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ABSTRACT
Background: Early administration of zofenopril
following acute myocardial infarction (AMI) proved to
be prognostically beneficial in the four individual
randomised, double-blind, parallel-group, prospective
SMILE (Survival of Myocardial Infarction Long-term
Evaluation) studies. In the present analysis, we
evaluated the cumulative efficacy of zofenopril by
pooling individual data from the four SMILE studies.
Methods: 3630 patients with AMI were enrolled and
treated for 6–48 weeks with zofenopril 30–60 mg/day
(n=1808), placebo (n=951), lisinopril 5–10 mg/day
(n=520) or ramipril 10 mg/day (n=351). The primary
study end point of this pooled analysis was set to
1 year combined occurrence of death or hospitalisation
for cardiovascular (CV) causes.
Results: Occurrence of major CV outcomes was
significantly reduced with zofenopril versus placebo
(−40%; HR=0.60, 95% CI 0.49 to 0.74; p=0.0001)
and versus the other ACE inhibitors (−23%; HR=0.77,
0.63 to 0.95; p=0.015). The risk reduction observed
under treatment with the other ACE inhibitors was
nearly statistically significant (−22%; HR=0.78, 0.60 to
1.02; p=0.072). The benefit of zofenopril versus
placebo was already evident after the first 6 weeks of
treatment (−28%; HR=0.72, 0.54 to 0.97; p=0.029),
while this was not the case for the other ACE inhibitors
(−19%; HR=0.81, 0.57 to 1.17; p=0.262). In this early
phase of treatment, zofenopril showed a non-
significant trend towards a larger reduction in CV
events versus the other ACE inhibitors (−11%;
HR=0.89, 0.69 to 1.15; p=0.372).
Conclusions: The pooled data analysis from the
SMILE Programme confirms the favourable effects of
zofenopril treatment in patients with post-AMI and its
long-term benefit in terms of prevention of CV
morbidity and mortality.

INTRODUCTION
Activation of the renin–angiotensin–aldoster-
one system has long been implicated in the

pathogenesis of acute myocardial infarction
(AMI), and its blockade has been shown to
be beneficial in preventing major cardiovas-
cular (CV) complications in several large ran-
domised, prospective early and late
intervention trials in patients with
post-AMI.1–4 Accordingly, current guidelines
recommend the prescription of an ACE
inhibitor (ACEIs) to all patients with ST ele-
vation anterior AMI, post-AMI left ventricular
dysfunction (left ventricular ejection fraction,
LVEF <40%), or to those who have experi-
enced heart failure in the early phase of the
AMI.5–7 ACEIs should also be given to and

KEY QUESTIONS

What is already known about this subject?
▸ Use of ACE inhibitors has been shown to be

beneficial in preventing major cardiovascular
complications in several large randomised, pro-
spective early and late intervention trials in
patients with post-acute myocardial infarction
(AMI).

What does this study add?
▸ Zofenopril is an ACE inhibitor with a proven effi-

cacy in early treatment of AMI. Such evidence
comes from four separate randomised studies of
similar design comparing zofenopril with
placebo, lisinopril or ramipril. A pooled analysis
of these studies is provided in order to increase
the robustness of the evidence of zofenopril effi-
cacy in patients with post-AMI.

How might this impact on clinical practice?
▸ The results confirm the superior efficacy of zofe-

nopril versus placebo in patients with post-AMI,
and its long-term benefit in terms of prevention
of major cardiovascular events. This further sup-
ports the indication to use zofenopril as well as
ACE inhibitors in the treatment of AMI.
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continued indefinitely in patients recovering from
unstable angina or non-ST elevation AMI, or those with
stable coronary heart disease (CHD), even in the
absence of left ventricular dysfunction.7–9

Among the various ACEIs, zofenopril proved to be
very effective in patients with CHD and AMI, thanks to
its unique effective mechanism of action for improving
blood pressure control, left ventricular function and
myocardial ischaemia burden, as well as ACE inhib-
ition.10 The double-blind, randomised, parallel-group,
prospective trials of the Survival of Myocardial Infarction
Long-Term Evaluation (SMILE) project, which involved
more than 3600 patients with CHD, demonstrated that
early AMI treatment with zofenopril may reduce mortal-
ity and morbidity, also when combined with acetylsali-
cylic acid, to a greater extent than lisinopril and
ramipril.11–14 In addition, zofenopril has shown an inter-
esting anti-ischaemic effect in patients with preserved
left ventricular function after AMI.15

The objective of this pooled individual data analysis of
the four SMILE studies was to review the cumulative effi-
cacy of the ACEI zofenopril in the patients with CHD
enrolled under the SMILE project.

METHODS
Study design and population
The four double-blind, randomised, parallel-group SMILE
studies compared the efficacy and safety of zofenopril with
that of placebo (SMILE-1 and SMILE-3),11 15 lisinopril
(SMILE-2)12 or ramipril (SMILE-4),13 in European men
and non-pregnant women with AMI. Patients included in
the studies were those with (1) an early AMI (<24 h), not
eligible for thrombolytic therapy because of late admission
to the intensive care unit or with contraindication to sys-
temic fibrinolysis (SMILE-1);11 (2) a confirmed diagnosis
of AMI and a prior thrombolytic treatment within 12 h of
the onset of clinical symptoms of AMI (SMILE-2);12 (3) a
recent AMI (within 6±1 weeks) with preserved LVEF
(>40%), treated with a thrombolytic treatment and with
ACEIs (SMILE-3);15 and (4) an early myocardial infarction
(<24 h), either treated with thrombolysis or not, with
primary percutaneous transluminal angioplasty or coron-
ary artery by-pass graft, and with clinical and/or echocar-
diographic evidence of left ventricular dysfunction
(SMILE-4).13 All studies were conducted in according with
the Guidelines for Good Clinical Practice and the
Declaration of Helsinki, and were approved by the Ethics
Committee of each participating centre. Written informed
consent was obtained from each patient before enrolment.

Treatments
Eligible patients were double-blinded and randomly allo-
cated to treatment with zofenopril or comparator
(placebo, lisinopril or ramipril), in addition to standard
recommended therapy for AMI. No lead in observa-
tional period was foreseen prior to randomisation,
except for the SMILE-4 study. In this study, eligible

patients entered a 4-day open-label phase prior to ran-
domisation and were given zofenopril according to the
up-titration scheme described below.11 The initial dose
of zofenopril was 7.5 mg two times per day on day 1 and
2, followed by 15 mg two times per day on day 3 and 4
and 30 mg two times per day from day 5 onward.
Up-titration was allowed if systolic blood pressure
remained >100 mm Hg and if there were no signs or
symptoms of hypotension. The doses of the active com-
parators were up-titrated as well: up to 10 mg once daily
for lisinopril and up to 5 mg two times per day for
ramipril. Randomised treatment was continued for
6–48 weeks and patients were seen at enrolment every
1–6 months, depending on the study. For all studies, dur-
ation of treatment and follow-up periods overlapped,
the only exception being represented by the SMILE-1
study. In this trial, on completion of the 6-week double-
blind treatment period, the patients stopped taking the
study medication but continued treatment with their
other medications for an additional 48 weeks.

Statistical analysis
This analysis was an individual patient data (IPD) ana-
lysis where the IPD were pooled. In this analysis, a
one-step approach was used, the IPD were aggregated
and the pooled data set was analysed using appropriate
statistical methods. IPD pooled analysis improves the
quality of data and produces more reliable results. Since
all the four SMILE Studies provided information on
fatal and non-fatal CV events, the primary study end
point of this retrospective analysis was set to the 1 year
combined occurrence of death or hospitalisation for CV
causes. In the SMILE-1 study, the primary end point was
the combined occurrence of death or severe congestive
heart failure during the 6 weeks of treatment with zofe-
nopril or placebo. In the SMILE-2 study, the primary
end point was the 6-week occurrence of severe hypoten-
sion, either cumulative or related to study drug adminis-
tration, with zofenopril or lisinopril, while occurrence of
CV outcomes was a secondary end point. In the SMILE-3
study, the primary end point was the 6-month global
ischaemic burden, defined as the occurrence of post-
infarction angina, ischaemic abnormalities during rest
or Holter ECG, or treadmill test, recurrent myocardial
infarction or need for coronary revascularisation. Finally,
in the SMILE-4 study, the primary end point was the
1 year rate or CV mortality or morbidity (hospitalisation
for CV causes).
For the purpose of the present pooled analysis, the

efficacy end point was calculated after weighing for the
number of participants contributing from each study.
The efficacy analysis was carried out on the full analysis
set (intention-to-treat population), made up of all ran-
domised patients treated with at least one dose of study
medication and documenting at least once the measure
of the primary efficacy assessment, even in case of proto-
col violation or premature withdrawal from the study.
The safety analysis was applied to all randomised
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patients who took at least one dose of the study medica-
tion, by assessing the incidence of adverse events and
changes in laboratory data or ECG during the study.
The measure of safety used in this pooled analysis
was the rate of drug-related adverse events expressed
also as the number of drug-related adverse events
divided by the person-time at risk throughout the obser-
vation period.
The baseline characteristics and the distribution of

variables in the study populations and subgroups were
compared using a χ2 test (2×4 tables) for categorical
variables and an analysis of variance (between groups,
F-test) for continuous variables.
HRs and 95% CIs were calculated by a Cox propor-

tional hazard regression model in which treatment
group, gender (males vs females), country, age (<65 vs
≥65 years), body mass index (<30 vs≥30 kg/m2) and CV
risk factors (yes vs no) were included as covariates. CV
risk factors were defined by the presence of previous
angina pectoris, previous congestive heart failure, hyper-
cholesterolaemia requiring lipid-lowering drug, previous
peripheral artery disease or previous coronary revascu-
larisation. In order to account for the different dura-
tions of follow-up among the four studies, the relative
risk of CV morbidity and mortality was assessed using a
time-dependent Cox regression model and correspond-
ing survival curves were drawn. Heterogeneity for the
primary study end point was assessed by the Q
Cochrane’s statistics.16 Evaluations for the primary study
end point were also made by subgroups of patients
according to age, gender, diabetes, hypertension and CV
risk factors.
All p values are two-sided and the minimum level of

statistical significance was set at 0.05. Data are shown as
mean±SD or as mean and 95% CI, or as absolute (n)
and relative (%) frequencies.

RESULTS
Patient population
Three thousand six hundred and thirty patients were
included in this pooled analysis: 1556 patients (43%)
were enrolled in the SMILE-1, 1024 in the SMILE-2
(28%), 334 in the SMILE-3 (9%) and 716 in the
SMILE-4 (20%) study. Eleven European countries parti-
cipated in the study, with 61% of patients recruited in
Italy. One thousand eight hundred and eight patients
(50%) received zofenopril, 951 (26%) placebo, 520
(14%) lisinopril and 351 (10%) received ramipril.
Baseline characteristics for the patients included in the
present pooled analysis are summarised in table 1. Some
heterogeneity across the four treatment groups was
observed.

Long-term treatment efficacy
As shown in figure 1A, the chance of surviving over
1 year without any major CV event was significantly
higher under treatment with zofenopril than placebo

(HR and 95% CI 0.60, 0.49 to 0.74; p=0.0001), with a
40% risk reduction. The superiority of zofenopril versus
placebo was evident regardless of age, gender, diabetes,
hypertension or presence of CV risk factors (table 2).
The 1 year risk of mortality and morbidity was

reduced by 22% under treatment with the other ACEIs
versus placebo (0.78, 0.60 to 1.02), the between-group
difference being nearly statistically significant (p=0.072;
figure 1A), also when specific subgroups were examined
(table 2). A larger benefit was observed with respect to
placebo under lisinopril (HR=0.63, 0.47 to 0.87) than
under ramipril (0.94, 0.71 to 1.26; figure 1B).
Cumulative survival rates were higher under zofeno-

pril than under the other ACEIs (0.77, 0.63 to 0.95;
p=0.015; figure 1A), with lisinopril showing an efficacy
closer to that of zofenopril (figure 1B; lisinopril vs zofe-
nopril: 0.89, 0.64 to 1.23; zofenopril vs ramipril: 0.64,
0.50 to 0.81).
The Q Cochran’s analysis showed a moderate hetero-

geneity in the effect between zofenopril and the other
ACEIs (I2=42%).

Efficacy in the early phase of treatment
The superiority of zofenopril versus placebo was particu-
larly evident in the first 6 weeks of treatment, with a
28% reduction in the risk of CV mortality and morbidity
(0.72, 0.54 to 0.97; p=0.029; figure 2A). Such a reduction
was documented also for the other ACEIs (0.81, 0.57 to
1.17), but it was not statistically significant (p=0.262;
figure 2A). Survival rates with respect to placebo were
much better under lisinopril (0.62, 0.41 to 0.95) than
under ramipril (1.06, 0.71 to 1.59; figure 2B).
In this early phase of the study, zofenopril was as

effective as the other ACEIs (0.89, 0.69 to 1.15; p=0.372;
figure 2A), and particularly with respect to lisinopril
(1.15, 0.83 to 1.60; figure 2B).

Safety
Assessment of adverse events was carried out in 3697
patients (1841 zofenopril, 956 placebo, 520 lisinopril
and 380 ramipril): 328 patients receiving zofenopril
(18%), 73 placebo (8%), 148 lisinopril (29%) and 21
receiving ramipril (6%) reported adverse events attribu-
ted to study treatment.
The rate of drug-related adverse events (person-time

at risk) was 0.60 under zofenopril (369 events), 0.44
under placebo (102 events, p<0.001 vs zofenopril), 2.78
under lisinopril (152 events, p<0.001 vs zofenopril) and
0.08 under ramipril (16 events, p<0.001 vs zofenopril).
Thus, the rate of drug-related adverse events was lower
under ramipril and higher under lisinopril, as compared
to zofenopril.
In patients treated with ACEIs, a total of 60

drug-related serious adverse events occurred, of which
36 were under zofenopril (1.5% of total adverse events),
22 were under lisinopril (2.2%) and 2 were under rami-
pril (0.5%).
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DISCUSSION
In the present pooled analysis, we confirmed what was
documented in the individual SMILE studies, namely,
that treatment of patients with AMI, with or without left
ventricular dysfunction, with zofenopril, effectively
reduces the risk of the combined end point of CV death
or hospitalisation for CV causes with respect to
placebo.11–15 Interestingly, most of the beneficial effects
of active drug treatment with zofenopril in our study
were already evident in the first weeks following initi-
ation of treatment, and were well maintained over time.
As a matter of fact, in zofenopril-treated patients, 70% of
the risk reduction was achieved in the first 6 weeks,
while an additional 30% was reached at the end of the
follow-up. These results are in agreement with previous
data showing that treatment with ACEIs begun days to
weeks after AMI improves clinical outcomes.17 18 Given
the peculiar pharmacological characteristics of zofeno-
pril, we may suggest that most of the benefit is achieved
with this drug through a primary vasculoprotective and

cardioprotective effect, as shown in preclinical studies in
animals19 20 and in clinical studies in humans,21 22 as
well as through the prompt blockade of the deleterious
effects of neurohumoral activation.23

Our study also compared the effects of zofenopril with
those of two other ACEIs (lisinopril and ramipril): treat-
ment with zofenopril reduced the chance of occurrence
of the combined end point slightly more than did lisino-
pril or ramipril, at least in the long term. The only other
available large trial assessing the efficacy of different
ACEIs after AMI is a non-randomised, observational
study by Hansen et al.24 In this study, no differences were
observed in the risk of mortality and reinfarction among
trandolapril, ramipril, enalapril, captopril, perindopril
and other ACEIs, suggesting a class effect rather than a
specific activity of the single ACEI. Our results are in
contrast with those of the study by Hansen et al, and do
not support a class effect but, rather, support differences
in the efficacy between different ACEIs. Although our
data are quite consistent, being collected through

Table 1 Demographic and clinical characteristics of the study population summarised by type of treatment

Zofenopril (n=1808) Placebo (n=951) Lisinopril (n=520) Ramipril (n=351) p Value

Age (years, mean±SD) 61±11 63±11 59±10 61±11 <0.001

Males (n, %) 1357 (75) 705 (74) 395 (76) 276 (79) 0.396

BMI (kg/m2, mean±SD) 27±4 26±4 27±4 28±4 <0.001

Major CV risk factors (n, %) 315 (17) 182 (19) 83 (16) 88 (25) <0.001

Diabetes (n, %) 1203 (67) 640 (67) 283 (54) 288 (82) <0.001

Hypertension (n, %) 786 (45) 486 (52) 259 (51) 131 (40) <0.001

Hypercholesterolaemia (n, %) 1435 (79) 760 (80) 386 (74) 279 (80) 0.054

Data are shown as absolute (n) and relative (%) frequencies for categorical variables and as mean (±SD) for continuous variables. p Values
refer to the statistical significance of the difference across the four treatment groups (χ2 test for categorical variables and ANOVA for
continuous variables).
ANOVA, analysis of variance; BMI, body mass index; CV, cardiovascular.

Figure 1 Cumulative survival without events during 1 year of follow-up in patients treated with zofenopril (n=1808), placebo

(n=951), lisinopril (n=520) or ramipril (n=351) in the Survival of Myocardial Infarction Long-term Evaluation (SMILE) programme.

Data are shown by pooling together data obtained under lisinopril and ramipril (other ACE inhibitors, A) and separately for each

treatment group (B).
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double-blind, randomised, parallel-group, prospective
studies with similar designs, we cannot exclude the fact
that the superiority of zofenopril might simply be
related to a larger number of participants included in
this group and to some heterogeneity across the studies.
Future direct comparative studies should explore this
aspect in detail.
Safety results confirmed that when treatment with

zofenopril is initiated at low dose within the first days or
weeks of onset of symptoms and signs of AMI, and
up-titrated to optimal dose within a week, its tolerability
is good, comparable to that observed with the reference

drugs, lisinopril and ramipril, and consistent with previ-
ous clinical observations in the same field.25

Study limitations
Although the design of the four SMILE studies was very
similar, there were some differences in the inclusion cri-
teria, and treatment duration and follow-up, which
might have biased the study results, particularly when
direct comparisons between different active drug treat-
ments were attempted. For instance, the SMILE-1 study
included only those patients who were non-
thrombolysed, the SMILE-2 and SMILE-3 included only

Table 2 HR and 95% CIs for 1 year cardiovascular (CV) morbidity and mortality of zofenopril versus placebo, other ACE

inhibitors (ACEIs) versus placebo and zofenopril versus other ACEIs

Zofenopril versus placebo

(n=2759)

Other ACEIs vs placebo

(n=1822)

Zofenopril vs other ACEIs

(n=2679)

HR (95% CI) p Value HR (95% CI) p Value HR (95% CI) p Value

Age (years)

≥65 (n=1543) 0.66 (0.51 to 0.85) 0.001 0.74 (0.51 to 1.07) 0.107 0.90 (0.66 to 1.21) 0.473

<65 (n=2084) 0.53 (0.38 to 0.73) 0.0001 0.78 (0.52 to 1.18) 0.236 0.67 (0.50 to 0.90) 0.008

Gender

Males (n=2733) 0.61 (0.48 to 0.78) 0.0001 0.83 (0.61 to 1.15) 0.265 0.73 (0.58 to 0.93) 0.012

Females (n=897) 0.60 (0.42 to 0.86) 0.005 0.70 (0.42 to 1.17) 0.174 0.86 (0.57 to 1.30) 0.479

Diabetes

Yes (n=1216) 0.61 (0.43 to 0.87) 0.007 0.67 (0.41 to 1.12) 0.127 0.91 (0.61 to 1.35) 0.631

No (n=2414) 0.60 (0.47 to 0.77) 0.0001 0.80 (0.58 to 1.11) 0.179 0.75 (0.59 to 0.95) 0.019

Hypertension

Yes (n=1880) 0.65 (0.49 to 0.86) 0.003 0.83 (0.57 to 1.21) 0.338 0.78 (0.60 to 1.01) 0.062

No (n=1662) 0.59 (0.44 to 0.79) 0.0001 0.76 (0.50 to 1.15) 0.194 0.77 (0.55 to 1.10) 0.150

CV risk factors

Yes (n=2962) 0.63 (0.51 to 0.78) 0.0001 0.78 (0.58 to 1.05) 0.107 0.81 (0.64 to 1.00) 0.060

No (n=668) 0.45 (0.26 to 0.78) 0.004 0.71 (0.36 to 1.41) 0.334 0.62 (0.37 to 1.06) 0.081

Data are shown for specific study subgroups. p Values refer to the statistical significance of OR.

Figure 2 Cumulative survival without events during the first 42 days of treatment with zofenopril (n=1808), placebo (n=951),

lisinopril (n=520) or ramipril (n=351) in the Survival of Myocardial Infarction Long-term Evaluation (SMILE) programme. Data are

shown by pooling together data obtained under lisinopril and ramipril (other ACE inhibitors, A) and separately for each treatment

group (B).
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thrombolysed patients, and the SMILE-4 study included
both types of patients. The SMILE-3 study excluded
patients with a LVEF <40%, while patients with left ven-
tricular dysfunction were included in the SMILE-4 study.
In the SMILE-1 study, active treatments lasted 6 weeks,
while observation continued for the subsequent
12 months. In the other SMILE studies, treatment dur-
ation and observation coincided, but the time interval
differed. In assessments of the differences between treat-
ments, resulting variations in baseline characteristics
might have tended to decrease the sensitivity of such
analyses to show interaction. However, such differences
are inherent to all pooled analysis and the bias intro-
duced into ascertainment of the average effects among
the patients is usually limited in size. This is particularly
true in our case, because we adjusted comparisons for
confounding variables and we used individual patients’
data instead of averages.
Another important study limitation concerns the inter-

pretation of the results of the safety analysis. As a matter
of fact, in the SMILE-2 study, the primary end point was
a safety factor: the incidence of drug-related severe
hypotension. This might explain why the proportion of
patients with an adverse event was particularly high in
the group of patients receiving lisinopril. Since the rate
of adverse events was low in ramipril-treated patients of
the SMILE-4 study, when data of these two different
ACEIs were pooled together, differences were counterba-
lanced and thus elided.

Conclusions
The results of the pooled data analysis of the SMILE
studies confirm the favourable effects of zofenopril treat-
ment in patients with CHD. The reduction in mortality
and morbidity observed in zofenopril-treated patients in
comparison to placebo supports the fact that the ACE
inhibition and specific pharmacological profile both
contribute to the unbeaten efficacy of ACEIs in CHD.
These results also strongly support the strategy of start-
ing ACEIs early after AMI, in order to maximise their
potential benefits. However, since the clinical benefits
persisted during long-term treatment, this also suggests
that ACEIs should not be withheld.
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