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* 1 Development of Aliskiren and review of
Renin-angiotensin system
« 2 Some clinical data about aliskiren



Classic understanding of the Renin
System
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Gibbons GH. 1998; Adapted from: Miiller DN & Luft FC. 2006



3 Available Approaches to
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Why Renin Inhibitor?

* Renin determines the rate-limiting step of
synthesis of angiotensins.

* ACE escape
 Aldosterone breakgthrough



ACE Escape

Renin and Ang | accumulate during ACE inhibition, and might
overcome the ability of an ACEI to effectively suppress ACE
activity.

There is also data suggesting that 30 — 40% of Ang Il formation in
the healthy human during RAAS activation is formed via renin-
dependent, but ACE-independent, pathways.

Moreover, ACE gene polymorphisms contribute to the modulation

and adequacy of the neurohormonal response to long-term ACE

Inhibition, at least in patients with CHF (up to 45% of CHF patients

gavga elevated Ang Il levels despite the long-term use of an ACEI) or
labetes.

Expert Opin. Pharmacother. (2007)



Aldosterone Breakthrough

The most important agonists for ALDO secretion are
Ang I, potassium, adrenocorticotropic hormone
(ACTH) and endothelin-1.

Aldosterone polymorphism

Increased endothelin in patients of CHF
LDL stimulation on mesengial cell

AT?2 receptor dependent

Expert Opin. Pharmacother. (2007)



Renin

* Renin iIs an aspartyl protease synthesized as
prorenin, a proenzyme that contains an
additional 43—amino acid N-terminal fragment.

* In human, pro-renin level is about 10 fold of
renin but its activity is <3% of renin.

* Renin has high substrate specificity, and its
only known substrate is angiotensinogen.

J. Clin. Invest. 109:1417-1427 (2002).



Renin and Prorenin

non-proteolytic proteolytic

inactive prorenin

Low PH 3.3, low temp 4C

J Hypertens, 2006. 24(3): p. 529-34.
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Regulation of Prorenin

* Prorenin may be secreted in constitutive pathway
or regulated pathway.

* In the constitutive pathway, prorenin is secreted
from JG cells constitutively.

* In regulated pathway, prorenin is converted to

renin (by proconvertase 1 and cathepsin B) In
dense secretary granules in the JG cells and stored.

Renin is secreted upon cellular stimulation.

Nephrol Dial Transplant. 2007 May;22(5)
Hypertension. 1996;27:514-517



Secretion of Renin

} BLOOD VOLUME ,
The enzyme 1s secreted by the
tsYM.NERVE  JARTERIAL  }DELIVERY TO kldneys.from specialized cells
ACTIVITY PRESSURE  MACULA DENSA called juxtaglomerular (JG) cells

Jr,ffﬂr 1n response to:

(1) A decrease in arterial blood
pressure

(2) A decrease in sodium chloride
levels 1n the ultra-filtrate .

(3) Sympathetic nervous system

N
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Angiotensin Metabolism

Liver

10 11
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Aliskiren

X-Ray Crystallographic Representation of Aliskiren
in the Binding Complex With Human Renin

Renin molecule consists of 2 homologous lobes with the active site located in
the cleft between the 2 lobes. Aliskiren occupies a specific subpocket in the
cleft and blocks the enzymatic function of renin.

2010/12/22 a2k

The catalytic activity of the
active site is due to 2 aspartic
acid residues, 1 located in
each lobe of the renin
molecule.

A key component of the
active site is a distinct
subpocket (S3sp), which is
specific to renin and unique
among the aspartate
proteases .

The active site can
accommodate 7 amino acid
units of the substrate,
angiotensinogen, and cleaves
the Leul0-valll peptide bond
within angiotensinogen to
generate angiotensin | (A l).

J Am Coll Cardiol 2008



Binding Sites for Aliskiren to Renin
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Nature Reviews Drug Discovery
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Timeline | Milestones on the pathway to aliskiren

Braun-Menender et al. and Page
et al. discover hypertension and
anglotonin (later called anglotensing

Lin and Goodfriend 1588-1901: Vartous synthetic
Idemtify anglotensin renin inhikltors are described
receptors inviiro with oral activity In animals

Tigerstedt and Bergstrom
discover that an extract

from the rabbit kidney
cortex Increases blood

pressura and call the
active substance renin

Skeqggs partlally purifies
angiotensinogen

Goldblatt Induces
hypertension by renal

arteny restriction inthe dog

First publications of
peptide-like renin inhibltors
I

The first non- peptide

Alikiren enters
clinical development

anglotensin |l recaptor
blockers are described

First marketing approval
In the United States and
In the Eurcipean Union

1989 1547

Radio-iImmunoassays First threa- dimensional First time hypertensive
fior renin are structures of renin are elucidated patlents are treated
described using X-ray technigues with aliskiran

Skeqgqs et al. elucidate
anglotensin | and I, and postulate
the presance of the anglotensin-

comverting enzyme (ACE)

2010/12/22

X-ray crystal structure of
recomixnant fuman renin
reveals the active site

ACE Inhibitors are
described by Cndettl,
Rubin and Cushmann
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Development of Aliskiren

Liead

Registration
u:Ienti‘Fu:aru::-n> nptirnnzar|0> F‘hase{:> sl > Ll > R >andmarketin>

! Movartis |Ciba—Geigy)
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| Lead identification and eptimization |

| Animal pharmacology

Phase | clinical development:
= Single-dose safety and tolerability

Phasa | linical development

= Multiple dose safety and tolerability
= Pharmacodynamic and pharmacokinetic
relationships

Phase Il clinical development

= Procf of concept in monotherapy

= Proof of concept in co-administration

= Dose range finding and dose selection

= Safety and tolerability in diabetic
nephropathy and congestive heart failure

Development of a commercially viable
manufacturing process for aliskiren

Phase Il elinical development
= Confirmation of dose ange finding

Phase Il clinical development

= Monotherapy efficacy

= Ethnic considerations

= Co-administration with antihypertensives

= Safety in patients, co-morbidity and
co-zdministration with other drugs

= Surrogate markers in end-organ protection

| Scaling-up of manufacturing process

Registration and marketing

» Linited States of America

= European Union

= Switzerland and other countries

Figure 1 | Aliskiren: from bench to marketplace. The discovery and optimization of aliskiren using X-ray crystallography
techniques, biochemical and animal pharmacological characterizationwas performed at Ciba—Ceigy™*. A single-dose
safety and tolerability study was performed in healthy subjects that showed the potential of the compound. However,
the synthesis of aliskiren remained a central problem — it was simply too expensive for the marketplace. Novartis out-
licensed the compound to Speedelin 1999 for Phase | and Phase |l development and to invent a new synthesis process.
Speedel successfully overcame this major technical hurdle, whichwas critical for advancing the development of aliskiren.
Dwring the pericd 1999-2002, Speedel also established the clinical efficacy of aliskiren in over 500 subjects with mild-to-
moderate hypertension in 18 Phase | and Il trials and selected the doses to be used later in the Phase lll studies. Nowvartis
licensed back the compound in June 2002, The subsequent clinical programme carried out by Novartis. which included
over 8,000 patients, provided the evidence for the safety and efficacy of aliskiren in treating hypertension, leading to its
regulatory approval in the United States and Europe in 2007.
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Nature Reviews Drug Discovery
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ACEls and ARBs cause
compensatory rises in PR

4 )

e Glomerular
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Secretion of Renin

} BLOOD VOLUME ,
The enzyme 1s secreted by the
tsYM.NERVE  JARTERIAL  }DELIVERY TO kldneys.from specialized cells
ACTIVITY PRESSURE  MACULA DENSA called juxtaglomerular (JG) cells

Jr,ffﬂr 1n response to:

(1) A decrease in arterial blood
pressure

(2) A decrease in sodium chloride
levels 1n the ultra-filtrate .

(3) Sympathetic nervous system
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Direct renin inhibition acts at the point of activation of
the Renin System and neutralizes the PRA rise

4 )

Direct renin inhibitor

Glomerular
vasoconstriction
e [nflammation
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Unlike ACEIs and ARBs, Aliskiren reduces
Ang I, Ang Il and PRA

Direct renin inhibito

( )- soneloh.

Ang | Ang I Renin PRA

ACE| T J T T

ARB ™ ™ ™ T

Aliskiren \l/ \l/ /]\ \l/
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Clinical Research

The dose—response relationship of aliskiren in decreasing

BP.

Its efficacy as monotherapy

Its efficacy in combination with other antihypertensives agents.
The safety and efficacy of aliskiren in various patient

populations (the elderly, different racial groups, diabetic patients,
obese patients and patients with reduced renal and hepatic
function).

The pharmacokinetics of aliskiren and the potential for drug—drug
interactions.

Its effect on surrogate markers of end-organ disease, such as
diabetic kidney disease and congestive heart failure.



Clinical Research

The dose—response relationship of aliskiren in decreasing
BP.

Its efficacy as monotherapy

Its efficacy in combination with other antihypertensives.

The safety and efficacy of aliskiren in various patient

populations (the elderly, different racial groups, diabetic patients,
obese patients and patients with reduced renal and hepatic
function).

The pharmacokinetics of aliskiren and the potential for drug—drug
interactions.

Its effect on surrogate markers of end-organ disease, such as
diabetic kidney disease and congestive heart failure.
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Does Response in The Range of 150-
600 mg/day

O Placebo

A Aliskiren 150 myg
® Aliskiren 300 mg
W Aliskiren 600 mg
A |rbesartan 150 mg
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Figure 3. Effect of study treatment on trough mean sitting DEP
and SBP throughout active treatment phase in patients with
mild-to-moderate hypertension. Data represent absolute mean H ;
values of (a) trough sitting DBEP and (b) SBP at 2-week intervals Circulation 2005
after treatment with placebo, aliskiren 150, 300, or 600 mg or
2010/12/22 irbesartan 150 mg. Data are presentéd, a5 migan+SEM.



Safety and Tolerability

TABLE 5. Safety and Tolerability of Study Treatment

Adverse Event by Placebo  Aliskiren 150 mg  Aliskiren 300 mg Aliskiren 600 mg  Irbesartan 150 mg
MedDRA Class (n=131) {n=127) in=130) {n=130) (n=134)
All adverse events 42(32.1) 34 (26.8) 47 (36.2) 43(33.1) 49 (36.6) Most common side effects are
—— Discontinuztion because of 3 (2.3) 5(3.9) 4(3.1) 3(23) 322 headache , dizziness and diarrhea
adverse event
Blood/lymphatic 0{0.0) 1(0.8) 0 (0.0) 0(0.0) 1(0.7)
Cardiac 2(1.5) 2(1.6 0 (0.0) 2 (1.5) 1(0.7)
Ear/labyrinth 1(0.8) 1(0.8) 5 (3.8) 0(0.0) 32.3)
Eye 1(0.8) 0(0.0 0(0.0) 2 (1.5) 1(0.7)
Gastrointestinal 5(3.8) 5(3.9) 12 (9.2) 12(9.2) 9(6.7)
General 5 (3.8) 2(1.6 B (4.6) 9(6.9) 5 (3.7)
Immune system 1(0.8) 0(0.0) 0 (0.0) 0(0.0) 1(0.7)
Infections 14(10.7) 8(6.9 4(3.1) 8(6.2) 11(8.2)
Injury/procedures 0{0.0) 2 (1.6 1(0.8) 1(0.8) 2(1.5)
Investigations 1(0.8) 2 (1.6) 0 (0.0) 2 (1.5) 1(0.7)
Metabolism/nutrition 1(0.8) 2(1.6 0 (0.0) 1(0.8) 1(0.7)
Musculoskeletal 4(3.1) 8(6.9 12 (9.2) 1077 11(8.2)
Nervous system 12(9.2) 8(6.9) 13 (10.0) 10077) 9(67)
Psychological 8(6.1) 3(2.9) 2 (1.5 2 (1.5) 2(1.5)
Renal/urinary 0{0.0) 2 (1.6) 0 (0.0) 0(0.0) 2(1.5)
Reproductive 2(1.5) 0 (0.0 3(2.3 1(0.8) 0{0.0)
Respiratory 5(3.8) 4(3.1) 5 (3.8) 4(3.1) 6 (4.5)
Skin/subcutansous 2(1.5) 2 (1.6) 5 (3.9) 3(2.3) 2(1.5)
Surgical procedures (0.0 1(0.8) 0 (0.0 0(0.0) 1(0.7)
Vascular 1(0.8) 1(0.8) 2 (1.5) 2 (1.5) 1(0.7)

Data are presented as the number (%) of patients reporfing adverse events. . .
P Jore poriing Circulation 2005
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Aliskiren Monotherapy Does Not Cause Paradoxical Blood
Pressure Rises

Meta-Analysis of Data From 8 Clinical Trials

Alice V. Stanton, Alan H. Gradman, Roland E. Schmieder, Juerg Nussberger,
Ramesh Sarangapani, Margaret F. Prescott

T—Angiotensin receptor blockers, angiotensin-converting enzyme inhibitors, and diuretics all cause rea t
renin concentration, but pﬂI‘thl]'ElI"}f hlgh levels have been reported with aliskiren. This [:lln:-m[znt:3u:L?z:l?"a:l;lr:':n5
that blockade of plasma renim act fing 1o paradoxical increases in blood

pressure. This meta-analysis of data from 48?? patients from 8 randomized. double-blind, placebo- and/or active-

controlled trials examined this hypothesis. The analysis focused on the incidence of paradoxical blood pressure increases

above predefined thresholds, after =4 weeks of treatment with 300 mg of aliskiren, angiotensin receptor blockers

(300 mg of irbesartan, 100 mg of losartan, or 320 mg of valsartan), 10 mg of ramipril, 25 mg of hydrochlorothiazide,

or placebo. There were no significant differences in the frequency of increases in systolic (=10 mm Hg; P=0.30) or

diastolic (=5 mm Hg; P=0.63) pressure among those treated with aliskiren (3.9% and 3.1%. respectively). angiotensin

receptor blockers (4.0% and 3.7%). ramipril (3.7% and 2.6%), or hydrochlorothiazide (4.4% and 2.7%). Increases in

blood pressure were considerably more frequent in the placebo group (12.6% and 11.4%:; P<20.001). None of the 336 patients

with plasma renin activity data who received 300 mg of aliskiren exhibited an increase in systolic pressure =10 mm Hg that

was associated with an increase in plasma renin activity =0.1 ng/mL per hour. In conclusion, the incidence of blood pressure

increases with aliskiren was similar to that during treatment with other antihypertensive drugs. Blood pressure nises on

aliskiren treatment were not associated with increases in plasma renin activity. This meta-analysis found no evidence that

aliskiren uniquely causes paradoxical nises in blood pressure. (Hyperfension. 2010;35:00-00.)

Key Words: ACE inhibitor m aliskiren m angiotensin receptor blocker m direct renin inhibiter -m diuretic
m renin m plasma renin activity
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Clinical Research

The dose—response relationship of aliskiren in decreasing

BP.

Its efficacy as monotherapy

Its efficacy in combination with other antihypertensives.

The safety and efficacy of aliskiren in various patient

populations (the elderly, different racial groups, diabetic patients,
obese patients and patients with reduced renal and hepatic
function).

The pharmacokinetics of aliskiren and the potential for drug—drug
interactions.

Its effect on surrogate markers of end-organ disease, such as
diabetic kidney disease and congestive heart failure.



Day time

Night time

Aliskiren Combined with Thiazide,
Ramipril and Irbesartan
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Plasma Renin Activity After Aliskiren and
Combination with Thiazide, ACEIl and ARB
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Aliskiren Combined with Valsartan

PRC |
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Aliskiren 300mg Valsartan 320 mg O Aekrenhabarn
\ / 60
40 2531
A 1542 1540 1542 1537 B
. 160 £ 20
i:" s2 62 45 55
E o I
—_ n-51 n-51 ! 59 ' ~60
.S - ‘E
-46 z
2
Sys -10 S PRA B
o 204 128§
=
=
-15 — =130 -12-8 = )
*t “t E e
— £ 135 7 S o7
=172 = 061
_2p , 053
—U 130 T T T 1 047 049
Q 2 4 1 a 030"
C 1005 1003 100-4 1001 D 013%
o 5 U0 —0— Placebo ° T T T
I . ne51 =51 59 60
_E —"— Aliskiren
E wg{ —O— valsnan Aldo
i g - <{3-- Aliskiren/valsartan
-41 ‘?,
Dia 3
J = C 1964
o0 - = 1832 =
ot -g‘ : 05 - 1704
122 = 1445)] 1542
| O Placabo (n-455) : = 127-6**
[ Aliskiren (n-430) -
[ Valsartan {n-453) L. Mz
g A [ Aliskiren/fvalsartan {n=438) a0 ' ' 1 Y
] 2 4 & 2
‘Week
Figure 2: Effect of study treatments on (A, B) mean sitting systolic blood pressure and (C, D) mean sitting
diastolic blood pressure
Datain (&) and (C) are presented as the least-squares mean (SE). *p<0-0001 vs placebo. $p<0-0001 vs aliskireny
valsartan combination. Data on s-oes of (A) and (C) are mean baseline blood pressures for the intention-to-treat 0 T r . .
population. n-51 n-51 59 61
Baseline Week 8 Baseline Week 8 Baseline Week 8 Baseline Week 8

Figure 4: Geometric mean (A) plasma renin concentration, (B) plasma renin activity, and (C) plasma
aldosterone concentration at baseline and at week 8

Data are geometric mean values and 95% CI. * p<0-0001 vs placebo. tp=0-0014 vs combination. $p=0-0002 vs
placebo. §p<0-0001 vs combination. §p=0-0003 vs placebo. ||p=0-0071 vs combination. * *p=0-0007 vs placebo.
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Aliskiren Combined with Valsartan

Placebo Aliskiren Valsartan  Aliskiren/valsartan
(n=458*) (n=437) (m=4E5) (n=446)
Adverss events
Ay adverse event 168 (37%) 149(34%) 167 (37%) 156 (35%)
Any serious adverse event 5(1%) B (2%) 6(1%) 3(07%) <
Discontinuations due to adverse events 10 (2%) 11(3%) 11(2%) T 2% R B
Maost frequent adverse events (=2% in any treatment group)
Headache 41(9%) 143%) 25 (5%) 19 (4%)
Masopharyngitis 92%) 16 (4%) 20 (4%) 12 3%)
Diziness O (2%) Bi2%) 11(2%) E(2%)
Fatigue 5(1%) 4{1%) 10 (2%) B(2%)
Mawsea 11 (2%) 6i1%) 7 (2%) 7(2%)
Laboratory abnormalities
Senem potassivmt
=35 mmod/L 7 (4%) 11(3%) 20(4%) 12 (3%)
=55 mmol/LE 12 (3%) 72%) 7(2%) 18 (4%) <T—
»6-0 mmal/L 6 (1%) 4(1%) 5(1%) 2 (0-5%)
Creatinine§
=17 6-B pmol/L L 1(0-2%) 2(0-4%) 4 (0-9%) <~
Blood urea nitrogens
»14-3 mmaol/L 0 1(0-2%) 1(0-2%) 0
Data are n {%). “0ne rendomised patient did not take double-blind medication before discontinuation. fm=445 for
placebo, 416 for aliskiren, 443 forvalsartan, 424 for aliskirenfvalsartan. $0f the 18 patients with increases in serum
potassium =55 mmol L during double-blind treatment, 13 had potassium concentrations within the normal range at
the end of the study without the need for treatment disvption. Sn=446 for placebo, 417 for aliskiren, 445 for
valsartan, 426 for aliskireny'valsartan.
Table 2: Safety and tolerability of study treatments

2010/12/22 R
Lancet 2007; 370: 221-29



Aliskiren significantly lowers BP when
combined with amlodipine 5 mg

Amlodipine 5 mg Amlodipine 10 mg W Aliskiren/amlodipine
150/5 mg
0
R Ry
-2 — — \ — \‘\\—
_4 —_— —_— h —
g —=4.84 \ -4.96 \
- 8.04 _& \
— O -8.46
-10 ** o 56 NN
-12 ll -10.98
-14 DBP SBP

Mean change from baseline in mean sitting BP at Week 6 (mmHg)

J. Clin. Hypertens. (2007).

**p=0.0002 and ***p<0.0001 vs. amlodipine 5 mg



Clinical Research

The dose—response relationship of aliskiren in decreasing

BP.

Its efficacy as monotherapy

Its efficacy in combination with other antihypertensives.

The safety and efficacy of aliskiren in various patient
populations (the elderly, different racial groups, diabetic patients,
obese patients and patients with reduced renal and hepatic
function).

The pharmacokinetics of aliskiren and the potential for drug—drug
interactions.

Its effect on surrogate markers of end-organ disease, such as
diabetic kidney disease and congestive heart failure.
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Aliskiren Reduce both SBP and DBP
Independent of Age

Aliskiren Reduces DBP Effectively Independent of Age

Age subgroup(years)

45— 55— 15— 55—
Eosali «45 <55 <5 65 15  «55 <63 263 45  «55 <65 263
calng
(mmHg) 100 100 99 98 100 99 99 98 100 88 88 58
0
-5 1 1 1 1 1 —
-47 c7
' 65
~10 —8.1 5 1 1 1 |
: 10.6

107 + s -10.
* L7 433 = 121923

-15 —prpraremT
B Aliskiren 150 mg
Aliskiren 300 mg

-20
Mean change from baseline in mean sitting DEP
after B-12 weeks (mmHg)

=p<0U000] vs placebo for the comresponding age subgroup
Gradman AH, of ol 2008

Values wnder bars reprecent basct sqguane mean reductions
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Aliskiren Reduces DBP Effectively Independent of Age

Age subgroup(years)

15— 55—

45— 55—
" 15 <35 <E5 =63 45 55 55
Epzoling
(mmHg) 145 152 154 159 147 150 155
0
-5 1
-45
-6.8
=10

265

i58

45
142

<53 285
155 158

-15 —prpraremT
B Aliskiren 150 mg
Aliskiren 300 mg

E

E

-155-15.4-15.4 "143
*

-20
Mean change from baseline in mean sitting 6P
after B-12 weeks (mmHg)

=p<0U000] vs placebo for the comresponding age subgroup
Values wnder bars reprecent basct sqguane mean reductions

o
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Gradman AH, of ol 2008



Aliskiren Reduce SBP and DBP
Irrespective of Male or Female

Aliskiren Reduces DBP Effectively in both
Men and Women

Aliskiren Aliskiren
Placebo 150 mg 300 mg Placebo 150 mg 300 mg
0
-5 — EEE— I
&
-85
w2x 114 -11.0
_15 E3 24 EE 3 _332-13
=20 Men - Women

Mean change from baseline in mean sitting DBP
after B-12 weeks (mmHg)
===p00001 vs placsbo

Walues wnder bars represent least squane mean reductions == standard error of the 1 Cfin Hypertens 2007

mean; values inarrows represent placebo-subtracted reductions

2010/12/22

k¢
U
i

i

Aliskiren Reduces SBP Effectively in both
Men and Women

Aliskiren Aliskiren
Placebo 150 mg 300 mg Placebo 150 mg 300 mg
0
-5 EEE—
s o
-7.2
-10
-11.4
-15 kk
-14.6
Edk
-20 Men

Mean change from baseline in mean sitting SBP
after B-12 weeks (mmHg)

===p00001 vs placsbo
Wahses wnder bars represent besst squane mean reductions == standard error of the
mean; values inarrows represent placebo-subtracted reductions J Clin Hypartens 2007



Aliskiren Reduce SBP and DBP
Irrespective of DM or not

Aliskiren Provides Effective DBP-lowering Aliskiren Provides Effective SBP-lowering
in Patients with Diabetes: Pooled Analysis in Patients with Diabetes: Pooled Analysis
Aliskiren {mg) Aliskiren (mg) Aliskiren {mg) Aliskiren (mg)
Placebo 150 300 Placebo 150 300 2 Placebo 150 300 Placebo 150 300
-5
-10
-10.1
FEE -11.8 -125
_ _ =132 L
15 = 15 *2 -148 = -15.2
FEE fr—
-20 -20
-25 — Patientswith diabetes ———— All patiernts _ -25 — Patientswith diabetes ———— All patiernts _
Mean change from baseline in mean sitting DBP Mean change from baseline in mean sitting SBP
after B-12 weeks(mmHg) after B-12 weeks(mmHg)
“=upl00] ve placebo Trglor A8, or ol 2007 “p0U0Y; *==pslU001 v placebo Trglor A8, or ol 2007

NI
KR
H

iy
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Aliskiren Monotherapy Results in the Greatest and
the Least Blood Pressure Lowering in Patients With
High- and Low-Baseline PRA Levels, Respectively

Alice V. Stanton!, Patrick Dicker? and Eoin T. O'Brien?

Hypertensive patients with low-baseline plasma renin activity with low-baseline PRA demonstrated small reductions or rises in

(PRA) are known to respond best to natriuretic drugs, and those PRA, rather than patients with medium-to-high baseline PRA. We

with high PRA respond best to renin-angiotensin system (RAS) confirmed that ambulatory BP-lowering responses to full dose
blockade. However, there has been recent speculation that blood aliskiren monotherapy were greatest and least among patients

pressure (BP)-lowering responses to the renin inhibitor, aliskiren, with high- and low-baseline PRA, respectively. However no such

might also be blunted in some patients with medium-to-high association was demonstrated during aliskiren combination

baseline PRA. It has been suggested that treatment resistance in therapy. With either monotherapy or combination therapy, no <—
these patients may result from excessive reactive increasesin renin ~ patientwith a baseline PRA >0.65 ng/ml/h was observed to have
secretion, such that aliskiren's blockade of PRA is overwhelmed. arisein both PRA and BP. We erefore, that thereis

In order to test for evidence in support of this hypothesis, we ence for one type of resistance to aliskiren—as wi

conducted a reanalysis of original data from three published blockers of the RAS, lesser BP-lowering responses to aI@
clinical trials of aliskiren. When aliskiren was administered as a In ith the least renin to block.

monotherapy, or in combination with other blockers of the RAS, Am J Hypertens 2009; 22:954-957 © 2000 American Journal of Hypertension, Ltd.

changes in PRA were closely correlated with baseline PRA. Patients

2010/12/22 a2k



Clinical Research

The dose—response relationship of aliskiren in decreasing
BP.

e Its efficacy as monotherapy

e Its efficacy in combination with other antihypertensives.

 The safety and efficacy of aliskiren in various patient
populations (the elderly, different racial groups, diabetic patients,
obese patients).

* The pharmacokinetics of aliskiren and the potential for drug—drug
Interactions.

e |ts effect on surrogate markers of end-organ disease, such as

diabetic kidney disease and congestive heart failure.
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Aliskiren demonstrates predictable steady-state
pharmacokinetics and no accumulation in healthy volunteers

Concentration after a single dose Concentration at steady state
Plasma concentration Plasma concentration
of aliskiren (ng/mL) of aliskiren (ng/mL)
300 300
200 - 200
100 100
0 : | | | | | | O [ | | | | | |
0 4 8 12 16 20 24 0 4 8 12 16 20 24
Time post-dose (hours) Time post-dose (hours)
Caucasian volunteers (n=19) Japanese volunteers (n=19)

Basic Clin Pharmacol Toxicol 2007



Aliskiren Has a Half-life of Approximately 40
Hours, Making it Suitable for Once-daily Dosing

Concentration (ng/mL)

1000

100

Mean (plus SD) plasma aliskiren concentration profiles
(n=30) after single oral administration of aliskiren to
healthy subjects, semi-logarithmic scale

10 | - 600 mg
300 mg
1 —d—- —e_ 150 mg
75 mg
01 I | | | | |
0 20 40 60 80 100

Time (hours)

90% of the absorbed dose was eliminated by the faecal route
and/less than0.6% was recovered in the urine:

Clin Pharmacol Ther 2006
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Maintenance of blood-pressure-lowering
effect following a missed dose of aliskiren,
irbesartan or ramipril: results of a
randomized, double-blind study

P Palatini', W Jung®, E Shlyakhto®, | Botha®, C Bush® and DL Keefe®

'Department of Clinical and Experimental Medicine, University of Padova, Padova, Italy; *Department of
Cardiology, Academic Hospital Villingen, Villingen-Schwenningen, Germany; *Scientific Research Institute
of Cardiology. Saint Petersburg, Russia; *Novartis Pharma AG, Basel, Swikzerland and *Novartis

Pharmaceuticals Corporation, East Hanover, NJ, USA

Most patients inadwertently miss an occasional dose of
antihypertensive therapy, and hence drugs that provide
sustained blood-pressure | BP) reduction beyond the 24-
h desing interval are desirablke. The primary objective of
this study was to com pare the 24-h mean ambulatory BP
reductions from baseline ater a simulated missed dose
of the direct renin inhibitor aliskiren, irbesartan or
ramipril. In this double-blind study, 654 hypertensive
patients (24-h mean ambulatory diastolic BP (MADBP)
=B85 mm Hg) were randomized 1:1:1 to enca-<daily aliski-
ren 150 myg, irbesartan 150 mg or ramipdl S5mg. Doses
were doubled after 2 weeks. At day 42, patients were
again randomized equally within each group 1o recaive
1 day of placebo (‘missed dose’) on either day 42 or
day 49. Patients with a successful 24-h ambulatory
BP measurement al baseline and on day 42/49 were
included in the analyses. The 24-h mean ambulatory
systolic BP (MASBP)/MADBP reductions from baseline
after a missed dose of aliskiren 300mg (9.37.0mm Hg)

2010/12/22
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were similar to irbesartan 300 mg (9.5/7.3mm Hg) and
significantly larger than ramipril 10mg (7.1/5.0mm Hg,
Pz 0.008). Loss of BP-lowering effect with aliskiren in
the 24h after a missed dose (1.0/0.7 mm Hg for 24-48-h
vs [0=24h MASEP/MADBP) was significantly lower
than with irbesartan (3.6/22mmHg, P=0.01) or ramipril
(4.002.6, P=0.0001). This equates to maintenance of
91/81% of the MASBP/MA DBP<owering effect with aliski-
ren, greater than irbesartan (737 726) or ramipril (64/657%).
The incidence of adverse events was similar across
treatments (32.9-36.0%), although ramipril treatment
was associated with an increased incidence of cough
{ramipril, 5.1%; aliskiren, 0.5%; irbesartan, 1.8%5). Aliski-
ren 300myg provided a sustained BP-Howering effect
beyond the 24-h dosing interval, with a significantly
smaller loss of BP-lowering effect in the 24-48h period
after dose than irbesartan 300mg or ramipril 10mg.

Jourmal of Human Hyperension (2010) 24, 93-103;
oot 10,1038/ hh. 2008.38; published online 21 May 2009
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B Aliskiren 300 mg (n = 1558)
& Irbesartan 300 mg (= 171)
® Ramipril 10 mg (7 = 152)
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No Dose Adjustment of Aliskiren is Necessary In
Patients with Renal Impairment

* |In patients with renal impairment:
— there was a modest (~2-fold) increase in exposure to aliskiren

— changes in aliskiren exposure did not correlate with the severity of renal
disease or with creatinine clearance

— steady-state clearance of aliskiren was 60—70% of the values for matched
healthy control subjects

— renal clearance of aliskiren predictably decreased with increasing severity of
renal impairment

— aliskiren was well tolerated
* Asrenal impairment has only a modest effect on aliskiren exposure,

adjustment of the aliskiren dose is not likely to be necessary in patients
with hypertension and renal impairment

Clin Pharmacokinetic 2007



No Dose Adjustment of Aliskiren is Necessary In
Patients with Hepatic Impairment

* |In patients with hepatic impairment:

— plasma concentration—time profiles were similar to those in matched healthy
subjects

— aliskiren exposure was similar to that in matched healthy subjects
— there was no significant correlation between aliskiren exposure and severity of
hepatic impairment
— aliskiren was well tolerated
* As the pharmacokinetics of aliskiren are not significantly affected by

hepatic impairment, and aliskiren has no significant hepatic metabolism,
dose adjustment of aliskiren will not be required in the treatment of
patients with hypertension and hepatic impairment

J Clin Pharmacol 2007



Aliskiren has a low potential for drug
Interactions

« Effects of other drugs on aliskiren:

— Co-administration of lovastatin, atenolol, warfarin, furosemide, digoxin, celecoxib,
hydrochlorothiazide, ramipril, valsartan, metformin and amlodipine did not result in
clinically significant increases in aliskiren exposure.

— Co-administration of atorvastatin resulted in about a 50% increase in aliskiren C,,, and AUC
after multiple dosing.

— Co-administration of 200 mg twice-daily ketoconazole with aliskiren resulted in an
approximate 80% increase in plasma levels of aliskiren. A 400 mg once-daily dose was not
studied but would be expected to increase aliskiren blood levels further.

» Effects of aliskiren on other drugs:

— Co-administration of aliskiren did not significantly affect the pharmacokinetics of lovastatin,
digoxin, valsartan, amlodipine, metformin, celecoxib, atenolol, atorvastatin, ramipril or
hydrochlorothiazide.

— The effects of aliskiren on warfarin pharmacokinetics have not been evaluated in a well-
controlled clinical trial.

— When aliskiren was co-administered with furosemide, the AUC and C_,, of furosemide
were reduced by about 30% and 50%, respectively.

Br J Clin Pharmacol 2004, Int J Clin Pharmacol Ther 2005, Clin Pharmacol Ther 2007, Clin Pharmacol Ther 2007,
Clin Pharmacol Ther 2006, J Clin Pharmacol 2006, Clin Pharmacol Ther 2007; Clin Pharmacol Ther 2007.
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Clinical Research

The dose—response relationship of aliskiren in decreasing

BP.

Its efficacy as monotherapy

Its efficacy in combination with other antihypertensives.

The safety and efficacy of aliskiren in various patient

populations (the elderly, different racial groups, diabetic patients,
obese patients and patients with reduced renal and hepatic
function).

The pharmacokinetics of aliskiren and the potential for drug—drug
Interactions.

Its effect on surrogate markers of end-organ disease, such as
diabetic kidney disease and congestive heart failure.
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Effects of the Oral Direct Renin Inhibitor Aliskiren in
Patients With Symptomatic Heart Failure
(ALOFT)

| 776 patients screened | 339 (52.9%) discontinued
264 (41.2%) abnormal test result
33 (5.1%) abnormal laboratory value
17 (2.7%) protocol viclation
Slngla-hrlj'nd 641 (100%:) patients entered 11 ;'1 ?%; S
io ingle-blind placebo run i :
P el bkl o il ol 11 (1.7%) withdrawal of consent
1 (0.2%) lost to follow-up
1 {0.2%) administrative prablems
| 302 patients | 1(0.2%) death
Aliskiren 150 mg, n = 156 (100%) patients | | Placebo, n= 146 (100%) patients
14 (9.0%) discontinued 11 (7.5%) discontinued
T (4.5%) adverse avent 4 (2.7%) adverse avenl
: 3 (3.2%) protocol violation 2 (1.4%) protocal violation
Double-blind
i Efm 1 1 (0.6%) death 2 (1.4%) death
P 0 (0.0%) abnormal laboratory value 1 (0.7%) abnormal laboratory value
1 {0.6%) withdrawal of consent 0 (0.0% ) withdrawal of consent
0 (0.0%) lost to follow-up 1 (0.7%) lost to follow-up
0(0.0%) administrative problems 1 (0.7%) administrative problems
142 (91.0%) completed | | 135 (92.5%) completed
2010/12/22 Ve 22
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BNP Lowered if Aliskiren was Added
to Standard Therapy for Heart Failure

Table 2.  Neurohumoral Measurements (Plasma Unless Stated Otherwise)

Baseline End of Study Ratio: End of
Study/Baseline Ratio:
Geometric Mean Geomeiric Mean Geometric Mean Aliskiren/Placebo

Neurchumoral Measura Mean+5D (95% CI) Mean=+5D (95% CI) (95% CI) (95% CI) P

NT-proBNP, povmL
Aliskiren 21582260 1389 (1159, 1664) 19152373 1087 (BBA, 1331) 0.73(0.57, 0.93) 0.75(0.61, 0.94) 00106 <
Placebo 21233858 1233 (1019, 1492) 2885+6393 1410 (1190, 1691)  0.96(0.75, 1.24)

ENP, pa/mL
Aliskiren 301 =269 204 (175, 240) 240307 135 (112, 163) 0.64 (0.48, 0.84) 0.75(0.59, 0.95) pot60 <
Placebo 273246 189 (162, 220) 261+272 168 (141, 200) 0.85(0.64,1.12)

Aldosterone, pmol/L
Aliskiren 334+364 208 (176, 247) 285281 184 (157, 216) 0.99(0.81,1.22) 0.99(0.93, 1.18) 09064 <
Flacebo 307316 190 (159, 226) 276+273 177 (149, 210) 1.00(0.82,1.23)

Urinary aldosterone, nmol‘d
Aliskiren 3843 24 (20, 28) 29+33 18 (16, 21) 0.81 (0.65, 1.00) 0.79 (0.66, 0.96) 0.0150 <
Flacebo Ir=4 2319, 27) 3 +33 21 (18, 24) 1.02 (0.82, 1.26)

Plasma renin concentration, ng/L
Aliskiren 69112 26 (20, 33) 185 =177 63 (49, &1) 261 (1.87, 3.63) 260(1.97,344) =000 <—
Flacebo 79120 31 (24, 39) 74116 28 (22, 37) 1.00(0.73, 1.38)

Plasma renin activity, ng-mL-"h—1
Aliskiren 73221170 1.80(1.32, 246) 1.61x347 0.42 (0.33, 0.54) 0.18(0.12, 0.26) 0.23(047,0.31) =00001 €—
Flacebo 838+1298 224165 3.08) 7T42+=11.54 2.04(1.50,2.786) 0.781(0.54,1.13)

2010/12/22 e 2%
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No Significant Adverse Event When Aliskiren
Added to Standard Therapy for Heart Failure

Table 4. Prespecified Safety Assessments and Adverse Events

Placebo Aliskiren
(n=146) (n=156)
Prespecified safety assessment, n (%)
Renal dysfunctiong 2(1.4) 30149
Symptomatic hypotensionts 2(1.4) 5(3.2)
Hyperkalemia 7 (4.8) 10 (6.4)
Any of the above) 11 (7.5 17(10.9)
Adverse events occurring in =3% of
patients, n (%)*
Masopharyngitis 427 6 (3.8)
Asthenia 2(1.4) 5(3.2)
Diarrhea 2(1.4) 5(3.2)
Hyperuricemia 2(1.4) 5(3.2)
Hypotension 1(0.7) 5(3.2)
Mausea 0 (0.0) 5(3.2)
Cardiac failure 6 (4.1) 4 (2.6)
Dyspnea 5(3.4) 319
Dizziness 5(3.4) 2(1.3)

Mo statistically significant differences were found in any assessment.

*In either freaiment group.

t0rthostatic hypotension (defined as a decrease of =10 mm Hg diastolic or
=20 mm Hg in systolic blood pressure when changing from the sitiing to the
standing position) occurred in 25 (17.4%) placebo-treated and 27 (17.4%)
aliskiren-treated patients at any time after randomization.

2010/12/22 Fisher exact test P for +1.0060,5564405, [)0.4989, and 10.3294: all

nonsignificant.

Circ Heart Fail. 2008



Patients with acute coronary syndromes and

elevated levels of natriuretic peptides: the results
of the AVANT GARDE-TIMI 43 Trial

Benjamin M. Scirica®?*, David M. Morrow!2, Christoph Bode?, Witold Ruzyllo?,
Mikhail Ruda$, Anthonius .M. Oude Ophuis®, Jose Lopez-Sendon’, Karl Swedberg?,
Michal Ogorek?, Nader Rifai'?, Valentina Lukashevich'!, Mojdeh Maboudian!,
Christopher P. Cannon'2, Carolyn H. McCabe'2, and Eugene Braunwald!?2

T Study Group, Cardiovascular Division, Brigham and Women's Hospital, 75 Francis Street, Boston, MA 02115, USA; Harvard Medizl School, Boston, MA, USA; *Medizinische
UniversitarsHinik, Freiburg, Germany, *Institiute of Cardiclogy, Warsaw, Poland; *Cardiclogy Research Center, Moscow, Russiz SCanisiud Wilhelmina Ziekenhuis, Nijmegen, The
Metherlands; "Hospital Universitario La Paz, Madrid, $pain; 3Sahb;renska Acaderny, University of Gothenburg Gothenburg Sweden; *Samodzielny Szpital Waojewsdzki, Piorkdw
Trybunalski, Poland; "Children’s Hospital Boston, MA, USA; and ""MNovartic Prarmaceuticals Corporation, East Hanover, N, LSA

Received 21 January 2010; revised 29 April 2010; accepted 11 May 2010

Aims Elevated natriuretic peptides (INPs) are associated with an increased cardiovascular risk following acute coronary syn-
dromes (ACSs). However, the therapeutic implications are still undefined. We hypothesized that early inhibition of
renin—angiotensin—aldosterone system (RAAS) in patients with preserved left ventricular function but elevated NPs
but following ACS would reduce haemodynamic stress as reflected by a greater reduction NP compared with

placebo.
Methods AVANT GARDE-TIMI 43 trial, a multinational, double-blind trial randomized 1101 patients stabilized after ACS without
and results clinical evidence of heart falure or left ventricular function =40% but with an increased level of NP 3—10 days after

admission to aliskiren, valsartan, their combination, and placebo. The primary endpoint was the change in NT-
proBMP from baseline to Week 8. NT-proBMP declined significantly in each treatment arm, including placebo, by
Week B, though there were no differences in the reduction between treatment strategies (42% in placebo, 44% in alis-
kiren, 39% in valsartan, and 36% in combination arm). Although several subgroups had higher baseline levels of NP and
greater reductions over the study period, there were no differences among treatment groups in any subgroup. There
were no differences in clinical outcomes but there were more adverse events, including serious events and adverse
events leading to early study drug discontinuation, in patients treated with active therapy.

Conclusion In this study of a high-risk population with elevated levels of MPs but relatively preserved systolic function and no evi-
dence of heart failure following ACS, there was no evidence for a benefit of early initiation of inhibition of RAAS with
wvalsartan, aliskiren, or their combination compared with placebo with respect to a reduction in NP over B weeks of
therapy. Moreover, adverse events were reported more frequently in patients assigned to active therapy.

Keywords Matriuretic peptides e Acute coronary syndrome ® Renin—angiotensin—aldosteron system

2010/12/22 a2k 2010 Eur Heart J



Plasma Renin Activity

Week 4 Week 8
{ratio Week 4/baseline) (ratio Week 8-LOCFMbaseline)

® - -® Placebo 0.42 0.49
B—8 Aliskiren 011+ 012+
A—A Vvalsartan 147 14 11514
®—@® Valsartan/Aliskiren 1.18 11§ 0.28 t4*
I P<0,0001 compared to placebo
2.0 - & P<0.0001 compared to akskiren
§ P=0.970 compared to valsartan
18 * P<0.0001 compared to valsartan
e 1.6
E A
> 14 +
c
£w
2y
U= 1.0 4
LR 7]
cE
z 8 0.8 -
g9
g © 0.6
= 0.4
a
0.2 4 =]
0.0 T T T 1
Baseline Week 4 Week 8 Week 8/LOCF
Week 8/
Baseline Week 4 Week 8
End of study
Geometric mean Geometric mean Geomatric mean )
(95% CI) (95% Ci) (95% CI) Geomatrio mean
(95% Cl)
Placebo 1.23 (1.00, 1.51) 0.54 (0.451, 0.656) 0.54 (0.45, 0.66) 0.60 (0.50, 0.72)
Aliskiren 1.26 (1.03, 1.54) 0.15 (0.131,0.163) 0.14 (0.12, 0.15) 0.15(0.14.0.17
Valsartan 1.30(1.07, 1.58) 150 (167,1.91) 1.46 (1.13. 1.89) 148 (1.15, 1.86)
Valsartan/
1.56 (1.29, 1.90) 166 (1.20, 2 14) 0.28 (0.23. 0 35) 0.37 (0.30, 0.46)
Aliskiren
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Blood Pressure Changes

B & 3B

.-

.

(&)
A

g

g

Mean Sitting Blood Pressure (mmidg
&

8

———h--—-—-—*

.__b‘-*———n

4. Systolc (BL 10 Week MLOCE) 4 Diastolic (BL 10 Week 8M.0CF)
AV mees g B e ]

® -9 Macebe 7 3

B0 Nekeen AT 0.1 1

Ry A Vabsartan an A

®——® Vahartar/Nssiren "’ ~05*
C PR L9)) oo pared ' P e TP oo pared % Pl o)
1L PR cempmnd ' plecebn LAY e pawed o phacwin
© P DO com paved Yo placebo © P DI cor pared Yo placebo

P

- — — — P w— — — )

Valsartan
Valsartary

Base e

1297
12675

2%

12877

Week 2 Week 4 Week & Week 8
Wees 2
Week 2 Week 4 Week & Week 8
End of Study

1077 = N man 15
12978 12076 12078 12876 12078
12575 e 12VTS 12976 172vre
12678 1207 e 12877 LFe a4

2010 Eur Heart J

N
fa
ol



BNP and NT-Pro BNP

Week 4 Week 8
[ratio Wk Vb aseling) (ratio Weeh 8LOCF baseline)

® - -® Placebo 0.86 0.58
B— Aliskiren 0.76t 0.561
A——A Valsartan 0.83¢ 0.61%
@—® Valsartan/Aliskiren 0.76§ 064§
1000
§
¢ compared to placebo: compared to placebo:
1Pv0.065 P03
£ 800 4 + PO .623 Pl 4E0
E §p=0217
§ 600 - &
| L]
:‘E~ L}
o 400 4
-3
P
:
g 200 4
&
=
2z
0 T
Baseline Week 2 Week 4 Week 6 Week 8 Week
8/LOCF
Week 8/
Baseline Week 4 Week 6 Week 8
End of study
Gecmetro mean Gaometne mean Geometic mean  Goomelnc mean
@ ©@5%Ch (85%C1 (©5%Cl) Geometnia mean
95%C1)
Placebo 834 (798, 980) 791(704, B89  619(544,704) 537 (471,612) 543 (480, 616)
Aliskiren 827 (744, 920) 673(594, 763)  552(480,635) 475(411,548) 497 (436, 567)
Valsartan 961 (849, 1088) 849 (740, 075) 646 (560,747) 563 (484, 658) 624 (541, 721)
Valsartan/
Aliskiren 912 (8186, 1020) 716(628, 882)  518(447,801) 520 (483,597) 508 (598, 684)

2010/12/22

4 Week 8 Week
(i Woch 4/Baselive)  {ratlo Wealk &L OCF/Basalins)
®--® Placebo 0.86 0.64
200 - B Aliskiren 0.75¢ 060t
A—A valsartan 0.85¢ 0672
©—8 valsartan/Aliskiren 0.76§ 0.68§
<
g comparedio placebo;  compared to placebo
150 1p=0.138 10411
Y < p=0.886 +p=0 622
g §p=0.147 §p=0.481
]
S 100
I ¢
E -
>
=
a 504
z
£
0 T T
Baseline Week 4 Week 8 Week 8/LOCF
i Week 8/
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Valsartan 142 (123, 162) 116 (99, 138) 87 (74, 102) 94 (81, 110)
Valsartan!
135 (119, 152) 99 (86, 115) 78 (67. 90) 90 (79, 103)
Aliskiron

K ER
250

2010 Eur Heart J



Aliskiren in the eValuation of prOteinuria In Diabetes
(AVOID) study — Study design overview

Randomization

Aliskiren 150 mg Aliskiren 300 mg
§
: +

Losartan 100 mg + optimal antihypertensive therapy

Open-label Double-blind
° > > @ >
3 months 3 months 3 months
* All patients continue to receive open- » Patients force-titrated after 3 months

label losartan 100 mg and optimal
antihypertensive therapy during the
double-blind period

2010/12/22 s

e All treatments administered once daily

NEJM 2008



AVOID
Population and Objectives

Study population:

* Patients with mild-to-moderate hypertension, type 2 diabetes and nephropathy
(UACR 200-3500 mg/g)

Primary objective:

 Change in UACR from baseline to study end with aliskiren when added to losartan
100 mg once daily and optimal antihypertensive therapy, compared with placebo

Secondary objectives included:

* Proportion of patients with 250% reduction in UACR at study end
e Effect of treatment on BP

« Safety and tolerability

UACR — urinary albumin-to-creatinine ratio NEJM 2008



Urinary Albumin Decrease Dose-dependently
but BP was Similar among Groups
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Impact of Baseline Renal Function on the Efficacy and Safety of Aliskiren
Added To Losartan in Patients with Type 2 Diabetes and Nephropathy

Impact of eGFR in the AVOID study

Frederik Persson. MD". Julia B Leuis MD?. Edmund J Lewis. MD3 Peter Rossing. DMSc L,
Norman K Hollenberg. PhD* and Hans-Henrik Parving. DMSc°, for the AVOID study
investigators™.

*The investigators who participated in the AVOID (Aliskiven in the Evaluation of Proteinuria in
Diabetes) study are listed in the Online Appendix available at http.//care.diabetesjournals.org.

Objective: Proteinuric diabetic patients with reduced GFR are at high risk of renal and
cardiovascular disease progression and treatment-related adverse events. This post-hoc analysis
assessed the efficacy and safety of aliskiren added to maximal recommended dose of losartan
according to baseline estimated GFR (CKD stage 1-3).

Research Design and Methods: In the AVOID study, 599 hypertensive patients with type 2
diabetes and nephropathy received 6 months® aliskiren (150 mg daily titrated to 300 mg daily
after 3 months) or placebo added to losartan 100 mg and optimal antihypertensive therapy.
Exclusion criteria included eGFR <30 ml/min/1.73 m® and serum potassium >5.1 mmol/L.

Results: Baseline characteristics were similar between treatment groups in all CKD stages. The
antiproteinuric effects of aliskiren were consistent across CKD stages (19%. 22% and 18%
reduction). In the stage 3 group, baseline serum creatinine levels were equal but renal
dysfunction. prespecified as a post randomization serum creatinine elevation >176.8. umol/1 (2.0
mg/dl) occurred more frequently in the placebo group (29.2% wvs. 13.6%. p=0.032). Serum
potassium elevations >5.5 mmol/l (based on a single measurement) were more frequent with
aliskiren (22.5% wvs. 13.6%) in stage 3 CKD. Adverse event rates were similar between
treatments, irrespective of CKD stage.

Conclusions: Aliskiren added to losartan reduced albuminuria and renal dysfunction and was
well tolerated, except for hyperkalemia (stage 3). independent of baseline CKD stage in patients
with type 2 diabetes, hypertension and nephropathy.
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Addition of Aliskiren to Losartan and Optimal
Antihypertensive Therapy was Generally Well Tolerated

during The Study
Optimal antihypertensive therapy +
Aliskiren Placebo
(n=301) (n=298)
Any adverse event (AE), n (%) 201 (66.8) 200 (67.1)
Any serious AE, n (%) 27 (9.0) 28 (9.4)
Discontinuations due to AEs, n (%) 17 (5.6) 19 (6.4)
Deaths, n (%) 0 2 (0.7)
AEs reported by 25% of patients in either treatment group, n (%)
Headache 18 (6.0) 11 (3.7)
Nasopharyngitis 18 (6.0) 15 (5.0)
Dizziness 15 (5.0) 10 (3.4)
Hyperkalaemia 15 (5.0) 17 (5.7)
Peripheral oedema 13 (4.3) 23 (7.7)

2010/12/22 e NEJM 2008



Effect of Study Treatments on
aboratory Values

Optimal antihypertensive therapy +

Aliskiren Placebo

(n=299) (n=297)

Potassium <3.5 mmol/L, n (%) 15 (5.0) 11 (3.7)
>5.5 mmol/L, n (%) 41 (13.7) 32 (10.8)

26.0 mmol/L, n (%) 14 (4.7) 5(1.7)
Creatinine >2.0 mg/dL, n (%) 37 (12.4) 54 (18.2)
BUN >40.0 mg/dL, n (%) 65 (21.7) 66 (22.2)

o incidence of serum potassium >6.0 mEg/L was numerically, but not significantly
reater with aliskiren compared with placebo (p=0.06)

BUN — blood urea nitrogen
Data a%ﬂfﬁﬁe/gged as number of patients with pre-specifieqﬁl%agggrmal
laboratory values at any time during the double-blind period NEJM 2008




ALiskiren in Left ventricul Ar hypertrophY
(ALLAY) — Study design overview

Randomization

Prior ACEI/ARB :
treatment: >

: Losartan 100 mg once daily
No prior ACEI/ARB>

treatment: .
;x\‘wmk\\ once daily
5 +

2 weeks

Screening & :
washout phase | Double-blind
—F b -o "

> or 12 weeks 2 weeks 34 weeks

*To a(}%sgg?lgfzflll()/go mmHg e

(<130/80 mmHg for patients with diabetes) Circulation 2009



ALLAY

Population and objectives
Study population:

Patients with a history of hypertension or newly diagnosed hypertension
(SBP 140 to <180 mmHg; DBP 90 to <110 mmHg), body mass index (BMI)
>25 kg/m? and left ventricular wall thickness >1.3 cm’
Primary objective:

To evaluate whether aliskiren/losartan combination therapy was superior
LVMI using CMR

to losartan monotherapy in reducing LVH, by measuring the change in

Key secondary objectives include:

Evaluate whether aliskiren monotherapy was non-inferior to losartan
monotherapy in reducing LVMI
Safety and tolerability

.2010/12/22 _
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Aliskiren/losartan Combination Therapy was Associated with lower BP
Compared with either Monotherapy at all Time points Post-baseline

Mean sitting BP (mmHg)
—— Aliskiren

150 -
—&— Losartan

145 - —&— Aliskiren/losartan
140 1 Systolic
135 1
90 A
85 Diastolic
80 | | | | | | | | | | | | | | | | | |

Baseline 1 2 4 8 12 20 28 36

2010/12/22 ﬁ;%yyﬁ,igek

G Circulation 2009



Effect on LVMI

Aliskiren/losartan Combination Provides an ~20% Greater
Relative Reduction in LVMI Than Losartan Monotherapy

Aliskiren Losartan Aliskiren,losartan

300 mg 100 mg 300/100 mg

-64
—_ 3 &%

Mean percentagechange from baseling? in VM| after 36 weeks' treatment (%)

IBasaline WM values —afiskiren 78 gfm®, losartan 78 g/m’, sliskirenfosartan 78 gim?
Estwsan-trastment analyses based on least-squares mean dota:
“pu0U0001 vs beeefine

*p0LD00L for non-inferiority ws losartan 100 P=0.52 vslomrtan 100w €— Circolation 2008

2010/12/22
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Greater Reductions in SBP are Associated with
Greater Reductions in LVMI

Change in SBP from baseline by quartile (mmHg)
<-16 -16to-5.7 5.7 to+47 47

Change in VM1 from baseline (g/m?)

Circulation 2000



No Evidence of an Elevated Incidence of Hyperkalaemia
with Aliskiren/losartan Combination Therapy

Aliskiren Losartan  Aliskiren/losartan
(n=154) (n=152) (n=154)
Serum potassium
<3.5 mEg/L, n (%) 12 (8.1) 11 (7.3) 7 (4.6)
([ >5.5 mEg/L, n (%) 4 (2.7) 5 (3.3) 5 (3.3) ]
>6.0 mEg/L, n (%) 3 (2.0) 1 (0.7) 1 (0.7)
BUN
>40.0 mg/dL, n (%) 1(0.7) 2 (1.3) 0
Serum creatinine
[ >2.0 mg/dL, n (%) 0 1 (0.7) 1 (0.7) ]

Data are shown for the safety population; BUN — blood urea nitrogen Circulation 2009



Conclusion (1)

1 Aliskiren is the first one drug of the new class of anti-
hypertensive drug (renin inhibitor)

2 It has a dose-dependent Bp lowering effect from 75 to
300mg.

3 The peak serum concentration happens 1-3 hours after
drug administration, and the half life is about 40 hours
(one missing dose will not affect the BP significantly).

4 90% of the drug is eliminated from the faces and no
dosage adjustment is needed in liver or renal failure
patient; no frequent severe adverse events.



Conclusion (2)

5 Patients with high baseline renin activity respond
to aliskiren better?

6 It will reduce BP further when combined with
thiazide, ACEI,ARB and CCB.

7 Similar effects among different age, gender, race,
with or without DM and obesity.

8 No significant drug-drug interactions.
( ; lasix, warfarin)

9 Aliskiren may improve some surrogate marker for
target organ damage (BNP, proteinuria).



