuzumab
RN
e Activates antibody-dependent * Prevents receptor dimerisation
cellular cytotoxicity
e Activates antibody-dependent
e Enhances HER2 internalisation cellular cytotoxicity
e [Inhibits shedding and, thus, e Potent inhibitor of HER-mediated
formation of p95 signalling pathways
¢ Inhibits HER2-regulated Hubbard S, et al. Cancer Cell

h ) 2005;7:287-8
anadioogenesis



T-DM1 MOA

&
‘ﬁi T-DM1 binds to the HER2

oroteirn on wumor cells

N Intraediralaetigraing ‘
‘o, ".. |nh|b$l‘||gﬁlalmgade

ag.ent m.relea&e,d inside

Receptor-T-DM1 complex is
internalized and trastuzumab

_degrades, Ieavmg_ the - the HERZt |t|ve*
intracellularly active lysine- -
tumor ce?L Yo,
MCC-DM1 to be released R ‘A
L 4
4
L 4



0.6 —

0.4 —

Proportion progression-free
-
N
| :

Progression-free survival
by independent review

Median (mos)  No. events

Cap + Lap 6.4 304
T-DM1 0.6 265
Stratified HR=0.650 (95% ClI, 0.55, 0.77)

P<0.0001

0.0 =7

No. at risk by independent review:

Cap + Lap 496
T-DM1 495

2 4 6 8 10 12 14 16 18 20 22 24 26 28 30
Time (mos)

404 310 176 129 73 53 35 25 14 9 8 5 1 0 0

419 341 236 183 130 101 72 54 44 30 18 9 3 1 0

Blackwell et al ASCO 2012
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Evolving Treatment Landscape of HR-Positive MBC

= SOC regimens for metastatic HR+/HER2- BC based on endocrine tx

Targeted Therapy + ET

Everolimus Ribociclib,
(mTOR inhibitor) Abemaciclib

Tamoxifen Fulvestrant
(Selective ER (Selective ER
modulator) degrader)

(CDK4/6 inhibitors)

Palbociclib
Fulvestrant HD (CDK4/6

Als
Anastrozole
Exemestane

Letrozole
l inhibitor)
1970-80 1990s 2002 2010 2012 2015-17 2017-18
Approvals

References in slidenotes. Slide credit: clinicaloptions.com



http://www.clinicaloptions.com/

Initial Treatment of HR+, HER2- Advanced Breast
Cancer

= Majority of patients with HR+, = Treatment considerations
HER2- metastatic BC should be
treated with endocrine therapy-
based regimens often in combination — Organ function
with targeted therapies

— Sites and extent of disease

— Prior systemic therapy
— Chemotherapy is not recommended
unless patients have progressed — Length of disease-free interval
through multiple lines of endocrine
therapy or display signs of visceral

crisis — Presence of gBRCA1/2 mutation

— Rate of disease progression

Matutino A, et al. Curr Oncol. 2018;25(suppl 1):5131-5141. Rugo HS, et al. J Clin Oncol. 2016;34:3069-3103 Slide credit: clinicaloptions.com



http://www.clinicaloptions.com/

Targeting CDK4/6 in HR+, HER2- Metastatic BC:

Rationale
Cyclin B-CDK1 e 1. Mitogenic pathways,
including estrogen signaling
Estradiol |— Al '
@ /,lx | stimulate cyclin D
ER Fulvestrant production
Cyelin | 2. Binding of cyclin D activates
A-CDK1 Cyclin D-CDK4 CDK4/6, an important player
Cyclin D-CDK6 in driving cell cycle
‘|— progression in ER+ BC
o 3. Selectively inhibiting CDK4/6
Palbociclib causes cell eyele arrest in G1
Ribociclib phase, resulting in reduced
Cyclin A-CDK2 Cyclin E-CDK2 Abemaciclib cell viability and tumor
shrinking
Because cyelin D-CDEA/6 activation occurs downstream of estrogen signaling,
ET + COE4/S inhibitorcombination therapy has synergistic antitumor activity against HR+ BC

References in shdenotes.

Shde cradit: clinicaloptions, com




Phase Il PALOMA-1: Study Design

Stratified by disease site
and disease-free interval

Postmenobausal women 1 Palbociclib 125 mg QD 3 wks on/1 wk off +
P / Letrozole 2.5 mg QD

with ER+/HER2- (h = 84) Tx to PD, toxicity,
advanced BC and no —> study withdrawal, or
prior systemic therapy \ Letrozole 2.5 mg QD death

(N = 165)*

(n=281)

*|TT population; enrolled in 2 sequential cohorts.

= Primary endpoint: investigator-assessed PFS

= Secondary endpoints: ORR (RECIST v1.0), CBR (CR, PR, or SD for
> 24 wks), DoR, OS, patient-reported outcomes, safety

Finn RS, et al. Lancet Oncol. 2015;16:25-35. Finn RS, et al. ASCO 2017. Abstract 1001. Slide credit: clinicaloptions.com



http://www.clinicaloptions.com/

PALOMA-1: PFS and Updated OS in ITT Population

1 (2]
PFS[ : PFS Median 0S (01 Median
Events, n PFS, Mos Events,n OS, Mos
= Palbociclib + letrozole 41 20.2 a A == Palbociclib + letrozole 60 37.5
100 — Letrozole 59 10.2 .00 — Letrozole 56 34.5
90 HR: 0.488 (95% Cl: 0.319-0.748; 90 J HR: 0.897 (95% Cl: 0.623-1.294;
80 1-sided P = .0004) 80 p=.281)
70 1 70 4
g 60 1 g 60 4
»n 5017 o 50T
a (@)
8 40 40 1
30 T 30 1
20 1 20 -
10 10
0 L] L] L] L] L] L] L] L] L] L] O Ll L] L] L] L] L] L]
0 4 8 12 16 20 24 28 32 36 40 0 12 24 36 48 60 72 84
Mos Mos
Patients at Risk, n
Palbociclib + letrozole 8 6 6 4 3 2 2 1 8 5 1 8 7 6 3 2 1 8
Letrozole 4 7 0 7 6 8 1 3 3 1 4 3 3 8 8 3 3
Data cutoff for PFS8No 4 ¢ 3 © 2 1 1 6 3 Date: 8 fforC 6 cembi 2 2016. 3 study 2 owerr 1 o0s. @
. 1 8 6 . 8 9 4 . 1 7 2 3 1 0
1.FinnRS,etal. Lanc__ _r.___2___,________.FinnRS, etal. ASCO 2017. Abstract 10_ _. Sue credit. o icaloptions.com



http://www.clinicaloptions.com/

Phase lll Trials of Frontline CDK4/6 Inhibitors + NSAI:
Study Design

» Postmenopausal women with HR+/HER2- advanced BC and no prior systemic tx for
advanced disease; (neo)adjuvant ET permitted if disease-free interval > 12 mos
from therapy completion

Study Arms Primary Secondary Endpoints
Endpoint
PALOMA-211] 666  Palbociclib* + letrozole® (n = 444) vs PFST ORR, DoR, CBR, PROs,
PBO + letrozole® (n = 222) PK, biomarkers, safety
MONALEESA- 668 Ribociclib* + letrozole® (n = 334) vs PFST
202 PBO + letrozole® (n = 334)" O R (Cll Seery;
MONARCH 38! 493 Abemaciclib® + NSAIll (n = 328) vs PFST ORR, DoR, CBR, safety
PBO + NSAIll (n = 165) and tolerability

*Palbociclib: 125 mg QD 3 wks on/1 wk off. TLetrozole: 2.5 mg QD. *Ribociclib: 600 mg QD 3 wks on/1 wk off. SAbemaciclib: 150 mg PO BID.
IEither anastrozole 1 mg PO QD or letrozole 2.5 mg PO QD. TInvestigator assessed by RECIST v1.1.

1. Finn RS, et al. N Engl J Med. 2016;375:1925-1936. 2. Hortobagyi GN, et al. [€

Ann Oncol. 2018;29:1541-1547. 3. Goetz MP, t al. J Clin Oncol. 2017;35:3638-3646. Slide credit: clinicaloptions.com
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Phase lll Trials of Frontline CDK4/6 Inhibitors + NSAI:
PFS (Primary Endpoint)

Median
Ve MONALEESA-212! PES
edian - !
PALOMA-211] PES Mos 10 = Ribociclib + letrozole Mos
100 7 = Palbociclib + letrozole 24.8 80 | _ Placebo + letrozole  25.3
80 = Placebo + letrozole 14.5 g 60 16.0
< L0
% 60 1 a 40
L 20 =1 HR: 0.568 (95% Cl: 0.457-
40 7 0 0.704);
Pl_ . I1 _8I L] L] L] L] L] L] L] L] L] L] 1
201 HR: 0.58 (95% CI: 0.46.0.72); 0 P 463 814512 141618202224 2628303234
o 2sided P < 001 °s Median
L L L N L O O DL L L N L
0 3 6 912 1 18212427 3 33 MONARCH 313! PFS, Mos
Mos 0 10 1 = Abemaciclib + NSAI NR
g - — Placebo + NSAI  14.7
= |n all 3 trials, PFS benefit with < 84
. oy . . [7,)
CDK4/6 inhibitor + NSAI consistent L9
across all patient subgroups 9 4 HR:0.54(95% Cl: 0.41-0.72);
log-rank P =.000021
analyzed B — T
1. Finn RS, et al. N Engl J Med. 2016;375:1925-1936. 2. Hortobagyi GN, et al. Ann Oncol. 0O 4 8 1 1 2 2 2 O]

2018;29:1541-1547. 3. Goetz MP, t al. J Clin Oncol. 2017;35:3638-3646. 2 Mosg 0Slide dredit: 8linicaloptions.com



http://www.clinicaloptions.com/

PALOMA-2:
PFS by
Subgroup

= PFS benefit
observed in all
subgroups,
including by
region, race,
measurable
disease, or
histopathologic
classification
(ductal vs
lobular)

Subgroup Pilgtcggizccl) &?898@ . HR (95% CI)
Patients, n '-.__l
Randomly assigned 444 222 —t 0.58 (0.46-0.72)
Age i
<65yrs 263 141 . 0.57 (0.43-0.74)
265 yrs 181 81 : 0.57 (0.39-0.84)
]
Site of metastatic disease at baseline |_._=_|
Visceral 214 110 . 0.63 (0.47-0.85)
Nonvisceral 230 112 |—.'!'| 0.50 (0.36-0.70)
Prior hormonal therapy [
Yes 249 126 . 0.53 (0.40-0.70)
No 195 96 ] 0.63 (0.44-0.90)
Disease-free interval ]
Newly metastatic disease 167 81 [ 0.67 (0.46-0.99)
<12 mos 99 48 . 0.50 (0.33-0.76)
> 12 mos 178 93 |_:._| 0.52 (0.36-0.73)
ECOG PS -
0 257 102 . 0.65 (0.47-0.90)
lor2 187 120 - 0.53 (0.39-0.72)
Bone-only disease at BL [
Yes 103 48 . 0.36 (0.22-0.59)
No 341 174 P 0.65 (0.51-0.84)
Prior CT [=—=—
Yes 213 109 : 0.53 (0.40-0.72)
No 231 113 [ M S— 0.61 (0.44-0.84)
Most recent tx i
Aromatase inhibitor 91 44 . 0.55 (0.34-0.88)
Antiestrogen 154 75 = 0.56 (0.39-0.80)
No. of disease sites I—'—I
1 138 66 R v L ’ 0.51 (0.34-0.77)
306 156 0.14 0.2 0.4 _0.600.801.00 0

Finn RS, et al. N Engl J Med. 2016;375:152%-1936.

5 0 palbociclfb + Letrozole
Better

Placebo + Letroz
Better

.61 (0.47-0.79)




MONALEESA-7: Phase Ill Placebo-Controlled Study of
Ribociclib + Tamoxifen/NSAIl + Goserelin

Stratified by liver/lung metastases, prior CT

Pre/perimenopausal l Endocrine therapy partner® +

women with HR+/HER2- Goserelin 3.6 mg SC on Day 1 of 28-d
recurrent or metastatic /

BC, no prior endocrine tx

for advanced disease,
<1 line of CT for Endocrine therapy partner® +

advanced disease Goserelin 3.6 mg SC on Day 1 of 28-d
(N=672)

Tx to PD, toxicity, study
withdrawal, or death

*Choice of tamoxifen 20 mg PO QD or NSAI (letrozole 2.5 mg or anastrozole 1 mg) QD per patient’s prior (neo)adjuvant tx or investigator/patient
preferences.

* Primary endpoint: investigator-assessed PFS

= Secondary endpoints: OS, best overall response (RECIST v1.1), CBR, TTR, DoR, time to deterioration,

safety
O

Tripathy D, et al. Lancet Oncol. 2018;19:904-915. Slide credit: clinicaloptions.com
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MONALEESA-7: Investigator-Assessed PFS (Primary
Endpoint)

10 1 Patients,Events, Median
. Lo . n PFS
0 ] — Ribociclib + tamoxifen/ ’
80 . Placebo + tamoxifen/NS 131 Mos
7 187 23.8
60 T 13.0
(7s)
Li.
Q-40 1
207
HR| 0.55 (95% Cl: 0.44-0.69; P < .0001)
0 L] L] L] L] L] L] L] L] L] L] L] L] L] L] n
patientsatRiskn 0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30
(number censored) oS
Ribociclib group 335(0) 301(9) 264 264 245 235 219 178 136 90 54  40(170) 20  3(202) 1(203) 0(204)
Placebo group 337(0) 273 (12) (15) (20) (23)  (25) (55) (88)  (124)  (156) 24(128) (187) 2(147) 1(149) 0(150)
(12) 248 230 207 183 165 124  94(72) 62(97) 31 13
(15) (19) (21) (25) (27) (50) (121) (138) @

Tripathy D, et al. Lancet Oncol. 2018;19:904-915. Slide credit: clinicaloptions.com

= PFS benefit with ribociclib + ET observed for most prespecified subgroups



http://www.clinicaloptions.com/

MONALEESA-7: PFS by Endocrine Therapy Partner

Tamoxifen
Outcome + Ribociclib + Placebo + Ribociclib + Placebo
(n=87) (n =90) (n =248) (n =247)
PFS events, n 39 55 92 132
Mizefer s 22.1 11.0 27.5 13.8
mos
HR (95% Cl) 0.59 (0.39-0.88) 0.57 (0.44-0.74)

= Due to risk for QTc prolongation, the combination of tamoxifen +
ribociclib is not recommended

Tripathy D, et al. Lancet Oncol. 2018;19:904-915. Spring LM, et al. O]
Oncologist. 2017;22:1039-1048. Ribociclib [package insert]. 2018. Slide credit: clinicaloptions.com
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IMpassion130 (W029522) Randomized Phase 3 trial:
Front-line Metastatic TNBC

Atezolizumab 840 mg q2wk +
Nab-paclitaxel 100 mg/m? qwk 3/4 wks
Placebo q2wk +
Nab-paclitaxel 100 mg/m? qwk 3/4 wks

1L mTNBC n=900
(1:1; double-blinded)

Stratification factors:
Liver mets: Y/N

Prior Taxane: Y/N
PD-L1 IHC (IC 1/23)

Primary Endpoint:

— PFS (RECIST 1.1) and OS
Secondary Endpoints:

— PFS (mRECIST), ORR, DOR, HRQoL
Key efficacy populations:

— ITTand PD-L1+
FDA-registration trial

Emens, Adams, ot o, TIP, SABCS 2015




A Progression-free Survival in the Intention-to-Treat Population
Median
No. of Events/  Progression-free
No. of Patients  Survival (95% Cl)
mo
7.2 (5.6-7.5)
5.5 (5.3-5.6)

Atezolizumab+ Nab-Paclitaxel
Placebo+ Nab-Paclitaxel

100-
90+
80+
704
60+
504
40+
30+
20-
10- Placebo +nab-paclitaxel

358/451
378451

0.80 (95% CI, 0.69-0.92)

Percentage of Patients

1-Yr Rate of
Progression-free
Survival (95% Cl)
%
23.7 (19.6-27.9)
17.7 (14.0-21.4)

Stratified hazard ratio for progression or death,

0 T r T T T
0 3 6 12 15 13
Months
Mo. at Risk
Atezolizumab+ 451 34 20
nab-paclitaxel
Placebo+ 451 : 1 29 13

nab-paclitaxel

B Progression-free Survival in the PD-L1-Positive Subgroup
Median 1-Yr Rate of
No. of Events/  Progression-free Progression-free
No. of Patients  Survival (95% Cl) Survival (95% Cl)
mo %
7.5 (6.7-9.2) 29.1 (22.2-36.1)
5.0 (3.5-5.6) 16.4 (10.8-22.0)

Atezolizumab+Nab-Paclitaxel
Placebo+ Nab-Paclitaxel

100+
90
80
704
60
50

138/185
157/184

Stratified hazard ratio for progression or death,
0.62 (95% CI, 0.49-0.78)

‘_L Atezolizumab +nab-paclitaxel
LS

Percentage of Patients

—

Placebo + nab-paclitaxel

3 [ 9 12

No. at Risk

Atezolizumab+ 104 38
nab-paclitaxel

Placebo+ 184 127 62 44 22 11

nab-paclitaxel

C Overall Survival in the Intention-to-Treat Population
Median
Overall Survival
(95% ClI)
mo
21.3 (17.3-23.4)
17.6 (15.9-20.0)

Mo. of Events/
No. of Patients

Atezolizumab+ Nab-Paclitaxel
Placebo+ Mab-Paclitaxel

100+
90
804
70

181/451
208451

P=0.08

504
40+
30-
20
104
0

Percentage of Patients

2-Yr Rate of
Overall Survival
(95% CI)
%
42.1 (34.3-49.9)
39.7 (33.2-46.3)

Stratified hazard ratio for death, 0.84 (95% Cl, 0.69-1.02)

60+ Atezolizumab+nab-paclitaxel
S

0

No. at Risk

Atezolizumab+ 451
nab-paclitaxel

Placebo+ 451
nab-paclitaxel

426 389 337

419 375

D Overall Survival in the PD-L1-Positive Subgroup
Median 2-Yr Rate of
Overall Survival Overall Survival
(95% CI) (95% CI)
mo %
25.0 (22.6-NE) 53.5 (42.3-64.6)
15.5 (13.1-19.4) 36.6 (26.4-46.7)

No. of Events/
No. of Patients

Atezolizumab+ Nab-Paclitaxel 64185
Placebo+Nab-Paclitaxel 88/184

100+
90
80+
704
60+
504
40+
30
20
104

Stratified hazard ratio for death, 0.62 (95% Cl, 0.45-0.86)

lizurnab + nab-paclitaxel

Percentage of Patients

No. at Risk

Atezolizumab+
nab-paclitaxel

Placebo+
nab-paclitaxel




HER2-Negative, BRCA-Mutated MBC



OlympiAD: Background

= PARP inhibition ceases DNA replication progression and leads to increased
double strand DNA breaks, which is typically resolved through homologous
recombinationt]

— BRCAL and BRCAZ help facilitate orderly homologous recombination and tumor
cells with germline BRCA1/2 mutations are sensitive to PARP inhibition

= Olaparib: oral PARP inhibitor with activity in locally advanced and MBC with
gBRCA mutations!?=]

— Currently approved for gBRCA-mutated advanced ovarian cancer after =2 3 lines
of chemotherapy

= OlympiAD compared benefit and safety of olaparib monotherapy vs SoC CT
in pts with HER2-negative, gBRCA-mutant MBC#]

1. Lord CJ, et al. Science. 2017;355:1152-1158. 2. Kaufman B, et al. J Clin Oncol. 2015;33:244-250. Eo
3. Tutt A, et al. Lancet. 2010;376:235-244. 4. Robson ME, et al. ASCO 2017. Abstract LBA4. Slide credit: clinicaloptions.com
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OlympiAD: Study Design

» Randomized, open-label phase Il study

Stratified by HR status (ER+ and/or PgR+ vs TNBC), prior CT
for metastases (yes vs no), prior platinum tx (yes vs no)

Pts with HER2-negative MBC with 1 :
deleterious or suspected deleterious olfegelle 390 mg PO BID
gBRCA mutation; previous anthracycline / (n =205) .
and taxane, < 2 previous lines of CT* for Until PglorAE
metastatic disease; if HR+, not suitable for \ CTt on 28-d cycles LNECEHRELRISAES
ET or progressedon =1 ET (n=97)
(N =302)

*If platinum-based therapy, pt could not have experienced progression on tx in advanced setting or = 12 mos since (neo)adjuvant tx.
TPhysician’s choice of: capecitabine 2500 mg/m? PO Days 1-14; vinorelbine 30 mg/m? IV Days 1, 8; or eribulin 1.4 mg/m? IV Days 1, 8.

» Primary endpoint: PFS per RECIST 1.1 (BICR)

» Secondary endpoints: time to second progression/death, OS, ORR, safety, tolerability, global

HRQoL [ [ [e}
Robson ME, et al. ASCO 2017. Abstract LBA4. Robson ME, et al. N Engl J Med. 2017;[Epub ahead of print].  Slide credit: clinicaloptions.com
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OlympiAD: PFS by BICR (Primary Endpoint)

Olaparib CT

Progression/deaths, n (%) 163 (79.5) 71 (73.2)
Median PFS, mos 7.0 4.2

HR: 0.58 (95% ClI: 0.43-0.80:
P = .0009)

PFS (%)
(o)
=

o
| E— Y

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

Pts at Risk, n Mos
Olaparib 205 177 154 107 94 69 40 23 21 11 4 3 2 1 0
CT 97 63 44 25 21 11 8 4 4 1 1 1 1 0 0
do

Robson ME, et al. ASCO 2017. Abstract LBA4. Reproduced with permission. Slide credit: clinicaloptions.com
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OlympiAD: PFS2 by Investigator Assessment

100

Olaparib CT

Second progression/deaths, n (%) 104 (50.7) 53 (54.6)
Median PFS2, mos 13.2 9.3

HR: 0.57 (95% CI: 0.40-
0.83;
P =.0033)

PFS2 (%)
(o)
<

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

Pts at Risk, n Mos
Olaparib 205 199 185 152 123102 75 44 34 18 8 6 5 2 0]
CT 97 8 69 51 42 31 19 10 7 4 1 1 1 O O
do

Robson ME, et al. ASCO 2017. Abstract LBA4. Reproduced with permission. Slide credit: clinicaloptions.com
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OlympiAD: OS by Investigator Assessment

OS data at 46% maturity.

Deaths, n (%)
Median OS, mos

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

Pts at Risk, n Mos
Olaparib 205 205 199 189 178 159 146109 78 46 3 18
CT 97 92 8 79 74 69 62 50 34 24 0 9

1
Robson ME, et al. ASCO 2017. Abstract LBA4. Reproduced with permissgjn.

1
4
7

8
4

4
2

Olaparib CT

94 (45.9) 46 (47.4)
19.3 19.6
HR: 0.90 (95% CI: 0.63-
1.29;

P = .5665)

lgo

Slide credit; clinicaloptions.com
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The Revolution of Molecular

P. Ehrlich:

First
chimeric
mAbs

"magic
bullets"

Tumor
anti-
idiotypic

Milstein
&Kohler:
mAbs
producing
hybridomas

mAbs

Approval
of

Rituximab

First ScFyv
and

bispecific
mAbs

First
humanized
mAbs

Phage
display
technology

Muromonabh
(OKT-3)
approval for
transplantation

Ab directed
enzyme
prodrug
therapy
(ADEPT)

mAbs -
cytokine
molecules

Ben-Kasus et al., Molecular Oncology

Approval of
Trastuzumab

Targeted Cancer Therapy

Approval of
first
immunotoxin
armed mAb
(Gemtuzumab
ozogamicin)

Approval of
radioimmuno-
conjugate
mAbs

Trast

First fully
human mAb
(Panitumumab)

Completion
of large
clinical trials
of
Trastuzumab
as adjuvant

zumab
gumab
Atinib

TDM-1



