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Aims We studied the unclear question whether blood pressure (BP) lowering reduces cardiovascular disease (CVD) in elderly
individuals with systolic BP ,160 mm Hg.

Methods
and results

We initiated a randomized placebo-controlled stratified 2 × 2 factorial clinical trial evaluating the effects of BP lowering in
11 000 elderly individuals with systolic blood pressure (SBP) between 130 and 159 mm Hg, for 5 years. Following 5-week
active run-in, participants were randomized to aliskiren (300 mg) or placebo, and to an additional antihypertensive [hydro-
chlorothiazide (25 mg) or amlodipine (5 mg)], or their respective placeboes. Study was terminated by sponsor after 1759
subjects (age 72.1+5.2 years, 88% receiving at least one antihypertensive) were randomized and followed for 0.6 year.
Study drugs were well tolerated with few serious adverse events during run-in and after randomization, with no significant
differences between treatment groups. By design, three levels of BP reductions were achieved, adjusted mean BP reductions
of 3.5/1.7 mm Hg (P , 0.001) by aliskiren, 6.8/3.3 mm Hg (P , 0.001) by hydrochlorothiazide or amlodipine, and 10.3/
5.0 mm Hg (P , 0.001) by double therapy compared with placebo. Twenty-five major CVD events occurred. Non-signifi-
cant trends towards fewer CVD events with greater BP reductions are evident: hazard ratios (HR) 0.82 [95% confidence
interval (CI): 0.37–1.81] for 3.5 mm Hg SBP reduction; HR 0.45 (95% CI: 0.19–1.04) for 6.8 mm Hg; and HR 0.25
(0.05–1.18) for 10.3 mm Hg reduction for primary composite of CV death, MI, stroke, or significant heart failure.

Conclusions Sizeable reductions in BP, with potential for substantial CVD reduction, can be safely achieved using combinations of BP
drugs in the elderly with normal high and Stage 1 hypertension.

Clinical trial
registration

NCT01259297.
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Introduction
Hypertension is a major risk factor for cardiovascular disease (CVD),
especially in the elderly, and accounts for �6% of adult deaths world-
wide.1,2 Several guidelines recommend initiating antihypertensive

drug treatment in those with systolic blood pressure (SBP) .

140 mm Hg or diastolic blood pressure (DBP) . 90 mm Hg, and
some suggest that BP should be lowered in individuals with diabetes
or other high-risk conditions who have an SBP over 130 mm Hg.3– 5

While blood pressure (BP) reduction has been clearly shown to
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reduce CVD in elderly people with SBP ≥ 160 mm Hg, there is at
present conflicting evidence on whether this is the case also when
SBP values are 159 mm Hg or less, especially if individuals are already
receiving antihypertensive medications.6,7 This gap in knowledge is
highlighted by the recent ESH/ESC guidelines which indicate that
there is limited evidence fromrandomized clinical trials that drug treat-
ment for grade 1 hypertension reduces clinical events in the elderly.8

Achieving target levels ofBP recommendedby guidelines frequently
requires combinations of various drugs with different mechanisms of
action. However, use of multiple BP lowering medications may often
be associated with drug interactions, intolerance, poor adherence
and increased costs, particularly in the elderly. Therefore, outcome
data showing that use of multiple drugs reduces CVD and is safe, are
needed to clarify BP lowering and to justify treating or augmenting
therapy in the elderly with SBP between 130 and 159 mm Hg,
without offsetting adverse experiences from the treatment and is of
major clinical, public health and economic importance.

The direct renin inhibitor, aliskiren, was approved as an effective
agent to treat hypertension, alone and in combination with other
agents.9–14 The Aliskiren Prevention of Later Life Outcomes
(APOLLO) trial was designed to provide information on the impact
of aliskiren on clinical events when used alone or in combination with
other common drugs [amlodipine or hydrochlorothiazide (HCTZ)],
relative to risks, in elderlyhypertensive subjectswhoarealready receiv-
ing other commonly used drugs, using a stratified factorial design. Re-
cruitment started on January 2011 but was prematurely stopped for
non-scientific reasons on 3 May 2012 at the request of the sponsor
without any knowledge of blinded trial data and despite the objections
of the Steering Committee and the independent Data and Safety Mon-
itoring Board (DSMB) (see Supplementary material online). Thus, the
original study objectives on the effects of treatment on clinical out-
comes could not be achieved. Instead, we report the tolerability of
thevarious regimensandtheeffectsonBP loweringassociatedwithalis-
kiren alone and the intensification of the BP lowering by adding either
HCTZ or amlodipine in high-risk patients already receiving other BP
lowering drugs. In addition, we report the impact on major clinical
events (as safety outcomes) relative to BP lowering, although the
power to detect plausible differences is substantially compromised.

Method

Participants
We included individuals ≥65 years of age, with stable SBP between 130
and 159 mm Hg on two consecutive visits one or more months apart, in
whom background BP therapy was unchanged for at least 1 month.
Patients were required to have either CVD (coronary heart disease,
stroke or TIA, peripheral artery disease) or one additional CV risk factor
(dyslipidaemia, smoking, abdominal obesity, hyperglycaemia, renal
dysfunction, or evidence of left ventricular hypertrophy) or be .70
years (advanced age increases risk). Individuals with indications,
contraindications, or intolerance to the drugs tested were excluded.
The following were also excluded: those with SBP . 160 mm Hg or
DBP . 100 mm Hg, symptomatic heart failure, complex cardiac or
valvular heart disease, stroke within the previous 3 months or TIA
within the previous 7 days, acute coronary syndrome within the previous
1 month, cardiac surgery or percutaneous coronary intervention within
the previous 3 months or planned in next 3 months, eGFR , 30 mL/min/
1.73 m2 (Modification of diet and renal disease formula), known renal

artery stenosis, serum potassium .5.3 mmol/L, chronic liver disease,
malignancy (except localized skin basal cell carcinoma) within the past
5 years, concurrent treatment with cyclosporine, quinidine or systemic
conazoles, chronic use of non-steroidal anti-inflammatory drugs or
cyclooxygenase-2 inhibitors in subjects with eGFR , 60 mL/min/1.73 m2.

Design
This was a randomized placebo-controlled 2 × 2 stratified factorial
design clinical trial on 11 000 subjects to be followed for 5 years. Partici-
pantswere randomized toaliskiren300 mg dailyorplaceboand also to an
additional BP lowering drug (amlodipine 5 mg dailyor HCTZ 25 mg daily)
or placebo (Table 1). Substudies on Ambulatory Blood PressureMonitor-
ing and Brain MRI were to be conducted to examine in greater details the
effects of the therapies.

National Leaders, clinical monitors, and site investigators supervised
the recruitment of patients. The trial was coordinated and the data
were gathered and analysed by the Population Health Research Institute
(PHRI) at McMaster University and Hamilton Health Sciences. The Steer-
ing Committee designed and oversaw the trial. An Operations Commit-
tee consisting of academic leaders, representatives from PHRI, and the
sponsor met frequently and regularly to ensure smooth running of the
trial. All primary study outcomes and all deaths were adjudicated by a
central committee whose members were unaware of study-groupalloca-
tions, with the use of standard criteria. All serious adverse events were
reviewed by the DSMB.

Study objectives and outcomes
Originally, our primary objectives were to determine whether: (i) treat-
ment with an aliskiren-based regimen compared with a non-aliskiren-
based regimen, both on top of existing BP lowering agents, reduced the
risks of the composite of CV death, non-fatal MI, non-fatal stroke, and
clinically significant heart failure and (ii) intensified therapy with aliskiren
plus an additional BP lowering drug (amlodipine or HCTZ) compared
with their placebos, reduced the risk of the same composite clinical
outcome (also see Table 1). Secondary objectives were to determine
whether treatment with the two regimens reduced the risk of fatal and
non-fatal stroke, prevented decline in ability to perform everyday activ-
ities independently using a health-related successful aging instrument,
prevented decline in renal function or reduced total mortality. Tertiary
objectives were to determine the effect of treatment including measures
of cognition, independence and function of daily living activities, indivi-
dual CV outcomes and new diagnosis of diabetes, components of
health-related successful living instrument and depression.

Run-in, randomization and follow-up
The study protocol was reviewed and approved by the institutional
review board/ethics committee of each participating centre. Participants
entered a pre-run-in phase (after written informed consent was obtained),
which was designed to ensure that study participants’ BP remained
stable and in range while receiving background antihypertensive therap-
ies for 1 month before entering run-in. Eligible participants then entered a
5-week run-in phase when, based on their pre-existing BP lowering
therapy, participants were stratified into those receiving a calcium
channel blocker such as amlodipine or a thiazide diuretic. At run-in, par-
ticipants who had received a calcium channel blocker were assigned to
active HCTZ, those on a thiazide to amlodipine. Those receiving
neither were randomly assigned to HCTZ or amlodipine. Starting low
dose active study medications were titrated upwards to the full study
doses to ensure tolerance to the study medications without serious
adverse effects (Table 2). Renal function and potassium levels were
checked midway and at the end of run-in.
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On completion of run-in, eligible participants who tolerated the run-in
medications were randomized to the study drugs or matching placebo.
At randomization, all participants were assigned to aliskiren or
placebo and simultaneously those receiving active HCTZ to HCTZ or
placebo and those receiving amlodipine to amlodipine or placebo, in a
stratified 2 × 2 factorial design (Table 1). Study subjects and personnel
from study sites and the central coordinating centre were blinded to
study medication allocations. Follow-up visits occurred 6 weeks, 3 and
6 months after randomization and then every 6 months until the end of
the trial, projected to last an average of 5 years. At each visit, resting
sitting brachial BP was measured on the same arm following a standar-
dized technique using an Omron Automatic BP Monitor (Model
HEM-711DLXCAN). Two measurements were made on the same
arm, 2 min apart, after the participant has sat quietly for at least 5 min
and the average of the two readings were taken as the BP for the visit.

Statistical analysis
Given that the Sponsor stopped recruitment on 23 December 2011, the
original study objectives could not be achieved and so the original statis-
tical analysis planned (to examine the impact on clinical outcomes) in the

protocol was no longer appropriate. Therefore, an alternative statistical
analysis plan was formulated prior to study close-out and database
lock for a supplementary pre-specified key outcome to assess the
effect of study treatments on mean sitting systolic and diastolic BP,
within the randomized follow-up period (up to 6 months after random-
ization) when compared with values at the run-in visit. BP measurements
recorded in participants from the time they had undergone admini-
strative censoring, that is they had stopped the study medication
because they had diabetes and on background ACE inhibitor or ARB,
were not included within the primary analysis. Analyses for safety and tol-
erability were performed, with descriptive analysis of all clinical efficacy
outcomes.

Means and standard deviations were used for continuous variables, and
numbers and percentages for dichotomous variables. Comparisons
between groups were made by t-tests or x2-tests. Comparisons on the
effects of treatments on BP were made using mixed model regression ana-
lysis with the following covariates: run-in BP value, treatment factor, treat-
ment time by time interaction term, and two stratification factors. The first
stratification factor has four levels representing: baseline with thiazide,
baseline with calcium channel blocker, baseline with neither thiazide nor

Table 1 Study design (as planned)

Aliskiren 300 mg
+

additional BP lowering drug
(amlodipine 5 mg or HCTZ 25 mg)

N ¼ 2750
(actual randomized: 433)

Placebo for aliskiren 300 mg
+

additional BP lowering drug
(amlodipine 5 mg or HCTZ 25 mg)

N ¼ 2750
(actual randomized: 447)

Additional BP lowering drug
(amlodipine or HCTZ)

N ¼ 5500
(actual randomized: 880)

vs.

Aliskiren 300 mg
+

placebo for additional BP
lowering drug

N ¼ 2750
(actual randomized: 427)

Placebo for aliskiren 300 mg
+

placebo for additional BP
lowering drug

N ¼ 2750
(actual randomized: 452)

Placebo for additional BP
lowering drug (amlodipine or HCTZ)

N ¼ 5500
(actual randomized: 879)

Aliskiren
N ¼ 5500

(actual randomized: 860)
vs.

Placebo for aliskiren
N ¼ 5500

(actual randomized: 899)

Randomized placebo-controlled 2 × 2 factorial design, with planned sample size (N ¼ 11 000) and actual number randomized (N ¼ 1759). For primary objective 1, treatment effect
with an aliskiren-based regimen (left column) was to be compared with that of non-aliskiren-based regimen (right column), i.e. the aliskiren arm vs. placebo for aliskiren arm. For
primary objective 2, treatment effect of aliskiren + amlodipine or HCTZ (combination therapy, left upper cell) was to be compared with double placebos (right lower cell).
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Table 2 Run-in treatments

Period Treatments

For patients on thiazide backgrounda (N 5 1001) For patients on CCB backgrounda (N 5 1335)

First 3 days Amlodipine 5 mg HCTZ 12.5 mg

Next 7 days: Days 4–10 (+2 days) Amlodipine 5 mg HCTZ 25 mg

Next 10 days: Days 11–21 (+2 days) Amlodipine 5 mg + aliskiren 150 mg HCTZ 25 mg + aliskiren 150 mg

Next 14 days: Days 22–36 (+3 days) Amlodipine 5 mg + aliskiren 300 mg HCTZ 25 mg + aliskiren 300 mg

aPatients who were on neither thiazide nor CCB background were randomly assigned to one of the two treatments.
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calcium channel blocker but assigned to HCTZ at run-in, and baseline with
neither thiazide nor calcium channel blocker and assigned to amlodipine at
run-in. The second stratification has two factors representing being rando-
mized to other BP lowering therapy or placebo. Since randomization was
stratified by site, we did not model the random effect of site for changes in
BP. Hazard ratios (HR) were calculated using Cox regression model strati-
fied by the two stratification factors described above. Two-sided tests
were used and P , 0.05 was accepted as significant.

Results
The trial started enrolment in January 2011 in 17 countries involving
145 centres. When the Sponsor stopped recruitment on 23 Decem-
ber 2011, instructions were given to the study centres to discontinue
aliskirenor placebo in participants with diabetes and in whom an ACE
inhibitor or ARB was to be continued. Those in whom the site inves-
tigators decided that the ACE inhibitor or ARB could be stopped
were continued in the study but were administratively censored for
the purpose of BP analysis in this study. The sponsor made the deci-
sion to terminate and close out the APOLLO trial on 3 May 2012,
with 1759 randomized participants (Figure 1). The median follow-up
time was 0.6 (interquartile range: 0.5–0.8) years, representing ,2%
of the expected 55 000 person-years of follow-up to be obtained
within APOLLO. Average age was 72.1+ 5.2 years, 46.2% were
women, 29.7% had a history of vascular disease and 40.6% diabetes.
Table 3 shows the baseline demographics, medical history and open
label background BP medications.

Blood pressure
At randomization, participants took an average of 1.5 non-study anti-
hypertensivedrugs, 87.5%were taking at leastoneand46.8%wereon
two or more medications. At run-in, average sitting BP was 146.1+
11.1/82.6+ 9.2 mm Hg, and at the end of run-in but prior to ran-
domization, it was 133.7+14.2/76.6+ 9.3 mm Hg.

During the study, in participants randomized to aliskiren, 35.0%
had average SBP ,130 mm Hg and 11.0% had SBP ,120 mm Hg

compared with 22.8 and 6.8%, respectively, in those receiving
placebo. Corresponding proportions were 37.5 and 12.6% for
those assigned to HCTZ or amlodipine and 20.0 and 5.1% for
placebo, and 43.0 and 14.8% for those receiving double therapy
and 13.5 and 3.1% for double placebo.

Postrandomization, aliskiren reduced adjusted mean SBP by 3.5
(SE 0.5) mmHg, (P , 0.001), and DBP by 1.7 (SE 0.3) mmHg (P ,

0.001) compared with placebo (first co-primary outcome), HCTZ
or amlodipine by 6.8 (SE 0.5) mmHg, (P , 0.001) for SBP and 3.3
(SE 0.3) mmHg (P , 0.001) for DBP. The reduction in SBP in the
double therapy compared with double placebo (second co-primary
outcome) was 10.3 (SE 0.8) mmHg (P , 0.001) for SBP, and 5.0
(SE 0.5) mmHg, P , 0.001 in mean DBP (Figure 2).

Potassium and renal function
Mean potassium was 4.32+0.42 mmol/L at run-in; after randomiza-
tion, 15 participants randomized to aliskiren had K . 5.5 mmol/L vs.
4 in the placebo group, while 12 randomized to amlodipine or HCTZ
and 7 to placebo had K levels of .5.5 mmol/L. In the group that
received double active drugs, there were 10 with potassium
.5.5 mmol/L and 2 in the double placebo group (Table 4). None
had levels of .6.0 mmol/L.

At run-in, average creatinine levels were 84.4+21.9 mmol/L and
25% of participants had eGFR between 30 and 60 mL/min/1.73 m2.
This proportion increased to over 30% in those who received aliski-
renor double active drugs after randomization. An eGFRof ,30 mL/
min/1.73 m2 was seen during the study in seven participants (Table 4).

Serious adverse events and adherence
There were few serious adverse events, both during run-in (Table 5)
and after randomization (Table 6), with no excess associated with any
treatment group. Of the 24 participants who experienced serious
adverse events that resulted in permanent study drug discontinuation
after randomization, 13 were in the aliskiren group vs. 11 in the
placebo group; 13 in the amlodipine or HCTZ vs. 11 in the placebo
group and 8 in the double therapy vs. 7 in the double placebo
group (Table 5). At the final visit, study drug discontinuation was
�10% and this was similar in the 4 randomized groups (Table 6).
Participants who stopped study medications due to premature
study termination were administratively censored, and were not
counted as drug discontinuations. Their data were included up to
the time they stopped their study medications.

Clinical outcomes
Of 25 primary outcome events (CV death, non-fatal MI, non-fatal
stroke, or significant heart failure) (Table 6), non-significant trends
toward lower risks of this primary composite outcome, compared
with controls, for aliskiren HR was 0.82 (95% CI: 0.37–1.81, P ¼
0.63), amlodipine or HCTZ (HR 0.45, 95% CI: 0.19–1.04, P ¼
0.06) and the combination (HR 0.25 (95% CI: 0.05–1.18, P ¼ 0.08).
Similar non-significant trends were observed for the composite of all-
cause death, non-fatal MI, non-fatal stroke, or significant heart failure,
aliskiren: HR 0.73 (95% CI: 0.34–1.56, P ¼ 0.41), amlodipine or
HCTZ: HR 0.48 (95% CI 0.22–1.07, P ¼ 0.07) and the combination:
HR 0.22 (95% CI: 0.05–1.01, P ¼ 0.05). Non-significant trends
towards larger reductions in risk were seen with greater reductions
in BP associated with these treatments (Figure 3).

Figure 1 Recruitment flow chart.
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Discussion
This study was designed to clarify whether BP lowering in
high-risk elderly individuals, with SBP in a range between 130 and
159 mm Hg, is safe and leads to reductions in major clinical out-
comes. Our data show that in addition to other background BP
lowering medications (mean of 1.5 drugs), up to two further antihy-
pertensive drugs (for a mean of 3.5 drugs in the double active arm)

could be safely administered and were well tolerated. While the
effects on major clinical outcomes could not be definitively deter-
mined because of early study termination, the present results
suggest that such a trial can be conducted safely, with effective BP
lowering and high tolerability. After randomization, three levels of
BP reductions were achieved, with aliskiren alone (BP reduction of
3.5/1.7 mm Hg), amlodipine or HCTZ alone (6.8/3.3 mm Hg),
and the combination of aliskiren plus amlodipine or HCTZ
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Table 3 Baseline demographics, medical history and background blood pressure lowering therapy

Overall Aliskiren Placebo HCTZ or amlodipine Placebo Double therapy Double placebo

Randomized (n) 1759 860 899 880 879 433 452

Age in years mean (SD) 72.1(5.2) 72.4 (5.2) 71.9 (5.2) 72.4 (5.3) 72.0 (5.1) 72.5 (5.3) 71.8 (5.1)

Women n (%) 813 (46.2) 408 (47.4) 405 (45.1) 419 (47.6) 394 (44.8) 210 (48.5) 196 (43.4)

Ethnicity n (%)

European 729 (41.4) 359 (41.7) 370 (41.2) 367 (41.7) 362 (41.2) 177 (40.9) 180 (39.8)

Native Latin 703 (40.0) 349 (40.6) 354 (39.4) 355 (40.3) 348 (39.6) 178 (41.1) 177 (39.2)

Other 327 (18.6) 152 (17.7) 175 (19.5) 158 (18.0) 169 (19.2) 78 (18.0) 95 (21.0)

Medical history/risk factors (%)

CHD 386 (22.0) 189 (22.0) 197 (21.9) 185 (21.0) 201 (22.9) 94 (21.7) 106 (23.5)

Stroke/TIA 143 (8.1) 71 (8.3) 72 (8.0) 79 (9.0) 64 (7.3) 41 (9.5) 34 (7.5)

PAD 58 (3.3) 32 (3.7) 26 (2.9) 30 (3.4) 28 (3.2) 18 (4.2) 14 (3.1)

Heart failure 25 (1.4) 14 (1.6) 11 (1.2) 8 (0.9) 17 (1.9) 3 (0.7) 6 (1.3)

Cancer 70 (4.0) 32 (3.7) 38 (4.2) 30 (3.4) 40 (4.6) 11 (2.5) 19 (4.2)

Hypertension 1433 (81.5) 704 (81.9) 729 (81.2) 728 (82.7) 705 (80.3) 357 (82.4) 358 (79.4)

Diabetes 713 (40.6) 352 (40.9) 361 (40.2) 347 (39.4) 366 (41.7) 179 (41.3) 193 (42.8)

At run-in (%)

Beta-blockers 793 (46.1) 397 (46.2) 396 (44.0) 396 (45.0) 397 (46.2) 201 (46.4) 201 (44.5)

ACE inhibitors 410 (23.3) 219 (25.5) 191 (21.2) 204 (23.2) 206 (23.4) 112 (25.9) 99 (21.9)

ARB 355 (20.2) 169 (19.7) 186 (20.7) 178 (20.2) 177 (20.1) 88 (20.3) 96 (21.2)

Amlodipine 476 (27.1) 232 (27.0) 244 (27.1) 241 (27.4) 235 (26.7) 111 (25.6) 114 (25.2)

Other CCB 101 (5.7) 49 (5.7) 52 (5.8) 53 (6.0) 48 (5.5) 26 (6.0) 25 (5.5)

Alpha blockers 98 (5.6) 42 (4.9) 56 (6.2) 46 (5.2) 52 (5.9) 17 (3.9) 27 (6.0)

Diuretics 387 (22.0) 189 (22.0) 198 (22.0) 177 (20.1) 210 (23.9) 84 (19.4) 105 (23.2)

At randomization (%)

Beta-blockers 778 (44.2) 386 (44.9) 392 (43.6) 388 (44.1) 390 (44.4) 195 (45.0) 199 (44.0)

ACE inhibitors 392 (22.3) 212 (24.7) 180 (20.0) 197 (22.4) 195 (22.2) 110 (25.4) 93 (20.6)

ARB 334 (19.0) 155 (18.0) 179 (19.9) 167 (19.0) 167 (19.0) 82 (18.9) 94 (20.8)

Amlodipine 458 (26.0) 223 (25.9) 235 (26.1) 233 (26.5) 225 (25.6) 109 (25.2) 111 (24.6)

Other CCB 138 (7.8) 64 (7.4) 74 (8.2) 63 (7.2) 75 (8.5) 30 (6.9) 41 (9.1)

Alpha blockers 64 (3.8) 30 (3.5) 34 (3.8) 32 (3.6) 32 (3.6) 13 (3.0) 15 (3.3)

Diuretics 382 (21.7) 189 (22.0) 193 (21.5) 175 (19.9) 207 (23.6) 84 (19.4) 102 (22.6)

At final visit (%)

Beta-blockers 616 (45.1) 301 (45.5) 315 (44.7) 302 (44.0) 314 (46.2) 149 (44.5) 162 (45.9)

ACE inhibitors 148 (10.8) 80 (12.1) 68 (9.6) 69 (10.0) 79 (11.6) 37 (11.0) 36 (10.2)

ARB 173 (12.7) 72 (10.9) 101 (14.3) 92 (13.4) 81 (11.9) 40 (11.9) 49 (13.9)

Amlodipine 375 (27.5) 180 (27.2) 195 (27.7) 193 (28.1) 182 (26.8) 85 (25.4) 87 (24.7)

Other CCB 121 (8.9) 55 (8.3) 66 (9.4) 51 (7.4) 70 (10.3) 26 (7.8) 41 (11.6)

Alpha blockers 80 (5.9) 35 (5.3) 45 (6.4) 36 (5.2) 44 (6.5) 14 (4.2) 23 (6.5)

Diuretics 303 (22.2) 138 (20.9) 165 (23.4) 132 (19.2) 171 (25.2) 59 (17.6) 92 (26.1)
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(10.3/5.0 mm Hg) compared with their placebos. Such reductions
were not routinely encountered when guidelines are followed in
clinical practice. These levels of BP reductions from the single or
combination therapies were anticipated in the design of the trial.

There was a trend towards a reduction in clinical events in each of
the active arms, and an additive effect with their combination, against
a background of 1.5 non-study BP lowering agents. The data suggest
the potential for a clinically important benefit on major CVD out-
comes from each component of the study medications with possibly
an added benefit from the combination. Thus our data suggest that in
the elderly with stage 1 and borderline hypertension up to four BP
lowering agents at standard doses are often required to reduce BP
to acceptable levels and that these can be safely combined. Further,
such vigorous attempts at BP lowering with multiple agents have
the potential for clinical outcome benefits. These findings are com-
parable with the results from the ASTRONAUT trial, which while
the results did not achieve statistical significance, the trend in reduc-
tion of clinical outcomes is encouraging.15

This trial had incorporated a run-in phase during which the active
medications were up-titrated in steps to the trial target doses. During

Figure 2 Mean (95% confidence interval) differences (mm Hg) in
SBP and DBP between active and placebo treatments (alikiren vs.
placebo, hydrochlorothiazide, or amlodipine vs. placebo and
double therapy vs. double placebo. Mean blood pressure
between blood pressure at run-in and average blood pressure
after randomization (Week 6 and Month 6 measurements) were
compared.

Table 4 Prevalence of hyperkalaemia and renal impairment fromrandomizationto the one-month wash-out at studyend

Alisk + Amlod or HCTZ

K . 5.5 mmol/L (N ¼ 10)
eGFR , 30 mL/min/1.73 m2 (N ¼ 2)

Placebo for alisk
+

Amlod or HCTZ
K . 5.5 mmol/L (N ¼ 2)

eGFR , 30 mL/min/1.73 m2 (N ¼ 4)

Amlod or HCTZ

K . 5.5 mmol/L (N ¼ 12)
eGFR , 30 mL/min/1.73 m2 (N ¼ 6)

vs.

Alisk
+

placebo for Amlod or HCTZ
K . 5.5 mmol/L (N ¼ 5)

eGFR , 30 mL/min/1.73 m2 (N ¼ 1)

Placebo for alisk
+

placebo for Amlod or HCTZ
K . 5.5 mmol/L (N ¼ 2)

eGFR , 30 mL/min/1.73 m2 (N ¼ 0)

Placebo for Amlod or HCTZ

K . 5.5 mmol/L (N ¼ 7)
eGFR , 30 mL/min/1.73 m2 (N ¼ 1)

Alisk
K . 5.5 mmol/L (N ¼ 15)

eGFR , 30 mL/min/1.73 m2 (N ¼ 3)
vs.

Placebo for alisk
K . 5.5 mmol/L (N ¼ 4)

eGFR , 30 mL/min/1.73 m2 (N ¼ 4)

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 5 Prevalence of SAEs during run-in by study drug allocation

Overall (n 5 2336) Aliskiren 1 HCTZ (n 5 1335) Aliskiren 1 amlodipine (n 5 1001)

Gastrointestinal disorders 2 1 1

Drug interaction/intolerance 2 2 0

Bronchitis/pneumonia 2 1 1

Creatinine/urea increased 2 2 0

Hyperkalaemia 3 2 1

Hypokalaemia 2 2 0

Hyponatraemia 1 1 0

Syncope 2 0 2

Hypotension 2 0 2

Angioedema 2 0 2

Other 4 0 4

Total 20 10 10

A total of 2336 participants underwent the run-in phase.
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Table 6 Incidence of clinical outcomes, serious adverse events and proportions of participants who permanently discontinued their study medications during the
study

Aliskiren Placebo HCTZ or amlodipine Placebo Double therapy Double placebo

Clinical outcomes: incidence (%; annualized % event rates)

Primary composite outcome 11(1.3%; 2.1%) 14(1.6%; 2.6%) 8 (0.9%; 1.5%) 17(1.9%; 3.2%) 2 (0.5%; 0.8%) 8 (1.8%; 3.0%)

Composite of total mortality, non-fatal stoke, non-fatal MI or
significant heart failure

11(1.3%; 2.1%) 16(1.8%; 3.0%) 9 (1.0%; 1.7% 18(2.0%; 3.4%) 2 (0.5%; 0.8%) 9 (2.0%; 3.4%)

SAE

Cardiac arrest 0 2 1 1 0 1

Stroke 1 1 1 1 1 1

Gastrointestinal 1 5 2 4 0 4

New diabetes 0 1 1 0 0 0

Hyperkalaemia 3 1 3 1 2 0

Renal failure 3 0 1 2 1 0

Impairment 1 1 0 2 0 1

Angioedema 4 0 4 0 4 0

Syncope

Study drug discontinuations (no. stopped/no. followed up, %)

6 weeks 32/826 (3.9) 27/873 (3.1) 30/850 (3.5) 30/849 (3.3) 16/417 (3.8) 15/440 (3.4)

6 months 46/409 (11.3) 34/411 (8.4) 44/400 (11.0) 38/430 (9.1) 23/199 (11.6) 17/210 (8.1)

1 year 4/35 (11.4) 3/29 (10.3) 6/33 (18.2) 1/31 (3.2) 3/16 (18.8) 0/12 (0)

Final visit 67/669 (10.0) 70/712 (9.8) 75/694 (10.8) 68/687 (9.9) 34/339 (10.0) 34/357 (9.5)

In patients with diabetes who received ACE inhibitor or ARB as background therapy, of 251 diabetic patients who were randomized to aliskiren, 5 (2.0%) SAEs of hyperkalaemia, syncope or renal failure occurred compared with none in 247 patients
who received placebo for aliskiren.
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run-in, the incidence of serious adverse effects and clinical outcomes
were low. None of the randomized treatment groups exhibited any
excessadverseoutcomescomparedwith their placeboes.By the final
visit, �10% of participants had discontinued the study medications
permanently, similar to that observed in previous trials such as
ONTARGET16 or the HOPE trial.17 This included those individuals
who, even though they had tolerated the study drugs, decided to dis-
continue them because of concerns by participants or physicians
about their safety when the decision was made to stop recruitment.
The commonest reason was likely related primarily to individuals
changing their minds about participating in a long-term trial and not
because of adverse effects of the study drugs.

The APOLLO results on safety and tolerability appear to differ
from those reported in the ALTITUDE trial which reported an
excess of elevated serum potassium levels or renal dysfunction
with aliskiren at similar doses.18 However, patients in ALTITUDE
all had diabetes and impaired renal function and all also received an
ACE inhibitor or ARB as background therapy whereas only �40%
of participants in our study had diabetes, and 43% were on an ACE
inhibitor or an ARB.

While the BP reduction by aliskiren appears less than that from
HCTZ or amlodipine, in the background of various background BP
therapy, aliskiren is an effective BP lowering agent, and with a favour-
able tolerability profile, as also shown in the present study.9 –14 Alis-
kiren reduces plasma renin activity9 and this effect had raised hopes
that by effectively blocking the renin–angiotensin system it could
produce cardiovascular benefits over and above those associated
with its BP lowering effect. The hypothesis has also been advanced
that with its proximal site of renin–angiotensin system blockade, it

could oppose the adverse effects of angiotensin II production more
completely than by ACE inhibition or angiotensin receptor antagon-
ism.9 Unfortunately, the report from the ALTITUDE trial that the
drug caused hypotension, hyperkalaemia and renal failure when
used with another renin angiotensin blocking agent, such as an ACE
inhibitor or an ARB, in individuals with diabetes and renal impairment
may have precluded its use with these agents in individuals with, or
even without, these pre-existing conditions. While the preliminary
result of the APOLLO study shows that the drug appeared to be
safe and well tolerated, the ALTITUDE trial results were extrapo-
lated (perhaps unwarrantedly) to other populations. This extrapola-
tion has precluded studies to explore whether clinical benefits could
be observed in hypertensive individuals when aliskiren used alone or
in combination with other drugs to lower BP. The APOLLO trial dif-
fered from the ALTITUDE trial in including those who had an ele-
vated BP (and so the potential for benefits from BP lowering could
be evaluated), the elderly (among whom BP lowering has a larger ab-
solute benefit), utilizing a run-in phase where tolerability of all drug
regimens were evaluated before randomization and where a strategy
to achieve an important BP difference (by using combination therap-
ies) was employed. These important differences in trial design and
population between APOLLO and ALTITUDE make it possible
that the clinical outcomes in the two trials would likely have differed.

In conclusion, the administration of the combination of aliskiren
andHCTZ oramlodipine, andused in the backgroundof anadditional
1.5 antihypertensivedrugs, wasassociated with ananticipated SBP re-
duction of �10 mmHg and appeared to be safe. There were trends
towards fewer clinical outcomes with the active and combination
therapies. These findings also suggest that with the sample size and

Figure 3 Clinical composite outcomes (hazard ratios and 95% confidence interval) by treatment (aliskiren vs. placebo, hydrochlorothiazide/
amlodipine vs. placebo and double therapy vs. double placebo) for the (1) primary composite outcome of CV death, MI, stroke and significant
heart failure and (2) the composite of all-cause mortality, MI, stroke and significant heart failure. Due to small number of events, no significant differ-
ences were found between each of the treatments but consistent trends towards reduced event rates with active treatment were observed.
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duration of follow-up in the original protocol of APOLLO, significant
and substantial reductions in the clinical outcomes would likely to
have been observed. However, whether or not these promising
results on limited numbers of patients, who were followed for an
average of only 0.6 years, would be associated with reductions in
CV risk during long-term follow-up could not be determined given
the decision to terminate the trial prematurely. Yet the trend
towards beneficial reductions in the clinical outcome events sup-
ports use of multiple agents to lower BP in elderly individuals with
a BP between 130 and 159 mm Hg while definitive trials on this im-
portant topic are urgently needed.

Supplementary material
Supplementary material is available at European Heart Journal online.
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