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ORIGINAL ARTICLE

Efficacy and safety of aliskiren, a direct renin
inhibitor, compared with ramipril in Asian patients
with mild to moderate hypertension

Jun-Ren Zhul, Ning-Ling Sun?, Kan Yang3, Jian Hu?, Geng Xu®, Huashan Hongﬁ, Ruonan Wang7,
Ying-Mei Tu’, Shannon Ritter® and Deborah Keefe®, on behalf of the trial investigators®

This 8-week, randomized, double-blind, parallel-group study compared the efficacy and safety of aliskiren with ramipril in Asian
patients with mild to moderate hypertension. Following a 2- to 3-week placebo run-in period, patients with mean sitting diastolic
blood pressure (msDBP) >95 and <110 mm Hg were randomized to receive once daily dose of either aliskiren 75, 150,

300 mg or ramipril 5 mg for 8 weeks. Efficacy variables were the changes in msDBP and mean sitting systolic BP (msSBP) and

BP control rates (< 140/90 mm Hg). Safety was assessed by recording adverse events (AEs) and serious AEs (SAEs). Of 1316
randomized patients, 1160 (88.1%) completed the study. At the study endpoint, patients on aliskiren had greater mean BP
reductions (14.39/11.63 mm Hg for 300 mg; 12.16/10.04 mm Hg for 150 mg; 12.24/10.66 mm Hg for 75 mg) than those on

5 mg ramipril (11.46/9.19 mm Hg). All aliskiren doses were statistically non-inferior (P<0.0001) to ramipril in reducing
msDBP. The reduction in BP for aliskiren 300 mg was statistically superior vs. ramipril (P<0.002). Blood pressure control rates
were higher for aliskiren (300 mg, 52.29%; 150 mg, 48.11%; 75 mg, 45.68%) than for ramipril (5 mg, 43.7%); the difference
for aliskiren 300 mg vs. ramipril 5 mg was statistically significant (P<0.05). Aliskiren was well tolerated with a fourfold lower
incidence of cough (0.6-1.2%) compared with ramipril (5.2%). SAEs were rare in this study (0.5%). Aliskiren produced greater
BP reductions with a lower incidence of cough than ramipril in Asian patients with mild to moderate hypertension.
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INTRODUCTION

Despite advances in the diagnosis and treatment of hypertension, only
about 5-33% of patients achieve blood pressure (BP) control (< 140/
90 mm Hg) globally. Blood pressure control rates for the Asian
population range from 9.5 to 36.6%, and in China, the rates have
been estimated to be as low as 9.5%. This is of particular concern
because of the increasing prevalence of hypertension (15-35%) in the
Asian populations.!~” Of the many available antihypertensive drugs,
angiotensin-converting enzyme inhibitors (ACEis) and angiotensin II
receptor blockers that act on the renin angiotensin—aldosterone system
form the mainstay of therapy today.>® However, incomplete blockade
of renin angiotensin—aldosterone system by these agents results in an
increase in plasma renin activity and potentially limits the therapeutic
benefits of these drugs.9 Moreover, ACE inhibition also results in
suppression of kininase II, which may be followed by accumulation of
the protussive mediators bradykinin and substance P in the upper
respiratory tract or lungs. This results in undesirable adverse effects,

such as dry cough, in susceptible individuals, leading to the disconti-
nuation of therapy.!? Direct renin inhibitors, which act by inhibiting
the activity of the enzyme renin, offer potential advantages over ACEis
and angiotensin II receptor blockers. Aliskiren, the first in class
of direct renin inhibitors, is approved for clinical use as an antihy-
pertensive agent in the United States, Europe, Japan and China.'1?
The efficacy, safety and tolerability of aliskiren have been well
established in Caucasian and Japanese populations,'>!3-18 but aliski-
ren has not been studied in Chinese hypertensive patients. Thus, the
present study assessed the efficacy and safety of aliskiren compared
with ramipril in a predominantly Chinese population with mild to
moderate hypertension.

METHODS

Study design

This was an 8-week, randomized, double-blind, active-controlled, parallel-
group study conducted across multiple centers in China (25), Thailand (4) and
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Double-blind treatment period (8 weeks)
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Figure 1 Schematic representation of the study design.

India (7). The study included a 1-week washout period, a 2- to 3-week placebo
run-in period and an 8-week, double-blind, active-controlled treatment period
(Figure 1). Eligible patients were randomly allocated (1:1:1:1) to a once-daily
treatment with one of the following regimens: 300, 150 and 75 mg aliskiren or
5mg ramipril. Ramipril was selected as an active control because it is a widely
used ACFi and has an established efficacy and safety profile.!” The ramipril
dose (5mg) used in the present study is the commonly prescribed dose for
Chinese patients. The study was conducted according to good clinical practice
guidelines and was in compliance with the Declaration of Helsinki (2002)
Principles of the World Medical Association. The study protocol was reviewed
by the appropriate institutional review board or ethical review committee for
each study center, and all patients provided written informed consent before
participating in the study.

Patients

Patients aged >18 years with uncomplicated essential hypertension who
fulfilled the following criteria were included in the study: (1) mean sitting
diastolic BP (msDBP) >90 and <110mm Hg at the visit immediately before
randomization; (2) msDBP >95 and <110 mm Hg at the time of randomiza-
tion; and (3) absolute difference of <10 mm Hg in msDBP after the initial 2
weeks of single-blind placebo run-in period to the time of randomization.
Patients with severe hypertension (msDBP >110mmHg and/or msSBP
>180 mm Hg), history or evidence of secondary hypertension, known Keith—
Wagener grade III or IV hypertensive retinopathy, hypertensive encephalopathy
or cerebrovascular accident, transient ischemic cerebral attack within 12
months, severe cardiovascular disease including myocardial infarction, coron-
ary bypass surgery, any percutaneous coronary intervention, Type 1 or Type 2
diabetes mellitus with glycosylated hemoglobin (HbAlc) >8% at washout
period, or any surgical or medical condition that could alter the kinetics and
bioavailability of the study drug were excluded from the study. Pregnant or
nursing women were also excluded.

Efficacy assessments

The primary efficacy variable was the change in msDBP from baseline to week 8
endpoint. Secondary efficacy variables were the change in msSBP from baseline
to week 8 endpoint, the proportion of patients achieving BP control (< 140/
90 mm Hg) and the proportion of patients achieving BP response (msDBP
<90 mm Hg or reduction of >10 mm Hg from baseline in msDBP). Post hoc
analyses of the following efficacy variables were also performed: change in the
pulse pressure (PP: msSBP—msDBP) and change in mean arterial pressure,
MAP: (2xmsDBP + msSBP)/3 from baseline to week 8 endpoint.

Blood pressure measurements

Clinic BP measurements were recorded at all study visits (weeks 0, 2, 4 and 8)
using a standard sphygmomanometer and appropriate arm cuff size in
accordance with the 1988 American Heart Association Committee Report on
Blood Pressure Determination. Sitting BP was measured at trough (24+3h
post dose) from the arm in which the highest sitting DBP was found at the first
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study visit. After the patient had been sitting for 5 min, three measurements of
systolic and diastolic BP were taken at 1- to 2-min intervals, and the average
of these was recorded as the mean value for that visit.

Safety assessments
Safety assessments consisted of monitoring and recording of all adverse events
(AEs), serious AEs (SAEs) and laboratory tests and vital signs.

Statistical analysis

The primary efficacy variable (change in msDBP from baseline to week 8
endpoint) was used to demonstrate that aliskiren was non-inferior to ramipril.
A sample size of 267 completed patients per treatment group was estimated,
assuming a 10% dropout rate and a s.d. of 8 mm Hg. This would provide 90%
power to detect (one-sided significance level of 0.025) a non-inferiority margin
of 2.25mm Hg between aliskiren and ramipril. If non-inferiority was estab-
lished, the data was assessed for treatment superiority. The efficacy analyses
were performed on the intent-to-treat population. In the case of missing data,
the last measurement in the double-blind period was carried forward. Com-
parisons were made between aliskiren and ramipril for changes in msDBP and
msSBP from baseline to week 8 endpoint using a one-way analysis of
covariance model with treatment group and region as factors and baseline as
a covariate. The proportion of patients achieving BP response and BP control
were each compared using a logistic regression model with baseline msDBP as a
covariate and treatment and region as factors. A post hoc analysis was
performed on the intent-to-treat population to evaluate the treatment effect
of aliskiren vs. ramipril on PP and MAP. Comparisons were made between
aliskiren and ramipril for changes in PP and MAP from baseline to week 8
endpoint using a one-way analysis of covariance model with treatment group
and region as factors and baseline as a covariate. The safety assessments were
based primarily on the frequency of AEs, laboratory abnormalities and SAEs
suspected to be study drug related.

RESULTS

Patient demographics and baseline characteristics

A total of 1613 patients were enrolled for the study, of which 1316
(81.6%) completed the single-blind placebo run-in period, and were
randomized to receive either aliskiren 300 mg (n=331), 150 mg
(n=323), 75mg (n=332) or ramipril 5mg (n=330) (Figure 2). Of
the randomized patients, 1160 (88.1%) completed the study. The
main reasons for discontinuation were withdrawal of consent (n=62),
AEs (n=47), unsatisfactory therapeutic effect (n=17), lost to follow-
up (n=19), protocol deviation (n=7) and administrative problems
(n=4) (Figure 2). Patient demographic and baseline characteristics
were generally comparable across treatment groups, except for the
duration of hypertension that varied from 7.9 to 9.4 years in the
aliskiren-treated groups compared with the ramipril group (8.0 years).
Patients were predominantly Chinese (87.2%), with a mean age of
53.2 years, a mean duration of hypertension of 8.6 years, a baseline
msDBP of 98.8mmHg and a baseline msSBP of 147.9mmHg
(Table 1).

Efficacy results

For the primary endpoint, the reductions in msDBP were greater in
the aliskiren-treated groups than in the ramipril group at each time
point (Figure 3a). The mean reductions in BP were evident by week 2,
with further reductions at week 4, which were maintained until the
end of the study (week 8). The least square mean reductions in
msDBP from baseline to week 8 endpoint were 11.63, 10.04 and
10.66 mm Hg for aliskiren at doses of 300, 150 and 75 mg, respectively,
vs. 5mg ramipril (9.19 mm Hg). Pairwise comparisons showed that all
doses of aliskiren were statistically non-inferior (P<0.0001) to rami-
pril (between-treatment difference: —2.44 (95% confidence interval:
—3.63, —1.25); —0.86 (95% confidence interval: —2.06, 0.34); and
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Figure 2 Overall patient disposition during the treatment period.

Table 1 Demographic and baseline characteristics of the patient population at randomization

Aliskiren 300 mg Aliskiren 150 mg Aliskiren 75 mg Ramipril 5mg P-value
(N=331) (N=323) (N=332) (N=330)

Mean age (years) 53.8 53.3 52.7 52.9 0.407
<65 n (%) 288 (87.0) 273 (84.5) 285 (85.8) 296 (89.7) 0.201
>65 n (%) 43 (13.0) 50 (15.5) 47 (14.2) 34 (10.3)

Gender, n (%)

Male 181 (54.7) 183 (56.7) 188 (56.6) 179 (54.2) 0.875
Female 150 (45.3) 140 (43.3) 144 (43.4) 151 (45.8)

Ethnicity, n (%)

Chinese 288 (87.0) 284 (87.9) 289 (87.0) 286 (86.7) 0.999
Indian 32(9.7) 29 (9.0) 32(9.6) 34 (10.3)

Others 11 (3.3) 10 (3.1) 11 3.3) 10 (3.0)

BMI (kgm~2) (mean (s.d.)) 26.2 (3.49) 26.2(3.70) 26.1(3.77) 26.0 (3.38) 0.850
msDBP (mmHg) (mean (s.d.)) 98.9 (3.54) 98.5 (3.04) 98.9 (3.64) 98.8 (3.41) 0.345
msSBP (mmHg) (mean (s.d.)) 148.9 (13.09) 146.8 (11.94) 147.3 (12.29) 148.5(12.62) 0.110
Duration of hypertension (years) 9.4 9.3 7.9 8.0 0.036
Patients with diabetes, n (%) 35(10.9) 31(9.6) 35(10.5) 50 (15.2) 0.114

Abbreviations: BMI, body mass index; msDBP, mean sitting diastolic pressure; msSBP, mean sitting systolic blood pressure.

—1.48 (95% confidence interval: —2.67, —0.28) for 300, 150 and
75 mg aliskiren, respectively) in reducing msDBP from baseline. Mean
SBP reductions were greater in the aliskiren-treated groups than in the
ramipril group at the week 8 endpoint (Figure 3b); however, only the
between-treatment comparison between aliskiren 300 mg and ramipril
5mg showed statistical significance. Aliskiren (300 mg) was statisti-
cally superior to 5mg ramipril in reducing both msDBP (P <0.0001)
and msSBP (P=0.0014) from baseline to week 8 endpoint. At the week
8 endpoint, the proportion of patients who had their BP controlled to
<140/90 mm Hg was higher in all three aliskiren-treatment groups
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(300mg, 52.29%; 150 mg, 48.11%; and 75mg, 45.68%) compared
with the 5mg ramipril treatment group, 43.65% (Figure 4). The
difference between aliskiren 300 mg and ramipril 5 mg was statistically
significant (P=0.0177). Similarly, the BP responder rate was higher for
each of the aliskiren doses (300 mg, 67.89%; 150 mg, 59.75%; and
75mg, 59.57%) than for ramipril (53.87%), with the difference
between aliskiren 300mg and ramipril 5mg being significant
(P<0.0001). The least square mean changes in PP from baseline to
week 8 endpoint were —2.69, —1.95 and —1.66 mm Hg for aliskiren
300, 150 and 75mg, respectively, vs. ramipril (—2.19 mm Hg). The
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Figure 3 Mean change from baseline in mean sitting diastolic BP (a) and
mean sitting systolic BP (b) by week and treatment group (intent-to-treat
population).
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Figure 4 Blood pressure (BP) control rates at week 8 endpoint in intent-to-
treat population.

between treatment difference for changes from baseline in PP were
—0.49, 0.25 and 0.53mmHg for 300, 150 and 75mg aliskiren vs.
ramipril, respectively.

The decrease in MAP was greater in the aliskiren treatment groups
compared with ramipril treatment group. The least square mean
changes in MAP from baseline to week 8 endpoint were —12.62,
—10.74 and —11.12 mm Hg for 300, 150 and 75 mg aliskiren, respec-
tively, (vs. —9.9 mm Hg for ramipril). Pairwise comparisons showed
that the least square mean difference was significantly greater with
aliskiren 300 mg compared with ramipril, but were comparable with
150 and 75 mg doses of aliskiren. Between treatment differences for all
the three doses of aliskiren vs. ramipril were —2.63 (P<0.0001), —0.76
and —1.13 mm Hg for aliskiren 300, 150 and 75 mg, respectively.

Safety results

The overall incidence of AEs was similar among the treatment groups
(Table 2). The majority of AEs were mild to moderate in severity.
Overall, 8.9% of AEs were suspected to be study drug related, with a
higher incidence in the ramipril treatment group (12.5%) than in the
aliskiren-treated groups (6-8.7%). Dizziness (4.0%), headache (2.8%)
and cough (2.0%) were the most commonly reported AEs. No
incidence of hypotension (<100/60mm Hg) was reported in the

Table 2 Number (%) of patients with adverse events during the
double-blind period (2% in any group, safety population)

Aliskiren Aliskiren Aliskiren Ramipril
300 mg 150 mg 75mg 5mg
Preferred term n (%) (N=331) (N=323) (N=332) (N=329)
Any AEs 52 (15.7) 60 (18.6) 57 (17.2) 68 (20.7)
AE > 2% in any group
Dizziness 10 (3.0) 15 (4.6) 15 (4.5) 13 (4.0
Headache 6 (1.8) 13 (4.0) 6 (1.8) 12 (3.6)
Cough 4 (1.2) 3(0.9) 2(0.6) 17 (56.2)
Discontinuation 9(2.7) 16 (5.0) 14 (4.2) 8(2.4)
because of AEs
Any SAE 1(0.3) 2(0.6) 3(0.9) 1(0.3)

Abbreviations: AE, adverse event; SAE, serious adverse event.

aliskiren-treatment groups, and only one patient in the ramipril
group developed hypotension (0.3%). The incidence of cough was
~ fourfold higher (5.2%) in the ramipril (5 mg) group compared with
the three aliskiren groups (0.6 to 1.2%). The overall rate of disconti-
nuation because of AEs was 3.6%. Headache and dizziness were the
most frequently reported AEs that led to discontinuation and were
more frequently reported for patients treated with aliskiren. Cough led
to discontinuation from the study, most frequently in the ramipril
group. Cough-related discontinuations in the ramipril group were
1.2%, compared with 0.3% in each of the aliskiren groups (300 and
150 mg), and were more frequent in female (0.85%) than in male
(0.14%) patients. No deaths were reported during the study, and only
0.5% (n=7) of patients experienced SAEs. All SAEs occurred in <1
patient each: head injury and drug eruption occurred in aliskiren,
150mg; chest pain, cerebral hemorrhage and medical device
complication occurred in aliskiren 75mg, varicose vein occurred in
aliskiren 300 mg and hypertension in ramipril 5mg group. Of the
above SAE’s, only the case of drug eruption (dermatitis medicamen-
tosa) in the aliskiren 150 mg group was considered to be related to
study medication.

DISCUSSION

This study is the first to compare the antihypertensive efficacy and
safety of the direct renin inhibitor aliskiren with that of the ACEi
ramipril in Asian patients (predominantly Chinese) with essential
hypertension. Aliskiren demonstrated greater reductions in BP with
good tolerability compared with ramipril. Results from this study
demonstrate that the reduction in msDBP was statistically non-
inferior to ramipril for all doses of aliskiren, with numerically greater
BP reductions for each of the doses. Aliskiren (300 mg) was statistically
superior to ramipril in reducing both msDBP and msSBP from
baseline to the week 8 endpoint. The proportions of patients achieving
overall BP control (< 140/90 mm Hg) and those responding to treat-
ment were also greater in the aliskiren-treated groups than in the
ramipril-treated group.

The mean BP reductions observed with the 300 and 150 mg doses of
aliskiren in the present study are consistent with findings from
previous studies conducted in the Caucasian and Japanese popula-
tions.!>2021 The BP control rates and response to treatment showed a
similar trend to that seen in Caucasian and Japanese patients,!b10
suggesting that the response to aliskiren treatment does not differ
significantly among racial/ethnic groups.
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Interestingly, in the present study, the mean baseline systolic
BP (147.6mmHg) was lower compared with that reported in
previous studies performed in Caucasians and Japanese patients
(systolic BP >151.0 mm Hg),!>162021 and the body mass index
was lower (~262kgm™2) compared with that of Caucasians
(~30.3kgm~2),'1%20 but similar to that of Japanese patients
(25.5kgm™2).!1 However, these differences in baseline characteristics
did not affect the BP response to treatment with aliskiren or BP
control.

Despite the superior BP reductions observed with aliskiren 300 mg
vs. ramipril 5mg, the main limitation of the present study is the
planned allocation of the study drugs wherein all three doses of
aliskiren (300, 150 and 75mg) are compared with only ramipril.
In the present study, 5mg ramipril was selected in the Asian
(predominantly Chinese) population because it is the commonly
prescribed dose in Chinese patients for treatment of essential hyper-
tension. Furthermore, it was also reported that the incidence of dry
cough due to ACEi’s higher in Chinese patients.’>?*> The observed
changes in PP and MAP indicate reductions in all treatment groups,
but no significant treatment difference between aliskiren and ramipril,
except in the case of aliskiren 300 mg for reduction in MAP where the
difference compared with ramipril was superior.

Safety and tolerability are also key factors for the successful
treatment of patients with essential hypertension. Overall, the toler-
ability seen in this study was consistent with the known profiles of the
two drugs studied and was similar to that reported in previous studies
conducted in Caucasian and Japanese patients.!!> Treatment with
aliskiren was well tolerated, and the incidence of AEs was similar
between the treatment groups. The use of ACEis is known to produce
persistent dry cough in at least 5-35% of treated patients overall,!” but
is even more prevalent in Chinese patients (44%) due to their genetic
susceptibility.?>?* Bradykinin-induced sensitization of airway sensory
nerves is a potential mechanism of ACEi-induced cough.?* Results
from this study show that the incidence of cough was fourfold lower
with the maximum dose of aliskiren compared with ramipril, which
can be attributed to the fact that treatment with aliskiren does not
inhibit bradykinin degradation.

In conclusion, aliskiren demonstrated comparable or superior
antihypertensive efficacy with a good tolerability profile compared
with ramipril, making it an attractive treatment option for Asian
patients with essential hypertension. The much lower incidence of
cough with aliskiren treatment represents a potential added advantage
in Asian patients, who are more susceptible to ACEi-induced cough.
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