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Classic understanding of the Renin 
System

Gibbons GH. 1998; Adapted from: Müller DN & Luft FC. 2006
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3 Available Approaches to 

Pharmacological inhibition of Production or Action of 

Angiotensin II   

(J Am Coll Cardiol 2008;51:519–28)
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Why Renin Inhibitor?

• Renin determines the rate-limiting step of 

synthesis of angiotensins.

• ACE escape

• Aldosterone breakgthrough
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ACE Escape

• Renin and Ang I 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 II 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 
have elevated Ang II levels despite the long-term use of an ACEI) or 
diabetes. 

Expert Opin. Pharmacother. (2007)
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Aldosterone Breakthrough

• The most important agonists for ALDO secretion are 

Ang II, potassium, adrenocorticotropic hormone 

(ACTH)  and endothelin-1.

• Aldosterone polymorphism

• Increased endothelin in patients of CHF

• LDL stimulation on mesengial cell

• AT2 receptor dependent

Expert Opin. Pharmacother. (2007)

2010/12/22 楊登堯



Renin

• Renin is 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).2010/12/22 楊登堯



Renin and Prorenin

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

Low PH 3.3, low temp 4℃
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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
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Secretion of Renin

The enzyme is secreted by the 
kidneys from specialized cells 
called juxtaglomerular (JG) cells
in response to:

(1) A decrease in arterial blood 
pressure 

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

(3) Sympathetic nervous system  
activity acting through the β1

adrenergic receptors. 
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Asp-Arg-Val-Tyr-Ile-His-Pro-Phe-His-Leu-Val-Ile -peptide

452 AA

10 11
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J Am Coll Cardiol 2008

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 Leu10-val11 peptide bond

within angiotensinogen to 

generate angiotensin I (A I).
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Binding Sites for Aliskiren to Renin
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Development of Aliskiren

20082010/12/22 楊登堯



ACEIs and ARBs cause 
compensatory rises in PRA

 Glomerular
vasoconstriction

 Inflammation

 Fibrosis 

Kidney

 Hypertrophy

 Fibrosis

 Vasoconstriction

Heart

 Vasoconstriction

Brain

 Hyperplasia hypertrophy

 Inflammation

 Oxidation

 Fibrosis 
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Clin J Am Soc Nephrol 2006
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Direct renin inhibition acts at the point of activation of 

the Renin System and neutralizes the PRA rise 

Feedback Loop

AT1 Receptor

Renin
Ang I

Angiotensinogen

Ang II

Direct renin inhibitor

Biological effects

ACE

Non ACE pathways

PRA

Clin J Am Soc Nephrol 2006
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Unlike ACEIs and ARBs, Aliskiren reduces

Ang I, Ang II and PRA

↓↑↓↓Aliskiren

↑↑↑↑ARB

↑↑↓↑ACEI

PRAReninAng IIAng I

Feedback Loop

AT1 Receptor

Renin
Ang I

Angiotensinogen

Ang II

Direct renin inhibitor

ARBs

ACE

Non ACE pathways

ACEIs

J Hypertens 2006;Clin J Am Soc Nephrol 2006
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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.
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Does Response in The Range of 150-

600 mg/day

Circulation 2005
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Safety and Tolerability 

Most common side effects are

headache , dizziness and diarrhea

Circulation 2005
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Aliskiren Combined with Thiazide, 

Ramipril and Irbesartan

Day time

Night time
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Plasma Renin Activity After Aliskiren and 

Combination with Thiazide, ACEI and ARB

Hypertension 2007
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Aliskiren Combined with Valsartan

Lancet 2007; 370: 221–29

Valsartan 320 mgAliskiren 300mg

Sys

Dia
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Aliskiren Combined with Valsartan

Lancet 2007; 370: 221–29

Aldo
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Aliskiren significantly lowers BP when

combined with amlodipine 5 mg

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

−12

0

−8

DBP SBP

−2

−4

−6

−10

−14
***

n=187n=178n=180

−8.46

−4.84

−8.04

−10.98

−4.96

−9.63***

n=187n=178n=180

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

Aliskiren/amlodipine
150/5 mg

Amlodipine 10 mgAmlodipine 5 mg

**

**

J. Clin. Hypertens.  (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 
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Aliskiren Reduce both SBP and DBP 

Independent of Age
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Aliskiren Reduce SBP and DBP 

Irrespective of Male or Female
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Aliskiren Reduce SBP and DBP 

Irrespective of DM or not
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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).

• 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 demonstrates predictable steady-state 
pharmacokinetics and no accumulation in healthy volunteers

Plasma concentration 
of aliskiren (ng/mL)

Time post-dose (hours)

16

300

0 8 124

Basic Clin Pharmacol Toxicol 2007
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of aliskiren (ng/mL)
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300
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200

20 24
0

Time post-dose (hours)

Concentration after a single dose Concentration at steady state

Caucasian volunteers (n=19) Japanese volunteers (n=19)
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Aliskiren Has a Half-life of Approximately 40 

Hours, Making it Suitable for Once-daily Dosing

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

Concentration (ng/mL)

0

Time (hours)

75 mg
150 mg
300 mg
600 mg

1008020 40 60

Clin Pharmacol Ther 2006

90% of the absorbed dose was eliminated by the faecal route 
and less than0.6% was recovered in the urine2010/12/22 楊登堯
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Journal of Human Hypertension (2010)

Alis 40, irb 11-15,rami 2-4 
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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

• As renal 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
2010/12/22 楊登堯



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
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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 Cmax 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 Cmax 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)

Circ Heart Fail. 2008
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BNP Lowered if Aliskiren was Added 

to Standard Therapy for Heart Failure

Circ Heart Fail. 2008
2010/12/22 楊登堯



No Significant Adverse Event When Aliskiren 

Added to Standard Therapy for Heart Failure 

Circ Heart Fail. 20082010/12/22 楊登堯



2010 Eur Heart J 2010/12/22 楊登堯



Plasma Renin Activity
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Blood Pressure Changes
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BNP and NT-Pro BNP
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Aliskiren in the eValuation of prOteinuria In Diabetes 

(AVOID) study – Study design overview

• All patients continue to receive open-
label losartan 100 mg and optimal 
antihypertensive therapy during the 
double-blind period

• Patients force-titrated after 3 months

• All treatments administered once daily

3 months

Placebo

Aliskiren 150 mg

+

3 months 3 months

Placebo

Aliskiren 300 mg

Randomization

Open-label Double-blind

Losartan 100 mg + optimal antihypertensive therapy

NEJM 2008
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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 ≥50% reduction in UACR at study end

• Effect of treatment on BP

• Safety and tolerability

UACR – urinary albumin-to-creatinine ratio NEJM 2008
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Urinary Albumin Decrease Dose-dependently 

but BP was Similar among Groups

NEJM 2008

(p=0.07)

(p=0.08)
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Addition of Aliskiren to Losartan and Optimal 

Antihypertensive Therapy was Generally Well Tolerated 

during The Study

Optimal antihypertensive therapy +

Aliskiren

(n=301)

Placebo

(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 ≥5% 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)

NEJM 2008
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Effect of Study Treatments on 

Laboratory Values
Optimal antihypertensive therapy +

Aliskiren 

(n=299)

Placebo

(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)

≥6.0 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)

BUN – blood urea nitrogen
Data are presented as number of patients with pre-specified abnormal
laboratory values at any time during the double-blind period

 The incidence of serum potassium >6.0 mEq/L was numerically, but not significantly 
greater with aliskiren compared with placebo (p=0.06)

NEJM 2008
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ALiskiren in Left ventriculAr hypertrophY 

(ALLAY) – Study design overview

Circulation 2009

Screening &
washout phase

2 or 12 weeks

Aliskiren 150 mg

34 weeks2 weeks

Losartan 50 mg

Aliskiren/losartan
150/50 mg

Aliskiren/losartan 300/100 mg 
once daily

Losartan 100 mg once daily

Aliskiren 300 mg once daily

Randomization

Double-blind

No prior ACEI/ARB
treatment:

2 weeks

Prior ACEI/ARB
treatment:
12 weeks

+
Addition of diuretics, and CCBs, -blockers 
and/or vasodilators as necessary*

*To achieve BP <140/90 mmHg 
(<130/80 mmHg for patients with diabetes)
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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/m2 and left ventricular wall thickness ≥1.3 cm†

Primary objective:
• To evaluate whether aliskiren/losartan combination therapy was superior 

to losartan monotherapy in reducing LVH, by measuring the change in 
LVMI using CMR

Key secondary objectives include:
• Evaluate whether aliskiren monotherapy was non-inferior to losartan 

monotherapy in reducing LVMI
• Safety and tolerability

†Confirmed by central echocardiography core laboratory assessments Circulation 2009
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Aliskiren/losartan Combination Therapy was Associated with lower BP 

Compared with either Monotherapy at all Time points Post-baseline 

Baseline 1 2 4 8 12 20 28 36
80

85

135

140

145

150

Diastolic

Systolic

Week

Mean sitting BP (mmHg)
Aliskiren

Losartan

Aliskiren/losartan

90

Circulation 2009
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Effect on LVMI

2010/12/22 楊登堯



No Evidence of an Elevated Incidence of Hyperkalaemia 

with Aliskiren/losartan Combination Therapy

Aliskiren
(n=154)

Losartan
(n=152)

Aliskiren/losartan
(n=154)

Serum potassium

<3.5 mEq/L, n (%) 12 (8.1) 11 (7.3) 7 (4.6)

>5.5 mEq/L, n (%) 4 (2.7) 5 (3.3) 5 (3.3)

≥6.0 mEq/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.
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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. 
(Atorvastatin, Ketoconazole; lasix, warfarin)

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