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offering a new approach for the
treatment of hypertension
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In recent years, the renin-angiotensin-aldosterone system has been shown to
be crucial not only in blood pressure haemostasis but also in the evolution of
atherosclerosis, which ultimately determines morbidity and. mortality. The
angiotensin-converting enzyme inhibitors and, recently, ‘the angiotensin
receptor blockers (with their low adverse-effect profile) have added a new
dimension to the drug treatment of hypertension.”Just a decade after the
introduction of angiotensin receptor blockers,. physicians treating hyper-
tension are now offered another exciting approach to achieving blockade of
the renin-angiotensin-aldosterone system through the inhibition of renin.
This review outlines the background evidence for aliskiren, the first orally
active renin inhibitor.
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1. Introduction

The renin-angiotensin—aldosterone system (RAAS) plays a pivotal role in blood
pressure regulation. Inhibition of the RAAS by angiotensin—converting enzyme
inhibitors (ACEIs) or by angiotensin receptor blockers (ARBs) has been successfully
used in the treatment of hypertension and heart failure [1-4]. There is now growing
evidence that RAAS blockade may influence large vessel atherosclerosis and cardio-
vascular morbidity and mortality independently of blood pressure lowering [1.4]. As
renin is the initial and rate-limiting step in the RAAS cascade that results in angio-
tensin II (Ang II) production and, as it is known that reduced activation of the
Ang II receptor will counteract increased blood pressure and sympathetic tone as
well as ameliorating harmful cardiovascular hypertrophy and renal lesions (3], it is
logical to postulate that blocking renin would be more effective than downstream
blockade with ACEIs or ARBs [4]. Moreover, pretreatment plasma renin activity
(PRA) was shown to be a risk factor for myocardial infarction in hypertensive
patients [5.6]; However, optimised RAAS suppression is difficult to achieve with cur-
rently available antihypertensive agents because ACEIs, ARBs and diuretics all acti-
vate compensatory feedback mechanisms that result in renin release and increased
PRA [7.8) Pharmacological blockade of the Ang II receptors of the angiotensin
(AT'1)-subtype (although clinically as effective as the less specific ACE inhibition [97)
leaves the generation of Ang II unopposed with the potential for stimulation of
other Ang II receptor subtypes [10]. In contrast to ACEIs, specific inhibitors of renin
reduce Ang II generation but do not stimulate the production of other peptides
(such as substance P or bradykinin) with the resultant absence of untoward drug
effects (such as cough and angioedema) 3].

Although capable of reducing angiotensin levels and lowering blood pressure
without any important adverse effects [11-14] early renin inhibitors administered
intravenously had relatively low potency, poor oral bioavailability, short durations of
action and high costs of synthesis, all of which mitigated against clinical use [15].
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Aliskiren, an octanamide, is the first known representative of a
new class of completely nonpeptide, low molecular weight,
orally active transition-state renin inhibitors [16]. Designed
through the use of molecular modelling techniques, it is a
potent and specific iz vitro inhibitor of human renin, which
has good water solubility and low lipophilicity and is resistant
to biodegradation by peptidases in the intestine, blood circu-
lation and the liver [16]. To quote a recent review [4], aliskiren
has unambiguous clinical promise. This review examines the
role of renin inhibition as a novel approach to the therapeutic
management of hypertension.

2. Current status of antihypertensive drug
therapy

Hypertension is the major risk factor for stroke, heart attack
and heart failure. More than a quarter of the world’s adult
population — totaling nearly 1 billion — had hypertension in
2000, a figure that is anticipated to increase to 29% (1-56 bil-
lion) by 2025. This high prevalence of hypertension
worldwide has contributed to the present pandemic of cardio-
vascular diseases, which are now responsible for 30% of all
deaths worldwide [17]. It has been estimated, moreover, that
about two-thirds of the global cerebrovascular disease burden
and half the ischaemic heart disease burden are attributable to
non-optimum blood pressure [18]. It is hardly surprising that
the fiscal burden worldwide must rise to cope with the epi-
demic of hypertension. The global hypertension market in
2002 was worth ~ US$36 billion, and the top 4 blood
pressure-lowering drugs alone accounted for yearly sales of
US$8 billion [191.

The individual doctor faced with treating-a hypertensive
patient has an array of drugs from which«to choose: diuretics,
B-receptor blockers, a-receptor blockers, Ca?* channel block-
ers, aldosterone antagonists, ACEIs and ARBs. In many
patients a combination of these.drugs will be required to
achieve optimal control of.blood pressure. The last addition
to the antihypertensive armament was the introduction of the
ARBs in 1995 [20].«One might well ask if another class of drug
is needed, and yet the evidence is that the vast majority of
patients atyrisk’ from the cardiovascular consequences of
hypertension are not receiving optimal treatment [21). More-
over, recent studies such as the Anglo-Scandinavian Cardiac
Outcomes Trial have called into question the potential bene-
fits with the newer (Ca?* channel blockers and ACEIs) versus
the potential hazards with older drugs (thiazide diuretics and
B-blockers) [22].

There is also growing evidence that the ACEIs and ARBs
may have benefits that extend beyond blood pressure lower-
ing. Blockade of the RAAS with ACEls or ARBs apart from
reducing blood pressure, also reduces left ventricular mass,
and proteinuria, and they also decrease cardiovascular
morbidity and mortality in patients with chronic heart failure
and after myocardial infarction, and retard the progression of
renal insufficiency in Type 1 and 2 diabetes mellitus and

non-diabetic chronic renal disease (7. However, optimised
suppression of RAAS is difficult to achieve with ACEIs and
ARBs because of compensatory feedback mechanisms that
result in renin release and increased PRA 7).

The introduction, therefore, of a new class of anti-
hypertensive medication, renin inhibitors, is welcome. Although
a variety of potential renin inhibitors have been developed, their
low potency and/or poor pharmacokinetic profiles prevented
these compounds from being developed for clinical use [23,.24]
and aliskiren (2[5],4(S),5(8],7(S)-N-[2-carbamoyl-2-methyl-
propyl]-5-amino-4-hydroxy-2,7-diisopropyl-8-(4-methoxy-3-[3
-methoxypropoxy]phenyl)-octanamid hemifumarate, SPP100,
Speedel/Novartis) is the most advanced of the new class of
orally-active, nonpeptide, low-molecular weight renin inhibitors
for the treatment of hypertension [25].

3. Pharmacology

3.1 Options for RAAS inhibition

Inhibition of RAAS results.in a number of potential benefits,
which include the haemodynamic consequences of Ang II
neutralisation and suppression of the Ang II-dependent gen-
eration of growth-promoting pro-inflammatory cytokines,
free oxygen radicals and fibrosis mediators in tissues [4]. The
biochemical differences between RAAS inhibitors alone or in
combination has been clearly summarised by Aziz et al. [4].
RAAS blockade has the potential to affect a number of circu-
lating and tissue enzymes and substrates depending on
primary target and distribution of the drug, and may affect
non-ACE-dependent Ang II  generation, bradykinin,
Ang(1-7), NO release, prostacyclin, cGMP and chymo-
trypsin-like angiotensin—generating enzyme or chymase. ACE
inhibition may result in continued Ang II generation in some
organs (such as the kidneys, heart or blood vessels) and
non-ACE pathways may be activated in some pathological sit-
uations resulting in the accumulation of vasodilator and natri-
uretic peptides (such as bradykinin and Ang[1-7]), and of the
haematological peptide AcSDKP. In fact, the potential mis-
understanding of basic terminology probably accounts for the
considerable variability observed in the results of comparative
studies. Indeed, the complexities of RAAS are such and the
potential interactions of blockade and counter activation are
so varied that litde is known about the physiological con-
sequences of activating the RAAS receptors. However, if such
activation should prove to be deleterious, then renin inhibi-
tors would clearly enjoy clinical advantages over alternative

RAAS inhibitors (41.

3.2 Development of aliskiren

Renin is positioned as the first and rate-limiting enzymatic
step in the RAAS cascade. Cleavage of the Leul0-Valll pep-
tide bond of angiotensinogen is the initiating step towards the
generation of the potent vasoconstrictor Ang II. Renin has a
remarkably high specificity for only one known substrate,
angiotensinogen [4].
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Sophisticated molecular modelling and the use of X-ray
structure analysis have permitted significant improvement in
the design of potent and selective inhibitors of renin. Analysis
has shown that renin contains two -sheet domains, with the
active site residing in a cleft between these two domains. Each
domain contributes one aspartic acid residue necessary for
catalytic activity [4]. A key finding was the identification of a
unique subpocket, denoted S3sp [26], which is specific to
renin, thus providing a novel distinction among the class of
aspartyl proteases (Figure 1) [27]. This observation led to the
identification of aliskiren, an inhibitor with greatly enhanced
binding affinity for renin and selectivity over that of other
aspartyl proteases [4]. Aliskiren is a transition-state mimetic
with increased hydrophilicity compared with previously
described renin inhibitors [26] and is a potent and specific
inhibitor of human renin in vitro with a median inhibitory
concentration (ICs)) in the low nanomolar range [2627].
Although aliskiren also displays high affinity for primate
renin, it is notably less active against renin from the dog, rat,
rabbit, pig and cat [26].

4. Animal studies

In Na*-depleted conscious marmosets, mean arterial blood
pressure was significantly reduced and the reduction
persisted for > 24 h with heart rate being unchanged:
Comparison of the blood pressure response with aliskiren
was greater and of longer duration than with and ACEI or
ARBs. A dose-dependent rise in plasma renin concentra-
tion and suppression of plasma renin activity following
aliskiren administration confirmed
inhibition [28,29].

The development of the double\transgenic rat, harbouring
both the human renin and human angiotensinogen genes, has

substantial renin

provided an alternative to primate models for the evaluation
of renin inhibitors. In these rats, which develop rapidly pro-
gressive hypertension'with severe organ damage at a young
age, aliskiren has been shown to dose-dependently lower
blood pressure and be equipotent to enalaprilat and valsartan
following intravenous administration, and be equi-effective to
blockade-with ACEIs and ARBs following oral administra-
tion. Further animal studies [4,20,30] suggest that aliskiren infu-
sions prolong survival, reduce proteinuria and cardiac
hypertrophy, and attenuate macrophage infiltration into the
heart and kidney. Taken together, these animal studies show
that aliskiren effectively lowers blood pressure without alter-
ing heart rate and that it may also provide target organ
protection by inhibition of Ang II.

The potential for beneficial interaction between renin inhi-
bition with Ang II receptor blockade either by ACE inhibi-
tion or ACE receptor blockade has also been studied in
animal models and a consistent synergistic antihypertensive
effect has been shown in the spontaneously hypertensive rat
(1], and the addition of aliskiren results in greater than
additive antihypertensive effects [23]. As Aziz et al. 14 point

O’Brien

out, these animal studies assessed the effects of combining sin-
gle-site RAAS inhibitors at submaximal doses, whereas future
studies should focus on the outcome of adding a second sin-
gle-site RAAS inhibitor on to a maximum dose of initial ther-
apy to determine if there is target organ protection over and
beyond blood pressure lowering.

5. Human pharmacokinetics

In 1996, a specific renin receptor was discovered on cultured
mesangial cells and renin was found to bind to this receptor
with high affinity 32]. The observation that the fenin catalytic
site is distinct from the receptor binding site (which is
expressed in the glomerular mesangiom and in the
subendothelium of coronary and.‘renal arteries) has led
Aziz et al. 14] to speculate that thisienhanced catalytic activity
may provoke further end-organ damage and that a renin
inhibitor might afford additional protection over that of other
RAAS inhibitors. Additional speculation is afforded by the
fact that the same receptor also binds prorenin, which has a
renin-like action” (33 and acts as a powerful predictor of
microvascular complications in diabetes mellitus; if the action
of prorenin on the renin receptor accounts for this relation-
ship; the therapeutic potential of renin inhibition becomes
even greater than the effects described so far.

The pharmokinetics of aliskiren in humans has been fully
summarised by Aziz et al. (4. The high potency of aliskiren
against human renin compensates for its low absolute bio-
availability. In healthy male subjects, plasma concentrations
of aliskiren peak at 2 — 4 h after administration with a mean
terminal half-life of 23 — 36 h after the administration of
multiple doses a dose range of
40 — 1800 mg; maximum serum concentration (C_ ), C, ..
at steady state (C ), Area under the curve from 0 — 1 h
(AUC),_, and AUCt increase over proportionally with doses
> 80 mg. Consistent with a half-life of ~ 30 h, aliskiren
accumulates following multiple once-daily administrations

of aliskiren over

as indicated by the accumulation ratios of between 1.4 and
3.9 with accumulation being more pronounced at higher
doses. The intake of aliskiren 150 mg with food results in
mean C_ and AUC, , values that are 81 and 62% lower,
respectively, than those obtained in the fasting state. After
the administration of a single infusion of aliskiren 20 mg i.v.
over 20 min in healthy male subjects, plasma clearance was
found to be approximately 9 I/h, the hepatic extraction ratio
was ~ 10% and distribution volume at steady state was
~ 135 1. The mean absolute bioavailability of the hard gela-
tin 75 mg capsule is 2.6%. Intersubject variability in the
main pharmacokinetic parameters C_,, and AUC is
32 —70% on average for aliskiren 40 — 1800 mg/p.o. with
only a minor contribution of the hepatic first-pass effect.
Aliskiren binds moderately strongly to plasma proteins. In
humans, mean protein-binding levels of 49.5% were
recorded, with the binding concentration being independent

over the range 10 — 500 ng/ml 4.
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Figure 1. Aliskiren, a highly selective, tight-binding inhibitor of human renin. A. Chemical structure of aliskiren (SPP-100; IUPAC
name: 2(S),4(S),5(5),7(S)-N-(2-carbamoyl-2-methylpropyl)-5-amino-4-hydroxy-2,7-diisopropyl-8-[4-methoxy-3-(3-methoxypropoxy-phen-
yll-octanamide). B. — D. X-ray crystal structure representations of aliskiren co-crystallised with recombinant glycosylated human renin at
2.2 A resolution. B. Genhéral view of aliskiren (ball and stick representation, with all bonds to carbon atoms shown in purple) in the
binding complex with‘human renin; the enzyme B-strands are represented as arrows and a-helices as ribbons. Aliskiren can be seen to
occupy the S3 to S2' subsites, thereby blocking the catalytic function of the enzyme. C. Close-up view of aliskiren (purple) binding to the
active site of human renin with the enzyme specificity pockets S4 to S2' being indicated. Superposition with the peptidic inhibitor CGP
38560A (green) indicates the differences in binding interactions for aliskiren. D. Extended view of aliskiren binding to the large
hydrophobic $1-S3 site, and the newly discovered non-substrate pocket S3P of renin, accommodating the methoxyalkoxy sidechain of
the.inhibitor essential for strong binding. In this view, the active site is rotated by ~ 90° relative to the horizontal axis as compared with A.
and B. Ser219 inducing a H-bond interaction via its sidechain OH group to the inhibitor is indicated. Note also the positioning of the
polar OMe moiety filling the hydrophobic S3 pocket of the enzyme.

Reproduced with permission from WOOD JM, MAIBAUM J, RAHUEL J et al.: Structure-based design of aliskiren, a novel orally effective renin inhibitor. Biochem.
Biophys. Res. Commun. (2003) 308:698-705. © 2006 Elsevier.

6. Clinical studies aliskiren 40 — 640 mg in solution for 8 days inhibited PRA in

a dose-dependent manner, suppressed the production of
6.1 Comparison of the hormonal effects of aliskiren plasma Ang I and II, decreased plasma and urinary aldoster-
with the ACE inhibitor, enalapril, in normotensive one concentrations and increased plasma immunoreactive
subjects active renin concentration in a double-blind, three-way

Nussberger eral. 31 demonstrated that in normotensive  crossover study. Plasma aliskiren concentrations increased
healthy subjects with a sodium intake of 100 mM/day,  overproportionally to the administered dose. The results
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obtained suggested to the authors that the hormonal effects of
aliskiren 160 mg were equivalent to those of a tablet of enal-
april 20 mg. Blood pressure and heart rate were not signifi-
cantly affected by either drug and aliskiren was well tolerated.
Both drugs had a small acute natriuretic effect on the first day
of treatment, with no significant decrease observed following
repeated dosing. The authors concluded that aliskiren has the
potential to become the first orally active renin inhibitor to
provide a true alternative to ACEIs and ARBs in the treatment
of hypertension and other cardiovascular and renal diseases [3].

6.2 Comparison of the hormonal effects of aliskiren
and the ARB, valsartan, in normotensive subjects

In 2004, Aziz etal 34 conducted a double-blind,
placebo-controlled, randomised, 4-period cross-over single
oral dose study in mildly Na*-depleted normotensive sub-
jects to investigate the hormonal and haemodynamic effects
of a combination of a high dose (300 mg) of aliskiren with
the standard antihypertensive dose (160 mg) of the ARB
valsartan [34]. Subjects were mildly Na* depleted to increase
plasma renin concentration, thereby amplifying the renin
response to AT receptor blockade and to enhance the renin
dependence of blood pressure in normotensive subjects [35].
In this study, both drugs had a similar blood pressure-lower-
ing effect and were well tolerated; however, aliskiren
decreased plasma renin activity, and Ang I and II levels for
48 h, whereas valsartan increased these levels; plasma renin
concentration was increased more and for longer-and uri-
nary aldosterone was decreased for longer with aliskiren
than with valsartan. The authors concluded that the longer
duration of RAAS inhibition by aliskiren suggests that Ang
II was more efficiently blocked by the'renin inhibitor than
by the ARB in the kidneys and that the beneficial effect of
aliskiren may be due to a combination of the long plasma
half-life of this molecule and its high affinity for human
renin. The clinical application of these findings might have
particular relevance in circumstances in which Ang II gener-
ation within the Kidney is activated by pathways dependent
on or independent of ACE (such as in patients with diabetic
nephropathy (36]) or in African-American hypertensives on a
high-salt-diet (37].

6.3 Comparison of the haemodynamic effects of
aliskiren with the ARB, losartan, in hypertensive
subjects

Stanton et al. (38] performed a randomised, double-blind,
parallel group study in 226 patients aged 21 — 70 years with
mild to moderate essential hypertension comparing the
4-week blood pressure-lowering effects and safety of aliskiren
37.5, 75, 150 and 300 mg/day with those of losartan
100 mg/day and showed dose-dependent decreases in day-
time ambulatory systolic blood pressure and plasma renin
activity in patients treated with aliskiren (Figure 2). There was
no difference in blood pressure lowering of daytime
ambulatory systolic blood pressure between aliskiren 75, 150
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and 300 mg/day and losartan 100 mg/day. The authors
concluded that aliskiren, through inhibition of renin, was an
effective and safe orally active blood pressure-lowering
drug 38].

6.4 Comparison of the haemodynamic effects of
aliskiren with the ARB, irbesartan, in hypertensive
subjects
Gradman ez al. (39] performed a randomised, multi-centre,
double-blind, placebo-controlled, active comparator,8=week,
parallel group trial in 652 patients with mild to (moderate
hypertension in which they compared the office, sitting
diastolic blood pressure-lowering effects atitrough of aliskiren
150, 300 or 600 mg/day and (the “ARB) irbesartan
150 mg/day. Aliskiren significantly* decreased trough dia-
stolic blood pressure at 8 weeks in‘a dose-dependent manner
but the dose—response curve was flat (Figure 3). Doses of
aliskiren > 300 mg/day< had a significantly greater anti-
hypertensive effect than.irbesartan 150 mg, whereas aliskiren
150 mg had a similar'effect to irbesartan 150 mg. The safety
profile of aliskiren was similar to those of the placebo and
irbesartan (39).

It may be concluded from these studies in hypertensive
subjects that aliskiren once daily is as effective and possibly
more effective than ARBs in lowering blood pressure.

6.5 Synergistic effect of aliskiren in combination with
a thiazide diuretic, an ACE inhibitor and an ARB in
hypertensive subjects

Thiazide diuretics, ACEIs and ARBs all cause reactive rises
in plasma renin activity and it is tempting to hypothesise
that renin inhibition with aliskiren would prevent this reac-
tive rise in PRA, and be accompanied by enhanced blood
pressure lowering. In three open-label studies in patients
with mild-to-moderate hypertension in whom aliskiren in
combination with hydrochlorothiazide (n = 23), ramipril
(n = 21) or irbesartan (n = 23) was administered [40], the
diuretic combination significantly lowered daytime ambula-
tory pressures compared with aliskiren monotherapy; the
ACEI combination significantly lowered both day- and
night-time ambulatory pressures compared with ramipril
monotherapy and the ARB combination significantly
lowered night-time pressures compared with irbesartan
monotherapy. Aliskiren alone significantly (p < 0.0001)
inhibited PRA by 65%, whereas monotherapy with an ACEI
and ARB caused 90 and 175% increases in PRA, respec-
tively; however, PRA levels were similar to baseline
untreated levels when aliskiren was co-administered with
hydrochlorothiazide, ramipril or irbesartan. These results
suggest that renin inhibition with aliskiren in combination
with a thiazide diuretic, an ACEI or ARB might provide
increased renin—angiotensin  system suppression and
improved 24-h blood pressure control, which might be
expected to provide better target organ protection in
patients with hypertension.

Expert Opin. Investig. Drugs (2006) 15(10)
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Figure 2. A. Mean'(SEM) change in daytime ambulatory SBP and DBP after 4 weeks of treatment with A 37.5, 75, 150 and
300 mg and with.L 100 mg. B. 24-h ambulatory blood pressure profiles at baseline and after 4 weeks of A 37.5, 75, 150 and 300 mg

and L 100 mg.

Reproduced with permission from STANTON A, JENSEN C, NUSSBERGER J, O'BRIEN E: Blood pressure lowering in essential hypertension with an oral renin inhibitor,
aliskiren. Hypertension. (2003) 42:1137-1143 [38]. © 2006 Lippincott Williams & Wilkins.

A: Aliskiren;.DBP: Diastolic blood pressure; L: Losartan; SBP: Systolic blood pressure.

7. Drug interactions

7.1 Interactions with common cardiovascular drugs

As patients with hypertension often require concomitant drug
therapy for associated comorbidities, Dieterle ez a/. 40] investi-
gated the pharmacokinetic interaction profile between single
oral doses of aliskiren and lovastatin, atenolol, celecoxib and
cimetidine in healthy male volunteers aged 18 — 45 years,
according to a 2-period cross-over design. Overall, single
doses of aliskiren showed no evidence of clinically important

pharmacokinetic interactions with lovastatin, atenolol,

celecoxib or cimetidine [41].

7.2 Interaction with warfarin

Dieterle er al. investigated the effects of aliskiren on the
pharmacokinetics and pharmacodynamics of warfarin in a
single-blind, placebo-controlled, randomised, 2-period
cross-over study in 15 healthy male and female subjects
each of whom received a single oral dose of 25 mg warfarin
twice, once in the morning of the eighth day of treatment
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Figure 3. Effect of study treatment on trough mean sitting
DBP and SBP throughout active treatment phase in patients
with mild to moderate hypertension. Data represent absolute
mean values of (A.) trough sitting DBP.and (B.) SBP at 2-week
intervals after treatment with placebo, aliskiren 150, 300 or 600
mg or irbesartan 150 mg. Data are presented as mean plus SEM.

Reproduced with permission from GRADMAN AH, SCHMIEDER RE, LINS RL,
NUSSBERGER J, CHIANG Y, BEDIGIAN MP: Aliskiren, a novel, orally-effective
renin inhibitor, provides antihypertensive efficacy and placebo-like tolerability
similar to an AT,-receptor blocker in hypertensive patients. Circulation (2005)
111:1012-1018. © 2006 Lippincott Williams & Wilkins.

DBP: Diastolic blood pressure; SBP: Systolic blood pressure.

with150 mg aliskiren and once at the same time point
during treatment with placebo. Multiple doses of aliskiren
had no detectable effect on the pharmacokinetics or
pharmacodynamics of a single dose of warfarin in healthy
subjects [42].

8. Safety and tolerability

In clinical studies, the incidence of adverse events and the
number of study discontinuations as a result of adverse
effects during aliskiren treatment have been relatively low
and were similar to results obtained in patients treated with
cither placebo or ARBS [38,39]. The most common adverse
effects reported were fatigue, headache, dizziness and
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diarrhoea [38,39]. Moreover, there was no increase in the
number of adverse events when increasing the dose of
aliskiren and no significant clinical laboratory abnormalities
have been recorded (38]. In contrast to ACEIs (which produce
increased levels of bradykinin and substance P that may
cause cough and angioedema), the selectivity of aliskiren for
renin avoids these adverse reactions resulting in a side-effect
profile similar to that of placebo.

Although aliskiren appears to be safe, future studies, will
need to assess the effects of aliskiren on renal function‘and
biochemistry, especially serum K* levels in patients with renal
impairment, heart failure and diabetes mellitus. Moreover, the
additive or synergistic effects of combinations will have to be
assessed in relation to the optimal doses and: the tolerability of
such combinations. The potential ‘hazards of a complete
RAAS inhibition require careful evaluation, especially in situ-
ations in which blood pressure and renal function are renin
dependent (such as in elderly or salt-depleted patients), in
patients receiving COX.inhibitors, patients with renal artery
stenosis and patients placed under anaesthesia (4].

9. Conclusion

Aliskiren, an octanamide, is the first known representative of a
new class of completely nonpeptide, low molecular weight,
orally active transition-state renin inhibitors. In clinical stud-
ies, it has been shown to be hormonally and haemo-
dynamically equivalent or possibly superior to ACEls and
ARBs in reducing blood pressure and to have a side-effect pro-
file similar to ARBs and placebo. It possesses synergistic
potential when combined with a thiazide diuretic, an ACEI
and an ARB. Aliskiren offers a new approach to the blockade
of the RAAS.

10. Expert opinion

A new class of medication with the potential to improve
the control of high blood pressure (the main risk for cardio-
vascular outcome in the growing epidemic of cardiovascular
disease) must in itself generate interest but what makes the
introduction of a renin inhibitor exciting and promising is
the growing evidence that inhibition of the RAAS (quite
apart from lowering blood pressure effectively with minimal
adverse effects) may also reduce morbidity and mortality by
preventing target organ involvement. So far, clinical evidence
suggests that aliskiren is at least as effective, and probably
more effective than ACEIs and ARBs in reducing blood pre-
ssure. The next step must involve studies to elucidate how
inhibition of the RAAS can be maximised safely. ACEI-ARB
combinations have proved to be promising but this strategy is
limited by the adverse effects of ACEls. Although effective,
the combination of aliskiren with ACEls may likewise be lim-
ited by the side effects of ACEls, whereas the potential syner-
gistic effects of aliskiren and ARBs would appear to offer the
potential of effective blood pressure lowering without adverse

Expert Opin. Investig. Drugs (2006) 15(10)
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effects and with the additional benefits of target organ pro-
tection. The possibility that nocturnal blood pressure may be
effectively reduced with a combination of aliskiren and an
ARB offers promise for the treatment of nocturnal hyper-
tension, which has been shown to be a potent risk for stroke
and heart attack [43].

In view of preliminary data suggesting that the addition of
an aldosterone antagonist to an ACEI or ARB may improve
left ventricular function and reduce proteinuria more than an
ACEI or ARB alone [44], it is tempting to postulate that a
combination of aliskiren and an aldosterone antagonist might
offer provided the problem of
hyperkalaemia did not prove to be insurmountable.

The blood pressure-lowering effect that can be achieved
through blockade of the RAAS varies considerably from one

exciting  possibilities

hypertensive patient to another, with the possible range of
decrease being very narrow in patients with low-renin profiles
and much wider in high-renin patients [4]. This occurrence
raises the possibility of being able to improve selection for
treatment on the basis of the renin status of hypertensive
patients. Clearly, the next decade will see much research into
how blockade of the RAAS can be optimised, but (whatever
the outcome) the introduction of renin inhibition with
aliskiren clearly offers improved treatment for large numbers
of patients with hypertension.

Acknowledgements

The clinical trials conducted by the authors department on
aliskiren were supported by Speedel Pharma AG.

Bibliography hypertension. N. Engl. J. Med. (1991) 13. VAN.DEN MEIRACKER AH,

Papers of special note have been highlighted as 324:1098-1104. ADMIRAAL PJ, DERKX FH et al.:

cither of interest (*) or of considerable interest *  An early paper implicating renin as a risk. Comparison of blood pressure and

(**) to readers. 7. AZIZI M, MENARD J: Combined angiotensin responses to the renin inhibitor

L SOLVD INVESTIGATORS: Effect of blockade of the renin-angiotensin system RO42-5892 and the angiotensin converting
enalapril on survival in patients with with angiotensin-converting enzyme enzyme ir{hibitor enalapril in essential
reduced left ventricular ejection fraction and inhibitors and angiotensin I1 type Ireceptor hypertension. /. Hypertens. (1993)
congestive heart failure. N. Engl. J. Med. antagonists. Circulation (2004) 11:831-838.
(1991) 325:293-302. 109:2492-2499. 14, KOBRIN I, VISKOPER RJ, LASZT A,

5 DUPREZ DA: Role of the *s A comprehensive review.of ACEI and ARB BOCK J, WEBER C, CHARLON V:

. . . . combination therapy. Effects of an orally active renin inhibitor,
rennin-angiotensin—aldosterone system in . . . .
vascular remodelling and inflammation: a 8. GOLDBERG MR, BRADSTREET TE, Ro 42_58_92’ in patients with essential
clinical review. /. Hypertens. (2006) McWILLIAMS EJ e al.: Biochemical hypertension. Am. J. Hypersens. (1993)
24:983-991 effects of losartan, a nonpeptide 6:349-358.

angiotensin II receptor antagonist, on the 15.  FISHER ND, HOLLENBERG NK:
> ;iiifi?gié}ﬂﬁiﬁRNER & renin-angiotensin-aldosterone system in Is there a future for renin inhibitors?
Angiotensin Il suppression in humans by hypertensive patients. Hypertension (1995) Expert Opin. Invest. Drugs (2001)
the orally active renin inhibitor Aliskiren 25:37-46. 10:417-426.
(SPP100): comparison with enalapil 9. TOWNSEND R, HAGGERT B, LISS C, 16, RAHUEL J, RASETTI V, MAIBAUM ]
Hypertension (2003) 39:E1-E8, EDELMAN JM: Efficacy and tolerability et al.: Structure-based drug design: the
s An important clinical study, of losartan versus enalapril alone or in discovery of novel non peptide orally active
4 AZIZIM, WEBB R, NUSSBERGER ], combination with hydrochlorothiazide inhibitors of human renin. Chem. Biol.
HOLLENBERG N& Renin inhibition in patients with essential hypertension. (2000) 7:493-504.
with aliskiren: where are we now, and where Clin. Ther. (1995) 17:911-923. 17. KEARNEY PM, WHELTON M,
ate we gaing? /. Hipertens. (2006) 10. HELIN K, STOLL M, MEFFERT S, REYNOLDS K, MUNTNER P,
24:243:256. STROTH U, UNGER T: The role of WHELTON PK, HE J: Global burden of
ee An‘extensive review of renin inhibition. angiotensin receptors in cardiovascular hypertension: analysis of worldwide data.
s ALDERMAN MH, OOl WL, COHEN H, diseases. Ann. Med. (1997) 29:23-29. Lancet (2005) 365:217-223.
MADHAVAN S, SEALEY ]E, 11. WEBER MA, NEUTEL]M, ESSINGERI, 18. WHO: World health report 2002; reduring
LARAGH JH: Plasma renin activity: a risk GLASSMAN HN, BOGER RS, risk, promoting healthy life. World Health
factor for myocardial infarction in LUTHER RR: Assessment of renin Organization, Geneva, Switzerland (2002).
hypertensive patients. Am. J. Hypertens. dependency of hypertension with a 19. REUTERS BUSINESS INSIGHT
(1997) 10:1-8. dipeptide renin inhibicor. Circulation HEALTHCARE: The cardiovascular market
6. ALDERMAN MH, MADHAVAN S, (1990) 81:1768-1774. outlook to 2008. Datamonitor PLC,
OOl WL, COHEN H, SEALEY ]E, 12. NEUTEL ]M, LUTHER RR, BOGER RS, London, UK (2003).
LARAGH JH: Association of the WEBER MA: Immediate blood pressure 20. BAUER JH, REAMS GP: The
renin-sodium profile with the risk of effects of the renin inhibicor enalkiren and angiotensin II type 1 receptor antagonists.
myocardial infarction in patients with the angiotensin-converting enzyme A new class of antihypertensive drugs.
inhibitor enalaprilat. . Heart . (1991) Arch. Intern. Med. (1995) 155:1361-1368.
122:1094-1000.
1276 Expert Opin. Investig. Drugs (2006) 15(10)



21.

22.

23.

24.

25.

26.

27.

28.

29.

WEINEHALL L,OHGREN B,
PERSSON M et al.: High remaining risk in
poorly treated hypertension: the ‘rule of
halves’ still exists. /. Hypertens. (2002)
20:2081-2088.

DAHLOF B, SEVER PS, POULTER NR
et al. FOR THE ASCOT
INVESTIGATORS: Prevention of
cardiovascular events with an
antihypertensive regimen of amlodipine
adding perindopril as required versus
atenolol adding bendroflumethiazide as
required, in the Anglo-Scandinavian
Cardiac Outcomes Trial-Blood Pressure
Lowering Arm (ASCOT-BPLA): a
multicentre randomized controlled trial.
Lancet (2005) 366:895-906.

An important study demonstrating the
benefit of newer versus older

antihypertensive drugs.

MAIBAUM ], FELDMAN D: Renin
inhibitors as novel treatments for
cardiovascular disease. Expert Opin.

Ther. Patents (2003) 13:589-603.
STANTON A: Potential of renin inhibition

in cardiovascular disease. /. Renin
Angiotensin Aldosterone Syst. (2003) 4:6-10.

KELLY DJ, WILKINSON-BERKA JL,
GILBERT RE: Renin inhibition new
potential for an old therapeutic target.

Hypertension (2005) 46:471-472.
WOOD JM, MAIBAUM J, RAHUEL ]

et al.: Structure-based design of aliskiren,
a novel orally effective renin inhibitor.
Biochem. Biophys. Res. Comm. (2003)
308:698-705.

RAHUEL J, RASETTI V, MAIBAUM ]
et al.: Structure-based drug design: the
discovery of novel nonpeptide orally active
inhibitors of human renin. Chem. Biol.

(2000) 7:493-504.

WOOD\JM, SCHNELL CR, CUMIN E
MENARD J, WEBB RL: Aliskiren, a novel
orally effective renin inhibitor, lowers blood
pressure in marmosets and spontaneously
hypertensive rats. /. Hypertens. (2005)
23:417-426.

An important animal study.

GANTEN D, WAGNER ], ZEH K et al.:
Species specificity of renin kinetics in
transgenic rats harboring the human renin
and angiotensinogen genes. Proc. Natl.
Acad. Sci. USA (1992) 89:7806-7810.

An important animal study.

30.

31.

32.

33.

34.

35.

36.

37.

38.

PILZ B, SHAGDARSUREN E,
WELLNER M et al.: Aliskiren, a human
renin inhibitor, ameliorates cardiac and
renal damage in double-transgenic rats.
Hypertension (2005) 46:569-576.

An important animal study.

WEBB RL, NAVARRETE AE, DAVIS S,
DE GASPARO M: Synergistic effects of
combined converting enzyme inhibition
and angiotensin II antagonism on blood
pressure in conscious telemetered
spontaneously hypertensive rats.

J. Hypertens. (1998) 16:843-852.

GUYEN G, DELARUE E BERROU ],
RONDEAU E, SRAER JD: Specific
receptor binding of renin on human
mesangial cells in culture increases
plasminogen activator inhibitor-1 antigen.

Kidney Int. (1996) 50:1897-1903.
FISHER NDL, HOLLENBERG NK:

Renin inhibition: what are the therapeutic
opportunities? J. Am. Soc. Nephrol. (2005)
16:592-599.

AZIZI M, MENARD ], BISSERY A,
BURA-RIVIERE A, VAIDYANATHAN S,
CAMISASCA RP: Pharmacologic
demonstration of the synergistic effects of a
combination.ofthe renin inhibitor aliskiren
and the ATI receptor antagonist valsartan
on the‘angiotensin II-renin feedback
interruption. /. Am. Soc. Nephrol. (2004)
15:3126-3133.

AZIZI M, CHATELLIER G,

GUYENE TT, MENARD J: Additive
effects of combined angiotensin converting
enzyme inhibition and angjotensin II
antagonism on blood pressure and renin
release in sodium-depleted normotensives.
Circulation (1995) 92:825-834.

A study showing the synergistic potential
of combined therapy.

FISHER ND, ALLAN DR,

GABOURY CL, HOLLENBERG NK:
Intrarenal angiotensin II formation in
humans. Evidence from renin inhibition.

Hypertension (1995) 25:935-939.

AVIV A, HOLLENBERG NK,

WEDER AB: Sodium glomerulopathy:
tubuloglomerular feedback and renal injury
in African Americans. Kidney Int. (2004)
65:361-368.

STANTON A, JENSEN C,
NUSSBERGER J, O’'BRIEN E: Blood

pressure lowering in essential hypertension

O’Brien

with an oral renin inhibitor, aliskiren.
Hypertension (2003) 42:1137-1143.

*e A clinical study showing the effect of
aliskiren on ambulatory blood pressure.

39. GRADMAN AH, SCHMIEDER RE,
LINS RL, NUSSBERGER J, CHIANGYY,
BEDIGIAN MP: Aliskiren, a novel,
orally-effective renin inhibitor, provides
antihypertensive efficacy and placebo-like
tolerability similar to an AT1-receptor
blocker in hypertensive patients. Circulation
(2005) 111:1012-1018.

*¢  An important clinical study showing the
blood pressure-loweting effect of aliskiren.

4. O’BRIEN E, BARTON J,
NUSSBERGER ] ez al.: Aliskiren provides
antihypertensive efficacy and suppression of
plasma renin activity in combination with a
thiazide diuretic, an angiotensin converting
enzyme inhibitor, or an angiotensin receptor
blocker. Hypertension (2006) (In Press).

41. DIETERLE W, CORYNEN S,
VAIDYANATHAN S, MANN J:
Pharmacokinetic interactions of the oral
renin inhibitor aliskiren with lovastatin,

atenolol, celecoxib and cimetidine. /z. /.

Clin. Pharmacol. Ther. (2005) 43:527-535.

42. DIETERLE W, CORYNEN S, MANN J:
Effect of the oral renin inhibitor
aliskiren on the pharmacokinetics and
pharmacodynamics of a single dose of

warfarin in healthy subjects. Br. /.
Clin. Pharmacol. (2004) 58:433-436.

43. DOLAN E, STANTON A, THIJS L ez al.:
Superiority of ambulatory over clinic blood
pressure measurement in predicting
mortality: the Dublin Outcome Study.
Hypertension (2005) 46:156-161.

* A study showing the superiority of night

time blood pressure in predicting outcome.

44. HOLLENBERG NK: Aldosterone in the
development and progression of renal

injury. Kidney Int. (2004) 66:1.

Affiliation

Eoin O’Brien MD, FRCP (Lond), FRCP (Irel),
FRCP (Edin), FACCP, Professor of Molecular
Pharmacology

The Conway Institute of Biomolecular and
Biomedical Research, University College Dublin,
Belfield, Dublin 4, Ireland

Tel: +3 531 280 3865; Fax: +3 531 280 3688;

E-mail: eobrien@iol.ie

Expert Opin. Investig. Drugs (2006) 15(10)

1277



