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Abstract

Objectives High blood pressure (BP) is a major risk factor for cardiovascular and
renal complications. A majority of treated hypertensive patients still complain of
high BP. The renin-angiotensin aldosterone system (RAAS) has been a centre-stage
target for all the cardiovascular and cardio-renal complications. Aliskiren, is the first
direct renin inhibitor (DRI) to be approved by the US FDA. Renin controls the rate-
limiting step in the RAAS cascade and hence is the most favorable target for RAAS
suppression.

Key findings This review article strives to summarize the pharmacokinetic, pre-
clinical and clinical studies done so far pertaining to the efficacy of aliskiren. Further,
the pharmacology of aliskiren has been comprehensively dealt with to enhance
understanding so as to further research in this unfathomed area in the multitude of
cardiovascular disorders and renal diseases.

Summary Aliskiren has been shown to have comparable BP-lowering effects to
other RAAS inhibitors. Recent clinical trials have indicated that it might contribute
significantly in combination with other agents for the protection of end-organ

Review

diseases.

Introduction

Hypertension is the foremost risk factor for cardiovascular
diseases, affecting more than one billion people worldwide.!"
Evidence suggests that the renin-angiotensin-aldosterone
system (RAAS) plays a vital role in the development of hyper-
tension, cardiac hypertrophy, reperfusion injury and end-
organ damage.”’ The juxtaglomerular cells in the afferent
renal arterioles secrete renin in response to low plasma
volume, reduced renal perfusion or increased sympathetic
nervous system activity.”! Renin cleaves angiotensinogen to
form the inactive decapeptide angiotensin I, which is then
converted by angiotensin-converting enzyme (ACE) to the
active octapeptide angiotensin II, that interacts with type-1
angiotensin receptors (AT,). This leads to vasoconstriction
and raised blood pressure, promoting adrenal aldosterone
secretion, renal sodium reabsorption and release of cat-
echolamines from the adrenal medulla and prejunctional
nerve endings.”

The role of renin is as a rate-limiting step in the conversion
of angiotensinogen to angiotensin I and hence preventing the
formation of angiotensin II in the RAAS cascade. Renin is,
therefore, the primary determinant of RAAS activity,””! and
RAAS control is an imperative target of prevention of end-
organ damage. ACE-inhibitors check the systemic effect of

angiotensin II by inhibiting ACE, while angiotensin receptor
blockers (ARBs) directly inhibit the binding of angiotensin II
to the receptor. However, both ACE-inhibitors and ARBs lead
to increase in plasma renin activity by blocking feedback inhi-
bition of renin release. B-blockers restrain the B-adrenergic
receptor-mediated release of renin from the kidney, which
only partially reduces plasma renin activity and the genera-
tion of angiotensin I1./

The interest in absolute blockade of RAAS at its origin
by inhibiting renin has existed for at least five decades. The
first synthetic renin inhibitor was pepstatin, which required
parenteral administration. Oral agents that were subse-
quently developed, such as enalkiren, remikiren and zankiren,
had limited clinical use because they exhibited poor bioavail-
ability, short half-lives and weak antihypertensive activity."”
Of late, aliskiren, has been found to be the first orally effective
direct renin inhibitor for the treatment of hypertension. The
goal of this review article is to discuss the experimental and
clinical studies of aliskiren and its potential use in the man-
agement of hypertension and other cardiovascular disorders
and related target-organ damage.

Relevant experimental and clinical studies were identified
by searching MEDLINE (from 1992 to Feb 24,2011) using the
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Figure 1 Chemical structure of aliskiren hemifumarate.

primary search terms aliskiren, plasma renin activity, renin-
angiotensin-aldosterone system, hypertension, safety study
and end organ protection.

Aliskiren

Aliskiren is the first of a new class of orally active, non-peptide,
low-molecular-weight direct renin inhibitors, and has been
approved by the US FDA as an antihypertensive drug.
Aliskiren has the chemical structure 2(S),4(S),5(S),7(S)-
N-(2-carbamoyl-2-methylpropyl)-5-amino-4-hydroxy-2,7-
diisopropyl-8-(4-methoxy-3-[3-methoxypropoxyl]-phenyl)
-octanamideandamolecularweight551.8 g/mol.®! Theactive
form of aliskiren is the hemifumarate salt'*'"' (Figure 1). It has
good water solubility (>350 mg/mlat pH 7.4), high hydrophi-
licity (log Poct/water = 2.45 at pH 7.4) and is resistant to bio-
degradation by peptidases found in the intestine, blood and
liver. 1011

Mechanism of Action

Aliskiren is a potent competitive inhibitor of renin (Figure 2),
but very poorly inhibits related aspartic peptidases.'*!
Aliskiren is reported to have half of the inhibitory concentra-
tion (IC50) of 0.6 nmol/l for both purified human renin and
human plasma renin.® In healthy human subjects, doses of
40-640 mg have exerted a dose-dependent reduction in
plasma renin activity, angiotensin I and angiotensin II lev-
els."*! Few studies have suggested that in lower doses, renin
inhibitors and ARBs might exert synergistic effects on the
RAAS.!"?

Potential Advantages of Aliskiren

over Current Existing RAAS Blockers
o Aliskiren is a highly selective inhibitor of renin and has

shown lesser side effects.!"”!

® Aliskiren prevents the formation of both angiotensin I and
angiotensin II and may offer a therapeutic profile distinct
from both ACE inhibitors and ARBs."*!

o Aliskiren does not obstruct the metabolism of bradykinin
and substance P into the inactive peptide kinin, therefore
side effects such as cough or angioedema that occur
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with ACE inhibitors are not likely to occur with aliskiren
treatment."!

® ARBs increase the level of angiotensin II and indirectly
stimulates angiotensin II subtype 2 receptor (AT,) that
contribute to cardiac fibrosis, an effect that does not occur
with renin inhibitors."*!

o Aliskiren produces effective blockade of RAAS without the
compensatory increase in plasma renin activity, while
ACE-inhibitors and ARBs inhibit negative feedback
mechanisms. This inhibition results in a reactive increase
in plasma renin activity (capacity of renin to convert
angiotensinogen to angiotensin I) that may lead to
increased generation of angiotensin I1.1"7

® After discontinuation of therapy no rebound hypertension
is reported with aliskiren.!®

o Aliskiren has a long half-life (23—45 h) and very high affin-
ity for renin, therefore provides sustained control of blood
pressure over 24 h.

® ACE-escape: ACE inhibition causes an increase in angio-
tensin I, which is then available for conversion to angio-
tensin II by ACE-independent pathways (chymase,
chymotrypsin and cathepsin G), not blocked by ACE
inhibitors. This is called ACE-escape.'®’ With aliskiren,
such a phenomenon is not observed.?*?!!

o Aliskiren is well tolerated in patients with hepatic impair-
ment.?!

® Renin receptors in the kidneys and vasculature are exposed
to interface with rennin, leading to direct activation of the
signalling pathway of pathogenic mitogen-activated
protein kinase (MAPK), which may start profibrotic con-
sequences. Therefore, it can be speculated that aliskiren
might provide additional protection over that provided by
other RAAS inhibitors.

Pharmacokinetics

Pharmacokinetic studies have been performed in marmo-
sets,!"” rats* and humans®?*! with single daily oral doses
of aliskiren. Aliskiren has been shown to have low oral
bioavailability—2.4% in rats, 16% in marmosets and about
2.5% in humans. When aliskiren is administered with food,
mean Cmax and AUC are reduced by approximately 81% and
62%, respectively, when compared with the fasting state.”””!
However, this does not affect the inhibition of plasma renin
activity. The apparent volume of distribution is reported to be
135 lin healthy volunteers, indicating extensive tissue uptake
of the drug.””’ Approximately 47-51% of aliskiren is bound by
plasma proteins in humans, independent of the concentra-
tion.”?! Aliskiren concentrations are greater in the kidney
than in plasma and the drug is detectable in the kidney up to
three weeks after discontinuation of therapy, whereas plasma
levels of aliskiren are undetectable at this time point.!'"¥** After
oral administration, peak plasma concentrations of aliskiren
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Figure 2 Therenin-angiotensin aldosterone system (RAAS) pathway and different sites of blockade. DRIs, direct renin inhibitors; ACE, angiotensin con-

verting enzyme; ARBs, angiotensin receptorblockers; AT, angiotensin.

are reached within 1-3 h""**!and steady-state blood levels are
reached in about 7-8 days with once-daily administration.®!
The plasma half-life of aliskiren in rats, marmosets and
humans shows a slow terminal elimination at 23, 26 and
23-40 h, respectively.®***! The variation in human terminal
half-life is likely associated with differences in the duration of
the post-dose sampling period.*?' The trough-to-peak
(T : P) ratio is commonly used as an index of the duration of
action of antihypertensive agents. For the treatment of hyper-
tension, a drug with a T : P ratio of >0.5 is recommended.®"!
The high T : P ratio of aliskiren in hypertensive patients was
found consistent after oral administration of the drug as com-
pared with healthy subjects.[***

Aliskiren is slightly metabolized in humans (about 20%)
and is approximately 50% metabolized in rodents. In in-vitro
studies, the major enzyme responsible for aliskiren metabo-
lism appears to be CYP3A4.2>*! Aliskiren does not inhibit
CYP450 isoenzymes at concentrations up to 100 times
maximum concentrations measured in clinical trials.”’ The
primary elimination route of aliskiren is via biliary excretion
(91%) as unmetabolized drug.

Pharmacodynamics

Experimental and clinical studies are shown in Tables 1 and 2
respectively, describing potential therapeutic use, tolerability
and safety of aliskiren.

Therapeutic Potential of Aliskiren

Aliskiren is available in the market for treatment of hyperten-

sion as a monotherapy. However, many experimental and

clinical studies have suggested that it may have potential to

treat other cardiac and renal disorders either alone or in com-

bination with other RAAS blockers.
Suggested clinical uses of aliskiren are as follows:

® Component of combination therapy for hypertension,
with diuretic, ACE-inhibitors and ARBs."*”

® Alternative to ACE-inhibitors or ARBs in the management
of hypertension and organ damage!"

® Component of combination therapy for diabetic nephr-
opathy, with ARBs""!

® In patients with hypertension and left ventricular hyper-
trophy'™!

© 2011 The Authors. JPP © 2011
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Table 1 Experimental studies
Treatment Results Animal used References Year
Aliskiren 3 mg, s.c. Aliskiren reduced albuminuria and complement expression ~ dTGRs Shagdarsuren et al.*! 2005
Losartan 10 mg orally more significantly than losartan
Aliskiren 50 mg, s.c., by osmopump Aliskiren improved left ventricular dysfunction after C57J/bl6 mice Westermann et a/.3¥ 2008
myocardial infarction
Aliskiren 25 mg, s.c. losartan 30/120 mg,  RAAS blockade was used to treat multiple sclerosis C57BL/6 mice Stegbauer et al.®"! 2009
p.o.
Aliskiren 2.5, 25 and 50 mg to normal Inhibited mouse renin and reduced atherosclerosis Mice Lu et a/.3¢! 2008
diet
Aliskiren 30 mg, s.c., implanted by Antihypertensive and renoprotective effects in Diabetic Feldman et al.”! 2008
osmotic Alzet experimental diabetic nephropathy TG(mRen-2)27 rats
Aliskiren 30 mg, p.o., candesartan 1 mg,  Angiotensin Il synthesis, superoxide production and cardiac ~ Sprague Singh et al.8] 2008
ip, benazepril 10 mg, p.o. fibrosis were blocked by aliskiren Dawley rats
Aliskiren 50 mg, s.c., irbesartan 100 mg,  Aliskiren and irbesartan significantly prevented Mice Nussberger et al.1>*! 2008
atenolol 120 mg and amlodipine 6 mg atherosclerosis progression
Aliskiren 3 mg, s.c., cilazapril 10 mg, p.o.  Aliskiren and cilazapril blockade did not influence appetite  Transgenic rats (TGR) Gratze et al.”! 2009
or body weight in transgenic rats
Aliskiren 40 mg Aliskiren in combination with valsartan showed additive WHHL rabbits Imanishi et a/.4"! 2008
Valsartan 5 mg protective effects on endothelial function and
Aliskiren 40 mg plus valsartan 5 mg, atherosclerosis
p.o.
Aliskiren 3 or 10 mg, p.o. Aliskiren 3 mg, lowered blood pressure by 10 mmHg and Marmosets Wood et al.l'% 2003
aliskiren 10 mg, lowered blood pressure by 16 mmHg
Aliskiren 10-100 mg, s.c., benazeprilat 3 When combined with valsartan or benazeprilat, aliskiren Spontaneously Wood et al.?4! 2005
and valsartan 3 mg, p.o. provided additional blood pressure reduction over hypertensive rats (SHR)
monotherapy
Aliskiren 0.3 and 3 mg, s.c. Systolic blood pressure was reduced to 115 mmHg dTGRs Pilz et al.14?! 2005
Aliskiren 25 mg Combination of aliskiren and valsartan exerted greater eNOS-deficient mice Yamamoto et al.4*! 2009
Valsartan 8 mg organ-protective effects than monotherapy with a
Aliskiren 12.5 mg plus valsartan 4 mg submaximum dose of either agent
via osmotic pump
Aliskiren 3, 6, 12 and 25 mg Aliskiren (25 mg) attenuated the decreased insulin and db/dbmice Dong et al.*4 2009
Hydralazine 80 mg prevented pancreatic islet fibrosis and reduced glucose
intolerance
Aliskiren 3 mg, s.c. Aliskiren ameliorated the type 2 diabetic nephropathy db/dbmice Dong et al.*°! 2010
Aliskiren 3 mg by osmotic minipump n-3 PUFA ethyl-esters (Omacor) and aliskiren improved dTGRs Fischer et al.14®! 2008
Omacor 25 mg in diet remodeling, arrhythmia induction, and connexin 43
expression
Aliskiren 10 um Aliskiren, but not treatment with the HRP protected Cell culture of dTGRs Feldt et al.14”! 2008
Handle region decoy against Angll-induced renal damage in dTGRs
peptide (HRP) 1 um
Aliskiren 0.03 mg and 3 mg, s.c. by High-dose regimens provided complete protection against ~ dTGRs Dechend et a/.1%?! 2007
minipump cardio-renal damage
Aliskiren 50 mg/kg, intraperitoneal (i.p.) ~ Systolic pressure, albuminuria, and ultrastructural Transgenic Ren2 rat Whaley-Connell et a/*¥ 2010
podocyte foot-process effacement were attenuated
Aliskiren 10 umol/l Aliskiren-binding increased the half life of renin and Cell culture of Batenburg et al.>"! 2008
prorenin in rat aortic vascular smooth muscle transgenic rats
Aliskiren 50 mg, i.p. injection Aliskiren attenuated insulin resistance, oxidative stress, and  Transgenic Ren2 rats Habibi et al.l>") 2008
pancreatic remodeling
Aliskiren 10 mg, s.c. Aliskiren treatment caused higher reduction in MAP and TGRs(mRen2)27 Vanourkova et a/.l52! 2010
losartan 5 mg, p.o. renal ET-1 and angiotensin Il levels than losartan
Aliskiren 50 mg, Aliskiren improved insulin resistance by increasing insulin KK-A mice Iwai et al.>3! 2010
s.C., by osmotic minipumps sensitivity
Aliskiren 1 or 10 mg via i.v. injection for ~ Aliskiren protected against chlorhexidine Sprague-Dawley rats Ke et al.>¥ 2010
1 week digluconate-induced PF in rats by decreasing TGF-beta1
production
Aliskiren 10 mg via osmotic minipumps,  Antihypertensive effect of aliskiren was persistent even TGRs Rakusan et al.>%! 2010
Losartan 5 mg orally after the 12-day washout period
Aliskiren 20 mg, valsartan 30 mg alone Aliskiren 10 mg with valsartan 15 mg showed higher renal ~ UUO model of rats Wu et al.5¢] 2010
and in combination protection than either monotherapy
Aliskiren (3, 10, 25, 50 mg), via an Aliskiren intensely reduced leucocyte recruitment in C57BL/6 Ino et al.>7) 2009
osmotic pump perivascular cuff injury mice
Aliskiren 50 and 100 mg, p.o. Aliskiren attenuated the doxorubicin-induced Wistar albino rats Rashikh et al.*®! 2011

cardiotoxicity

dTGRs, double-transgenic rats; eNOS, endothelial NO synthase; ET-1, endothelin-1; LDL, low density lipoprotein; MAP, mean arterial pressure; p.o., per
oral; PF, peritoneal fibrosis; PP, pulse pressure; PRA, plasma renin activity; PRC, plasma renin concentration; PUFAs, n-3 polyunsaturated fatty acids; TGF,
transforming growth factor; UUO, unilateral ureteral obstruction; WHHL, Watanabe heritable hyperlipidamic.

© 2011 The Authors. JPP © 2011

Royal Pharmaceutical Society 2012 Journal of Pharmacy and Pharmacology, 64, pp. 470-481

473



Aliskiren and cardio-renal protection

Table 2 Clinical studies

Azhar Rashikh et al.

No. of
Treatment Results volunteers Reference Year
Aliskiren 160, 320 and Higher doses of aliskiren reduced angiotensin Il levels by 89% 18 Nussberger et al.?? 2002
640 mg and 75% respectively, compared with placebo
Aliskiren 75 and 150 mg Systolic blood pressure at baseline was 155 = 11 mmHg and 8 Wood et al."! 2003
was lowered to 148 = 14 mmHg after 4 weeks with aliskiren,
75 mg and treatment with aliskiren, 150 mg, resulted in
reduction to 144 = 18 mmHg
Aliskiren 300 mg Aliskiren completely inhibited PRA and this persisted for 48 h. 12 Azizi et al.l'"¥] 2004
Valsartan 160 mg Conversely, PRA increased within 4 h of valsartan
administration and was still elevated 24-48 h after dosing
Aliskiren 150 mg Aliskiren did not alter pharmacokinetics or pharmacodynamics 15 Dieterle et al.> 2004
Warfarin 25 mg effect of a single dose of warfarin assessed by PT, INR and
aPTT
Aliskiren 150 mg Aliskiren did not show pharmacokinetic interactions with 57 Dieterle et a/.1% 2005
lovastatin, atenolol or cimetidine
Aliskiren 150 or 300 Aliskiren lowered blood pressure significantly compared with 776 Gradman and Kad®"! 2008
placebo
Aliskiren 150-600 mg Aliskiren 300 mg, lowered diastolic but not systolic blood 652 Gradman et al.l"® 2005
pressure and aliskiren 600 mg was not effective in further
reducing blood pressure than the 300-mg
Aliskiren (37.5-300 mg) Dose-dependent reduction in systolic blood pressure 226 Stanton et a/.l'" 2003
Aliskiren 300 mg Aliskiren showed a similar pharmacokinetic and 60 Zhao et al.® 2006
pharmacodynamic profile in patients with type 2 diabetes as
compared with healthy volunteers
Aliskiren 300 mg Aliskiren demonstrated similar pharmacokinetic and 38 Vaidyanathan et al? 2006
pharmacodynamic properties in Japanese and Caucasian
subjects
Aliskiren 300-mg oral Aliskiren was well tolerated, with no adverse events reported in 4 Waldmeier et al.l®) 2007
dose Caucasians
Aliskiren 75-300 All treatment groups showed lowered mean seated systolic and 355 Verdecchia et al.®*! 2007
diastolic blood pressure compared with baseline
Aliskiren 150-300 Aliskiren monotherapy was superior to ramipril monotherapy in 837 Uresin et al.1%l 2007
Ramipril 5-10 reducing systolic blood pressure and noninferior in reducing
diastolic blood pressure
Aliskiren Combination of aliskiren and valsartan (150/160-300/320) was 1797 Oparil et a/."? 2007
150-300,aliskiren/valsartan more effective in reducing both systolic and diastolic blood
pressure than either of the monotherapies alone
Aliskiren 300 Aliskiren was found to be effective in obese patients with 489 obese  Jordan et al.l®® 2007
HCTZ 25 hypertension who failed to achieve blood pressure control patients
with thiazide diuretics
Aliskiren Combination therapy was more effective than either 1123 Pool et al.” 2007
75-300,aliskiren/valsartan monotherapy in reduction of systolic and diastolic blood
pressure
Aliskiren 150-600 Aliskiren 150, 300, and 600 mg significantly reduced mean 672 Oh et al.1*¢! 2007
Placebo blood pressure by 13.0/10.3, 14.7/11.1, and
15.8/12.5 mmHg, respectively, versus 3.8/4.9 mmHg with
placebo
Aliskiren 75-300 Alliskiren in combination with hydrochlorothiazide produced 2779 Villamil et a/.©e”! 2007
Aliskiren/hydrochlorothiazide greater blood pressure reduction than aliskiren alone in eight
week at all aliskiren doses
Aliskiren 300 This study demonstrated a more effective blockade of the 12 Azizi et al %8 2007
Aliskiren 150 plus renin-angiotensin system through aliskiren, alone or in
valsartan 160 mg combination, than that obtained with 320 mg of valsartan
alone
Aliskiren/hydrochlorothiazide Combination of aliskiren with diuretics was useful in patients 900 Nickenig et al.1®%! 2008

300/25 mg

who did not respond to aliskiren monotherapy

474
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Table 2 (Continued)
No. of
Treatment Results volunteers  Reference Year
Aliskiren 75 to 600 mg PRA and angiotensin levels were reduced and induction of renal 20 Fisher et al.1*¢] 2008
vasodilation was dose-related
Aliskiren 150 Aliskiren in combination with atenolol provided significant 694 Dietz et al.”® 2008
Atenolol 50 mg, additional reductions in systolic blood pressure compared with
Aliskiren 150 plus either drug alone, and greater diastolic blood pressure
atenolol 50 reduction than aliskiren alone
Aliskiren 150-300 mg Aliskiren provided significantly better systolic and diastolic blood 842 Andersen et al.""! 2008
Ramipril 5-10 pressure reduction and higher rates of blood pressure control
than ramipril-based therapy
Aliskiren 150-300 mg Aliskiren with ARB treatment reduced the mean UACR by 20%, 599 Parving et al.’?! 2008
Losartan 100 mg with a reduction of 50% or more in 24.7% of the patients
Aliskiren 150 mg Aliskiren showed improvement in neurohormonal profiles, 302 McMurray et al.””?! 2008
Placebo including reductions in PRA, BNP and N-terminal prohormone
BNP levels
Aliskiren 300 Aliskiren was noninferior to losartan in reducing left ventricular 460 Solomon et al.74! 2009
Losartan 100 mg hypertrophy, but the combination was not superior to
aliskiren/losartan losartan alone
Aliskiren 300 Aliskiren provided greater reductions in systolic and diastolic 1124 Schmieder et al.”*! 2009
HCTZ 25 mg blood pressure among elderly and very elderly patients than
diuretics
Alliskiren Combination treatment was more effective than monotherapy 1797 Yarows et al.”®! 2008
Valsartan in systolic blood pressure lowering
Aliskiren-HCTZ Aliskiren-based therapy was superior to ramipril-based therapy 901 Duprez et al.l””) 2008
Ramipril-HCTZ at 12 weeks and non-inferior at 36 weeks in msSBP lowering
Aliskiren 300 Irbesartan Combination of aliskiren and irbesartan was more 26 Persson et al.”®! 2009
300 antiproteinuric in type 2 diabetic patients with albuminuria
than either monotherapy
Aliskiren 300 Aliskiren exerted a renal vasodilatory effect, suggesting that 10 Cherney et al.” 2010
blockade of the RAAS may improve uncomplicated type 1
diabetes
Aliskiren 75, 150, 300 mg Aliskiren produced dose-dependent reductions in mean systolic 455 Kushiro et al.® 2006
and placebo blood pressure (-8.57, =8.72, and —14.09 mm Hg) and DBP
(=7.22,-7.75 and, =10.72 mm Hg)
Aliskiren + hydrochlorothiazide/  Aliskiren 150 with hydrochlorothiazide 25 significantly reduced 23 O'Brien et all®" 2007
Ramipril/lrbesartan day time but not nighttime systolic/diastolic blood pressure,
with ramipril 5 mg lowered both daytime and
nighttimesystolic/diastolic blood pressure and with irbesartan
150 mg lower nighttime but not daytime systolic/diastolic
blood pressure
Aliskiren 300 Aliskiren was well tolerated by all age groups (1875 years) 57 Vaidyanathan et al.l?? 2007
Aliskiren 150, 300 and Aliskiren reduced SBP and PRA and increased PRC 569 Nussberger et al.# 2007
600 and irbesartan 150 dose-dependently. In contrast, irbesartan reduced SBP but
increased both PRC and PRA
Alliskiren 300 allopurinol Aliskiren did not show pharmacokinetic interactions when 22 Ayalasomayajula et al.®¥ 2008
celecoxib 200 bid, co-administered with allopurinol, celecoxib or cimetidine in
cimetidine healthy subjects
Aliskiren 300, Aliskiren coadministration reduced furosemide AUC by 28% 22 Vaidyanathan et al.!®% 2008
Furosemide 20 mg and Cmax by 49% compared with furosemide alone
Aliskiren 300 mg Aliskiren was found to be a substrate for but not an inhibitor of 22 Vaidyanathan et al.!®] 2008a
P-glycoprotein and CYP3A4
Aliskiren 150 mg Aliskiren reduced 24 h systolic blood pressure, and this was 15 Persson et al.[#®! 2008
associated with a reduction in albuminuria in type 2 diabetes
Aliskiren 75-600 mg All doses of aliskiren were well tolerated 32 Limoges et al.l®”! 2008
Aliskiren 150 mg This study demonstrated a novel direct relation between 302 Freel et al 18 2009
aldosterone status and insulin resistance in heart failure
© 2011 The Authors. JPP © 2011
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No. of
Treatment Results volunteers Reference Year
Aliskiren 150, 300 mg Aliskiren 300 mg provided a sustained blood pressure-lowering 654 Palatini et al ! 2010
effect beyond the 24-h dosing interval
Aliskiren 300 There was no evidence for a benefit of early initiation of 1101 Scirica et al.* 2010
Valsartan 320 mg inhibition of RAAS with valsartan, aliskiren, and their
combination
Aliskiren 150 mg Rifampicin reduced the plasma concentrations and the 12 Tapaninen et al.l®) 2010
Rifampicin 600 mg renin-inhibiting effect of aliskiren by decreasing its oral
bioavailability
Aliskiren Dual blockade of the RAAS with ARB plus aliskiren therapy 16 Lopez et al.??! 2010
ARB demonstrated an additive effect to decrease severe
proteinuria and blood pressure
Aliskiren 150 mg, 300 mg Aliskiren 150, 300 and 600 mg reduced UAER significantly by 26 Persson et al.®*! 2010
or 600 mg 36%, 48% and 52 % respectively compared with placebo
Aliskiren 300 Aliskiren improved the fibrinolytic balance while losartan Fogari et al.!*¥ 2010
Losartan 100 mg worsened the fibrinolytic balance
Aliskiren 150 and 300 mg Aliskiren has favourable neurohormonal and haemodynamic 1782 Gheorghiade et al.*”! 2011
profile that may benefit patients hospitalized with worsening
heart failure
Aliskiren 300 No dose adjustment was necessary when aliskiren was 18 Rebello et a/.®! 2011
Verapamil 240 administered with verapamil
Aliskiren 20 nM Aliskiren mitigated the profibrotic and apoptotic effects of high In culture Phillips et a/.*”! 2011
glucose in cultured podocytes
Candesartan Candesartan + Hydrochlorothiazide reduced systolic/diastolic 186 Schweizer et al.1*® 2011

32 + Hydrochlorothiazide
25, Aliskiren 300 +

blood pressure by 18.9/12.2 mmHg, Aliskiren +
Hydrochlorothiazide further reduced to 2.8/3.1 mmHg

Hydrochlorothiazide 25, between week 4 and week 8. In 61 patients not controlled
and Aliskiren 300 + after week 8, amlodipine 5 mg was added and triple therapy
Hydrochlorothiazide decreased systolic/diastolic blood pressure by a further

25 + Amlodipine 5 9.2/5.9 mmHg

ARB, angiotensin receptor blocker; BNP, B-type natriuretic peptide; msSBP, mean steady systolic blood pressure; PRA, plasma renin activity; UACR, urinary

albumin to creatinine ratio; UAER, urinary albumin excretion rate.

¢ [n patients with uncomplicated type 1 diabetes!

® In patients with symptomatic heart failure””’

® In patients with type 2 diabetes, hypertension and albu-
minuria”®

Adverse Effects

Aliskiren has been shown to have a good tolerability profile in
several clinical studies when given in single and multiple oral
doses."* Aliskiren-based therapy was well tolerated and pro-
duced sustained blood pressure reductions in patients with
hypertension during 6 months, greater than those with
ramipril-based therapy. The incidence of adverse effects
during aliskiren treatment was relatively low and similar to
results obtained in patients treated with placebo. The most
common adverse effects reported with aliskiren were head-
ache, nasopharyngitis, dizziness, fatigue, diarrhoea, hypoten-
sion and gastrointestinal disorders. All of these occurred in
less than 5% of patients and were comparable with the
placebo-treated group.*7*'%!

Contraindications

Aliskiren is contraindicated in pregnancy and in patients with
hypersensitivity or allergic reactions to previous exposure.
Aliskiren belongs to Pregnancy Category C for first trimester
exposure and Pregnancy Category D for second and third tri-
mester exposure. Aliskiren therapy should be promptly dis-
continued when pregnancy is detected.'*" Similar to ACE
inhibitors and ARBs, it should not be used in patients with
bilateral renal artery stenosis or severe renal disease. It should
be used cautiously in patients with biliary cirrhosis since it
undergoes hepatobiliary excretion.!"*”

Safety Studies

The combination of aliskiren with other drugs that act on the
RAAS (ARBs, thiazides, calcium-channel blockers and ACE-
inhibitors) has been evaluated and found to be safe, except
that higher rates of increased serum potassium were observed
with the combination of aliskiren and an ACE-inhibitor in

© 2011 The Authors. JPP © 2011

476 Royal Pharmaceutical Society 2012 Journal of Pharmacy and Pharmacology, 64, pp. 470-481



Azhar Rashikh et al.

1031 Aliskiren does not aggravate ACE-

diabetic patients.
inhibitor-related cough and may even reduce it. There was
also a tendency to decrease peripheral oedema when combin-
ing aliskiren with a calcium-channel blocker. The aim of the
ALOFT (ALiskiren Observation of heart Failure Treatment)
trial was to evaluate safety and tolerability of aliskiren when
added to standard therapy. Findings from the trial study
showed there was no significant excess of hypotension or
renal dysfunction.” There were no dose-dependent adverse
effects and no significant abnormalities in laboratory param-
eters were observed with aliskiren doses up to 300 mg."")
Aliskiren is well tolerated in patients with hepatic

impairment.™®!

Target Organ Protection

Elevated plasma renin activity has been associated with target
organ damage including renal dysfunction and left ventricu-
lar hypertrophy.!"™ A direct renin inhibitor may have poten-
tial, alone or in combination with ACE-inhibitors or ARBs to
suppress renin activity and prevent end-organ damage. The
study by Pilz and colleagues'*? tested the hypothesis that
aliskiren provides target organ protection in double trans-
genic rats (dTGRs). Pilz observed that aliskiren has protective
effect with doses (3 and 0.3 mg/kg) against increased albu-
minuria in dTGRs. In addition, markers of renal inflamma-
tion, such as macrophage infiltration, were reduced with
aliskiren doses (3 and 0.3 mg/kg) and with valsartan, 10 mg/
kg/day to the same level as observed in nontransgenic
Sprague—Dawley rats. Echocardiograms taken during the
study demonstrated that aliskiren reduced cardiac hypertro-
phy with the higher dose of 3 mg/kg/day.*”! On the whole
these results indicate that aliskiren provides cardio-renal pro-
tection superior or at least comparable to ARBs in dTGR.

Future Perspectives

Drugs that have direct effects on the RAAS, which include
ACE inhibitors, ARBs and aldosterone antagonists, have been
found to not only effectively lower blood pressure but also
improve mortality and morbidity in patients with heart
failure, history of myocardial infarction, and nephropa-
thy.['">1%] Aliskiren offers an advantage over ACE inhibitors
and ARBs by inhibiting the rate-limiting step of angiotensin
II formation and producing more effective and complete
inhibition of angiotensin II. Whether these advantages of
aliskiren provides a better protection from heart attack,
stroke, myocardial infarction and diabetic nephropathy is still
to be explored. In addition, it is not known whether patients
who cannot tolerate ACE-inhibitors or ARBs can be safely
switched to aliskiren. Therefore, further research through
experimental studies and clinical trials is required to establish
a place for aliskiren in prevention or regression of various
forms of target-organ damage in humans.

© 2011 The Authors. JPP © 2011
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The aim of one of the trials, ALTITUDE (Aliskiren Trial In
Type 2 diabetes Using cardio-renal Disease End-point), is to
randomize 8600 patients with type 2 diabetes who are at
high risk because of proteinuria, microalbuminuria or
a history of cardiovascular disease with reduced renal
function and to determine whether adding aliskiren to
conventional therapy reduces cardiovascular and renal
morbidity and mortality in high-risk patients with type
2 diabetes.""”! Enlistment began in October 2007 and the
study is likely to terminate in 2012. Another trial, Safety and
Efficacy of Aliskiren in Post Myocardial Infarction Patients
(ASPIRE), aims to observe the efficacy and safety of aliskiren
in the prevention of left ventricular remodelling in post-
acute myocardial infarction patients.

The ATMOSPHERE (Aliskiren Trial to Mediate Outcome
Prevention in Heart FailuRE) trial deals with heart-
failure patients similar to those included in ALOFT. Cardio-
vascular death and re-hospitalization for heart failure is
the component of the primary end-point. The APOLLO
(Aliskiren in Prevention Of Later Life Outcomes) trial will
tackle elderly subjects with normal blood pressure (<140/
90 mmHg), and a high cardiovascular risk profile, to test
the efficacy of the drug in reducing the risk of major
cardiovascular end-points. Results of these clinical trials will
determine the role of this novel class of antihypertensive
medication in the therapeutic armamentarium. Aliskiren
possesses the potential to become the first orally active
direct renin inhibitor that provides an alternative to other
existing RAAS blockers (ACE-inhibitors, ARBs, diuretics
and B-blockers) in the therapy of hypertension and other
cardio-renal diseases.

Conclusions

Aliskiren is an orally active, direct renin inhibitor that dem-
onstrates antihypertensive efficacy in animals superior to
earlier renin inhibitors and at least equivalent to ACE-
inhibitors and AT;-receptor blockers. Aliskiren may therefore
be a better approach to the management of hypertension and
associated disorders, alone or in combination with other anti-
hypertensive agents. Aliskiren exhibits a good safety and tol-
erability profile in special populations, including those with
diabetes or hepatic disorders, or obese or elderly patients.
Prolonged inhibition of plasma renin activity and steady
blood pressure reduction are observed after aliskiren with-
drawal. Adding aliskiren with different antihypertensive
agents results in greater antihypertensive efficacy without
serious adverse drug interactions. The ongoing ALTITUDE,
ASPIRE and other clinical trials series, evaluating the effects
of aliskiren on cardiovascular morbidity and mortality, will
further identify the role of direct renin inhibition as an
alternative treatment for hypertension and other cardio-renal
diseases.
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