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Integration of Novel Therapy Into
Myeloma Management

Bortezomib, Lenalidomide, Thalidomide, Doxil

Target MM in the BM microenvironment to
overcome conventional drug resistance in vitro
and in vivo

Effective in Relapsed/Refractory, Induction,
Consolidation and Maintenance

Six FDA approvals and median survival
prolonged from 3-4 to 6-7 years, maintenance
adds at least 2-3 more years




Chromosomes and Prognosis
In Multiple Myeloma

Nonhyperdiploid worse prognosis than
hyperdiplo

1(11;14), hyperdiplody -standard risk
1(4;14), del(17p), del(13g14)-high risk

For novel treatments
Bortezomib, but not lenalidomide, can at
least partially overcome t(4;14), del(13914)-

del(17p) p53 remains high risk




Bortezomib and Lenalidomide Therapy

Lenalidomide induces caspase 8 mediated apoptosis o
MM cells in BM in vitro and in vivo; Dex (caspase 9 )
enhances response

Synergistic MM cell toxicity of lenalidomide (caspa se 8)
with Bortezomib (caspase 9>8) in vitro and in vivo (  dual
apoptotic signaling)

Phase |-l trials show that majority (58%) of patie  nts
refractory to either agent alone respond to the
combination

Phase I-Il trials show 100% response with 74% CR/VG PR
and 52% CR/nCR when used as initial therapy

Richardson et al JCO and Blood, 2010




Upfront Revlimid Velcade Dexamethasone
Best Resp, n (%) All pts (N=66) Phase Il (N=35)
19 (29) 13 (37)
7 (11) 7 (20)
18 (27) 6 (17)
22 (33)

(90% CI) (29, 50)

(90% CI) (56, 76) (59, 86)

(90% Cl) (96, 100) (92, 100)

* Response improvement seen in 42/56 pts (75%) from C 4-8 and 20/38 pts
(53%) beyond C8

* Median (range time to best overall response) was 2 .1(0.6,20) mos

Richardson et al, Blood 2010




EVOLUTION STUDY: MRD negativity
across arms

Response by
algorithm (overall
population), n (%)

VDCR
(n=42)

VDR
(n=42)

VDC VDC-mod

(n=32) (n=17) TOTAL

CR

MRD sampling

10 (24)

10 (24)

7 (22) 8 (47) 35

Patients 2CR providing
MRD sample, n (%)

10 of 10
(100)

7 of 10
(70)

4 of 7
(57)

Kumar et al, ASH 2010 abstr 621




Combinations in the Upfront Treatment of MM

OB Bm
o

@
i
=
Q
o
ul
i
i

FErcen

=TT |

=

VAD  TD RD PAD VID CVD RVD CVRD

Induction Regimen

Stewart AK, Richardson PG, San Miguel JF  Blood 2009




Clinical Impact of VTD Consolidation
In VGPR Patients After ASCT

Responses after ASCT Responses after VTD
VGPR 85% VGPR 49%
CR 15% CR 49%

anll» < B>

B VGPR B CR

Ladetto M, et al. J Clin Oncol. 2010;28:2077-2084.




Complete Response
are all the same?

Diagnosis 25,000 — 500,000
PR 5,000 — 100,000
VGPR 1,500 — 20,000
Immunofixation-negative CR 1,000 — 10,000
Immunophenotypic CR* 10 — 100
Molecular CR”? 5-20

*Paiva et al Blood 2009: 114;4369-72; ~Ladetto et al. J Clin Oncol . 2010;28(12):2077-84




Clinical Impact of Minimal Residual Disease

PFS in PCR-negative patients

Observed marginal medians of In_PCR values by status to progression

PCR POS
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Ladetto M, et al. ASH 2009. Abstract 960.




IFM/DFCI 2009 Phase 3 Study
Newly Diagnosed MM (SCT candidates)

Randomize

4

Induction lﬂb
CY (3g/m2)

. CY (3g/m2)
MOBILIZATION
Goal: 5 x10° celis/kg Collection MOBILIZATION

Goal: 5x10° cells/kg

Melphalan
200mg/m 2* + .
ASgCT Consolidation lﬂh

\4

Maintenance
SCT at relapse

Lenalidomide




MPR versus Mel 200mg/m ?4x 2

® 402 patients (younger than 65 years) randomized from 62 centers

® Patients: Symptomatic disease, organ damage, measur  able
disease

MPR

Six 28-day courses

M: 0,18 mg/Kg/d, days 1-
4

P: 2 mg/Kg/d, days 1-4
R: 10 mg/d, days 1-21

NO
MAINTENANCE

Rd*

four 28-day courses
R: 25 mg/d, days 1-21
d: 40 mg/d, days
1,8,15,22

MEL 200

Two courses
M:200 mg/m2 day -2
Stemcell supportday 0

MAINTENANCE

28-day courses until

relapse
R: 10 mg/day, days 1-21

Z0—-4A>N—-X00zZ2>»1H
Z0—4A>N—-=200z>»10R

*Thromboprophylaxisrandomization: aspirin vslow m olecular weight heparin
R, lenalidomide; M, melphalan; d, dexamethasone; P, prednisone

Palumbo A, et al. Blood. 2010; 116:[abstract 3573]. Updated data presented at ASH 2010.




Results

MEL200 P value

CR

> VGPR

PFS at 12 months

OS at 12 months

Palumbo A, et al. Blood. 2010; 116:[abstract 3573]. Updated data presented at ASH 2010.




Newly Diagnosed SCT Ineligible Patients

MPTL
N = 129

VMP?
N = 337

MPR3
N = 153

MPR-R3
N = 152

16%

30%

11%

16%

29%

Not reported

33%

32%

69%

71%

68%

7%

21.8 mos

21.7 mos

14 mos 4

31 mos*

Median follow-up

38.4 mos

36.7 mos

25 mos 4

25 mos*4

1Palumbo A, etal. Blood. 2008;112:3107-3114. 2Mateos MV, et al. J Clin Oncol. 2010;28:2259-66.
3 Palumbo A, et al. European HematologyAssociation1 5" Congress. 2010. Abstract 566.

4Palumbo A, et al. Blood. 2010;116:[abstract622]. Up dated data presented at ASH 2010 .
5>Mateos MV, etal. Lancet Oncology. 2010;11:934-41.
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Phase Ill study schema

51 centresin Europe, Australia, and Israel (N =45 9)

Cycles (28-day) 1-9 Cycles 10+

MPR-R Lenalidomide

Melphalan 0.18 mg/kg, days 1-4 continued

Prednisone 2 mg/kg, days 1-4 10 mg/day
Lenalidomide 10 mg/day p.o., days 1-21 days 1-21

MPR

Melphalan 0.18 mg/kg, days 1-4
Prednisone 2 mg/kg, days 1-4
Lenalidomide 10 mg/day p.o., days 1-21

Lenalidomide
(25mg/day)
+/- Dex

MP

Melphalan 0.18 mg/kg, days 1-4
Prednisone 2 mg/kg, days 1-4 Placebo
Placebo days 1-21

Z0—-—unuvmxuO®OxDT

Open-label extension and

Double-blind treatment phase
follow-up phase

Stratification by age (< 75 vs > 75 years) and ISS stage (1, 2, or 3)

Palumbo A, et al. Blood. 2010; 116:[abstract 622]. Updated data presented at ASH 2010.



Progression -free survival*

All Patients
60% Reduced Risk of Progression
Median PFS
— MPR-R 31 months
- VIPR 14 months
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HR 0.398
P < .0000001

HR 0.804
P =.153

10 15 20 25 30 35 40
Time (months)

Median follow -up 25 months
*Analysis based on dataup to May 2010

Palumbo A, et al. Blood. 2010; 116:[abstract 622]. Updated data presented at ASH 2010.




Landmark analysis
69% Reduced Risk of Progression

MPR Lenalidomide Continuous Therapy
100 -

—— MPR-R
—— MPR

~
o1
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HR 0.314
P <.001
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Palumbo A, et al. Blood. 2010; 116:[abstract 622]. Updated data presented at ASH 2010.
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Weekly Bortezomib Maintenance Therapy After
Bortezomib-Based Induction Regimens in Elderly
Newly Diagnosed Multiple Myeloma Patients

Niesvizky et al ASH 2010 abstr619

Maintenance:
35-day cycles
Cycles 14 Cycles 5-8 Cycles 9-13

Induction: 21-day cycles

VcD
Vc: 1.3 mg/m 2, days 1,4,8,11
D: 20 mg, days 1,2,4,5,8,9,11,12

Vc: 1.3 mg/m 2, days 1,4,8,11
D: 20 mg, days 1,2,4,5

VcTD , Vc: 1.6 mg/m 2,
Vc: 1.3 mg/m 2, days 1,4,8,11 e Lesugiin ® €y dads il days 1,8,15,22
T: 100 mg, days 1-21 1 109 [hfe]; Lt -
D: 20 mg, days 1,2,4,5,89,11,12 D' 20Mg, days 1,2,4,5 Rest period:

0 m91 a-ys 111111 ] days 23_35

VcMP

Vc: 1.3 mg/m 2, days 1,4,8,11

M:9 mg/m 2, days 1,2,3,4 of everyother cycle
P: 60 mg/m 2, days 1,2,3,4 of every other cycle

Interim anal;lis (IDMC) Interim analysis (IDMC)
[ASH 2009] [EHA 2010]



Summary

All three regimens (VcD, VcTD, VcMP) were active In
elderly patients with newly diagnosed MM

Maintenance with single-agent VVc post induction was well
tolerated

Vc maintenance resulted in increased =2VGPR rates in all
three arms

PFS appeared similar between the treatment arms in the
ITT population

Niesvizky et al ASH 2010 abstr 619




Targeting Growth of MM In the
BM Microenvironment

migration

Cell surface
targets

\

\

Cytokines
IL-6, VEGF
IGF1, SDF1a

BAFE APRIL
BSFE-3 N\

’

Cyclin-D

MEK/ERK

N
Smad, ERK

cytokines 1 NFxB

adhesion
molecules

g

Hideshima T and Anderson KC. Nat Rev Cancer 2002, 2

Bel-xL
%AK/STATB — ey

GSK-3p
FKHR
Caspase- 9
NFkB
MTOR
Bad

Survival
Anti-apoptosis

Cell cycle

Survival
Anti-apoptosis

Raf —» MEK/ERK — proliferation

Bcl-xL
NFkB —»| IAP

Survival
— | Anti-apoptosis

Cell cycle

Proliferation
Anti-apoptosis

Adhesion

= R

MUC-1 |
VCAM-1

Fbronectin  *+—> VLA-4 |nd

B cAM-1 >

927-37. Hideshima T et al. Blood. 2004;104:607-18 .




Elotuzumab/Len/Dex in Relapsed MM

* Elotuzumab targets CS-1 on MM cells; clinical trial
achieved SD but no responses

* Preclinical studies show len and elotuzumab trigger
synergistic MM cytotoxicity

* Phase 1: 82%, Phase 2: 81% ORR, 37% VGPR/CR

* Well tolerated 14% neutropenia,13%thrombocytopenia

* 10 mg/kg elotuzumab is recommended Phase 3 dose

* Phase 3 Randomized Trial of
Lenalidomide/Dexamethasone With or Without
Elotuzumab in Relapsed or Refractory MM in 2011

Richardson PG, et al. Blood. 2010:116;[abstract 986 ]. Lonial S et al. Blood. 2010:116;[abstract 1936]




Anti-BAFF MAD Inhibits Osteoclasts and
Prolongs Survival in SCID -Hu Model of MM

Control Anti-BAFF Ab-Treated

Survival in Days

Ab(+)
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Ab(-) P<0.05

4 LJ | L} L | L] L | r L |4
= &R & J0 72 0 = W = 1w

Days from treatment

Neri P, et al. Clin Can Res 2007; 13: 5903 .




Development of Personalized Medicine

Genes Correlated With Response (Bortezomib)

Response (CR +PR + MR) Nonresponse (SD + PD)

L f Fc alpha receptor

Hrk activator of
apoptosis

Cullin 4A

Hsp 90, 27

Programmed cell
death 10

Cancer/testis antigen 2
wmee | biquitin carrier protein

Richardson et al. N Engl J Med. 2003; 348:2609-2617




Anti-Sense -Hsp27 Restores Sensitivity in

Bortezomib -Resistant DHL4 cells

DHLA cells

+

IB:anti-Hsp27
S — Hsp70 %
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PS-341(10nM) oOh 24h 48h 72h
P5-341-realstant DHL4 cells

Chauhan et al., Cancer Research 2003, 3, 6174-6177 .




p38MAPK Inhibitor Enhances

Bortezomib-Induced Cytotoxicity

Clinical Trial of p38MAPK

I . MM.1S
Inhibitor and Bortezomib | IZID

H 0

(o]
o

P38MAPK

% control
N
(@)

N
o

[ ]
P38 MAPK |— R " 100
1 INNIDITOIS 200
MAP kinase-activated

(@]

0 5
protein kinase-2 Bortezomib (nM)

(|\/| APKAP K-2) Pat cells (Bortezomib resistant)

Hsp27 II T
0] 20 40

Hideshima et al, Oncogene 2004 , 23:8766-8776 Bortezomib (nM)

=
o
o

% control
D (0]
(@] o




Akt Inhibitor Perifosine Enhances
Bortezomib -Induced Cytotoxicity in MM Cells

Bortezomib

Bortezomib

0 4 8h
p-Akt T

Akt o1

apoptosis anti-apoptosis

8h

C B PP+B

CF
CF
C: control

B: Bortezomib (10 nM)
P: Perifosine (5 pM)

Perifosine ( pM)
ao
m>5
W75

0] 5 )

7.
Bortezomib (nM)

% control .
IS (o)) (0 0] (@)
() (@] (@)

o

N
o O

Hideshima et al. Blood 2006; 107: 4053-52




Perifosine/Bortezomib * Dexamethasone In

Relapsed/Refractory Myeloma: Phase /Il
* Long-term follow-up results of phase I/ll study (N = 73)

Patients ORR, % Median TTP, mo (range) Median OS, mo

A" 6.4 (5.3-7.1)
» Bort relapsed 8.8 (6.3-11.2) > 25

5.7 (4.3-6.4)

 Grade 3/4 AEs Iin =2 5%: thrombocytopenia, neutropenia,
anemia

Clinical trial of Bortezomib and perifosine versus
Bortezomib in relapsed MM ongoing for FDA approval

Richardson P, et al. ASH 2009 abstract 1869




PISK/AKT/mMTOR Inhibitors in MM

2 MR Target +/-Dex Bort + Dex Len +/- Dex

Perifosine AKT 38% 389 2 70903

Everolimus mTORC1 7%* 63%5

Temsirolimus mTORC1 37%5 47% 7 2498

1. Richardson P et al. ASH 2007. Abstract 1164; 2. R ichardson PG et al. IMW 2009. Abstract A349;
3. Jakubowiak AJ et al. IMW 2009. Abstract A347; 4. Guenther Aetal. ASCO 2010. Abstract 8137;
5. Mahindra AK et al. ASCO 2010. Abstract 8032;6. Farag SS etal. Leuk Res. 2009;33:1475;
7. Ghobrial IM et al. ASH 2010. Abstract 990; 8. Hof meister CC et al. ASH 2009. Abstract 2884.




EVALUATION OF CDKIs IN MM

CDKI ID/ Reported CDK Other Phase of References
code number activity kinase development
activity

|. Selective CDKs activity

Phase I/l in
PD 0332991 CDKA4,6/cyclin D L combination with Baughn L et al.
bortezomib and Cancer. Res.
dexamethason in 2006
R/R MM

[I. Multi-CDKs activity

CDK2/cyclin A \E Preclinical testing Raje N etal.
Seliciclib CDK7/cyclin H Blood. 2005.
CDKO9/cyclinT1

CDK1/cyclin B Phase | multicenter Raje N et al.
P276-00 CDK4/cyclin D . study in R/R MM Leukemia.
CDKO9/cyclinT1 (India) 20009.

[Il. Multi-CDKs and additional targeted kinase acti  vity

CDK1/cyclin B Phase I/ll alone Santo L et al.
AT-7519 CDK2/cyclin A, E GSK-3p and in combination Oncogene .
CDK4,6/cyclin D with bortezomib 2010
CDK7,9/cyclin H,
T




Effect of DAC on Histone and Non

Proteins

modulated
by DACs

Downstream

effects SUPPEgEaST
gene activity function aggresome form.

Cell motility and

Tumor Cell proliferation V invasion

effects

Apoptosis

-histone Proteins

HIF-1a HSP90

v
Cell proliferation and
survival

v

Angiogenesis




Blockade of Ubiquinated Protein Catabolism

Protein

OO

protein aggregates

(toxic)

% ‘ U 26S proteasome

HDAC6 | —

_I_ v.. 1 Bortezomlb

Panibinostat

vorinostat
Lysosome

Aggresome
HDAC6 gg
dynein —
Microtubule '

Autophagy

Hideshima et al, Clin Cancer Res:;2005; 11: 8530
Catley et al, Blood 2006; 108: 3441-9.




Panobinostat + Bortezomib to Inhibit Aggresome

and Proteasome in Relapsed Refractory MM
San Miguel et al, ASCO 2010
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ECR

All (N=47) BTZ refractory (n = 15)




WT161 is More Potent HDACG6 Inhibitor Than Tubacin

MM.1S

Tubacin WT161

I\ /l
3 10301C01031 3 uM

Ac-a-tubulin  ==p

IB: Ac-K



HDAC 6 Selective Inhibitor WT161
Enhances Bortezomib -Induced Cytotoxicity
In Patient MM Cells

MM1S Pat #1 Pat #2
C T 161 C T 161 C T 161

HDACE S e o - = -

Ac-a-tub - - - we
Alih D - e e o - .

Pat MM cells + WT161/Tubacin (24h MTT)

120
100 =1 OWT161 0 uM
S5 80 e OWT161 0.5 uM
S 60 EWT161 1 uM
®)
o 40 + T EWT161 2 uM
> 1 rl .
20 + - O Tubacin 0 uM
0 : . AL E 1 O Tubacin 0.5 uM

E Tubacin 1 uM

0 nM 2.5 nM 5 nM 10 nM .
B Tubacin 2 uM

Bort.
Hideshima et al, 2011



Bench to Bedside Translation
of HDAC 6 Selective Inhibitor ACY 1215

Orally bioavailable, highly potent, selective
Inhibitor of HDAC 6 synthesized in fall 2009

Synergistic MM cytotoxicity with Bortezomib
In vitro and in vivo

Favorable PK/PD, toxicity profile

Highly favorable FDA regulatory process from
pre-IND through IND allowance

Phase la/lb/ll clinical trial of ACY1215, alone and
with Bortezomib, beginning spring 2011




Lenalidomide-Based Novel Combination
Therapies: Additional Phase 1/MTD Studies —
Relapsed/Refractory Multiple Myeloma

CR/nCR, | 2VGPR,
% %

Combination 2 ORR, % MTD

* Not reached
CRd ¢ Maximum carfilzomib dose: 27 mg/m?

(n = 48)!

34 * Lenalidomide: 10-25 mg days 1-21

* Dexamethasone: 40 mg weekly

* Not reached

\VARD « Maximum vorinostat dose: 400 mg
(n/|\| = 30/31)2 * Lenalidomide:10-25 mgdays 1-21
* Dexamethasone: 40 mg weekly

* MTD reached:
RADO0O1 5 mg/day, days 1-21
Lenalidomide 5 mg/day,days 1-21

MTD reached:

Perofosine + Rd * Perifosine: 100 mg daily
50 13 « Lenalidomide: 25 mg, days 1-21
(/N = 30/32)*

» Dexamethasone: 40 mgweekly(cycles 1-4);
20 mg weekly (cycles 5+)

R + RAD0O1
(NN = 20/20)3

a Data are current asof the 2010 American Society of Hematology meeting;

studiesare ongoing.

CR, completeresponse; CRd, carfilzomib, lenalidomide, low-dose

dexamethasone;MTD, maximum tolerated dose; nCR, near complete 1. Wang M, et al. Haematologica. 2010;95(s2):157. [abstract 388].
response; NR, notreported; ORR, overall response rate; R, lenalidomide; Rd, 2. Richardson PG, etal. Blood.2010;116(21):813. [abstract 1951].
lenalidomide, low-dose dexamethasone; VGPR, very good partial response; 3. Mahindra AK, et al. Blood.2010;116(21):1258. [abstract 3051].
VLD, vorinostat, lenalidomide, dexamethasone. 4. JakubowiakAJ, etal. Blood.2010;116(21):1264. [abstract 3064].




Carfilzomib: A Novel Proteasome
(Chymotryptic) Inhibitor
Novel chemical class with highly selective
: : ) _ Tetrapeptide
and irreversible proteasome binding A

4

Improved antitumor activity with (\NAI/N\A
consecutive day dosing <S

Epoxyketone
No neurotoxicity in animals

Durable responses in relapsed and relapsed
refractory MM w/o neuropathy

Carfilzomib lenalidomide Dex versus lenalidomide
Dex phase Il trial for new drug approval

!Demo et al. (2007), Cancer Research, 67:6383  2Kjrk et al, (2008) Blood, 112: 2765 SiegeletalA SH 2010




Upfront Carfilzomib Rd

Best Resp, % (N=27)

SCR/CR/nCR 55
sCR 22
CR/nCR 33

2VGPR 70
2PR 96

*As of data cutoff date: 12 November 2010,

4 patients not evaluable for response

(2 did not complete 1 cycle, 2 response not yet
confirmed)

Jakubowiak etal, ASH 2010 abstr 862




MM-002 Study Schema
POM =x Low -Dose Dex in Relapsed and

Phase 1 (MTD) Refractory MM

Dose Discontinue

POM therapy 2 mg |Progressive disease (PD) | Option to add afnd fOIIOW'a‘de
(QD on days 1-21 of low-dose dex OF SUIVIV

a 28 day cycle) 3 mg or no response after (40 mg/wk) and

completion of 4 cycles S'tjrziﬁr?\girt]t

4 mg

5 mg
Phase 2 (Open Label)

Arm A PD Discontinue
and follow-up

POM (4 mg) /
+ low-dose dex T for survival

and
subsequent
treatment

Option to add
AmB low-dose dex
POM (4 mg) (40 mg/wKk)

RANDOMIZATION

Richardson et al, ASH 2010 abstr 864




Pomalidomide = Low -Dose Dex
In Relapsed and Refractory MM

* Manageable toxicity profile in heavily pretreated p ts

= MTD: 4 mg days 1-21 of 28-day cycle

= Most common hematologic G 3/4 AE: myelosuppression
* L ow incidence of G 3/4 PN and DVT

* Responses in heavily pretreated relapsed and refrac  tory pts
= Median lines of prior therapy: 6 in Phase 1;5in P  hase 2

= Phase 1:
2PR: 25%:; 2MR: 50%
Median DOR: 20.1 wks
Median PFS: 20.1 wks
Median OS: 79.6 wks
= Phase 2:
 2PR 25%; 2MR 38%
 Median DOR not reached

Richardson et al, ASH 2010 abstract 864




High-Throughput Screening of MM with
BMSCs to Define Optimal Single Agents/Combinations

b B
ik

g

ST L e A
Wﬁ :. Dex
l N —=&—No S
. o s sswoma
° 0.0 0.% 1.(; l.EI» 2.CI)
Dex (uM)
100
——No BMSCs
"_g » —4— +HS-5 stroma Doxo
Luc+ Luc- Myeloma + S 5
Myeloma cells Stromal cells Stromal cells (,5) ”e
N
\ \ \ 0 1 2 » # % o
Doxo (ng/mL)
No Signal 100 =
__ Bortezomib
E 0 - —=—No BMSCs
5 —4— +HS-5 stroma
N x|
N
McMillin et al. Nat Med 2010; 16: 483. K 0 20 » 0

PS-341 (nM)




Conclusions and Future Directions

1. Combination novel therapy represents a new
treatment paradigm in MM targeting the tumor cell
In its microenvironment which has markedly
Improved OR, CR, EFS and OS.

Next generation proteasome inhibitors and
Immunomodulatory agents show great promise.

Rationally-designed combination therapies (IMiDs,
proteasome inhibitors, HDAC inhibitors, and
MoADbs) will achieve durable CR in the majority of
patients.
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