New kids on the block:
Wer schafft es als nachstes in die Klinik?

Volker Mobus
Frankfurt




It's tough to make
predictions...

especially about the
future.
(Yogi Berra)
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UPDATE
High-Throughput Screening Finds Potential
Killer of Cancer Stem Cells

By Karan Rowan
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“Die “targeted therapy” ist das Ziel”

» Zielgerichtete Therapie in Kombination
mit Chemotherapie

» Zielgerichtete Therapie in Kombination
mit Antihormontherapie?
» Zielgerichtete Therapie alleine??




Adjuvant Trastuzumab Confers Benefits
in HER2-Positive Breast Cancer
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Novel Agents: HER2

HER1/2 TKI

Pan HER TKI
HER1/2/VEGFR TKI

HER2 dimerization inhibitor
Bispecific antibody
Conjugated antibodies

HSP90 inhibitors
IGF-1R inhibitors (mAb, TKI)
HDAC inhibitors

PI3K inhibitors
Akt inhibitors
MTOR inhibitors

HER2 vaccines

Lapatinib, HKI-272, BIBW 2992, PKI-166, EKB-
569

Canertinib, BMS-599626
XL647, AEE788
Pertuzumab
Ertumaxomab

Trastuzumab-MCC-DM1, trastuzumab-A-Z-CINN
310-paclitaxel

Tanespimycin, alvespimycin, CNF2024, IPI-504,
AUY922, SNX5422

CP-751871, EM164, IMC-A12, NVP-ADW742,
INSM-18

Vorinostat, LBH589, PXD101, NVP-LAQ824,
depsipeptide, Cl-994, MS-275

SF1126, BEZ235, XL147, XL765
Perifosine, XL418

Rapamycin (sirolimus), temsirolimus, everolimus,
deforolimus




Mamma Ca: HER2+
Trastuzumab-Resistenzentwicklung

Trastuzumab - Resistenz

- Rezeptor-Trunkierung

5

ca%\n - PTEN-Verlust

membrane '

eemerr— - akt-Stimulation
V/ €

- mTOR-Stimulation

- MUC4 1
Resistenz-Durchbrechung

- Trastuzumab-Fortfuhrung

N - Dimerisierungshemmung
Rapamycin 4'
Everolimus (RADOCL) o —
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ccl-779 - Chaparone-Inhibition

- TK-Inhibition

- Downstream-Inhibitoren

Tumor suppression




Pertuzumab in HER2-positive
breast cancer xenograft model KPL-4

Pertuzumab + trastuzumab Pertuzumab treatment after
initial combination progression under trastuzumab
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Mamma Ca: HER2 positiv
Pertuzumab: HER-Dimerisierungsinhibitor
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Vorbehandlung: 2 3 Chemotherapien und Trastuzumab
Overall response rate: 24.2%
SD for >8 cycles (appr. 6 months) : 25.8%

Clinical benefit rate: 50%
Diarrhea 63 %

Skin (other than rash) 27 %
Nausea / vomiting 30 %
Mucositis 32 %

Pain 35 %
Rash 26 % Gelmon ASCO 2008 abstr. 1026




T-DM1: first-in-class antibody—drug
conjugate (ADC)

Target expression: HER2

Cytotoxic agent: DMA1




Conjugation of T-DM1 components increases
efficacy in a preclinical model

T-DM1 demonstrated a rapid and durable reduction in tumour
volume in the Fo5 animal breast cancer model, which was
specifically engineered to be insensitive to Herceptin

Vehicle
A—A Trastuzumab 15mg/kg
4—¢ Trastuzumab 15mg/kg + free DM1 817ug/m?
@@ Free DM1 817ug/m?
B8 Free DM1 (near MTD) 1947ug/m?
@—® Trastuzumab-DM1 15mg/kg/817ug/m?
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I.v. dosing (e Eays)

i.v. = intravenous Parsons et al 2007




A Phase |l Study of Trastuzumab-DMH1
(T-DM1), a HER2 Antibody-Drug Conjugate, in
Patients with HER2-Positive Metastatic Breast Cancer
(MBC): Interim Results

S. Vukelja,! H. Rugo,? C. Vogel,® R. Borson,*
E. Tan-Chiu,®> M. Birkner,® S. Agresta,® B. Klencke,®

J. O’'Shaughnessy,” H.A. Burris®

Tyler Cancer Center, Texas Oncology, US Oncology, Tyler TX; 2UCSF
Comprehensive Cancer Center, San Francisco CA; 3Lynn Cancer Institute,
Boca Raton, FL; 4St. Louis Cancer & Breast Institute, St. Louis, MO; °Florida
Cancer Care, Tamarac, FL; $Genentech, Inc, South San Francisco, CA;
‘Baylor-Sammons Cancer Center, Texas Oncology PA, US Oncology, Dallas,
TX; 8Sarah Cannon Cancer Center, Nashville, TN




Analysis of Efficacy: Antitumor Activity

Median follow-up, 4.4 mo (19 weeks)

Overall ORRt Confirmed* ORRT

Tumor Response as n (%) n (%)
Assessed by Investigators (95% CI) (95% CiI)

42 (39.3) 29 (27.1)

All efficacy evaluabl tients”
y © patients (30.0, 49.0) (19.4, 36.1)

Subset of patients with 26 months

43.4 2 2
follow-up or have discontinued 76 S is, 9 (38.2)
study treatment (32.6, 54.9) (27.3, 50.0)

ORR=0bjective response rate

* Because of limited follow-up, 19 patients have only had 1 post-baseline tumor assessment

T PR+CR

F Confirmed Objective response: Complete or partial response determined on two consecutive
occasions >4 weeks apart




Combined PI3K and PTEN Status and Tumor Response in
Confirmed HER2+ Patients™

PI3K Mutation or No. with Objective = Objective Response
PTEN Decreased N Response Rate (95% CI)

Yes 15 3 20.0 (5.7-44.9)

No 16 7 43.7 (19.7-70.1)

Unknown 38 14 36.8 (22.6-53.5)

* Includes only patients who were efficacy evaluable; Response by Independent Review

Yes: patients who have PI3K mutation or decreased PTEN expression
No: patients who were PI3K wild-type and with normal PTEN expression
Unknown: patients with no tissue sample available or with uninterpretable assay result




HSP90 as a Therapeutic Target

Chaperone protein

Required for the maturation and
stabilization of client proteins

Inhibition of HSP90 chaperone
function induces proteasomal
degradation of these clients

Key clients include:
HER2
- mutant p53

ER/PR/AR
- V-5re

AKT
- ber-abl

MET
- mutant B-RAF

Raf kinase
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Mamma Ca: metastasiert, HER2+
Trastuzumab-vorbehandelt: HSP90-Hemmung durch Tanespimycin
(17AAG)

Hemmung der HSP90-Chaparone-Funktion durch Tanespimycin bewirkt den
Proteasom-bedingten Abbau spezifischer Proteine (HER2, AKT, p53,...)

Kontrolle 17-AAg fiir 24 h

Modi Sh ASCO 2006




Mamma Ca: metastasiert, HER2+
Trastuzumab-vorbehandelt: HSP90-Hemmung durch Tanespimycin
(17AAG)

Progress unter oder nach adjuvant Trastuzumab: n=29 Pat

|
\

! !

Toxizitat : 29 Pat. Effektivitat: 21 Pat.

PR: 5 Patienten
MR: 2 Patienten
SD: 5 Patienten

Modi S. ASCO 2008 abstr. 1027




Neratinib (HKI-272): Irreversibler oraler
Tyrosinkinase Inhibitor

/m

Rezeptor EGFR/ erbB-2/HER2 \erbB-3 erbB-4

Tyrosin-
kinase
Domain

— Neratinib
Lapatinib (irreversibel)

(reversibel)




Phase 2: Fortgeschrittenes/Metastasiertes Mamma-CA
Design

fortg./met. MC Arm A: Vorher Herceptin
ErbB-2+ (FISH) (n = 66)

2-4 vorherige
Chemo wg. Arm B: Herceptin-naiv
Metast. (n_70)

Offen, multizentrisch
Primarer Endpunkt: Objective Response Rate (ORR)
Sekundare Endpunkte: Progression Free Survival (PFS), 16 week PFS rate

Burstein et al., San Antonio Breast Cancer 2008, abstr. 37




Phase 2: Fortgeschrittenes/Metastasiertes Mamma-CA
Design

ORR* PFS*

Vorher ORR (%) Median PFS

Herceptin (95% Cl) (Wochen) Je [PE i

Ja (A) 23

ORR: Objective Response Rate; PFS: Progression Free Survival
*interim data analysis; Independent Assessment

Burstein et al., San Antonio Breast Cancer 2008, abstr. 37




Mamma Ca
zielgerichtete Therapien

Anti-HER2

Trastuzumab, T-DM1, Pertuzumab, Tanespimycin,
Lapatinib

Anti-Angiogenese

Bevacizumab, mTOR-Inhibitoren, Axitinib, Pazopanib,
AMG 386




Block production
of VEGF

m-TOR inhibitors,
EGFR inhibitors
HDALC inhibitors

Mamma Ca
Antiangiogenese

Meutralize VEGF Block receptor
Hevacizumal, for VEGF

WEGF Trap Saorafenib
Sunitinib
AGOT AT 3R
Crz-101

HiFa

VEGF
Tumor cell

l

Inhihition of endothelial cell proliferation, migration,
and survival to block angiogenesis

Folkman J Cancer Biol Ther, 2003




SOLTI 0701: Sorafinib + Cap vs.
Placebo + Cap (Phase Il b,1st u. 2nd line)

SOR+CAP PL+CAP
N=115 N=114
Median PFS, 6.4 4.1

HR (95% ClI) 0.576 (0.410-0,809)
P=0,0006* PFS:

42% Riskoreduzierung Im Krankheitsverlauf ITT Population
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* One-sided |. Baselga

Therapielinie/Vorteil: Firstline HR 0,652; p= 0,0339; Secondline HR 0,498; p=0,0022)

Pressemitteilungen Bayer AG und Onyx Pharmaceuticals &7 und 10/2009), Baselga J. et.al.#SC_)LTI
Studiengruppe) Abstract ECOO/ESMO 2009, TIES: Trials to investigate the efficacy of soratenib in BC




SUN 1064: Sunitinib + Doc vs. Doc
18t-Line in fortgeschrittenem Brustkrebs

SUNITINIB | 4 woche
37.5 mg oral 1x tagl. Pause
an Tag 2-15 —

Docetaxel
75 mg/m?i.v. 1x (Tag 1)
- PERCYCLE
(3 Wochen)

Docetaxel
100 mg/m? i.v.
1x (Tag 1)

Primar: PFS __
Sekundar: ORR, DR, Sicherheit, QoL, Pharmako-Okonomie




AMG 386
Angiopoietin Inhibiting Peptibody:
Angriffspunkt: Angiopoeitin/Tie-2 Axis

Blood Vessel

Endothelial

. L )
Pericyte

* --.J.f;eﬂrr'cy!e-“.-.
_g ) PDGF-BB Adhocion

e Studien:

— RCC, Ovarialkarzinom, HER2-negatives Mammakarzinom,
NSCLC




RADOO1 beim metastasierten MammacCa




Growth factors

Oxygen, energy, « IGF-1, VEGF, ErbB, etc

and nutrients

Ras/Raf,
Abl, ER

I'4
‘ Protein production

- \
etabolism 1
Growth and proliferation

HIF1/VEGF

RADOO1 hemmt den mTOR- Signalweg

MTOR ist eine intrazellulare
Serin/Threonin-Kinase im
PI3K/Akt-Signalweg

RADOO1 hemmt die mTOR-
Aktivierung

Die mTOR- Inhibition flhrt zur
Hemmung der
Proteinsynthese

RADOO1 unterbricht intra-
zellulare Prozesse, die durch
MTOR kontrolliert werden

— Zellstoffwechsel
— Zellproliferation

Angiogenesis __ Angiogenese




Everolimus single-agent Phase |l study of daily and
weekly dosing in advanced breast cancer (NCI-C
CTG trial)

« 48 patients with <1 prior therapy for metastatic disease’
— 33 received everolimus 10 mg/day

 1CR, 3 PR, 15 SD (4 HER2+) out of 30 evaluable pts, 13.3% ORR
(all ER+)

« Rash (G1-2 61%), cough (56%), stomatitis, nausea, and diarrhea (Gl-
Il 36% each). Neutropenia (67%).

* 16 received everolimus 70 mg weekly
« 0PR,4SD
« Rash (63%), cough (59%), diarrhea and nausea (53% each),

stomatitis (38%),
pneumonitis (41%), neutropenia (69%)

Everolimus has single-agent anti-tumor activity in pretreated patients
with metastatic breast cancer

Daily dosing with 10 mg appeared superior to 70 mg weekly schedule
in agreement with Phase | pharmacodynamic?2 and modeling studies*




Phase-I-Studie; RADOO1 / Paclitaxel /
Trastuzumab

HERZ2-positive Patienten mit Resistenz gegen Trastuzumab

Table 1. Baseline patient and disease characteristics.

Characteristic Everolimus  Everolimus Everolimus Everolimus
5 mg daily* 10 mg daily* 30 mg weekly® total®
(N=6) (N=11) (N=10) (N=27)

Median age 55 (42-61) 50 (30-70) 58 (52-75) 55 (30-75)
Years (range)

WHO performance : 3:8 4:6 11:16
status: 0:1

Number of previous
treatment regimens
Median (range) - 6 (4-11) 7 (1-26) 6 (1-26)

Prior trastuzumab 11 10 27 (100%)
Trastuzumab resistant 11 9 26 (96%)

Prior taxanes 10 9 25 (93%)
Taxane resistant 4 3 12 (44%)

*Patient numbers are as of September 26, 2008, and represent the total number of patients treated thus far

O’Regan et al., SABCS 2008. Abstract 3119P




Phase-I-Studie;: RADOO1 / Paclitaxel /
Trastuzumab

/7% Krankheitskontrolle bei stark vortherapierten Patienten

Table 4. Summary of overall efficacy results.

Best overall Everolimus Everolimus Everolimus  Everolimus
response’ 5 mg daily 10 mg daily 30 mg weekly total
(N=6) (N=11) (N=10) (N=27)

Complete response (CR) 1 0 0 1 (5%)°
Partial response (PR) 4 1 3 8 (36%)"
Stable disease (SD) 6 5 11 (50%)"

Disease control (DC)
CR/PR/SD =16 weeks 17 (77%)°

Progressive disease (PD)

Not evaluahle

Not yet available

*According to RECIST

*% based on evaluable patients (22 patients evaluable =5 + 8 + 9)

‘Including two patients with unconfirmed CR

“One patient had their PR evaluated at first assessment, 5 days after cut-off date

O’Regan et al , Presented at: SABCS 2008. Abstract 3119P



Phase-I-Studie: RADOO1 / Vinorelbin /
Trastuzumab

79% Krankheitskontrolle bei stark vortherapierten Patienten

Table 5. Summary of efficacy.

Best overall Overall Everolimus Everolimus Everolimus
response (N=37) 5 mg daily 20 mg weekly 30 mg weekly
(PFS — Weeks) (N=17) (N=6) (N=14)

Complete response 1 (3%)® 1 (55+) 0 0
Partial response 5 (15%)> 2 (19+, 45) 1 (39) 2 (16+, 26+)

Stable disease 21 (62%)* 9 (9+, 12, 3 (27, 9 (8+, 9+, 9+,
17+, 29, 29+, 55, 62) 9+, 19, 26,
32, 3G, 33, 45) 25, 50+, 58)
Disease control 27 (79%)= 12 (80%)= 4 (66%) 11 (85%)>
(CR/PR/SD;

Clinical benefit rate 17 (50%)° 8 4 5
(CR/PR/SD =6 months) (29+, 32, 36, (27, 39, 55, 62) (26, 26, 26+,
39, 43, 45, 55+ ) 50+, 58)

Progressive disease 3 2 2

Not evaluable 0 0 1

Not yet available 2 2 0 0

*% based on evaluable patients (34 patients evaluable = 15 + 6 + 13)

Fasolo et al , Presented at: SABCS 2008. Abstract 406PD




MTOR-Inhibition in Kombination mit
endokriner Therapie

IGF-1R, EGFR

« Kombination aus mTOR-
Inhibition und endokriner
Therapie reduziert die
Zellproliferation starker als die
Monotherapien

mTOR-Inhibition kann endokrine
Resistenz aufheben und hat
synergistische Effekte mit
endokriner Therapie




Letrozol in Kombination mit RADOO1

Neoadjuvante Phase-II-Studie bei HR+ Mamma-Ca

« 270 postmenopausale Frauen, ER-positives Mamma-Ca,
Tumor >2 cm

* 4 Monate Letrozol 2.5 mg + RADOO1 10 mg oder Placebo

Response RADO0O01 + Letrozol Placebo + Letrozol
n=138 n =132

Palpation 68.1% 99.1%

Ultraschall 58.0 % 47.0 %

* SAEsS 10.9% vs 4.5%

» Grad 3/4 AEs 22.6% vs 3.8%
(Stomatitis, Hyperglykamie, Pneumonitis, Fatigue, Thrombozytopenie)

Baselga et al. Poster #2066, SABCS 2007




PARP = Poly (ADP-Ribose) Polymerase

Hauptregulator des Reparaturmechanismus von Schaden in der DNA

DNA damage

Binds directly
to single strand
breaks

nicotinamide &

repair
enzymes

Once bound to
damaged DNA, PARP
modifies itself producing
large branched chains
of Poly(ADP-ribose)



Treatment Schema

Metastatic TNBC

RANDOMIZE |

BSI-201
Gemcitabine (5.6 mg/kg, IV,d 1, 4, 8, 11)
(1000 mg/m2, IV, d 1, 8) 21-Day Gemcitabine
Carboplatin* Cycle (1000 mg/m2, IV, d 1, 8)

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

RESTAGING
Post-Cycle 2 & every 6-8 wks

* Cross-over to gem/carbo+ BSI-201at disease progression allowed

O’Shaughnessy et al, Proc ASCO 2009 Abst #3




Carbo/Gem with a PARPi Improves PFS

PES (%)

100

80

60

40

20

Gem/Carbo Gem/Carbo +
(n=59) BS1-201 (n=57)

<.0001
0.342 (95% Cl, 0.200-0.584)

L
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| | |
0 1 2 3 4 65 6 7 8 9 10 11 12 18 14 15

PFS Months O’Shaughnessy, Proc ASCO 2009 Abst #3



Carbo/Gem with a PARPI Improves OS

100

80

60

40

Survival Probability (%)

20

Median OS = 5.7 vs. 9.2 months
P = 0.0005
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O’Shaughnessy, Proc ASCO 2009 Abst #3



Olaparib in BRCA1/BRCA2 carriers
with advanced refractory MBC

« Study Design
— Sequential cohorts of 27 patients

* 400 mg bid continuously

* 100 mg bid continuously (allowed to cross-over
to higher dose at disease progression)

— In higher dose cohort, two thirds had BRCA1
mutation

— Median 3 prior chemotherapy treatments, most with
exposure to anthracyclines and taxanes

Tutt et al, Proc ASCO 2009 Abst #CRA 501




Olaparib in Mutation Carriers

Olaparib (n=27) Olaparib (n=27)
400 mg bid 100 mg bid

Overall Response 41% 22%
CR 4%

PR 37%

TTP, months 5.7
[4.6-7.4]

Dose appears to matter
*Prior therapy did not impact response
Patients with both BRCA1 and BRCAZ2 responded to treatment

Tutt et al. Proc ASCO 2009 Abst # CRA 501




The Type 1 Insulin-like Growth Factor
Receptor (IGF-1R) Signaling Pathway

“Pollack et. al., 200



AMG 479 Background

 AMG 479 Description

— High affinity fully human monoclonal antibody (IgG1) against IGF-1R
blocks ligand binding (IGF-1 and IGF-2)

— No binding to human insulin receptor

« Biological Rationale

— IGF-1R is a transmembrane receptor kinase involved in the regulation
of cell proliferation and apoptosis. The estrogen receptor (ER) and IGF-
1R are co-expressed in a subset of ER positive breast cancers and
considerable data suggests that their signaling pathways are inter-
related.

eDisease Rationale

— IGF-1R & IGF are implicated in a wide range of human cancers

— AMG 479 inhibits tumor growth in preclinical xenograft models

« Hypothesis
— AMG 479 may have activity in IGF-dependant tumors




AMG 479 20060362 — Study Schema

AMG 479 Blinded
12 mg/kg) IV Q2W

End of Study
Treatment

Progressive
Disease

AMG 479 Unblinded or

Unacceptable
(12 mg/kg) IV Q2W Toxicity
or
Consent
Withdrawal

ICF SIGNED
SCREENING
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o
3
S
S
o
L
£
B
()
-
o)
c
o
-l

=)
2
©
[
c
o
S
R
k)
=3
2
k7]
<
£
S
=
12}
<
=
<]
£
©
<
e
a
=]
8
(2}
<
c
<]
£
%)
>
o
4
w

Safety Follow-Up Visi

AMG 479 Blinded
Placebo) IV Q2W

Long Term

]
Randomization Aromatase . . . . Safety Follow- Fpllow-Up
Inhibitor will be prescribed Treatment continues in 14 day cycles. Subjects who have disease up Visit Subjects who d

based investigator discretion, progression_will have randomization assignment determ_ined, and those occurs no not progress w
and prior antiestrogen regimen. who are in the control arm may cross over to the active treatment. sooner than 30 be followed uni

During randomization subjects to 37 days after disease
will be stratified based on last dose of all progression wit
Aromatase Inhibitor prescribed. y study treatment imaging studie
Treatment should commence during long-ter
within 3 days from follow-up
randomization

Screening Period up to
28 days.




