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Achieving target blood pressure (BP) levels in clinical practice is one of theAbstract
main challenges for physicians in the management of patients with hypertension.
It is now recognised that the majority of patients will require at least two
antihypertensive drugs to achieve optimal BP control; the use of combination
therapy as first-line treatment is also increasing as BP goals of antihypertensive
therapy become more ambitious.

The fixed combination of zofenopril/hydrochlorothiazide (HCTZ) 30/12.5 mg/
day is approved in Italy, France, Switzerland and Greece for the management of
mild to moderate hypertension. In clinical trials comparing zofenopril/HCTZ with
each agent administered as monotherapy, combination therapy was more effective
in normalising BP. This effect was particularly evident in one trial in which
patients who were nonresponsive to zofenopril monotherapy were studied. In
addition, in clinical trials to date, combination therapy provided sustained and
consistent BP control over the entire 24-hour dose interval.

Despite the greater efficacy of zofenopril/HCTZ 30/12.5 mg/day, when direct-
ly compared with each agent administered as monotherapy, there were no signifi-
cant differences in the nature, severity or incidence of treatment-related adverse
events; headache, dizziness, cough and polyuria were most frequently reported.
Notably, in one study, fewer patients discontinued treatment with combination
therapy than with zofenopril monotherapy due to adverse events.
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In conclusion, zofenopril/HCTZ 30/12.5 mg/day provides more optimal BP
control in a larger proportion of patients than would be achievable with monother-
apy, while maintaining the tolerability profile observed with each individual
agent, and thereby potentially enhancing patient compliance. The efficacy and
safety profiles of this combination shown in clinical trials to date indicate that it
will be a useful addition to currently available therapy for patients who have mild
to moderate hypertension that is not adequately controlled by monotherapy, as
well as for patients who require more rapid, intensive BP control.

Hypertension is expected to affect approximately (adjusted hazard ratios of 2.5 for women and 1.6 for
men).1.5 billion people by 2025, and is predicted to in-

Effective treatment of hypertension is associatedcrease in prevalence as the world’s population ages,
with a reduction in adverse cardiovascularunless extensive and effective treatment and preven-
events.[7,8] A meta-analysis in >47 000 patients de-tion strategies are implemented.[1] The prevalence
termined that a sustained reduction of 5–6mm Hg inrate varies among differing regions and can be ef-
DBP resulted in a risk reduction of >50% for heartfected by the criteria used for classification, the
failure, up to 40% for stroke and 20–25% for coro-methodology used to apply these criteria in practice
nary heart disease.[6] Data from the HOT (Hyperten-and the population being assessed.[2] Nevertheless,
sion Optimal Treatment) trial, evaluating approxi-in 2000, it was estimated that approximately 37% of
mately 19 000 patients, reported that the lowest inci-adults in countries with advanced economies had
dence of major cardiovascular events occurred at ahypertension. The life-long prevalence of develop-
mean achieved DBP of 82.6mm Hg. In addition, in aing hypertension after the sixth decade of life is
subgroup analysis, a 50% reduction in major cardio-reportedly 90%.[3]

vascular events was observed in patients with hyper-
While cardiovascular disease (CVD) is the most tension and diabetes mellitus randomised to a target

common cause of death in the Western world, it is DBP of ≤80mm Hg.[8]

also rapidly emerging as a significant cause of mor-
bidity and mortality in economically developing 1. Blood Pressure Control in
nations.[4] Hypertension is the single most important Hypertensive Patients
independent risk factor for the development of
CVD.[4] In particular, a high systolic blood pressure The European Society of Hypertension/European
(SBP) is the most potent indicator of level of CVD Society of Cardiology (ESH/ESC) 2003 guidelines
risk.[5] This excess risk is particularly evident in advocate that the decision to initiate treatment
patients with moderate to severe hypertension, but should be based on a patient’s total level of cardio-
patients with mild elevation of diastolic blood pres- vascular risk, as well as their SBP and DBP.[9]

sure (DBP) [90–99mm Hg] or SBP Several classes of drugs are recommended in the
(140–159mm Hg) are also at an increased level of first-line treatment of mild sustained hypertension,[9]

risk because of the existence of a continuum of all of which allow a similar average reduction in
cardiovascular risk across blood pressure (BP) BP.[10] However, the appropriate choice of a particu-
levels.[6] An analysis of the Framingham population lar class of agent is dependent upon an individual
has shown that even individuals with BP within the patient’s characteristics and risk profile.[9]

high-to-normal range (i.e. SBP 130–139mm Hg The use of long-acting agents or preparations that
and/or DBP 85–89mm Hg) are at a considerable can be administered on a once-daily basis and pro-
level of cardiovascular risk.[6] This analysis showed vide 24-hour efficacy are recommended by the ESH/
that, compared with individuals with optimal BP ESC guidelines.[9] These therapies offer improved
(SBP <120mm Hg and DBP <80mm Hg), those with patient compliance while minimising BP variability,
high-normal BP levels had an increased risk of CVD and therefore potentially provide greater protection
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against major cardiovascular events and the devel- Fixed-dose combination therapy is likely to be
more effective in achieving BP goals and result inopment of target end-organ damage.
greater patient compliance than titrating individualCurrent guidelines for the management of hyper-
doses of two single agents.[16] Furthermore, fixed-tension recommend treating all hypertensive pa-
dose combination therapy offers beneficial BP-low-tients to target BP values of ≤140/90mm Hg, and
ering effects while minimising the adverse effectspatients with hypertension and comorbidities such
that are potentially associated with the titration ofas diabetes or renal disease to a target of <130/
each agent administered as monotherapy.[17,18]

80mm Hg.[9,11,12] Despite these recommendations,
the results of surveys undertaken in the US and

1.2 Fixed-Dose Combination Therapy with anEurope indicate that patients are not generally treat-
ACE Inhibitor and a Diureticed to optimal BP levels.[2] An analysis of the

NHANES (National Health and Nutrition Examina- An effective fixed-dose, two-drug combination
tion Survey) data reported that hypertension was should contain agents that have complementary
controlled in only 31% of patients in the US.[13]

mechanisms of action; an antihypertensive effect
These results are mirrored in other studies conduct- that is at least as, if not more, effective than either
ed in Europe and Asia, where it is reported that agent administered as monotherapy or as sequential
<20% of patients with hypertension have adequately combination therapy; enhanced ability to offer end-
controlled BP.[2]

organ protection; and minimal adverse effects (in-
cluding haemodynamic and humoural effects).[17,18]

There are two distinct advantages associated with1.1 Rationale for Combination Therapy
the combination of an ACE inhibitor and a diuret-
ic.[17,18] Firstly, this combination, utilising a low-It is now recognised that the majority of patients
dose diuretic, reduces the probability of adversewill require at least two antihypertensive drugs to
metabolic effects often associated with the use ofachieve optimal BP control.[1,8] The ESH/ESC
high-dose diuretic therapy. Furthermore, each com-guidelines recommend the use of either low-dose
ponent in this combination may partially counteractmonotherapy or low-dose combination therapy with
the undesirable effects of the other. ACE inhibitorstwo agents (e.g. a β-adrenoceptor antagonist and a
are known to effectively counteract the tendency ofdiuretic or an ACE inhibitor and a diuretic).[9] The
thiazide diuretics to lower serum potassium levels.Joint National Committee (JNC)-7 report states that
Secondly, combination therapy may be more effec-the addition of a second agent from a different class
tive in the prevention of organ damage associatedshould be initiated when the use of monotherapy
with hypertension. ACE inhibitor therapy in combi-fails to achieve adequate control of BP.[11] The HOT
nation with a diuretic has been shown to be effectivetrial demonstrated that greater BP reductions and
in reducing left ventricular hypertrophy.[19] Addi-higher response rates are achieved with the use of
tionally, in clinical trials of patients with hyperten-combination therapy.[8,14] In this trial, a total of 85%
sion and diabetes, an ACE inhibitor in combinationof patients achieved a DBP of ≤90mm Hg, but only
with a diuretic plays a role in retarding the progres-approximately one-third of patients remained on
sion of renal failure in diabetic and other types ofmonotherapy. Interestingly, 27% of patients had
nephropathy.[20-22]

well controlled BP when treated according to step 2
treatment, consisting of a low-dose combination of

2. Clinical Efficacy of Zofenopriltwo agents.
Plus Hydrochlorothiazide

A lack of patient compliance is not sufficient to
completely account for the poor treatment rates and Zofenopril, a highly lipophilic ACE inhibitor, is
low target attainment observed in patients with hy- characterised by long-lasting tissue penetration and
pertension.[15] As demonstrated by the HOT trial, sustained cardiac ACE inhibition.[23] The fixed-dose
monotherapy simply does not result in BP lowering combination of zofenopril/hydrochlorothiazide
to or below target levels in the majority of patients. (HCTZ) 30/12.5 mg/day is approved in Italy,
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France, Switzerland and Greece for the management 90–110mm Hg for the nonresponder group study.[25]

Patients eligible for randomisation to treatment wereof mild to moderate hypertension. In clinical studies,
required to meet the criteria for seated DBP atthis combination was more effective in maintaining
inclusion and also for intra- and inter-visit variabili-BP reductions than either agent administered as
ty (<10mm Hg). Randomised, double-blind treat-monotherapy.[24,25] This result was particularly evi-
ment was to be given as a once-daily regimen at thedent in one trial in which patients who were
same time each day. BP was measured approximate-nonresponsive to zofenopril monotherapy were
ly 24 hours after the previous dose by cuff sphygmo-studied.[25]

manometer and, in addition, in the dose-responseThree pivotal studies have investigated the
study by ambulatory BP monitoring (ABPM).clinical efficacy of this combination.[24,25] In all

studies, a stable baseline elevated BP was confirmed 2.1 Dose-Response Study
by repeated measurement of seated or standing SBP/
DBP during a single-blind, placebo run-in period of The results of a 12-week, multicentre, dose-re-
2–4 weeks’ duration. Inclusion criteria for these sponse study in 353 patients with essential hyperten-
studies were a seated DBP of 95–110mm Hg for the sion demonstrated that combination therapy with
dose-response study,[24] 95–115mm Hg for the par- zofenopril plus HCTZ (30/12.5 or 60/12.5 mg/day)
allel-group comparative study,[25] and was more effective in maintaining continuous 24-
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Fig. 1. Normalisation rates and normalisation-plus-response rates for diastolic blood pressure (DBP) in 353 intent-to-treat patients with
essential hypertension enrolled in a 12-week randomised, double-blind, dose-response study evaluating zofenopril and hydrochlorothiazide
(HCTZ) in combination and as monotherapy (reproduced from Parati et al.,[24] with permission). BP = blood pressure; Normalisation =
seated DBP <90mm Hg; response = DBP reduction ≥10mm Hg. * p < 0.05, ** p < 0.01 vs HCTZ monotherapy; † p < 0.05, †† p < 0.01 vs
zofenopril monotherapy.
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Zofenopril + HCTZ
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Fig. 2. Smoothness index (SI) of diastolic blood pressure (DBP) and systolic blood pressure (SBP) for the ten treatment groups evaluated in
a dose-response study comparing zofenopril, hydrochlorothiazide (HCTZ) or the combination of both drugs. Data are presented as mean ±
standard deviation for 353 intent-to-treat patients with essential hypertension (reproduced from Parati et al.,[24] with permission).

hour BP control than either agent administered as those receiving HCTZ 12.5 mg/day (p < 0.01). A
monotherapy.[24] further increase in the proportion of patients achiev-

ing BP normalisation was observed with zofenoprilPatients aged 18–75 years were randomised to
60 mg/day plus HCTZ 12.5 mg/day, but the 25 mg/double-blind treatment with zofenopril 15, 30 or
day HCTZ dosage was not associated with an in-60mg, HCTZ 12.5 or 25mg, or a combination of

zofenopril 15 or 30mg plus HCTZ 12.5 or 25mg, or creased normalisation rate, compared with the 12.5
zofenopril 60mg plus HCTZ 12.5mg, for 12 weeks. mg/day HCTZ dose, when given as monotherapy or
The primary efficacy endpoint, proportion of pa- in combination with zofenopril 15 or 30mg.
tients achieving office BP normalisation (seated Both 24-hour and hourly changes in BP were
DBP <90mm Hg), was greater for the combination

greater with zofenopril plus HCTZ 30/12.5, 60/12.5of zofenopril plus HCTZ than either agent adminis-
and 30/25 mg/day combination treatment than withtered as monotherapy at the same dose, and reached
either agent administered as monotherapy. Further-significance at the 30/12.5, 60/12.5 and 30/25 mg/
more, higher smoothness indexes, evaluated byday dosages (p < 0.05; figure 1).
ABPM, indicated that combination therapy, in par-

The combination of zofenopril 30 mg/day plus
ticular 30/12.5, 30/25 and 60/12.5 mg/day, providedHCTZ 12.5 mg/day normalised BP in 57% of pa-
superior BP control over the dose administrationtients, compared with a normalisation rate of 33%
interval compared with monotherapy (figure 2). Thefor HCTZ 12.5 mg/day (p < 0.05). A total of 76% of
overall benefit : risk ratio for zofenopril 30mg pluspatients administered the 30/12.5mg combination
HCTZ 12.5mg was the most favourable and so wasdisplayed normalised BP or a DBP reduction
chosen for the comparative studies.≥10mm Hg (responders), compared with 42% of
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Table I. Primary and secondary endpoints in two randomised, double-blind studies comparing zofenopril/hydrochlorothiazide (HCTZ) 30/
12.5 mg/day combination therapy with zofenopril 30 mg/day monotherapy in intent-to-treat patients with mild to moderate hypertension[25]

Study (no. pts) Drug BP reductions (mm Hg) BP response rate (%)

DBP SBP DBPa SBPb

Parallel-group comparative study Zofenopril/HCTZ –14*** –20*** 70*** 57***

(n = 463) Zofenopril –10 –12 61 48

Nonresponder studyc Zofenopril/HCTZ –7* –10** 64* 53*

(n = 369) Zofenopril –5 –8 57 44
a Response defined as DBP <90mm Hg or DBP reduction ≥10mm Hg.

b Response defined as SBP <140mm Hg or SBP reduction ≥20mm Hg.

c Patients enrolled in this study were unresponsive to 4-weeks’ treatment with zofenopril monotherapy.

BP = blood pressure; DBP = diastolic blood pressure; SBP = systolic blood pressure; * p < 0.05, ** p < 0.01, *** p < 0.001 vs monotherapy.

2.2 Comparative Studies 3. Safety and Tolerability of Zofenopril
plus Hydrochlorothiazide

Two international, randomised, double-blind,
parallel-group, multicentre studies have evaluated In controlled clinical trials involving approxi-
the combination of zofenopril/HCTZ 30/12.5 mg/ mately 600 patients with hypertension, adverse
day compared with monotherapy with zofenopril 30 events observed with combination zofenopril/HCTZ
mg/day. These have been presented at international were in line with those previously reported with
meetings and published as an abstract.[25] zofenopril or HCTZ monotherapy.[26] The most

commonly reported adverse events were dizziness,A 36-week comparison of zofenopril/HCTZ and
headache and cough, as would be expected withzofenopril monotherapy demonstrated the superior
ACE-inhibitor therapy. These adverse events wereefficacy of combination therapy in lowering BP in
generally mild to moderate in severity and were not463 patients aged 18–75 years with mild to moder-
correlated with age or sex.ate hypertension. Following a 4-week washout peri-

od, the 12-week efficacy endpoint of reduction in In the dose-response study, a total of 9.9% of
DBP and SBP, and the proportion of responders, patients reported an adverse event.[24] The majority
were significantly greater with combination therapy (64.3%) of these events were of mild intensity;
than zofenopril monotherapy (table I; p < 0.001). 61.9% of adverse events were determined to be

treatment related but the majority disappeared uponA second study of 369 patients, 18–70 years of
discontinuation of treatment. The incidences ofage, confirmed the efficacy of combination therapy
treatment-related adverse events were comparablein treating patients with mild to moderate hyperten-
between the treatment groups, and the most com-sion who were not responsive to zofenopril
mon adverse events were cough and polyuria. Themonotherapy.[25] Following a 4-week placebo run-in
tolerability of 30/12.5 mg/day was better than that ofphase, eligible patients were administered 4 weeks’
60/12.5 mg/day in the dose-response study.[24]treatment with zofenopril 30 mg/day in a single-
Treatment withdrawal occurred in only 1.7% ofblind fashion. Nonresponders (SBP ≥130 and DBP
patients. There were no increases from baseline in≥85mm Hg and/or SBP reduction <20mm Hg and/or
low-density lipoprotein cholesterol, triglycerides,DBP reduction <10mm Hg) were then randomised
blood glucose or uric acid levels with combinationto double-blind treatment with zofenopril/HCTZ 30/
therapy.12.5 mg/day or zofenopril 30 mg/day for a further 8

weeks. Significantly greater and more consistent Importantly, in the two comparative studies,
reductions in BP and higher response rates were zofenopril/HCTZ 30/12.5 mg/day was at least as
reported with combination therapy than with zofe- well tolerated as zofenopril 30 mg/day monother-
nopril monotherapy (table I). BP reached a plateau apy, with the combination therapy having no detri-
at week 8 in patients receiving zofenopril monother- mental effect on heart rate.[25] In parallel-group com-
apy but continued to decrease in patients receiving parative study, the proportions of patients discontin-
combination therapy. uing treatment because of adverse events in the
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zofenopril/HCTZ and zofenopril monotherapy cardiovascular risk factor, demonstrated that ACE
groups were 6% and 11%, respectively; correspond- inhibition, in this case with ramipril, was associated
ing values in the nonresponder study were 2% and with significant risk reductions for the composite
2%. Adverse events leading to treatment discontinu- endpoint of cardiovascular events (stroke, MI or
ation in both studies included headache, cough and cardiovascular death), and for cardiovascular death,
dizziness, but no single adverse event resulted in stroke, MI and the development of overt nephropa-
discontinuation for >1% of patients in the combina- thy.
tion therapy arms. Preclinical data on combination therapy with

zofenopril/HCTZ indicated that, as well as prevent-
4. Role of ACE Inhibitor Therapy in ing the development of arterial hypertension, it pro-
End-Organ Protection vided more complete organ protection than the com-

bination of enalapril/HCTZ.[36] This was evidencedIn addition to hypertension and other risk factors
by a reduction in mortality, and normalisation of(i.e. hyperlipidaemia, diabetes) it has been
renal morphological and functional alterations, in-recognised that activation of the renin-angiotensin-
cluding improvements in excretory parameters inaldosterone system (RAAS) plays a role in the risk
hypertensive rats evaluated in an 8-week, placebo-of CVD-related morbidity and mortality.[27,28] Angi-
controlled study.otensin II, the effector molecule of the RAAS, has

been shown to have a direct effect on various tissues
5. Place of Combination Therapy in theincluding endothelial, vascular and renal tissues.[27]

Management of HypertensionAgents that actively prevent the formation of
angiotensin II, such as ACE inhibitors, may there-

One of the primary challenges for physicians infore have a beneficial effect in terms of end-organ
the management of patients with hypertension isprotection, over and above their effects on BP. Data
achieving target BP levels in clinical practice. Phy-from clinical trials with an ACE inhibitor, such as
sicians are now more aware than ever before thatthe HOPE (Heart Outcomes Prevention Evaluation)
optimal antihypertensive treatment should be effec-and EUROPA (EURopean trial On reduction of
tive, ensuring timely reductions in BP levels, andcardiac events with Perindopril in stable coronary
well tolerated to enhance patient compliance.Artery disease) studies, confirm the efficacy of these

agents in reducing the risk of cardiovascular death, The use of combination therapy in the treatment
myocardial infarction (MI) and stroke.[29,30] The of patients with hypertension is recommended by
SMILE (Survival of Myocardial Infarction Long- the ESH/ESC, JNC-7 and the WHO/International
Term Evaluation) study specifically demonstrated Society of Hypertension 2003 guidelines.[9,11,12]

the efficacy of the ACE inhibitor zofenopril in re- ESH/ESC and JNC-7 guidelines acknowledge that
ducing mortality post-MI.[31] ACE inhibitors have the majority of patients will require two or more
also been shown to reduce morbidity, mortality and/ antihypertensive agents to achieve target BP
or left ventricular remodelling following MI in a goals.[9,11] Furthermore, in patients with BP >20/
number of major studies, including SAVE (Survival 10mm Hg above goal, physicians should consider
And Ventricular Enlargement),[32] SOLVD (Studies initiating combination therapy either with two sepa-
Of Left Ventricular Dysfunction)[33] and PREAMI rate agents or as a fixed-dose combination. Combi-
(Perindopril and Remodeling in Elderly with Acute nation therapy is also justified in certain patient
Myocardial Infarction).[34] populations with hypertension and comorbidities

(i.e. diabetes, chronic kidney disease) for whomThe end-organ protective effects of ACE inhibi-
rapid reduction of BP is required.[9,11]tors have been clarified in the MICRO-HOPE

(Microalbuminuria, Cardiovascular, and Renal Out- The use of combination therapy as first-line treat-
comes in HOPE) study.[35] Results from this study, ment is increasing as BP goals of antihypertensive
which included 3577 patients from the overall therapy are becoming more ambitious for all pa-
HOPE population who had diabetes and either a tients and, in particular, for patients at higher risk of
history of cardiovascular disease or at least one cardiovascular complications. While most guide-
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lines[9,11] advocate the combinations of two agents treatment because of adverse events compared with
those receiving monotherapy.[25]from different classes as an alternative to monother-

apy, many physicians feel that this does not allow The fixed combination of zofenopril/HCTZ 30/
12.5 mg/day is expected to demonstrate potentialthe freedom to vary the dose of the individual com-
additive cardiovascular protective properties as sug-ponents according to patient response. It should be
gested by the efficacy of zofenopril monotherapy inemphasised that for fixed-dose combinations, the
reducing the incidence of death or severe congestiveindividual doses of each component have been se-
heart failure post-MI in the SMILE study.[31]lected on the basis of careful investigation to deter-
Preclinical data support its efficacy in providingmine the dose that provides the greatest BP reduc-
cardiovascular and renal end-organ protection, al-tions with the lowest incidence of adverse events in
though this requires confirmation in well designedthe largest proportion of patients.[18]

clinical trials.[36]
The use of fixed-dose combination therapy with

an ACE inhibitor and a diuretic provides physicians 6. Conclusion
with the means to achieve BP control without the
need for the prolonged and laborious dose-titrations In conclusion, data from clinical trials with zofe-
necessary with initial monotherapy. nopril/HCTZ 30/12.5 mg/day show that this combi-

nation provides optimal BP control in a larger pro-The results of a dose-response study comparing
portion of patients than would be achievable withzofenopril plus HCTZ with each agent administered
monotherapy with zofenopril 30 mg/day, whileas monotherapy clearly demonstrate that a greater
maintaining the tolerability profile observed withantihypertensive effect, in terms of the proportion of
each individual agent, and thereby potentially en-patients with normalised DBP, is achieved with
hancing patient compliance. The efficacy and safetycombination therapy.[24] In addition, combination
profiles of zofenopril/HCTZ 30/12.5 mg/day showntherapy provided sustained and consistent BP con-
in clinical trials to date indicate that this combina-trol over the entire 24-hour dose administration in-
tion will be a useful addition to currently availableterval. These results suggest that the combination of
therapy for patients who have BP that is not ade-zofenopril/HCTZ may be indicated in patients who
quately controlled by monotherapy, as well as fordo not achieve target BP with zofenopril 30 mg/day
patients who require more rapid, intensive BP con-or HCTZ dosages of up to 25 mg/day. A well
trol. Longer-term trials will more definitively con-designed study confirmed the greater BP-lowering
firm the place in therapy of this new combination.efficacy of zofenopril/HCTZ 30/12.5 mg/day versus

zofenopril 30 mg/day monotherapy.[25] The advan-
Acknowledgementstage of zofenopril/HCTZ 30/12.5 mg/day combina-
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