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Strategies for future drugs

* Individualized therapy
. @
* Risk assessment “~

L

* Novel etiologies -

* Drug delivery & biopharma
* Chronobiology

* Novel biomarkers

* Supplemental & alternative medicine

* Tissue engineering



= Spending in 2016

Top 20 Classes, 42% Others, 58%
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- alty Top 20 Global Therapy Areas

Cncologics
il Traditional Antidiabetics

Asthma/COPD
Autoimmune

Lipid Regulators
Angiotensin I

HIV Antivimls
Antipsychotics
Vaccines
Immunostimulants
Anti-Ulkcerants
Anti-Epileptics
Multiple Sderosis
Platelet Aggregation Inhibitors
Narcotic Analgesics
Immunosuppressants
Contraceptives
Cephalosporins
Antivirals, excl HIV
ADHD

Source: IMS Institute for Healthcare Informatics, May 2012

$83-88Bn
$48-53Bn
$44-48Bn
$33-36Bn
$31-34Bn
$22-25Bn
$22-25Bn
$22-25Bn
$19-22Bn
$16-18Bn
$15-17Bn
$14-16Bn
$14-16Bn
$14-16Bn
$14-16Bn
$13-15Bn
$13-15Bn
$13-15Bn
$12-14Bn
$12-14Bn



Revenue-Generating Power
of Orphan Drugs

Orphan drugs =Treatment for rare diseases
Average Present Value (2010)
Ormphan Drugs=

5637Million

Non-Orphan Control Drugs=

$6.3 8 stion

Top 10 Orphan Drugs
409% Oncology Drugs
EALRP = $70 billion/per drug

609% Treat Other Diseases
EALRP = $41 billion/per drug

EALRP = Estimured Average Lifetime Revenue Soraotie

Compound Annual Growth Rate
(2001-2010)

Orphan Drugs
258% ©
Non-Ormphan Drugs

O AON T

Saurce:

Thomson Reuters Cortellis W 5' THOMSON ASUTERS

TOP REVENUE GENERATING ORPHAN DRUGS

GENERIC

NAME
Rituximab
Ranibizumab
Somatropin (epr)
Lenalidomide
Imatinib mesylate
Filgrastim
Glatiramer Acetate
Recambinant Factor VIII; Octocog aifa
Bosentan (monohydrate)

Bortezomib

THERAPY
AREA

Oncology
Ophthalmology
Metabaolism
Oncology

| Oncology

| Hematology

MsP
Hematology
Cardiovascular

Oncology

DISCOUNT PV
(B)

5154
B74
b62
P60
Ba2
$42
$40
$28
$27
$24

PRESENT DAY PEAK
SALES VALUE (B)

$7
$5
B3
$5
$5
$2
B4
$1
H2
B2

Source: Thomson Reuters Cortefiis




Spending by Geography

$1,175-1,205Bn

2011

B United States W Canada

= EUS W Rest of Europe
m Japan B South Korea

® Pharmerging m Rest of World

Source: IMS Market Prognosts, May 2012



4 Chart 29. Cardiovascular System Drugs Approved by the FDA (1980-2009).

Marketed Drugs, Linear Trend & 5 Year Moving Average

NMEs & BLAs
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| Deacline in FDA spproval of new antibiotic agents
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Chart 3b. Systemic Antibacterial NMEs
Approved by the FDA (1980-2009)

NMEs
20 - I Approved
17 B Marketed
B Priority Review
18 -
10 -
5 4
0 -

1980-1984 1985-1989 1990-1994 1995-1999 2000-2004 2005-2009

Marketed = Products still in the market in August 1, 2010
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Chart 27. Antineoplastic & Immunomodulating Agents Approved by the FDA
(1980-2009). Marketed Drugs, Linear Trend & 5 Year Moving Average
NMEs & BLAs
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Cardiovascular disease (CVD) deaths vs. cancer, 2005
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5'7HHC‘. Figure 3. Top five therapeutic classifications as
o advancing percentages of total prescribed drug expenses for
Health Gare. | adults age 18 and older, 2008
mMetabolic agents
o Central nervous systerm agents
mCardiovascular agents
B Gastrointesgtinal agents
g HPsychotherapeutic agents
L 40
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Source: Centerfor Financing, Access, and Cost Trends, AHRQ, Household and Pharmacy Components of the Medical Expenditure Panel Survey, 2008




Average of Relative Citations
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Fig 3. Top Ton Corddwimculyr Drogs, 2007, source Docision Rewouroes
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Appendix notes
v Largest products (U.S.:>=$500Mn, Others: Top 2-5) with protection expiries in the 2012-2016 period, listed in descending order by
Source: IMS MIDAS, May 2012 country sales in constant USS at 04 2011 exchange rates. Estimates of protection expiry from information available as of March 31, 2012.



Others
35%

Insulin sensitizer
2%

GK activator
3%
SGLT-2 inhibitor
4%

IL- receptor antagonist
4%

GSK-3 inhibitor_
1%

GLP-1 agonist
16%

11B-HSD1 inhibitor
2%

Insulin analogue
10%

DGAT- 1 enzyme inhibitor
2%
DPP-4 inhibitor
7%

[ sirr1 activator
2%

PPAR agonist
6%

AMPK activator
1%

GPCR agonist
5%



Pain anﬂ
inﬂammaﬁon

‘Dermatlogiaall

D :
‘Source: Medco, pharmaceutical firms, includes drugs
) &sz lﬁn&&mwmm:wm(



/ eart Fallu

2012

* Eplerenon

¢ Ivabradin

* Omega 3

* Coenzyme q









ASA ASA + ASA +
\\ Clopidogrel Ticagrelor

Reduction
in Ischaemic
Events

Increase
in Major
Bleeds

No t

Placebo APTC CURE PLATO
No Treatment Single Antiplatelet Rx
Antiplatelet Rx

Adapted from an educational program of ficagrelor.




Absolute Risk

Hazard Ratio 95% Confidence Interval
0.67 0.50-0.91




Table 1. Comparison among major P2Y 12 inhibitors.

Clopidogrel

Prodrug,
limited by
metabolization

SActivation

Receptor Binding Irreversible

Onset (50% IPA¥) 2—4 hour
Duration of effect 2—10 days
Mon-responder Yes
Withdrawal before major surgery S days

* 50% inhibition of platelet aggregaticn

Prasugrel

Prodrug,

MNOT limited by
metabalization

Irreversible
20 min
5—10 days
Mo

7 days

Ticagrelor

Active drug

Reversible
20 min
=—4 days
Mo

S days

Modified from the original table of Hamm C W et al. Eur Heart J 2001;: eurheartj.ehr225,
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Glycoprotein lib/llla receptor inhibitors

Inhibits the GP llb/llla receptor in the membrane of
platelets
Inhibits final common pathway activation of platelet
aggregation
Avalilable approved agents

» Abciximab (ReoPro)

e Eptifibitide (Integrilin)

e Tirofiban (Aggrastat)




Top 10 Biopharma Companies
pased on 2011 biopharma revenues

1

2
3
4
il
i
)
3
A
1

Roche

Amagen

Movo Nordisk
Merck Serono
Bawter BioScience
Biogen |dec

CsL Ltd.

Allergan

Alexion

Dendreon

537,110
515,582
512,400
b 243
56,053
b4,833
34,145
51993
783
5214




~ 2011 R&D Expenditures
/ Roche

Amgen

Movo Nordisk
Merck Serong
Blogen |dec
Baxter

Allergan

Cal Lid.
Alexion Pharma
Dendreon

—S O OO ] O LT e e e S

-

T

59,145
53,167
51,794
51,706
51,220
5946
5903
5322
B30
Br4




Comparison of Approved Fibrinolytic Agents

Streptokinase Anistreplase Alteplase
Reteplase
Dose 1.5 MU 30mg 100 mg 10U x 2
in 30-60 min in 5 min ingo min over 30 min

Bolus administration NO Yes No Yes
Antigenic Yes Yes No No
Allergic reactions Yes Yes No No
(mostly hypotension)
Systemic fibrinogen Marked Marked Mild Moderate
depletion
90-min patency rate ~50% ~65% ~75% ~75%
TIMI-3 flow 32% 43% 54% 60%
Mortality rate 7.3% 10.5% 7.2% 7.5%

Cost /dose (US) $294 $2116 $2196 $2196
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Drug-Eluting Stents - Pharmacology

Anti-Inflammatory
Immunomodulators

Anti-Proliferative

Migration Inhibitors
ECM-Modulators

Dexamethasone
M-prednisolone
Interferon y-1b
Leflunomide

Sirolimus (and
analogues)

Tacrolimus
Mycophenolic acid
Mizoribine
Cyclosporine
Tranilast
Biorest

QP-2, Taxol
Actinomycin
Methothrexate
Angiopeptin
Vincristine
Mitomycine
Statins
C MYC antisense

Sirolimus (and
analogs)

RestenASE

2-chloro-
deoxyadenosine

PCNA Ribozyme

Batimastat

Prolyl hydroxylase
inhibitors

Halofuginone

C-proteinase
inhibitors

Probucol

Promote Healing &

Re-Endothelialization

Many agents have
Multiple actions




Table 1. Types of Drug-Eluting Stents
Diameters  Lengths
Available  Avaitable
Manufacturer Series  Approval Platform (mm) (mm)  and Drug Trials

| [
£a)

Johnson Oypher 472303  316L stainless steel Bx 225,250, 8,13,  126-ym 3-layer coating (2-ym RAVEL,

& Johnson Velocity stent (140-ym stts, 275,300, 18,23,  Parylene C base coat. 10-m main SAPPHIRE,
and Cordis 1.1176-mm crimped peofile) ~ 3.50 28,33 coat of PEVA PBMA and sirolimus, and SIRILS
0.6-pm top coat of PBMA). 80% of
sirolimus elutes over ~30 days; re-
mainder refeased by end of 90 days

Boston Taws 3404 316Lstankess steel Bpress? 225,250, 8,12, 16-pm single-layer Transiute SBS oo ELUTES,
Scientific stent (132-pm struts) 275,300, 16,20, polymer (nonresorbable elastomeric) TAXUS A
350,400 24,28, coating containing paciitaxel, which and
32,38 elutes over ~90 days ASPECT
Boston lon 422/11  316L stainjess steet piatinum 225,250, 8,12, Triblock copolymer (composed of PERSEUS*
Scientific chromium alloy 81-pm stnds ~ 2.75,3.00, 16,20,  polystyrene and polyisobutylene
for diameters 225-350 mm, 350,400 24,28,  units) coating containing pacitaxel
86-pm stnuts for 4.00 mm) 32,3

Boston Promus 112211 L605 cobalt chromumalloy 225,250, 8,12,  PBMA PVDF-HFP, and everolimus; SPRIT*

Scientifc ML Vision stent (B1-pm stnts, 275,300, 15,18, 100% thug elution over 120 days
1.0668-mmstent profie) 350,400 23,28
Gudat  XeweV 7208 L605cobatchomumML 225,250, 8,12,  7.6-ym fucropolymer muliayer SPRIT
and Abbott Vsonstent @1-ymstuls) 275,300, 15,18, coating with 100 mogiem?
350,400 23,28  everoimus
Gudat  Xence 11211 L605cobaltchomumML 225250, 8,12 7.6-pm fuoropolymer multiayer SPRIT
andAbbott  Prime Vison stent B1-ymstnds) 275,300, 15,18,  coatng with 100 moglom?
350,400 23,28, everolimus
3,38

Medtronic Endeavor 2/1/08  Cobalt chrome Driver stent 225,250, 8,12, 4.3-ym phosphoryicholing coating ENDEAVOR
(91-pm struts) 275,300, 18,24, (includes zotarolmus) on
350,400, 30 1-um base coat
450

* TAXUS 1T ssed clogi o 250 my bid fov 26 mo. acid >75 mg, annmAul 212 mo

* PERSEUS triel wiod "&HU M z6mwl’mWM h%m%ﬁnmm
'mmmmﬂm ammaf.imadqmu ﬁrl-ma[
MCTAS&JMM@MTME [d‘kvl &thFP' MM(M
M)‘PEVAWWM)PVDFM: MRA Retndorsized seudy By

it the rreament of patiesty teith de g0 native coromery artery Lesions; Mhmmnmncﬂ Mﬁvamuy
srial: SIBS: sobutylene-bspyrenc); SIRIUS: V%M&M ‘et ik TAXUS II: pucl TANekolUing Seent k-l

Source: a1, 925,35,




BioMatrix™: Abluminal Release
Biolimus A9™ / PLA 50:50 mix

. Nevo™: Sirolimus-Eluting Stent

) Bioresorbable PLGA polymer
Exclusively housed in reservoirs

—

Abluminal Drug/

Polymer Layer Genous™-DES Technology:
Rapamycin (5 ug/mm) applied in
biodegradable SynBiosys™
polymeron the abluminal side




Worldwide Coronary Stents Market by Type,
Unit Volume Shares, 2008

B Drug-Eluting
= BMS
® Absorbable

Worldwide Coronary Stents Market by Type,
Unit Volume Shares, 2017

B Drug-Eluting
= BMS
# Absorbable




Asia/Pacific Coronary Stents Market,
2008-2017

antiill

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

$ Millions

®m Drug-Eluting = Bare Metal m Bioabsorbable







Hypertension update

low dose ACE
inhibitor

continue Calcium channel or
treatment

) beta-blocker
controlled

@ uncontrolled
increase
e tIne dose

controlled @ uncontrolled

reduce initial add |_0W_-dose
drug dose thiazide

controlled
uncontrolled

o2 ey nncre_ase lst.dr}lg
treatment continue thiazide
controlled &5 uncontrolled

compliance?
secondary cause?
if not already used,

add ACE imhibitor

% uncontrolled

add another anti-adrenergic
drug (clonidine);

sequential
withdrawal of
drugs while
retaining control

controlled

vasodilator (hydralazine)

Calcium channel blocker
(if not already used)




Receptor Subclasses

IOM-CHAMMNEL-LINKED RECEFPTOR

plasma
membrane

G-PROTEIN-LINKED RECEPTOR

signal molecule
-~

G protein activated activated ” 2
enzyme G protein enzyme

(C) ENZYME-LINKED RECEPTORS

signal molecule A--_,M
in form of a dimer

N\
inactive catalytic a\ctive catalytic
domain domain







Orally and parenterally
available

Hepatically metabolized and
eleminated

Peak plasma level 0.3-1h
after oral administration

Less pro arrythmic than
other PCO’s

Antiplatelet activity
Antioxidant activity

Immunomodulating
properties




New mechanistic approaches to
chronic stable angina

Rho kinase inhibition (fasudil) Metabolic modulation (trimetazidine)

SN CHS\O C=-|3
P
O
~ QLK
3

SO,=N NH N\)\H

Sinus node inhibition (ivabradine) Preconditioning (nicorandil)
O=NO
HsC O O CH : N_/_ 2
ol O
H,C O CH, Z\ocH, N-= 0

Late Iy, inhibition (ranolazine)

@ir ”ﬁj



Ranolazine: Most recent Anti-
anginal

Piperazine derivative
Anti-ischemic effect

‘ A
Latel,, | 7% '\

without effect on heart L e
rate or blood pressure [
Inhibits late I slowly | car- Overtoad
inactivating component of sodium \
Current) — reduce \ Electrical Instability
Intracellular calcium Mockamical Dysfunction
. Abnormal Contraction and Relaxation
and sodium overload # Diastolic Tension

Angina 2012



High Heart Rates Predict Hypertensive Mortality
Framingham Study (36-Year Follow-up Data)

ol

Cause of death

m CHD

B CVD
m All causes

i
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< 66 65-74 T6-84
Heart Rate (beatsimin)

n = 2 037 hypertensive males; 2493 hypertensive females
CHD = coronary heart diseass; CVD = cardiova sculsr disensa

Gilman MW el al. Am Hearf . 1883, 125:1146-1154.




Chronobiology

Peak Times of Cardiovascular Complications
» Sudden death’ E
» Acute myocardial infarction’
» Typical angina pectoris?
» Silent ischemia’
» Total ischemic burden’
* Ischemic stroke?

« Variant angina pectoris (2 AM-4 AM)“
» Platelet aggregability>©

1. Muicaty D ot o). Lancel. 19882(8614).755-759; 2. Tayler CR ot ). Am Heert J. 15691 18:1006-1099,
3. Matler JR of al. Stroke. 186920473476, 4. Ogawa H et al. Citulstion. 1589.80(6):1617-1626, 5. Portaluppt F

ot al. In: Whie WS, od, Bicod Pressure Manttoring in Cardiowve scufar Mecicine and Therapeutics, Tolowa, NJ:
Humana Press. 2000,104-110; 6. Tofer GH et al. N Engl J Med, 1887,316:1514-1518

> 6 AM-noon




Hypertension and Diabetes
./ \\
T Glomerular capillary pressure .
1 Proteinuria T Coronary artery disease

T Renal disease risk / risk

ACE-l + Non-DHP CCB

;

Reduce blood pressure
Reduce heart rate
Reduce proteinuria

.

Reduce cardiovascular risk
and renal disease progression

ACE-| = ang ctensin-converting enzyma inkbitor; Non-DHP CCB = non-dihydropyriding calcium channel
blocker




Albuminuria

Associated with myocardial infarction and
stroke

Reflects endothelial damage

Part of the cardiometabolic syndrome

Progression of micro-* to macroalbuminuria
predicts progression of renal disease

*Microalbuminuria: 30-300 mg/d




Anticoagulant

' v

xamit Factor Xa
Target epoxide Factor Il o
reductase |

Administration Oral Oral Oral Subcutaneous

Ximelagatran®
Dabigatran
etexilate
AZD-0837




Dabigatran and renal function:atriakfibrillation  _—7

-

Renal function CrCl Dabigatran Dabigatran

(m L/min) (Europe, e.g. Germany) (US)

Normal 80> 150 mg bid 150 mg bid
Mild 80- 50 No adjustment No adjustment
impairment necessary necessary

Moderate 50-30 110 mg bid dose No adjustment
impairment reduction in pts necessary

with Tbleeding risk

Severe renal 15-30 contraindicated
impairment
Renal failure <15 contraindicated not recommended

Pradaxa ® product information US 2010 and Germany 2011

© Charité, R. Kreutz



Rivaroxaban: indication specific dosing

Indication Dosing schedule

VTE prevention after major orthopaedic surgery

5 weeks (elective hip replacement surgery) 10 mg od

2 weeks (elective knee replacement surgery) 10 mg od

Treatment of DVT and prevention of recurrent DVT

and PE
Days 1-21 (3 weeks) 15 mg bid
Day 22 and onwards* 20 mg od (CrCl >50 ml/min)

15 mg od (CrCIl 15-49 ml/min)#

Stroke prevention in patients with non-valvular AF*

Continuous administration 20 mg od (CrCl >50 ml/min)
Continuous administration 15 mg od (CrCIl 15-49 ml/min)#

#In patients with CrCL 15-29 ml/min, limited data indicate that rivaroxaban plasma concentrations are significantly increased, therefore, rivaroxaban should
be used with caution (a reduced dose of 15 mg od) and the benefit-risk should be assessed before initiating rivaroxaban in these patients
AF, atrial fibrillation; bid, twice daily; CrCl, creatinine clearance; DVT, deep vein thrombosis; od, once daily; PE, pulmonary embolism; VTE, venous

thromboembolism.



. First FDA 1 Lipophilic or | Manufacturer and

Brand name | Generic name approval Half-life lipophobic detlvation

: Less than ; o Merck,
Mevacor Lovastatin 1987 S hotirs Lipophilic natural compounds
Zocor Simvastatin* 1991 Ly Lipophilic [eci

2 hours natural compounds

. . . Bristol-Myers Squibb,
Pravachol Pravastatin 1991 2 hours Lipophobic natural compounds

3 Less than ; 7 Novartis,
Lescol Fluvastatin 1993 2 Houra Lipophilic synthetic

- ; ! e Pfizer,

Lipitor Atorvastatin 1996 14 hours | Lipophilic synthetic
Crestor Rosuvastatin 2003 19 hours Lipophobic IR Rhannaseuticals,

*Low-dose pill approved for over-the-counter sales in U.K.

synthetic



Stem Cell therapy

Blastocyst

| nipotent & y
Morula 4 el
Oocyte : ™ A
@\ - ' €' el = Human Fetus

Sperm ¢

Pluripotent ™ ¢
Innes Mass Cells ¢

/I

A o\*

Circulatory System

Nervous System

Unipotent



http://en.wikipedia.org/wiki/Image:Stem_cells_diagram.png

HOW IT WORKS

Guspected heartattack patient\ [4. Cellsare removed from bon)

is referred to cardiology marrow in the patient’s hip
departmentto have under local anaesthetic
angioplasty 1. This is when a

balloon and stent in a catheter
are fed through arteries to
the blockage that caused

the heart attack

blockage the
balloon is inflated,
opening up

the stent

5. These are taken to
- a lab where muscle
stemcellsare ==

3.Balloonis .9 6. Theyare then injectedinto
deflated, leaving 2 artery where they travel to the
stent in place to keep ~__heart torepair the damaged
artery open to improve heart muscle. All this is done
\flow of blood within five hours of the attack /







1

1

Table 1 — Non-insulin agents available for treatment of diabetes in the United States

Route of

Drug class administration  Advantages Disadvantages
Biguanides Oral Effectively lowers HbA, _, Gl complaints, minimal risk of
(metformin) low cost, does not cause lactic acidosis (contraindicated

weight gain in patients older than 80 y and in

those with elevated creatinine levels)

Sulfonylureas Oral Available as generics Can cause weight gain
{tolbutamide, glyburide, {low cost)
glipizide, glimepiride)
Disaccharidase inhibitors  Oral Do not promote weight Flatulence, abdominal discomfort,
(acarbose, meglitol) gain; safe in patients with diarrhea; relatively high cost

renal failure; reinforce

carbohydrate restriction

through averse response
Thiozolidinediones Oral May preserve beta cells Cause fluid retention (sometimes
(rosiglitazone, from ongoing destruction leading to heart failure); stimulate
pioglitazone) accumulation of adipose tissue
Meglitinides Oral Rapid disappearance time Much shorter duration of action than
(repaglinide, results in lower risk sulfonylureas; thus, these agents must
nateglinide) of hypo&lycemk: than be taken before meals; moderately

with sulfonylureas high cost
GLP analogs Parenteral May result in progressive Nausea (often severe); must be
(exenatide) weight loss in some patients  injected twice daily; high cost
Amylin analogs Parenteral Weight loss can occur Nausea; unpredictable hypoglycemio;
(pramlintide) high cost
DPPV inhibitors Oral No prominent side effects, Does not lead to weight loss; high cost
{sitagliptin) low risk of hypoglycemia

HbA, . glycosyloted hemoglobin; GLF, glucagonlike peptide; DPPIV, dipeptidyl peptidase IV
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Source: The Diabetes Market Outlook to 2011




2 of diabetics starting oral antidiabetic treatment

Years 2001

2002

2003

2004

2005

2006

40 - .
30

2008

¥ Other combinations

u Thiazelidinediones

B Glinides

¥ Metformin/thiazolidinediones
¥ Biguanide s/sulfonylureas

u Sulfonylureas

" Metformin



Table 1: Antidiabetic Agents with Reported Hepatotoxicity

Class Drug (Trade Name)
Sulfonylureas First-generation:
Chlorpropamide (Diabinese)
Tolazamide (Tolinase)
Tolbutamide (Orinase)
Second-generation:
Glimepiride (Amaryl)
Glipizide (Glucotrol)
Glyburide (DiaBeta, Glynase, Micronase)

Alpha-glucosidase inhibitors  Acarbose (Precose)

Biguanides Metformin (Fortamet, Glucophage, Riomet)

Thiazolidinediones (TZDs) Pioglitazone (Actos)
Rosiglitazone (Avandia)
Troglitazone (Rezulin)*

* No longer available; prlled from the ULS. market i 20000,






