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Breast Cancer Mortality Trends in the United States

According to Estrogen Receptor Status and Age at Diagnosis
Iswmail Jatoi, Bingshu E Chen, William F. Anderson, and Philip 5. Rosenberg
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Purpase

Sinrge 1390, owverall breast cancer mortality rates in the United States decreased 24%. This decline
has baen attributad to mammography screening and adjuvant systemic therapy. However, the
efficacy of these modaliies may depend on estrogen receptor (ER) expression and age. We
tharefore examined breast cancer mortality trends n the United States according to ER status
and aga.

Methods

Using the Surveillance, Epdemiology, and End Hesults (SEER) program (1950-2003), we calcu-
lated trends in incidence-based mortality (IEM), annual hazard ratas for breast cancer deaths after
diagnosis, and relative hazard rates for women with ER-positive and ER-negative tumaors. Relative
hazard rates were assessed with Cox proportional hazards models, adjusted for stage and grade,
and stratihed by age at diagnosis.

Results

During the study period, IBM and annual hazard rates for breast cancer deaths decreased among
women with ER-positive and ER-negative tumors, although dechines were greater for those with
ER-positive tumors. Amaong women younger than 70 years, relative hazard rates declined 38% for
those with ER-positive tumors varsus 19% for those with ER-nagative tumars. Amaong womean 70
years of older, relative hazard rates declined 14% for those with ER-positive tumors versus no
significant decline for those with ER-negative tumors.

Conclusion

In the United States, breast cancer mortality rates have declined among women with ER-positive
and ER-negative tumors, with greater declines among younger woman and those with ER-positive
turnors. Although mortality in all groups remains unacceptably high, additional amphasis should be
placed on improving outcomes of breast cancar patients older than 70 years and those of all ages
with ER-negative tumars,

J Clin Oncol 25:1683-1690. @ 2007 by American Society of Clinical Oncology

important predictive factor, forecasting response to
systemic hormone therapy as well as to chemother-

Breast cancer mortality in the United States peaked  apy. Ageat diagnosis isanother potentially impor-

in 1989 with an age-adjusted (2000 United States
standard) mortality rate of 33 per 100,000 woman-
years.' Thereafter, mortality rates declined 24% to
15 per 100,000 woman-years in 2003, Mathemat-
ical models and clinical trial results suggest that
mammography screening and adjuvant systemic
therapy are largely responsible for the overall de-
cline in mortality.

However, population-hased mortality rates in
subgroups of breast cancer patients have not been
systematically described. Mammography screening
preferentially detects indolent tumors, a dispropor-
tionate number of which are estrogen receptor
(ER}-positive.” In addition, ER status is a dinically

tant predictive factor.*? Therefore, we hypothesized
that national trends in breast cancer mortality may
vary according to ER expression and age at diagno-
sis, as well as other variables such as stage and grade
at diagnosis,

To examine breast cancer mortality trends in
the United States according to thess factors, we used
the National Cancer Institute’s Surveillance Epide-
miology and End Results (SEER) program. SEER isa
consortium of regional cancer registries with metic-
ulows and consistent data collection and standards.
SEER rates are considered to be nationally represen-
tative. Using SEER, we evaluated national trends in
overall mortality, trends in incidence-based mortality
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Crosstalk between Estrogen Receptor and Growth Factor

Receptor Pathways as a Cause for Endocrine Therapy

Resistance in Breast Cancer

C. Kent Osborne, Jiang Shou, Suleiman Massarweh,
and Rachel Schifl

Breast Center, Baylor College of Medicine and The Methodist Hospital,
Honston, Texns

ABSTRACT

Data suggest that breast cancer growth is regulated by
coordinated actions of the estroges receptor (ER) and
various growth factor receptor signaling pathways. Im
tumors with active growth factor receptor signaling (e.g.,
HER2 amplification), tamezifen may lose s estropen
antagonist activity and may acquire mere aponisi-like
activity, resulting in tumor growth stimulation. Because
treatments designed to deprive the ER of iis lipand
estrogen will reduce signaling from both nuclear and
membrane ER, aromatase inhibitors might be expecied o
be superior o lamesifen in tumers with high pgrowth
factor recepior content, such as those overexpressing
HERZL Recent clinical studies suggest that this is the case
in humans, as trials of aromatase inhibitors show superior
resulis compared with tamoxifen, especially in fumors
averexpressing HERZ. Although estropen deprivation
therapy is often effective in ER-positive breast cancer,
de move and ascquired resisi: are still prohl it
Experimental models suppest that in one form of resistance
to estrogen  deprivation therapy, the tumor becomes
supersensilive W low residual estrogen concenirations
perhaps because of activation of mitogen-activated protein
kinase. Such tumors respond to additional treatment with
fulvesirant or even tamoxifen. On the other hand, in
tumors overcxpressing HER2, acquired resistamce o
estropen deprivation therapy invelves the lass of ER and
ER-regulated penes and further wp-regulation of growth
factor signaling readering the tumor hormenal therapy
resistant. This process can be delayed or reversed by
simultancous treatment with growth factor pathway
inhibitors. This strategy i now being tested in clinical
tricaks,
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EPIDERMAL GROWTH FACTOR RECEPTOR
FAMILY IN BREAST CANCER

There 15 growing cvidence that crosstalk bebween estrogen
meceptor (ER) and growih factor recepior signaling pathways,
especially the epidermal growth factor recoptor (EGFR) family,
is one of the mechanisans for resistance to endocrine therapy in
breast cancer (1—3). cErbB2 (HERZ) is a member of this EGFR
family of tansmembrane tyrosine kinases. The family also
includes HER3 and HER4 (ref. 4; Fig. 1). The role of HER4 is
poorly understood. HER3 lacks a tyrosime kinase domain, and
HER2 does nod have a ligand to bmd and activide if. These two
proteing, therefore, mostly heterodimernize with another member
of the family to gencrate the kinase cascade and downstream
sigmals. This explains why tumors developing in transgenic mice
engincered to overexpress HERZ in the ductal epithelium abarays
owverexpress HERS as well (5). Growth factors such as epidermal
growth factor (EGF), transforming growth factor o, and
amphiregulin bind to the cxternal domain of EGFR, which then
induces either homo- or heterodimernization with  another
meceptor m the family to activate the tyrosine kinase of the
receptor (4). Hercgulin and other hgands, on the other hand,
bind 1o the extemal domain of HER3, This also mitiates
heterodimerization and then activation of Akt, Brk1/2 mitogen-
activated protein kinase (MAPK) or other intermediates.
Becanse HER2 does not have a hgand, it may be relatively
imactive unless the cell also expresses BGFR or HER3, which
com be activaded by ther respective bgands, HER2 ds the
prefemed dimer partner for EGFR and HER3 because of its open
conformation ().

Activation of the EGFR/HER2 signaling pathway imitiates a
kinase signaling cascade that has a vancty of effects on the tumor
cells, mcluding mhibition of apopiosis, stimulabion of ccll
prolifieration, enhanced invasion and cell motility, and induction
of angiogenesis stimuli (Fig. 1), Cell survival and cell
proliferation are mediated predominantly through the phospha-
tidylinositol 3 -kinase (PI3K YAkt and the Erdk1/2 MAPK path-
wirys, These kinases are akso important for ER activity m some
tors because they phosphorylate and thereby activate either
ER itself or ER corcgulators such as ATB1 and moclear receptor
corepressor (MCoR; refs. 2, 7-9). This phosphorylation aug-
menis the transcnpiional activation potential of ER and enhances
ity cifcets on cell proliferation and survival, Workmng fogether in
tmors expressing both ER and abundant HER2, these two
pathways provide a swong stimalus for tumor growth and may
contribuie to hommonal therapy resistance,

ER IN BREAST CANCER

ER functions i the nuclcos as a transcriptional regulator of
specific genes (Fig. 2). The protem has a Hgand-binding domain,
several transcoption activation domains, and a DNA-binding
domain that interacts with specific regions i the promoter of

Endokrine Resistenz

overexpressing HER2. Although estrogen deprivation
therapy is often effective in ER-positive breast cancer,
de nove and acquired resistance are still problematic.

Experimental models suggest that in one form of resistance
to estrogen deprivation therapy, the tumor becomes
supersensitive to low residual estrogen concentrations
perhaps because of activation of mitogen-activated protein
Kinase. Such tumors respond to additional treatment with
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VISCERAL CRISIS is defined as severe organ Expert 95.0% (38) Yes ["
dysfunction as assessed by signs and opinion 5.0% (2) I
symptoms, laboratory studies, and rapid Abstain P ——
progression of disease. Visceral crisis is not (40 voters)
the mere presence of visceral metastases, but N
implies important visceral compromise m—
leading to a clinical indication for a more
rapidly efficacious therapy, particularly since
another treatment option at progression will
probably not be possible. s
PRIMARY ENDOCRINE RESISTANCE is defined ~ Expert  66.6% (22)Yes |
as: relapse while on the first 2 years of opinion 21.2% (7)
adjuvant ET, or PD within first 6 months of Abstain -

1st line ET for MBC, while on ET

SECONDARY (ACQUIRED) ENDOCRINE
RESISTANCE is defined as: relapse while on
adjuvant ET but after the first 2 years, or
relapse within 12 months of completing
adjuvant ET, or PD > 6 months after initiating

ET for MBC, while on ET.

(33 voters)
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Guideline statement

LoE Consensus

Endocrine therapy (ET) is the preferred option for hormone receptor positive disease, even in the presence of visceral 1A Voters: 41
disease, unless there is visceral crisis or concern/proof of endocrine resistance. Yes: 93% (38)
Abstain: 7% (3)
The preferred 1st line ET for postmenopausal patients depends on type and duration of adjuvant ET as well as time 1A Voters: 44
elapsed from the end of adjuvant ET; it can be an aromatase inhibitor, tamoxifen or fulvestrant. Yes: 84% (37)
Abstain: 7% (3)
The combination of a nonsteroidal Al and fulvestrant as first-line therapy for postmenopausal patients resulted in 2B Voters: 43
significant improvement in both PFS and 0S5 compared to Al alone in one phase 111 trial and no benefit in a second trial Yes: 33% (14)
with a similar design. Subset analysis suggested that the benefit was limited to patients without prior exposure to No: 53% (23)

adjuvant ET (tamoxifen). Based on these d
prior exposure to adjuvant ET.

ata, combination ET may be offered to some patients with MBC without Abstain: 14% (6)

The addition of everolimus to an Al is a valid
non-steroidal Al, since it significantly prol
account the individual relevant toxicities 4
basis.

Tamoxifen can also be combined with evero

The addition of the CDK4/6 inhibitor palboci
patients (except patients relapsing <12 my
PFS (10 months), with an acceptable toxic
available. OS results are still awaited.

ESMO MCES: 37

The addition of CDK4/6 inhibitor palbociclib
patients, provided significant improvemer
option. 05 results are awaited.

For pre/peri-menopausal pts, an LHRH-agoni

At present, no predictive biomarker other tha
these type of agents and research efforts 1

ESMO MCES: 4*

The optimal sequence of endocrine agents aff
{neo)adjuvant and 1st line ABC settings. A
Al + everolimus, tamoxifen + everolimus,

It is currently unknown how the different con
with single agent CT. Several trials are ong

For pre-menopausal women, for whom ET w
endocrine therapy is the preferred choice,

Ovarian ablation by laparoscopic bilateral oo
avoids potential initial tumor flare with LK
Patients should be informed on the options (
For pre-menopausal women, the additional g
prior adjuvant endocrine therapy but Al a
Fulvestrant is also a valuable option, but for

 Endokrine Therapie 15t line

* Postmenopause
 Al/Tam/Fulvestrant
e Al+ Fulvestrant

e Al (Tam) + Everolimus
e Al+CDK4/6

* Pramenopause
* OS + endokrine Therapie
* Fulvestrant

384%
33%
384%
92%

91%
95%

LoE, available level of evidence; consensus, per

centage of panel members in agreement with the statement; ET, endocrine therapy; CT, chemotherapy; QoL, quality-of-Tife.

ESMO MBCS = ESMO Magnitude of Clinical Benefit Scale; 0S/0A, ovarian suppressionfovarian ablation; * = very important explanation in text.
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Konsensbasierte Empfehlung
Fulvestrant bei postmenopausalen Patientinnen
Eine Behandlung mit Fulvestrant sollte insbesondere nach Vorbehandlung mit einem

Aromatasehemmer erfolgen, kann aber auch als erste Therapielinie eingesetzt
werden, insbesondere bei noch nicht endokrin vorbehandelten Patientinnen.

Konsensbasierte Empfehlung
Kombinationstherapien bei postmenopausalen Patientinnen

Eine bestimmte Therapiesequenz kann nicht empfohlen werden. Eine
Kombinationsbehandlung von Letrozol oder Fulvestrant mit einem CDK4/6-Inhibitor

kann eine Folgetherapie mit Exemestan und dem mTOR-Inhibitor Everolimus

durchgefuhrt werden.

Kombinationstherapien konnten in Studien eine Verlangerung des
Progressionsfreien Uberlebens, bislang aber nicht des Gesamtiiberlebens zeigen.
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Double-Blind, Randomized Placebo Controlled Trial of
Fulvestrant Compared With Exemestane After Prior
Nonsteroidal Aromatase Inhibitor Therapy in
Postmenopausal Women With Hormone
Receptor—Positive, Advanced Breast Cancer: Results
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Purpase
The third-generation nonstarcidal aromatase inhibitors (Als) are increasingly used as adjuvant and

firstline advancad therapy for postmenopausal, hormone recaptor—positive (HR+) breast cancer.
Because many patients subsequently experience progression of relapse, itis important to identify
agents with efficacy after Al failura.
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Fulvestrant, Formerly ICI 182,780, Is as Effective as
Anastrozole in Postmenopausal Women With Advanced
Breast Cancer Progressing After Prior Endocrine
Treatment

By A. Howell, J.F.R. Robertson, J. Quaresma Albano, A. Aschermannova, L Mauriac, UR. Klesherg, |. Vergote,
B. Erikstein, A. W&:slu' chJCMmm

Purpose: To compare the efficacy and tolera OR rates showed a numerical adh for Ful
of fulvestrant ('Ferlnnl'ly ICl 182,780) nrﬂ anastrox {20.7%) over anastrozcle (15.75%) Id:l ratic, 1.38; Cl,
in stm with advanced breast 0.84 to 2.29; P = .20). Cinical benefit rates (CR + PR =

F

eancer plngmsms after prior endocrine trearment. stable &sausn = 24 weeks) were 44.6°% for mrant
Patients and Mathods: Patients [n = 451) with ad-  and 45.0% for anastrozole. Median DOR was 14.3
vanced breast cancer were randomized to recsive fulves- months for fulvestrant and 14.0 months for anastro-
trant 250 mg as @ one fone x 5 ml) intramus-  zole. Both reatments were well tolerated, with 3.2%
cular injection or an oral dese of anastrozcle 1 mg in this -ﬂla%efmmhrl-undum-ﬁmﬁd
pwﬂlnlm multicenter Irinl.llwmuﬂ hnnh,mlpndﬂmlr m“uwnfrwnhmlbmw
Pdmwmlimlu gression (TTP). Secondary endpoints  of an adverse event
lud Mrﬂu,deﬁndﬂm— Conclusion: Fdﬂ!“rimsue‘ﬁuﬂ\mamﬂslrb—
uﬁpom{ﬂl]ﬂr responsa (PR), duration of zole. These data confirm that fulvestrant is an addi-
reponas BOR) and vy tional, effective, and well-olerated freatment for ad-
were foll d for a medi jod vanced breast cancer in al

o‘l-‘.ﬂmrﬂl’u.himofﬂl" fulvestrant was as vﬂlowﬁwmprwg‘mdonpriwonauﬁmﬂquy.
effective as anastrozole (hazard ratio, 0.98; confidence J Clin Oncol 20:3395-3403. « 2002 by American
interval [C]], 0.80 to 1.21; P = .84). Mndiun'l'l'Pws 55 Smimynfcﬁnitnlamsafegy

months for fulvestrant and 5.1 months for anastrorole.
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“ ORIGINAL ARTICLE ‘|

Combination Anastrozole and Fulvestrant
in Metastatic Breast Cancer

Rita 5. Mehta, M.D., Williarn E, Barlow, Ph.D., Kathy 5. Albain, M.D.,
Ted A Vandenberg, M.D., Shaker R. Dakhil, M.D., Nagendra B, Tirumali, M.D.,
Danika L. Lew, M.A., Daniel F. Hayes, M.D., Julie R. Gralow, M.D,,
Robert B. Livingston, M.D., and Gabriel N. Hortobagyi, M.D.

ABSTRACT

BACKGROUMD
The aromatase inhibitor anastrozole inhibits estrogen synthesis, Folvestrant binds
and acoelerstes degrrsdation of estrogen receptors. We hypothesized that these two
agents in combination might be more effective than anastrozole alone in patients
with hormone-receptor (HE)-positive metastatic breast canoer.

METHODS
Mostmenopausal women with proviously untreated metastatic discase were mn-
domly assigned, in a 1:1 ratio, o receive cither 1 mg of anastrozole orally every day
(group 1), with crossover to fulwestrant alone strongly encouraged if the disease
progressed, or anastrozole and folvestrant in combination (group 2L Patients were
stratified according to prior or no prior receipt of adjuvant tamoxifen therapy. Ful-
vestrant was administered intramusculacly at a dose of 500 mg on day 1 and 250 mg
on days 14 and 28 and monthly thereatter. The primary end point wais progression-
free survival, with overall survival desipnated as a prespecified secondary outcome,

RESULTS
The median progression-free survival was 13.5 months in group 1 and 150 months
in group 2 (hazard ratie for progression or death with combination therapy, 080,
95% confidence interval [C11, 0068 to 08 P=0U0Y by the log-rank test). The combi-
nation thempy was generally more effective than anastrozole alone in all subgrowps,
with no significant interactions. Overall survival was also longer with combination
therapy (median, 41.3 months in group 1 and 477 months in group 2; hazard ratio
for death, 0LB1; 95% CL, (65 to 100Gy P=0.05 by the log-rank test), despite the fact
that 41% of the patients in group 1 crossed over to fulvestrant after progression.
Three deaths thit were possibly associated with treatment occurred in group 2. The
rutes of grade 3 to 5 toxic effects did not differ significantly between the two groups.

COMNCLUSIONS
The combination of anastrozole and fulvestrant was superior to anastrozole alone
or sequential anastrozole and fulvestrant for the treatment of HEB-positive meta-
static breast cancer, despite the use of a dose of fulvestrant that was below the
current standard. (Fanded by the National Cancer Institwte and Astrafeneca; SWOG
ClinicalTrials gov numbber, HCTOO0S 641
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_ Median Progression-free Survival
Z 075 Combination, 15.0 mo (95% Cl, 13.2-13.4)
e Anastrozole, 13.5 mo [95% CI, 12.1-15.1)
a
&
3 050+
s
E, Anastrozole Anastrozole + Fulvestrant
E 0.5 (297 events) (268 events)
Hazard ratio, 0.80 (95% CI, 0.68-0.94)
P=0.007 by stratified log-rank test
ll(}ﬂ T T T T 1

1] 12 24 kL 43 6l
Months since Randomization

Mo. at Risk
Anastrozole + 349 199 114 53 71 i
fulvestrant
Anastrozole 345 193 02 3o 11 3
1.5 Mo
CONCLUSIONS

The combination of anastrozole and fulvestrant was superior to anastrozole alone
or sequential anastrozole and fulvestrant for the treatment of HR-positive meta-
static breast cancer, despite the use of a dose of fulvestrant that was below the
current standard. (Funded by the National Cancer Institute and AstraZeneca; SWOG
ClinicalTrials.gov number, NCT00075764.)



Secondary endpoints

Postmenopausal
women
Locally advanced or

metastatic breast
cancer

ER+ and / or PgR+
HER2-

Endocrine therap

FALCON

1:1

Fulvestrant 500 mg

(500 mg IM on Days 0, 14 and 28, then every 28
days)

+ placebo to anastrozole

« OSt « Safety
« ORR
« CBR
* DoR, EDoR
Anastrozole 1 mg
(daily PO) - DoCB, EDoCB
+ placebo to fulvestrant - HRQoL (FACT-B

total and TOI)

aAssessed via RECIST 1.1, surgery / radiotherapy for disease worsening, or death; Interim analysis at the time of PFS analysis

EDoCB, expected duration of clinical benefit; EDoR, expected duration of response; FACT-B, Functional Assessment of Cancer Therapy —
Breast;

TOI, Trial Outcome Index



FALCON Study: Efficacy
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HR 0.59 (95% CI 0.42, 0.84)

Median PFS
Fulvestrant: 22.3 months
Anastrozole: 13.8 months

Proportion of patients alive and progression-free

I Ll I I 1 I I 1 0.0
5 10 15 20 25 30 35 40

Time (months)

MGIIEI‘ESS Acircle represents a censored observation

Cl, confidence interval; HR, hazard ratio; PFS, progression-free survival

—— Anastrozole (n=113) 0.94

0.81
0.7
0.6
0.5
0.4
0.3
0.2

017

With visceral disease

—— Fulvestrant (n=135)
—— Anastrozole (n=119)
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Ellis et al, ESMO 2016 LBA 14.
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Konsensbasierte Empfehlung
Fulvestrant bei postmenopausalen Patientinnen
Eine Behandlung mit Fulvestrant sollte insbesondere nach Vorbehandlung mit einem

Aromatasehemmer erfolgen, kann aber auch als erste Therapielinie eingesetzt
werden, insbesondere bei noch nicht endokrin vorbehandelten Patientinnen.

Konsensbasierte Empfehlung
Kombinationstherapien bei postmenopausalen Patientinnen

Eine bestimmte Therapiesequenz kann nicht empfohlen werden. Eine
Kombinationsbehandlung von Letrozol oder Fulvestrant mit einem CDK4/6-Inhibitor

kann eine Folgetherapie mit Exemestan und dem mTOR-Inhibitor Everolimus

durchgefuhrt werden.

Kombinationstherapien konnten in Studien eine Verlangerung des
Progressionsfreien Uberlebens, bislang aber nicht des Gesamtiiberlebens zeigen.



MTOR Inhibition for Al Resistant HR+ HER2- MBC
BOLERO-2

Everolimus 10 mg/d
+
Exemestane 25 mg/d (n=485)

Endpoints
* Primary: PFS (local assessment)
Riaoetio * Secondary: OS, ORR, CBR, QOL, safety,

+
Exemestane 25 mg/d (n=239)

« Stratification:
1. Sensitivity to prior hormonal therapy
2. Presence of visceral disease

Endpoints * No crossover

100~ 1004
r:; ?;ﬁ‘fﬁ&? 36059 - HR = 0.89 (95% Cl = 0.73-1.10)
% S g0 oS Log-rank P = 0.1426
*. P F S Kaplan-Meier medians s Kaplan-Meier medians
E EVE+EXE: 7.8 mo g \\ EVE+EXE: 31.0 months
& 60 PBO+EXE: 3.2 mo § 60 PBO+EXE: 26.6 months
o
: :
3 40 > 40
€ 3
- 2 -0
20- 20] ©“ Censoringtimes
I Censoring times g ——EVE+EXE (/N = 207/485)
L EVE+EXE (n/N=310/485) ——PBO+EXE (n/N = 143/239)
0- == PBO+EXE (n/N=200/239) 0
—_— 0 2 4 6 8 1012 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50
0 6 12 18 24 30 36 42 48 54 60 66 72 78 84 90 96 102 108 114 120 ek Time, months
Time,wk EVE+EXE 485 471 448 429 414 399 373 347 330 311 202 279 266 248 232 216 196 154 118 91 S8 9 23 1 1 O
Patients at risk PBO+EXE 239 232 220 211 201 194 182 170 162 153 145 130 120 113 106 102 98 77 56 41 28 8 8 § 1 0
EVE+EXE 485 436 366 304 257 221 185 158 124 91 66 50 35 24 22 13 10 8 2 1 0
PBO+EXE 239 190 132 9% 67 50 39 30 21 15 10 8 ) 3 1 1 1 0 0 0 0
Yardley DA, et al. Adv Ther. 2013;30:870-884 Piccart, et al, Ann Oncol. 2014
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Everolimus + Exemestane vs Everolimus Alone
or Capecitabine for Estrogen Receptor-

Positive, HER2- Advanced Breast Cancer
BOLERO-6, a Randomized, Open-label, Phase Il Study

Guy Jerusalem,' Elena Kovalenko,? Denise A. Yardley,? Richard de Boer,# Sara Hurvitz,5 Bent Ejlertsen,¢ Sibel Blau,” Mustafa Ozgiiroglu,?
Laszlé Landherr,® Marianne Ewertz, ' Tetiana Taran,!' Jenna Fan,'' Florence Noel-Baron,'? Anne-Laure Louveau,'®> Howard Burris3

'CHU Sart Tilman Liege and Liege University, Liege, Belgium; 2Russian Cancer Research Center, Moscow, Russia; Sarah Cannon Research Institute and
Tennessee Oncology, PLLC, Nashville, TN; “Royal Melbourne Hospital, Victoria, Australia; "UCLA Jonsson Comprehensive Cancer Center,

Los Angeles, CA; ®Copenhagen University Hospital, Copenhagen, Denmark; “Rainier Hematology-Oncology/Northwest Medical Specialties, Tacoma, WA;
8Cerrahpasa School of Medicine, Istanbul University, Istanbul, Turkey; *Uzsoki Teaching Hospital, Budapest, Hungary; °Odense University Hospital,
Institute of Clinical Research, University of Southern Denmark, Odense, Denmark; '"Novartis Pharmaceuticals Corporation, East Hanover, NJ;
2Novartis Pharma AG, Basel, Switzerland "*Novartis Pharma S.A.S., Paris, France
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Randomized, Open-Label, Phase Il Study

« BOLERO-6 randomized 309 patients to receive EVE + EXE (n = 104), EVE alone (n = 103), or CAP (n = 102)

Eligibility Criteria

EVE 10 mg PO QD Primary Objective

+ EXE 25 mg PO QD * Estimate HR of investigator-
(n=104) assessed PFS for EVE + EXE
vs EVE alonet

* Postmenopausal women with ER+ HER2-
metastatic or recurrent BC, or locally
advanced BC not amenable to curative
surgery or radiotherapy

Key Secondary Objective

* Estimate HR of PFS for

* Recurrence or progression on ANA or LET

* Measurable disease per RECIST v1.1 or
t
bone lesions (lytic or mixed), EVE + EXE vs CAP

and ECOG PS 0-2 CAP 1250 mg/m?2 PO BID Other Secondary Endpoints

« N =309 | a""“":::’%g?‘" off) - 05,1 ORR, CBR, and safety

Randomization (1:1:1)*

» BOLERO-6 was not powered to perform statistical comparisons between arms

*Stratified by presence or absence of visceral disease (lung, liver, heart, ovary, spleen, kidney, adrenal gland, malignant pleural or pericardial effusion, or malignant ascites; TStratified multivariate
Cox regression models were adjusted on treatment and the following prognostic and baseline covariates where imbalances between arms were observed: bone-only lesions (yes vs no); prior
chemotherapy (yes vs no); ECOG PS (0 vs 1-2); organs involved (2 vs 1, and =3 vs 1); race (Caucasian vs non-Caucasian); age (<65 vs 265 years).

ANA, anastrozole; BID, twice daily; CBR, clinical benefit rate; ECOG PS, Eastern Cooperative Oncology Group performance status; LET, letrozole; NSAI, nonsteroidal aromatase inhibitor;

ORR, overall response rate; OS, overall survival; PO, oral administration; QD, once daily; RECIST, Response Evaluation Criteria In Solid Tumors.

PRESENTED AT: 2018 ASCO #ASCO18 PRESENTED BY: O uy Jerusalem 3
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Primary Objective
Estimated HR of PFS for EVE + EXE vs EVE alone

EVE + EXE offers a PFS benefit vs EVE alone

100 '

mPFS, s » Estimated HR of PFS for EVE + EXE vs
o0 Al ezaais) EVE alone was 0.74 (90% Cl 0.57-0.97)
80 :
70 o e B e CORTE Rt ot o

Censored for initiating new antineoplastic

® 60 EVE alone [74/103] 6.8 | e

i 50 EVE + EXE 9
N . arm, 9%

;18  EVE alone arm, 18%

20 s e :
10 A stratified multivariate Cox regression
: model accounting for baseline imbalances
and known prognostic factors gave a
R L consistent HR (0.73; 90% CI 0.56-0.97)
Patients still at risk ’ for EVE + EXE vs EVE alone

EVE + EXE 104 73 52 39 26 19 11 10 10 10 5
1

) 1 0
EVE alone 10366 40 26 14 9 7 4 4 4 2 0 0
*EVE + EXE vs EVE alone (obtained from a stratified Cox model).
mPFS, median progression-free survival.
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Key Secondary Objective
Estimated HR of PFS for EVE + EXE vs CAP

CAP may have been favored by baseline imbalances and potential
informative censoring

100
mPFS, .

80 A A Censoring

i —~— EVE+EXE [80/104] 8.4 [ - 0oy con

« Estimated HR of PFS for EVE + EXE vs CAP
was 1.26 (90% Cl 0.96-1.66)

» Censored for initiating new antineoplastic
therapies:

2 60 68102 9.6 |

2 50

% 40

30
20
10

0

* EVE + EXE arm, 9%
« CAParm, 20%

A stratified multivariate Cox regression
model accounting for baseline imbalances

12 15 18 21 24 27 30 33 36 39 42

Time months and known prognostic factors gave a HR

of 1.15 (90% Cl 0.86-1.52) for EVE + EXE
vs CAP

Patients still at risk
EVE + EXE 104 73 52 39 26 19 11 10 1
CAP 102 68 48 38 33 26 19 14 1

*EVE + EXE vs CAP (obtained from a stratified Cox model).

#ASCO18
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Overall Survival
EVE + EXE vs EVE alone or CAP

New antineoplastic therapies initiated at
EOT:

7” 104 - EVE + EXE arm, 78%
gZﬂgg + EVE alone arm, 81%
« CAParm, 79%

A stratified multivariate Cox regression
model accounting for baseline imbalances
and known prognostic factors gave a HR
of 1.27 (90% Cl 0.94-1.70) for EVE + EXE

vs EVE alone and a HR of 1.19 (90% CI
0 3 6 91215182124273033363942454851 0.88-1.62) for EVE + EXE vs CAP

Time, months
Patients still at risk

EVE + EXE 10410192 817467 63534843392213 8

3100
EVE alone 103 96 8681726966575549432721114 2 0 0
CAP 10294 888378706461544338312116 7 3 1 0 *EVE + EXE vs EVE alone or CAP (obtained from a stratified Cox model).
EOT, end of treatment; mOS, overall survival.
presentep . 2018 ASCO ffjﬁff,lfwwmm prResenTeD BY:  GUY Jerusalem http://jamanetwork.com/journals/jamaoncology/fullarticle/ 12
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Adverse Events

EVE + EXE (n = 104) [JEVEalone (n=103)"  CAP(n = 102)

v { + Most frequent all-grade AEs:
All grad Grade 3-4 All grades Grade 3-4
5 es| el __ All giades| [Grade 3= « Stomatitis in EVE-containing
Total 100 98 59 7

arms
Stomatitis’ 49 46
Fatigue 38 31
Diarrhea 35 33
Anemia 32 25
Elevated GGT 15 16
Elevated AST 15
Hypertension 14

i

PPE syndrome and diarrhea
in CAP arm

9
8
5

—_
(%)

» Grade 3-4 AEs more frequent in
EVE + EXE arm vs EVE alone
arm, and comparable between
EVE + EXE and CAP arms

Hyperglycemia 13
Pneumonia

AN = W = N N 0 0 N

Neutropenia

- O N A OO N O

N
~

PPE syndrome

*25% grade 3-4 events in any arm; TBOLERO-6 was not designed to use the SWISH' protocol for stomatitis prevention.
AE, adverse event; AST, aspartate aminotransferase; GGT, gamma-glutamyl transferase; PPE, palmar-plantar erythrodysesthesia.
1. Rugo HS et al. Lancet Oncol 2017;18:654-662.
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/usammenfassung

Median PFS Eve + EXE vs Eve 8.4 mo vs 6.8 mo

Resultate konsistent mit BOLERO 2 (7.8 mo)
Resultate bestatigen Benefit Eve + Exe vs Eve

Risikoprofil unverandert im Vergleich mit BOLERO 2



Publication in JAMA Oncology

Research

JAMA Oncology | Original Investigation

Everolimus Plus Exemestane vs Everolimus or Capecitabine
Monotherapy for Estrogen Receptor-Positive, HER2-Negative
Advanced Breast Cancer (BOLERO-6)

A Phase 2 Randomized Clinical Trial

Guy Jerusalem, MD, PhD; Richard H. de Boer, MBBS, FRACP; Sara Hurvitz, MD; Denise A. Yardley, MD; Elena Kovalenko, MD; Bent Ejlertsen, MD;
Sibel Blau, MD; Mustafa Ozgiroglu, MD; LaszI6 Landherr, PhD; Marianne Ewertz, MD; Tetiana Taran, MD; Jenna Fan, MD, PhD; Florence Noel-Baron, PhD;
Anne-Laure Louveau, MS; Howard Burris, MD
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Memorial Sloan Kettering
Cancer Center

Phase lll study of taselisib (GDC-0032) + fulvestrant (FULV)
v FULV in patients (pts) with estrogen receptor (ER)-positive,
PIK3CA-mutant (MUT), locally advanced or metastatic breast

cancer (MBC): Primary analysis from SANDPIPER.

José Baselga,! Susan Dent,? Javier Cortés,? Young-Hyuck Im,* Véronique Diéras,> Nadia Harbeck,®
lan E. Krop,” Sunil Verma,® Timothy R. Wilson,® Huan Jin,? Lijia Wang,® Frauke Schimmoller,®
Jerry Y. Hsu,? Jing He,® Michelino De Laurentiis,® Pamela Drullinsky,! William Jacot!!

IMemorial Sloan Kettering Cancer Center, New York, NY, USA; °The Ottawa Hospital Cancer Centre, Ottawa, ON, Canada;
Vall d’"Hebron Institute of Oncology (VHIO), Barcelona, Spain, and Ramon y Cajal University Hospital, Madrid, Spain; “Samsung
Medical Center, Seoul, Republic of Korea; ~Institut Curie, Paris, and Centre Eugene Marquis, Rennes, France; ®Brustzentrum der

Universitat Minchen (LMU), Munich, Germany; ‘Dana-Farber Cancer Institute, Boston, MA, USA; *Tom Baker Cancer Centre,
Department of Oncology, University of Calgary, AB, Canada; °Genentech Inc., South San Francisco, CA, USA; ‘°Istituto Nazionale
Tumori Fondazione G. Pascale, Naples, Italy; **Institut du Cancer de Montpellier, Montpellier, France.
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PI3K signaling is frequently dysregulated! and PI3K inhibition augments ER
function and dependence in hormone receptor-positive breast cancer?3

* PI3K signaling is involved in tumor growth,
proliferation, and survival, and is frequently
activated in solid tumours?

* The PI3K pathway may be activated by gain-of-
function mutations and/or amplification of the
PIK3CA genel47

— PIK3CA encodes the a-isoform of the catalytic
subunit of PI3K (PI3Ka)

* Mutations in PIK3CA are detected in ~40% of ER-

i >
positive, HER2-negative breast cancer?® ER ! ER ][ ER ][ ER
DOPOOC DOOOC

* Thereis significant crosstalk between the ER and
PI3K signaling pathways; inhibition of PI3K results in

an adaptive upregulation of ER signaling?3
1. Fruman DA, et al. Cell 2017; 170:605-635; 2. Bosch A, et al. Sci Trans! Med 2015; 7:283ra51;

AKT, protein kinase B; ER, estrogen receptor; 3. Toska E, et al. Science 2017; 355:1324-1330. 4. SamuelsY, et al. Science 2004; 304:554;
HER2, human epidermal growth factor receptor 2; 5.ZhangY, et al. Cancer Cell 2017; 31:820-832; 6. Zehir A, et al. Nat Med 2017; 23:703-713;
mTOR, mammaliantarget of rapamycin; PI3K, phosphatidylinositol 3-kinase; 7.JankuF, et al. Nat Rev Clin Oncol 2018; Epub ahead of print;
PIK3CA, phosphatidylinositol-4,5-bisphosphate 3-kinase, catalyticsubunit alpha. 8. Arthur LM, et al. Breast Cancer Res Treat 2014; 147:211-219; 2
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Rationale for SANDPIPER: Taselisib is a mutant-selective
next-generation PI3K inhibitor

150=
4-day Cell Titer-Glo PIK3CA- PIK3CA-
p110 Taselisib oy %1 .
i ' viability data Phase Il study mutant wildtype
: 10q eeee 2 s (n=13) (n=19)
K () 0.29 nM 0 = Best confirmed response
H1047R  011nM  E oo S PR, n (%) e 2 Al
a- A n
2 14 o g i CBR, n (%) 5(38.5) 3(15.8)
a-E545K 0.14nM g ®e® . @
2 o8 % S
B 9.10nM - . o =
s 1 o.. 4 S o-
5 012nM 8 o $o3° 3
P i o om0 o om0 o 7 7
. G2t 0.01 r 4 4 B Pik3CA-mutant
PIK3CAWT  PIK3CAm™ut @ -504

PIK3CA-wildtype
Tableand image adapted with permission from Olivero et al/, 2014.1 L
[ | Unknown PIK3CA mutation status

-100-
Image reproduced with permission from Dickler et al. 2016°

1. Olivero AG, et al. Cancer Res 2013; 73: Abstract DDT02-01 (and associated oral presentation);

* Each dot represents a different cancer cell line in a viability assay. 2. Ndubaku CO, et al.  Med Chem 2013; 56:4597-4610;
EC, is the effective concentration required to induce a 50% effect. 3. WallinJ, etal. Cancer Res 2014; 73: Abstract P2-17-01 (and associated poster presentation);
CBR, clinical benefit rate; mut, mutant; PR, partial response; 4. Juric D, et al. Cancer Discov 2017; 7:704-715;
SLD, sum of the longest diameter; WT, wildtype. 5. Dickler M, et al. J Clin Oncol 2016; 34 (suppl): Abstract 520 (and associated poster presentation). 3
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SANDPIPER study design

Taselisib4 mg QD +
fulvestrant

SNER pesibve/HERZinceative locally PIK3CA-mutant tumors: 2:1 randomization Treat until PD

advanced or metastatic BC

. Postm wamen n =480 (planned) or
. Rzz:wri:(:g ac)Lllfssrog:')esseion during P:acebo S unacceptable
fesl ulvestrant toxicity

or after aromatase inhibitor

* No .more than one chemotherapy Taselisib 4 mg QD + Nocrossover
regimen for MBC fulvestrant

* No prior fulvestrant, PI3K, or Without PIK3CA-mutant tumors: 2:1 randomization Suvivaldata
mTOR inhibitor n =120 (planned)

Placebo QD + fulvestrant

Primary Endpoint: Secondary Endpoints: Stratification:

* INV-PFSin patients * ORR, OS, CBR, DoR, BICR-PFS in patients with PIK3CA-mutant tumors 1. Visceral disease
with PIK3CA-mutant + Safety 2. Endocrine sensitivity
tumors (central Exploratory Endpoint: 3. Geographic region
Roche cobas® test*) + Efficacy in patients without PIK3CA-mutant tumors

Endocrine sensitivity: 1) If no endocrine treatment in advanced or MBC, 224 months of adjuvantendocrine treatment prior to recurrence; 2) Documented clinical

benefit (CR, PR, or SD =24 weeks) to most recent endocrine treatment in advanced or MBC.

* Roche cobas® test detects the following PIK3CA mutations: R88Q, N345K, C420R, E542K, ES45A/G/K/D, Q546K/R/E/L, M1043I, H1047L/R/Y, and G1049R.

BICR, Blinded Independent Central Radiology; CR, complete response; DoR, duration of response; INV, investigator-assessed; MBC, metastatic breast cancer;

ORR, objective response rate; OS, overall survival; PD, progressive disease; PFS, progression-free survival; SD, stable disease; QD, daily. 4
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Blinded Independent Central Radiology confirmed INV-PFS

0-

INV: Placebo + fulvestrant
INV: Taselisib + fulvestrant
BICR: Placebo + fulvestrant

BICR: Taselisib + fulvestrant
4+ Censored

No. of patients at risk

INV: Placebo +
fulvestrant
INV: Taselisib +
fulvestrant

BICR, Blinded Independent Central Radiology; INV, investigator-assessed.

T T 1
01 2 3 4

T 1 11
5 6 7 8
176 170113102 84 74 60 58 45

340 330269 256 192 189 149 140 94

Presented By Jose Baselga at 2018 ASCO Annual Meeting

Duration (mos)

n Median PFS, mos 95% Cl
INV: Placebo + fulvestrant 176 5.4 3.68, 7.29
INV: Taselisib + fulvestrant 340 7.4 7.26, 9.07
176 3.68,9.23
340 7.39, 9.49
Placebo+ Taselisib +
Events fulvestrant fulvestrant HE  prvaloe
INV-PFS 67.6% 57.1% 0.70 0.0037
V BICR-PFS 0.66 0.0023
| | | 1 || | || 1 | 1 1 1 | L
9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27
43 37 32 28 21 19 15 14 11. 10 6 6 S S
88 67 62 46 37 33 24 21 17 17 13 13 9 7 4 2 1
9



Exploratory endpoint
Efficacy in patients without PIK3CA-mutant tumors

Median INV-PFS, Stratified HR

-value*
P mos (95% CI) (95%ciy  PYAMe
Placebo + 38 4.0
0 fulvestrant (1.91, 6.01)
- Taselisib + o 5.6 0.69 0.1062
Patients with baseline Placebo + | Taselisib+ _ fulvestrant (4.11, 9.07) (0.44, 1.08)
; fulvestrant | fulvestrant X 60+
measurable disease *
(n=35) (n=61) &
0 0 2 40=
Responders 14.3% 19.7% =
p-value difference in =037 20
response rate p=" = Placebo + fulvestrant
s Taselisib + fulvestrant
0= -+ Censored
0 1 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26
No. of patients at risk Duration (mos)
f:ILa:;'::n:assszzzz13181312 3.8 68 54 @ & 38 2 2 2 &
J::::L:':; 77 74 56 55 48 45 37 36 34 34 25 23 21 20 20 19 19 17 16 15 15 10 9 6 3 2
14

* Stratified log-rank.
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Summary of AEs (safety-evaluable patients; regardless of causality)

Most frequent AEs, any grade (210% in the taselisib arm) Grade 23 AEs (>1% in the taselisib arm)
Placebo + Taselisib + Placebo + Taselisib +
(Muﬁﬂzzfﬁgzﬁfigﬁﬁed tenm fulvestrant fulvestrant (Mu:IdeE:sA-g:ieffizg)ed term fulvestrant fulvestrant
(n=213) (n=416) P (n=213) (n=416)

Diarrhea* 19.7% 60.1% Diarrhea* 0.9% 11.5%
:YPefE'Vcemia* 252‘2{; ‘3‘2-‘1‘3’ Hyperglycemia* 0.5% 10.8%

ausea .87 17

Rash* - 3.8%

Decreased appetite 10.3% 26.4% as —— oo
Fatigue 17.8% 24.3% Stomatitis - 3.6%
Headache 11.7% 20.2% ALT/AST increase 0.5% 3.3%
Stomatitis* 8.5% 33.2% Colitis* - 3.1%
Vomiting 11.3% 18.8% Hypertension 3.3% 2.4%
Asthenia 18.3% 18.5% Dehydration 0.5% 1.9%
Rash* 11.3% 25.2% Li - g 0.9% 1.7%
Cough 13.1% 13.0% Ipase |ncr¢?ase e 0o : oo
Back pain 11.3% 13.0% Neutropenia 0.9% 1.7%
Abdominal pain 8.9% 12.3% Vomiting 0.9% 1.7%
Dry mouth 7.5% 12.3% Pneumonitis* 0.5% 1.7%
ﬁ[thralgia 122.87‘;& ﬁ;’z’ Pneumonia - 1.7%

opecia .8% 3% - = =
Pruritus 7.5% 11.1% Sepsis 0.5% Lo%
Pyrexia 3.3% 10.6% Diarrhea infectious = 1.2%
Dyspnea 8.0% 10.3% Hypokalemia = 1.2%

* Frequencies of selected AEs are based on “group” terms of relevant events associated with taselisib, not preferred terms.
Selected AEs were grade 3, except for grade 5 pneumonitisin the placeboarm and two grade 4 hyperglycemia eventsin taselisib arm.
ALT, alanine aminotransferase; AST, aspartate aminotransferase.
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Zusammenfassung

* PIK3Ca Mut

 Median PFS Taselisib + Fulv vs Pl + Fulv 7.4 mo vs 5.4 mo ; HR 0.70; p=0.0037

 PIK3Ca Nicht- Mut

e Keine schlissige Resultate
* Median PFS Taselisib + Fulv vs Pl + Fulv 5.6 mo vs 4.0 mo ; HR 0.69; p=0.1062

* AE: Gl & Hyperglycemia

* Tolerabilitat? Klinische Anwendung?



The PI3K-AKT-mTOR Pathway:

Are We Making Headway?

Cynthia X. Ma, M.D., Ph.D.

Associate Professor of Medicine

Clinical Director of the Breast Cancer Program

Section of Medical Oncology, Division of Oncology, Department of Medicine
Washington University School of Medicine, St. Louis, MO

presenten ar: 2018 ASCO $nnle presentep B:  Cynthia X Ma, MD, PhD http://clicktoeditURL.com 1

Slides are the property of the author,
s ek

ANNUAL MEETING permission required for reuse.

Presented By Cynthia Ma at 2018 ASCO Annual Meeting



mTOR Inhibition for Al Resistant HR+ HER2- MBC

MmTOR Inhibition for Al Resistant HR+ HER2- MBC

BOLERO-2
BOLERO-6:
N=724 - HR* (90% CI)
& Endpoints A Randomized, Open-label, Phase Il Study Cemotinatine
-wwwm H . =4~ "EVE + EXE
or metastatic BC T * Primary: PFS (local assessment) EVE 10 mg PO QD Primary Obf EVE alone 0.74 (0.57-0.97)
* Recurrencs or proo = * Secondary: OS, ORR, CBR, QOL, safety, = +EXE 25 mg PO QD ary Opjective
= = 104! * Estimate HR of investigator-
Exemast e 25 o/ (D=2 z el assessed PFS for EVE + EXE
o ] vs EVE alone™ 3 6 9 1215 18 21 24 27 30 33 36 39
* Stratification: 13
1. Sensitivity to prior hormonal therapy E E"E(‘:_""'o';‘)’ @ Key Secondary Objective e i Thna; Moakha
. 2. Presence of visceral disease « Estimate HR of PFS for EVE+EXE 1047352 39 26 19 11 101010 9 5 1 0
Endpoints * No crossover § EVE + EXE vs CAP® EVEalone 10366 40 26 14 9 7 4 4 4 2 1 0 0
& Other Secondary Endpoints

mPFS,

HR=0.45 (95% C), 0.38-0.54) 05, ORR, CBR, and safety l HR* (90% CI)

months
HR « 0.09 (95% Cl « 0.73-1.11
% Log-rank p<0.0001 T ol ngdr %
*® PFS Kaplan-Meler medians H Meier medians
H EVEEXE: 7.8 mo 5 EVEAEXE: 31.0 months 1.26 (0.96-1.66)
@ 60 PBO4EXE: 32 mo | PBOJEXE: 26.6 months
s : 2=
5; 404 g 40 )
b 3 =y Censoring
» 5 m| o comorngunes EVE + EXE
~—EVE+EXE (iWN = 207/480)
o EVEVEXE (nNe310/435) PBO+EXE (VN = 143/239) EVE alone 59/103| 29.3 T L & 12 15 18 21 24 27 30 33 36 39 42
0 == PBOSEXE (wN=2007220) . Time, months
sl ? — - - \ 02 4 6 5 101214 16 15 2 22 24 26 28 30 92 34 36 33 40 42 44 46 48 50 58/102] 25.6 | Patients still at risk
0 6 12 18 24 30 36 42 48 54 60 66 72 78 84 90 96 102 108 114 120 R ime, months EVE+EXE 10473 52 3926 19 11101010 9 5 1 0 0
ahi Tima, wk SEOE oo e mInITm M MM I e e BN B B B N 10 CAP 102 68 48 38 33 26 19 14 10 9 6 3 2 1 0 Jerusalem, G, et al, ASCO 2018
BEDE s te Mo e 2115 1 M4 M e 0B W 2 MW oE 2 1 0
MOEE  m iz % & m m momow 0 e s 3111 e e e, 208 ASCO N
ANNUAL MEETING e

Yardley DA, et al. Adv Ther. 2013;30:870-884 Piccart, et al, Ann Oncol. 2014

SANDPIPER  Efficacy Data

PI3K Inhibition for Al Resistant HR+ HER2- MBC

PIK3CA Mut n Median PFS, mos 95% Cl
1007 Fre=s

H — i - % INV: Placebo + fulvestrant 176 5.4 3.68,7.29

BELLE-Z (Pa n-PI3K I nhlbltor Buparllslb) 80 mKSCAMut INV: Taselisib + fulvestrant 340 7.4 7.26,9.07

A 4 . S} 176 3.68,9.23

_ BELLE 2 (Al resistant) BELLE 3 (Al and mTORi resistant) ol A N - i sige

g He W, o
FUL + FUL + FUL + FUL + = + Placebo+  Taselisib+
Placabo BUPal’“Sib HR (95% Cl) P value Placebo Buparlisib HR (95% ClI) P value % 204 :\e/n::s ful;:s;/am ful;l:slt:/am ::0 :\:;I::
Overall 5.0 m. 6.9 m. 0-78 cioagy| M, 3.9m. 0-67 Y so] — Ve Taets > fesan BicR Pes 05600023
population (N=571) (N=576) (0.67, 0.89) ) (N=143) (N=289) (0.53, 0.84) > BICR: Placebo + fulvestrant
BICR: Taselisib + fulvestrant
Tumor 4.0m. 6.8 m. 0-76 (0.60, 0.014 1.4m. 4.7 m. 0-39 <0.001 0q_+ Censored
Pl3K-activated* (N=184) (N=188) 0.97) 2 (N=34) (N=75) (0.23, 0.65) > 01234567 8 9101112131415 16 17 18 19 20 21 22 23 24 25 2627
Duration (mos) Responders 16 (11.9%) 74 (28.0%)
2.7m. 2.8 m. 0.83
el (N=69) (N-135) (0.0, 1.14) 0117 PKICAWT n MmN S e ors
ctDNA 3.2'm. 7.0m. 0.58 1.6 m. 4.2 m. 0.46 Placebo + 4.0

0'001 <0.001 fubasbranit 38 (191,6.01) PR 16 (11.9%) 72 (27.3%)

PIK3CA Mut. (N=113) (N=87) (0.41,0.82) (N=35) (N=75) (0.29, 0.73) : U, == ey e

CtDNA 6.8 m. 6.8m. 1.02 awr | ETm, 3.9m. 0.73 — . Y e

PIK3CAWT (N=188) (N=199) (0.79, 1.3) ) (N=69) (N=135) (0.53,1) : Baselga ). et al, ASCO 2018

AEs in BELLE3: G3-4 AE: ALT elevation (22% vs 3%); AST elevation (18% vs 3%); hyperglycemia (12% vs 0%)
Dose Interruption: 36% vs 9%; Dose Reduction: 31% vs 8%; Discontinuation: 21% vs 5%

Depressive (All grade): 21% vs 8%; Anxiety (All grade): 18% vs 10%; Suicidal attempt: 3 vs 0.

Di Leo, et al Lancet Oncol 2018; 19: 87-100

8

Baselga, et al Lancet Oncol 2017; 18: 904-16
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Zusammenfassung

* PI3K/AKT/mTOR

Standardtherapie fir mBC ER +

Toxizitat

PI3CA Mutation- pradiktive Biomarker fir die alpha Isoform PI3CA Inhibitoren

Klinische Anwendung?



Wohin geht die Reise???  CDK4/6i
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MONALEESA-3: Phase Ill placebo-controlled
study of ribociclib + fulvestrant

Ribociclib Primary endpoint

Postmenopausal (600 mg/day orally; « PFS (locally assessed per
3-weeks-on/ 1-week-off) RECIST v1.1)

women and men i3
with HR+/HER2- fulvestrant

Secondary endpoints
« Overall survival

500 mg)*
ABC ‘ :
n=484 Overall response rate

Randomization (2:1) + Clinical benefit rate

No or <1 line of

prior endocrine Stratified by: Placebo

; + Duration of response
therapy for T O R : Time to cefintive

advanced disease * Prior endocrine therapy fulvestrant detc'erioration of ECOG PS
(500 mg)* + Patient-reported outcomes

N=726 n=242 « Safety

» Pharmacokinetics

» Time to response

Tumor assessments were performed every 8 weeks for 18 months, then every 12 weeks thereafter

Primary analysis planned after ~-364 PFS events

* 95% power to detect a 33% risk reduction (hazard ratio 0.67) with one-sided a=2.5%, corresponding to an increase in
median PFS to 13.4 months (median PFS of 9 months for the placebo arm), and a sample size of 660 patients
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Primary endpoint: PFS (investigator-assessed)

B
o

PFS (investigator
assessment) oE :
Events, n (%) 210 (43.4) 151 (62.4)

Median PFS, months 20.5 12.8
(95% CI) (18.5-23.5) (10.9-16.3)

Hazard ratio (95% Cl) 0.593 (0.480-0.732)
One-sidedp value 0.00000041

. 0 2 4 6 8 10 12 14 16 18 20 22 24
21 G Time (months)

Ribociclib + fulvestrant 484 403 365 347 324 305 282 259 235 155 78 52
Placebo + fulvestrant 242 195 168 156 144 134 116 106 95 33 27 14 4 0

&
W
[T
o
R
(o)
)
=
0]
0
o
L
o

N
(=)

* The hazard ratio of 0.593 corresponds to a 41% reduction in risk of progression in the ribociclib vs placebo arm

Cl, confidence interval.
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JOURNAL OF CLINICAL ONCOLOGY RAPID COMMUNICATION

Phase III Randomized Study of Ribociclib and Fulvestrant in

Hormone Receptor—Positive, Human Epidermal Growth
Factor Receptor 2—Negative Advanced Breast Cancer:
MONALEESA-3

Dennis ]. Slamon, Patrick Neven, Stephen Chia, Peter A. Fasching, Michelino De Laurentiis, Seock-Ah Im,
Katarina Petrakova, Giulia Val Bianchi, Francisco ]. Esteva, Miguel Martin, Arnd Nusch, Gabe S. Sonke, Luis De la
Cruz-Merino, . Thaddeus Beck, Xavier Pivot, Gena Vidam, Yingbo Wang, Karen Rodriguez Lorenc, Michelle
Miller, Tetiana Taran, and Guy Jerusalem

ubs.org/doi/abs/10.1200/JC0O.2018.78.9909
DOI: 10.1200/JC0O.2018.78.9909
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CDK4/6 inhibitors

Palbociclib Ribociclib Abemaciclib

......

PKCa

PALOMA MONALEESA MONARCH



ER+ Metastatic Breast Cancer:
Beyond CDK Inhibitors

Matthew P. Goetz
Professor of Oncology and Pharmacology
Mayo Clinic
Rochester, MN

22222222222
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FDA Registration

e Palbo-, Ribo-, Abemaciclib ( in Kombination mit Al)
* Firstline Therapie mBC ERpos, Her-2 neu neg

e Palbo- & Abemaciclib ( in Kombination mit Fulvestrant)
e Secondline Therapie mBC ERpos, Her-2 neu neg

* Abemaciclib ( Monotherapie)
* Endokrinrefraktore mBC ERpos,

 Anlicher Antitumoraktivitat ( PFS)

Direkter Vergleich fehlt

e Lebermetastasen Abemaciclib + Al vs Al RR 54% vs 20%
e Abemaciclib & Ribociclib >> CNS Penetration vs Palbociclib
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Welche Subgruppe?

e ALLE
* Weniger Vorteil:

* Neu diagnostizierter ( longer TFl)
* Bone only Meta

* UP Front vs Sequenz — SONIA TRIAL

—

non-steroidal Al +
— CDK 4/6 inhibitor fulvestrant Snrr:npry Er:df[rmmil:w |
, rogression-free surviva
. + = . L
I:ials:lE:l:ceT SERSINILC after two lines (PFF52)
- No prier treatment for Secondary endpoints;
advanced disease Lualty-of-lite
: fulvestrant + Owerall survival
— L CDK4/6 inhibitor Cost-effectiveness

—
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Biomarker?

e Ciclin D1+ vs Ciclin D1- AT
+ p16+ Vs pl6-

e Rb+ vs Rb-
« CCNE1 (Ciclin E) below median vs CCNE1 above median =
* FGFR1 Amplifikation vs keine TR

nteraction P=0.00238
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Biomarker?

e Ciclin D1+ vs Ciclin D1- R R
. p16+ vs pl6- s comtmmne
* Rb+vs Rb-

» CCNE1 (Ciclin E) below median vs CCNE1 above median - -
 FGFR1 Amplifikation vs keine Tk -

Nach CDK4/67
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How could we manage our patients at progression?

__ET__ Lad ET
CDKi

A A
ESR-1
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How could we manage our patients at progression?

__ET  Lad ET

CDKi

CDKi  mmb

A A
RB mutation
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How could we manage our patients at progression?

N~

CDKi

CDKi m=) CDKi

ET

A A -
PIK3CA/mTOR  MTORinh
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Phase Il trials combining cdk/mTOR inhibition

Progression on CDK4/6 inhibitor and Al after
Agent/Strategy >4 months as last therapy

TRINITI-1 mloranhibdor * Ribociclib 300 mg/day

NCTO2732119 " (Everolimus) « Everolimus 2.5 mg/day

e = + Exemestane 25 mg/day

NCTO02599714  inhibitor

suserty Endpoint _[Response (n=43)

Clinical Benefit 39.5%
Partial Response 7%

Moulder, AACR, 2018, Abstract CT-108-28
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Palbociclib After CDK and Endocrine Therapy Trial
(PACE)

Phase Il, Randomized, Pilot Study Fulvestrant
— (crossover to Palbociclib

at progression)
* Progression on Al +
CDK4/6 inhibitor 1:2:1

o<1 prior line of Randomization
chemo

—— Fulvestrant + Palbociclib

., Fulvestrant + Palbociclib
+ Avelumab

NCT03147287 Mundi PS et al. SABCS 2016. Abst. OT2-01-19.
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Der Weg verzweigt sich



PI3Kki

CDK4/6i
Wohin geht die Reise??? Al
P13Ki






