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ABSTRACT
Background: Many patients are diagnosed with hypertension each year, making rapid and effective control of blood pressure (BP) crucial. Appropriate first-line treatment is important, and special attention should be paid to the positive effects of lowering BP early. Perindopril 3.5 mg/amlodipine 2.5 mg (P3.5/A2.5) is a single-pill combination suitable for first-line use. The doses of each component of the single-pill combination were selected for a first-line setting.
Objective: To investigate the effectiveness of the P3.5/A2.5 combination at lowering BP compared with renin-angiotensin system (RAS)-inhibitor monotherapies, after one month of treatment.
Methods: Individual patient data from three randomised controlled trials were used to evaluate the efficacy of P3.5/A2.5 versus RAS-inhibitor monotherapies after one month in 5496 patients with hypertension, in a combined analysis. 
Results: P3.5/A2.5 was well tolerated and significantly more effective at reducing BP after one month than RAS-inhibitor monotherapies (perindopril 5 mg, irbesartan 150 mg or valsartan 80 mg). P3.5/A2.5 was associated with a significantly lower systolic BP (p=0.002) and diastolic BP (p=0.005) after one month of treatment compared with RAS-inhibitor monotherapies. 
Conclusions: In a large patient population, early administration of P3.5/A2.5 resulted in a significantly greater BP-lowering effect than perindopril, irbesartan or valsartan monotherapies after one month. Reducing BP levels within a month of treatment may reasonably be expected to lead to a reduced risk of cardiovascular events.
Abstract word count: 220 (maximum 250)
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CONDENSED ABSTRACT
Perindopril 3.5 mg/amlodipine 2.5 mg (P3.5/A2.5) is a single-pill combination formulated for first-line use in hypertensive patients. The efficacy of P3.5/A2.5 versus renin-angiotensin system (RAS)-inhibitor monotherapies, after one month of treatment was evaluated in this analysis of individual patient data from three randomised controlled trials. P3.5/A2.5 was well tolerated and significantly more effective at reducing both systolic and diastolic BP after one month than RAS-inhibitor monotherapies (perindopril 5 mg, irbesartan 150 mg or valsartan 80 mg). In a large patient population (N= 5496), early administration of P3.5/A2.5 resulted in a significantly greater BP-lowering effect than RAS-inhibitor monotherapies.
Abstract word count: 97 (maximum 100)

INTRODUCTION
The high prevalence of hypertension [1] and its associated high risk of morbidity and mortality [2–4] underscore the need for better strategies to prevent, detect and treat hypertension and hence to reduce cardiovascular outcomes and improve survival – the ultimate goal of antihypertensive treatment [5]. However, despite some improvement [6–11], hypertension control worldwide remains far from optimal [6,9–16], underlining the necessity for improved strategies for more efficacious and faster achievement of target blood pressure (BP) levels. Prior to the most recent hypertension guidelines produced in the US [17], hypertension had three grades of severity within the population, with most hypertensive patients diagnosed with grade 1 hypertension (systolic blood pressure [SBP] 140–159 mmHg and/or diastolic blood pressure [DBP] 90–99 mmHg) [18,19]. This usually progresses to grade 2 or 3 hypertension if left untreated or if inadequately treated [20].
In recent years, several advances have been made in the therapeutic management of hypertension. First, the combination of agents from two or three different antihypertensive classes is frequently used in the treatment of severe hypertension to enhance the BP-lowering effect via complementary and synergistic mechanisms of action [21, 22]. Second, antihypertensive drugs are now routinely combined into a single tablet to simplify treatment and improve compliance [19, 23]. Third, the combination of lower doses of antihypertensive drug components with good safety profiles has been considered for grade 1 hypertensives [24]. Lastly, as two or more agents have been found to be necessary in the majority of hypertensive individuals to reach current BP targets, two-drug combinations have been proposed as an initial treatment strategy to allow for faster BP reduction compared with initial monotherapy followed by the subsequent addition of one or more antihypertensive drugs [25-31]. Moreover, with the combined use of antihypertensive drugs that act via more than one mechanism from the outset, patients demonstrate better long-term adherence to treatment and overall BP control as well as enhanced cardiovascular protection, as seen in observational studies [25]. These advantages may extend to the overall hypertensive population, regardless of the grade of hypertension. In a matched cohort study by Gradman et al. [27], early use of combination treatment was associated with a higher percentage of patients reaching the BP targets as well as a greater reduction in cardiovascular outcomes, over a period of almost 2 years, compared with delayed use of combination treatment. These findings suggest that routine initial combination therapy may be a superior treatment strategy for a large segment of the hypertensive population.
Combining a renin-angiotensin system (RAS) inhibitor with a calcium channel blocker (CCB) is one of the standard combinations of therapy recommended in clinical guidelines [19, 32, 33], and one that reportedly may afford greater cardioprotection than monotherapy [23, 34]. As part of a development programme, three randomised controlled trials (RCTs) investigated the efficacy and tolerability of a new single-pill combination of the angiotensin-converting enzyme (ACE) inhibitor, perindopril, and the CCB, amlodipine [35-37]. The two drugs have complementary modes of action and have been shown to provide cardiovascular protection in hypertensive patients [38]. The objective of the development programme was to create a single-pill combination suitable for first-line use with a BP-lowering effect that was at least equivalent to that of amlodipine 5 mg, but with a better tolerability profile – in particular, associated with less peripheral oedema. The doses of each component of the single-pill combination were selected for use in a first-line setting. 
Here we present the results from a combined analysis of these three RCTs. The purpose of the combined analysis was to evaluate whether the perindopril 3.5 mg/amlodipine 2.5 mg (P3.5/A2.5) combination used as first-line treatment was more effective at lowering BP than standard-dose RAS-inhibitor monotherapies after one month of treatment.

METHODS
Individual patient data from the three RCTs that evaluated the efficacy of P3.5/A2.5 versus RAS-inhibitor monotherapies in patients with hypertension [35-37] were used to perform a combined analysis. The RAS-inhibitor monotherapies were perindopril 5 mg, irbesartan 150 mg and valsartan 80 mg, which are standard doses for a first-line setting. The primary efficacy outcome was change in supine SBP and DBP from baseline after one month of treatment. Emergent adverse events (AEs), including serious AEs (SAEs), were also measured. Further details of the three RCTs are shown in Table 1. 
Trial databases were pooled and statistical analyses were performed using SAS, version 9.2. All patients randomised to either P3.5/A2.5 or RAS-inhibitor monotherapies, who had taken at least one dose of trial drug and had supine BP readings at baseline and at one month, were included in the combined analysis based on the intention-to-treat principle. 
A meta-analytic approach based on an analysis of covariance (ANCOVA) with treatment, baseline and country as fixed effects was performed on individual patient data. The between-group difference estimate (P3.5/A2.5 minus RAS monotherapies), as well as associated 95% confidence intervals and p-values, were provided. The statistical heterogeneity between studies was tested with a Cochran Q test. Inconsistencies between the trials were assessed by the I2 indicator [39]. The primary analysis was conducted via a random-effects model, which took into account fluctuations in treatment effect between trials.  The fixed effect model as well as the analyses on values under treatment at one month (random and fixed models) were used as sensitivity analyses. Emergent AEs for both groups were compared using a Fisher’s exact test in the safety set population.

RESULTS 
Of the 6625 patients randomised in the three RCTs, the current combined analysis included the 5496 patients randomised in the groups of interest, i.e. in the P3.5/A2.5 or RAS-inhibitor monotherapy groups and having an SBP assessment at baseline and at month 1, according to an intention-to-treat approach. Of these, 2729 were treated with P3.5/A2.5 and 2767 were treated with RAS-inhibitor monotherapies. The baseline characteristics of the two groups were similar (Table 2). 
After one month of treatment, BP levels were significantly lower in patients treated with P3.5/A2.5 versus RAS-inhibitor monotherapies within each study (Table 3). 

The estimated treatment differences for each trial are shown in Figure 1. Overall, treatment with P3.5/A2.5 was associated with a significantly lower SBP and DBP after one month of treatment compared with RAS-inhibitor monotherapies. Estimated treatment differences in the change in BP from baseline to month 1 were as follows: SBP −2.36 mmHg [95% confidence interval (CI) −3.83; −0.89], p=0.002; DBP −1.25 mmHg [95% CI −2.12; −0.38], p=0.005 (Figure 1). Heterogeneity in effect sizes achieved in the two treatment groups for SBP and DBP was substantial (I2=67% and I2=68%, respectively). Similar results were achieved with the sensitivity analyses (data not shown).
The proportion of patients who experienced emergent AEs and SAEs during one month of treatment was similar for both treatment groups (Table 4). A significantly higher proportion of patients treated with P3.5/A2.5 experienced a cough, a known side effect of perindopril, compared with RAS-inhibitor monotherapies (4.5% vs. 1.0%, p<0.001). Compared with P3.5/A2.5, a significantly higher proportion of patients treated with RAS-inhibitor monotherapies experienced headaches (2.1% vs. 3.0%, p=0.040) and diarrhoea (0.3% vs. 0.8%, p=0.011). SAEs were reported only in a small proportion of patients, in both the group treated with P3.5/A2.5 and the group treated with RAS-inhibitor monotherapies (0.8% vs. 1.2%, p=0.081). SAE frequency did not exceed 0.30% in any of the SAE subgroups. No significant difference in SAEs was observed between the two treatment groups in any system organ class, with the exception of nervous system disorders for which results favoured the P3.5/A2.5 group over the RAS monotherapy group (p=0.008). No deaths were reported in either treatment group.

DISCUSSION
Overall, results from this combined analysis of three RCTs demonstrated that, after one month of treatment, the P3.5/A2.5 combination was statistically significantly better at lowering BP compared with RAS-inhibitor monotherapies, with similar tolerability. This beneficial effect was observed not only in patients with mild-to-moderate hypertension without complications [35], but also in higher-risk hypertensive patients [36, 37]. 
A previous meta-analysis of 68 RCTs demonstrated that effective BP-lowering treatment positively impacted hard endpoints in patients for all grades of HT. The results indicated that using BP-lowering treatment in grade 1 hypertensive patients and reducing SBP/DBP levels to <140/90 mmHg significantly reduced the risk of stroke, coronary events and death [40, 41]. Gradman et al., have emphasised that a rapid achievement of BP targets is key to reducing the risk of cardiovascular events [27]. The ability of P3.5/A2.5 to significantly reduce BP levels within a month of treatment may thus have long-term beneficial effects in terms of cardiovascular risk reduction. However, additional investigations are required to establish whether the reduction in BP levels with P3.5/A2.5 has a long-term impact on cardiovascular events. 
In addition, it has been established that early reductions in BP levels can improve patient satisfaction and adherence to treatment. Lack of adherence in the long term is a common challenge, with half of all patients initiated on hypertensive treatments discontinuing within the first year [42–44]. Therefore, selection of a first-line antihypertensive regimen with good efficacy and tolerability levels can positively influence both treatment adherence and persistence [23, 45, 46]. 
Overall, P3.5/A2.5 had a good tolerability profile, which is consistent with the known safety profiles of the individual components. This was expected, since the P3.5/A2.5 dosages had been optimised for a first-line setting. 

CONCLUSION
The present analysis shows that the new P3.5/A2.5 combination is suitable for use as a first-line treatment in patients with hypertension, compared with RAS-inhibitor monotherapies. Reducing BP levels within a month of treatment would help to improve patient adherence, possibly leading to additional long-term benefits including a reduced risk of cardiovascular events.
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Table 1. Summary of three RCTs evaluating the efficacy of the perindopril 3.5 mg/amlodipine 2.5 mg combination versus RAS-inhibitor monotherapies in patients with hypertension [35-37]
	
	Dose validation
trial [35]
	Efficacy and safety
of each dose [36]
	Validation of
the strategy [37]

	Study design
	International 8-week, phase II, 6-arm,
double-blind RCT
	International 9-month, phase III,
double-blind RCT, two parallel groups,
up-titration
	International 6-month, double-blind RCT, parallel groups, up-titration at months 1, 2 and 3 if still uncontrolled 

	Study drugs
	Per 3.5 mg/Aml 2.5 mg vs. Per 3.5 mg,
Aml 2.5 mg, Per 5 mg, Aml 5 mg, placebo
	Per/Aml vs. Irb ± HCTZ

Up-titration steps: 
Per/Aml 3.5/2.5 mg to 7/5 mg, 14/5 mg and 14/10 mg
Irb 150 mg to Irb ± HCTZ 150/12.5 mg, 300/12.5 mg and 300/25 mg
	Per/Aml strategy vs. stepped-care strategy with Val ± Aml

Up-titration steps: 
Per/Aml 3.5/2.5 mg to 7/5 mg, 14/10 mg and 14/10 mg + Ind 1.5 mg
Val 80 mg to 160 mg, Val/Aml 160/5 mg and 160/10 mg

	Number of patients
randomized
	1581 mild-to-moderate uncomplicated
hypertensives; grade 2 (76%)
	3270 hypertensives; grade 1 (37.5%),
grade 2 (50.8%) and grade 3 (11.7%) 
	1774 hypertensives; grade 1 (19%), grade 2 (81%)

	Blood pressure-lowering effect
	Per 3.5 mg/Aml 2.5 mg superior
to placebo and non-inferior
to Per 5 mg and Aml 5 mg, the lowest approved doses
for the two components in hypertension

	With Per/Aml, rate of controlled patients
increased progressively and significantly with each dose until month 6. At
month 6, similar BP reduction in the
two arms

Per/Aml 14/5 mg excluded from further development studies due to lesser contribution to overall efficacy 
	With Per/Aml, significantly better BP control vs. Val regimen at month 1 (p=0.005), month 2 (p<0.001), month 3 (p=0.002) and month 6 (p<0.001)

Per/Aml exhibited greater effectiveness with a reduced number of titration steps 

Fewer Per/Aml patients needed up-titration: 66% vs. 72% at month 1, 55% vs. 63% at month 2, 40% vs. 46% at month 3

	Emergent AEs
	AEs relating to peripheral oedema less frequent with Per/Aml than with Aml 5 mg
	Emergent clinical events of special
interest occurred with a significantly
lower incidence in the Per/Aml group (p=0.036)
	Equivalent safety with both strategies; overall, the pattern of specific emergent AEs consistent with the known safety profile of the individual components



AEs, adverse events; Aml, amlodipine; BP, blood pressure; HCTZ, hydrochlorothiazide; Ind, indapamide; Irb, irbesartan; Per, perindopril; RCT, randomised controlled trial; Val, valsartan.
Table 2. Baseline characteristics of the patient population
	
	P3.5/A2.5
(N=2729)
	RAS-inhibitor monotherapies
(N=2767)
	Total
(N=5496)

	Age, years
<65 years
≥65 years
	59.4 ± 10.9
1780 (65.2)
949 (34.8)
	59.1 ± 11.1
1835 (66.3)
932 (33.7)
	59.2 ± 11
3615 (65.8)
1881 (34.2)

	Gender
Female
Male 
	
1125 (41.2)
1604 (58.8)
	
1152 (41.6)
1615 (58.4)
	
2277 (41.4)
3219 (58.6)

	BMI, kg/m2
	28.5 ± 4.2
	28.6 ± 4.4
	28.5 ± 4.3

	Ethnicity
Caucasian
Asian
Black
Other 
	
2501 (91.6)
72 (2.6)
72 (2.6)
84 (3.1)
	
2518 (91.0)
83 (3.0)
81 (2.9)
85 (3.1)
	
5019 (91.3)
155 (2.8)
153 (2.8)
169 (3.1)

	Type 1 diabetes
	321 (12.9)
	344 (13.7)
	665 (13.3)

	Hypertension grade
Grade 1
Grade 2
Grade 3
	
823 (30.2)
1706 (62.5)
200 (7.3)
	
857 (31.0)
1731 (62.6)
179 (6.5)
	
1680 (30.6)
3437 (62.5)
379 (6.9)

	Hypertension duration, months 
	61.4 ± 79.4
	60.3 ± 81.3
	60.9 ± 80.3

	SBP/DBP, mmHg
	163.5 ±10.2 /95 ± 8.6
	163.1 ±10.2 /95 ± 8.6
	163.3 ±10.2 /95 ± 8.6


Data presented are mean (±SD) or n (%)
Hypertension grades were defined as follows: 
Grade 1: SBP/DBP 140–159 mmHg and/or 90–99 mmHg, respectively
Grade 2: SBP/DBP 160–179 mmHg and/or 100–109 mmHg, respectively
Grade 3: SBP/DBP ≥180 mmHg and/or ≥110mmHg, respectively

BMI, body mass index; DBP, diastolic blood pressure; P3.5/A2.5, perindopril 3.5 mg/amlodipine 2.5 mg; RAS, renin-angiotensin system; SBP, systolic blood pressure; SD, standard deviation.





Table 3. Mean change from baseline in SBP/DBP after 1 month of treatment with perindopril 3.5 mg/amlodipine 2.5 mg combination versus each of the RAS-inhibitor monotherapies within each study [35-37]
	
	Mean ±SD change from baseline 
in BP parameter, mmHg
	

	
	P3.5/A2.5
	P5
	p-value1

	SBP 
	–20.3 ± 12.7
	–16.9 ± 13.8
	p=0.009

	DBP
	–11.9 ± 8.4
	–10.2 ± 8.6
	p=0.018

	
	P3.5/A2.5
	Irb
	p-value1

	SBP
	–14.1 ± 12.8
	–12.7 ± 13.9
	p=0.003

	DBP
	–5.8 ± 7.1
	–5.2 ± 7.6
	p=0.008

	
	P3.5/A2.5
	Val
	p-value1

	SBP
	–18.0 ± 15.0
	–14.6 ± 15.7
	p<0.001

	DBP
	–13.0 ± 9.6
	–11.2 ± 9.8
	p<0.001



BP, blood pressure; DBP, diastolic blood pressure; Irb, irbesartan; P3.5/A2.5, perindopril 3.5 mg/amlodipine 2.5 mg; P5, perindopril 5mg; RAS, renin-angiotensin system; SBP, systolic blood pressure; Val, valsartan.
1p-value from Generalised Linear Model adjusted on baseline, center or country as well as, for P3.5/A2.5 vs Irb, age and diabetes.
Table 4. Emergent AEs and SAEs for the perindopril 3.5 mg/amlodipine 2.5 mg combination and RAS-inhibitor monotherapies during 1 month of treatment
	
	P3.5/A2.5
N=2753
	RAS-inhibitor monotherapies
N=2808
	p-value1

	Emergent AEs, n (%)
	781 (28.4)
	793 (28.2)
	0.929

	Peripheral oedema 
	58 (2.1)
	45 (1.6)
	0.165

	Hypotension
	1 (–)
	3 (0.1)
	0.625

	Headache
	57 (2.1)
	83 (3.0)
	0.040

	Cough
	124 (4.5)
	29 (1.0)
	<0.001

	Diarrhoea
	8 (0.3)
	23 (0.8)
	0.011

	Emergent SAEs, n (%)
	21 (0.8)
	35 (1.2)
	0.081



AEs, adverse events; P3.5/A2.5, perindopril 3.5 mg/amlodipine 2.5 mg; RAS, renin-angiotensin system; SAEs, serious adverse events
n = number of patients with at least one adverse event
1Two-sided Fisher's exact test







FIGURE LEGENDS

Figure 1. Estimated treatment differences between the perindopril 3.5 mg/amlodipine 2.5 mg combination and RAS-inhibitor monotherapies: meta-analysis of the data at month 1 [35–37]


Figure Footnote:

CI, confidence interval; DBP, diastolic blood pressure; P3.5/A2.5, perindopril 3.5 mg/amlodipine 2.5 mg; RAS, renin-angiotensin system; SBP, systolic blood pressure.

