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Higher dose of potent statin
better for high-risk patients

INTERPRETING KEY TRIALS

■ ABSTRACT

The Pravastatin or Atorvastatin
Evaluation and Infection Therapy trial
(PROVE-IT/TIMI-22) showed that in
patients with acute coronary syndromes,
aggressive lipid-lowering using
atorvastatin 80 mg/day provided greater
protection against death or major
cardiovascular events than did moderate
lipid-lowering using pravastatin 40
mg/day. Lowering the low-density
lipoprotein cholesterol level to
approximately 62 mg/dL with
atorvastatin resulted in a 16% reduction
in cardiovascular end points.

GGRESSIVE LIPID-LOWERING with high-
dose statin therapy should be instituted

in patients with acute coronary syndromes,
according to the results of the recent
Pravastatin or Atorvastatin Evaluation and
Infection Therapy (PROVE-IT) study,1 pub-
lished by the investigators of the Thrombolysis
in Myocardial Infarction (TIMI) trials.

Compared with moderate-dose prava-
statin therapy, high-dose atorvastatin was
associated with a significantly lower incidence
of the composite end point of death, myocar-
dial infarction, unstable angina, revasculariza-
tion, and stroke, as early as 30 days after ther-
apy was started. This trial has prompted
debate over the equivalence of different statin

formulations and target levels of low-density
lipoprotein cholesterol (LDL-C) for high-risk
patients. It has also started debate over
whether lipid-lowering guidelines need to be
changed: ie, how low is too low?

Why PROVE-IT was needed, the study
design, results, and clinical implications are
the topics of this discussion.

■ BACKGROUND

Ever since lovastatin was introduced in 1987,
statins have been deemed miracle drugs by
many, due to their efficacy in reducing the
incidence of cardiovascular death, heart
attacks, and stroke. In fact, one editorial
asserted that statins “are to atherosclerosis
what penicillin was to infectious diseases.”2

Several major clinical trials published in
the last decade have definitively demonstrat-
ed the beneficial effects of various statin drugs.

The first of these trials was the
Scandinavian Simvastatin Survival Study
(4S), a secondary prevention study published
in 1994, which demonstrated that patients
with coronary heart disease who were treated
with simvastatin had significantly lower rates
of mortality, major coronary events, and
myocardial revascularization compared with
patients receiving placebo.3

This study was followed closely by the
West of Scotland Coronary Prevention Study
Group (WOSCOPS) trial, a primary preven-
tion trial that demonstrated that men with
hypercholesterolemia who were treated with
pravastatin had a lower incidence of myocar-
dial infarction and death from cardiovascular
causes compared with those taking placebo.4
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These results held true in the Air
Force/Texas Coronary Atherosclerosis
Prevention study (AFCAPS/TexCAPS),
which demonstrated that, compared with
placebo, lovastatin treatment was associated
with a lower risk for a first major coronary
event in men and women with no history of
coronary artery disease and average choles-
terol levels.5

The largest clinical trial to date evaluating
statin therapy was the Heart Protection study
(HPS), which enrolled 20,536 adults with
coronary disease, other occlusive arterial dis-
ease, or diabetes. Patients received either sim-
vastatin or placebo. As did prior studies, the
HPS found significantly lower first event rates
for nonfatal myocardial infarction or coronary
death, nonfatal or fatal strokes, and for coro-
nary revascularization with statin therapy com-
pared with placebo. Surprisingly, however, this
study showed an equivalent benefit in patients
with a starting LDL-C level below 100 mg/dL,
compared with those with high LDL-C levels.6

Similarly, the recently published Anglo-
Scandinavian Cardiac Outcomes Trial–Lipid-
Lowering Arm (ASCOT-LLA) study7 also
demonstrated significantly fewer cardiovascu-
lar end points in hypertensive, nondyslipi-
demic patients treated with a statin. In this
prospective study, 10,305 patients with hyper-
tension and at least three other cardiovascular
risk factors, with a starting nonfasting total
cholesterol level of 6.5 mmol/L (251 mg/dL)
or less, were randomly assigned to atorvastatin
10 mg daily or placebo. The trial was termi-
nated early, at 3.3 years, due to a 36% lower
rate of death and nonfatal myocardial infarc-
tion in the atorvastatin group.7

■ UNANSWERED QUESTIONS:
HOW LOW IS TOO LOW?

Do these studies render obsolete the recom-
mendations of the National Cholesterol
Education Program, which advocates a target
LDL-C level of less than 100 mg/dL in
patients with coronary artery disease or dia-
betes?8 These results fueled debate about
“How low is too low?” Should we pursue
aggressive lowering of LDL-C levels beyond
currently established guidelines? Is there a
lower cutoff LDL-C level, below which further

reductions may be harmful? The answers to
these questions remain unknown and are a
subject of great interest.

What epidemiologic studies show
Epidemiologic studies have previously identi-
fied a relationship between low serum levels of
total cholesterol (< 130 mg/dL) and increased
all-cause mortality. However, this association is
confounded by concomitant illness, such as
cancer, malnutrition, and liver disease. Two
ongoing trials, the Treating to New Targets
(TNT) study9 and the Incremental Decrease
in End Points Through Aggressive Lipid
Lowering (IDEAL) study,10 aim to specifically
address the question of whether lowering LDL-
C levels below currently recommended guide-
lines yields incremental clinical benefit.

Additional intervention trials
In parallel with the aforementioned statin tri-
als, investigations were being pursued in the
setting of myocardial infarction. In the
Myocardial Ischemia Reduction With
Aggressive Cholesterol Lowering (MIRACL)
study,11 in which atorvastatin or placebo was
given within 24 to 96 hours after an acute coro-
nary syndrome, patients taking atorvastatin had
significantly fewer recurrent ischemic events
within the first 16 weeks of therapy.11 The
Cholesterol and Recurrent Events (CARE)
trial,12 which enrolled patients 3 to 20 months
after myocardial infarction, demonstrated a sig-
nificantly lower frequency of major cardiovas-
cular end points among patients randomized to
pravastatin, compared with placebo.12

Are all statins equal?
While clearly demonstrating the protective
effects of statin therapy, these trials engen-
dered even more questions. Is the benefit a
class effect of statin therapy, or is there a dif-
ference in efficacy between various statin
agents?

For instance, the initial statin studies gen-
erally used a fixed dose of 40 mg and generat-
ed similar results: they showed an average
reduction of 25% to 35% in LDL-C levels in
patients treated with a statin; these patients
had an approximately 24% to 31% reduction
in the risk of coronary heart disease, death, or
myocardial infarction. However, atorvastatin,
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introduced in 1997, has a more powerful lipid-
lowering effect: it appears to be about 50%
more powerful than simvastatin in their
respective maximal doses. In an atorvastatin
titration study, 40 mg/day reduced LDL-C to
less than 100 mg/dL in 64% of patients, and
80 mg/day reduced LDL-C to less than 100
mg/dL in 82% of patients.13 However, the
relationship between cholesterol-lowering
and cardiovascular risk remains incompletely
defined; it is unclear, at lower cholesterol lev-
els, whether further reductions confer addi-
tional protection.

How low should we go with LDL-C?
Several studies using surrogate cardiovascu-
lar end points aimed to address this question.
The Arterial Biology for the Investigation of
the Treatment Effects of Reducing
Cholesterol (ARBITER) study, published in
2002,14 compared the effect of aggressive
lipid-lowering with atorvastatin 80 mg/day
with a moderate lipid-lowering strategy of
pravastatin 40 mg/day on carotid intima
medial thickness. As anticipated, atorva-
statin had a substantially more potent effect
on LDL-C reduction than pravastatin.
Interestingly, atorvastatin induced progres-
sive regression of medial thickness over 12
months, whereas the thickness was stable in
the pravastatin group.

Similarly, the Dutch ASAP study (of the
effect of aggressive vs conventional lipid-low-
ering on atherosclerosis progression in familial
hypercholesterolemia) compared atorvastatin
80 mg/day with simvastatin 40 mg/day in
patients with familial hypercholesterolemia,
and also demonstrated a unique regression of
carotid intima medial thickness in the ator-
vastatin group.15

The recently published Reversal of
Atherosclerosis With Aggressive Lipid
Lowering (REVERSAL) trial16 used the same
regimen of atorvastatin vs pravastatin, with
the end point of coronary artery atheroma
burden, as measured by intravascular ultra-
sound. This study demonstrated that patients
treated with high-dose atorvastatin had no
change in atheroma burden over 18 months of
therapy, whereas patients treated with prava-
statin showed progression of coronary athero-
sclerosis.16

Benefit of more intensive lipid-lowering
These studies implied that more intensive
lipid-lowering therapy is the preferred
approach, and that statins may have multiple
beneficial effects besides lipid-lowering.

For instance, the REVERSAL trial
demonstrated a 36.4% decrease in C-reactive
protein levels in the atorvastatin group, com-
pared with a 5.2% decrease in the pravastatin
group, lending further support to the theory
that statins may also have beneficial anti-
inflammatory effects.

■ AIMS OF THE PROVE-IT TRIAL

The PROVE-IT trial addressed the question
of whether aggressive lipid-lowering reduces
the number of end-point events compared
with moderate lipid-lowering.

The primary aim of the study was to
determine if standard therapy to lower LDL-C
(pravastatin 40 mg/day) provides a clinical
benefit similar to atorvastatin 80 mg/day,
which markedly lowers LDL-C. It was hypo-
thesized that these two strategies would have
equivalent clinical benefit in patients with
acute coronary syndromes treated for an aver-
age of 2 years.

The secondary aim was to examine the
role of Chlamydia pneumoniae infection in car-
diovascular disease by evaluating the effec-
tiveness of the antibiotic gatifloxacin in
reducing cardiovascular events. The results of
the gatifloxacin arm of the study have not yet
been published.

The study was sponsored by Bristol-Myers
Squibb, the manufacturer of pravastatin.

■ DESIGN OF THE PROVE-IT TRIAL

The PROVE-IT trial was a randomized, dou-
ble-blind, head-to-head comparison. It was
designed as a time-to-event trial and was ter-
minated after a prespecified number of events
had occurred. In all, 4,162 patients were
enrolled at 349 sites in eight countries.

TABLE 1 lists the inclusion and exclusion cri-
teria. All patients were hospitalized for an
acute coronary syndrome, either acute myocar-
dial infarction with or without ST-segment
elevation, or positive serum levels for myocar-
dial enzymes, within the preceding 10 days.
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All patients received the standard medical
and interventional treatments for acute coro-
nary syndromes and were randomized to
receive either pravastatin 40 mg/day or ator-
vastatin 80 mg/day in a double-blind fashion.
They were seen for follow-up visits and dietary
counseling at 30 days, at 4 months, and every
4 months thereafter until the termination of
the study. Cholesterol levels were checked
periodically, and the dose of pravastatin was
increased from 40 mg/day to 80 mg/day if the
LDL-C concentration exceeded 125 mg/dL on
two consecutive visits. The patients were fol-
lowed for an average of 24 months, and the
trial was terminated when 925 events had
been reported.

End points
The primary end point of the PROVE-IT

trial was a composite of death from any cause,
myocardial infarction, unstable angina requir-
ing rehospitalization, revascularization via
percutaneous intervention or bypass surgery
more than 30 days after the index event, and
stroke.

Secondary end points were the risk of
death from coronary heart disease, nonfatal

myocardial infarction, revascularization, risk
of death from coronary heart disease or nonfa-
tal myocardial infarction, and the risk of the
individual components of the primary end
point.

■ PROVE-IT RESULTS

Cholesterol-lowering effect
The baseline LDL-C concentration was 106
mg/dL in both groups—a low level that reflects
the fact that 25% of patients enrolled were
already receiving statin therapy. After 2 years
of treatment, the median LDL-C concentra-
tion had declined to 62 mg/dL in the atorva-
statin group and to 95 mg/dL in the pravastatin
group. The difference became apparent very
early, within the first 30 days of therapy, and
was consistent over time (FIGURE 1).1

Compared with baseline LDL-C levels, at
30 days the median LDL-C level in patients
not previously treated with a statin had
declined by 51% in the atorvastatin group and
by 22% in the pravastatin group. Among
patients previously treated with a statin, LDL-
C levels declined by 32% in the atorvastatin
group vs no change in the pravastatin group.

STATIN THERAPY KHUSH AND WATERS

Inclusion and exclusion criteria in the PROVE-IT trial

Inclusion criteria
18 years of age or older
Acute coronary syndrome (myocardial infarction or high-risk unstable angina) within the preceding 10 days
Completion of any planned percutaneous interventions
Total cholesterol ≤ 240 mg/dL if not previously on lipid-lowering therapy (measured within the first 24 hours of acute

coronary syndrome or within the 6 months prior)
Total cholesterol ≤ 200 mg/dL if previously on lipid-lowering therapy

Exclusion criteria
Life expectancy < 2 years
Receiving any statin at a dose of 80 mg/day
Receiving fibric acid derivative or niacin which could not be discontinued before randomization
Received CYP-450 3A4-inhibiting drugs (eg, ketoconazole, clarithromycin, erythromycin, ritonavir) within 1 month prior

to randomization, or likely to require such treatment
Percutaneous coronary intervention within the prior 6 months (other than for the qualifying events), coronary artery

bypass surgery within the previous 2 months, or scheduled to undergo bypass surgery in response to the index event
Prolonged QT interval
Obstructive hepatobiliary or other serious liver disease
Elevation in creatine kinase level to greater than three times the upper limit of normal (except patients with creatine

kinase elevations due to acute myocardial infarction)
Creatinine > 2.0 mg/dL

T A B L E  1
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Clinical outcomes
In an intention-to-treat analysis, the Kaplan-
Meier event rates of the primary end point at
2 years were 22.4% in the atorvastatin group
and 26.3% in the pravastatin group, a 16%
reduction in relative risk in the group receiv-
ing aggressive therapy (P = .005; FIGURE 2).1
The individual components of the primary
end point showed a consistent benefit favor-
ing atorvastatin, except for stroke, likely due
to a low event rate.

The relative risk reductions for the indi-
vidual end points with aggressive therapy were
as follows:
• Need for revascularization—14% reduc-

tion (P = .04)
• Recurrent unstable angina—29% reduc-

tion (P = .02)
• Death from any cause—28% reduction (P

= .07)
• Death or myocardial infarction—18%

reduction (P = .06).
The atorvastatin group also had signifi-

cantly lower rates of the composite secondary
end points, as follows:
• Death due to coronary heart disease,

myocardial infarction, or revasculariza-
tion—14% reduction (P = .029)

• Death, myocardial infarction, or urgent
revascularization—25% reduction (P <
.001). Of note, this end point was report-
ed on post hoc analysis and was not a pre-
specified secondary end point.
In subgroup analyses, the benefit of ator-

vastatin was consistent across all groups ana-
lyzed, including men and women, patients
with unstable angina and myocardial infarc-
tion, and those with and without diabetes.

■ CLINICAL IMPLICATIONS OF PROVE-IT

The results of the PROVE-IT trial came as a
surprise, as the trial was designed to demon-
strate that pravastatin was not inferior to ator-
vastatin. Instead of being equivalent to mod-
erate lipid-lowering therapy, high-dose ator-
vastatin demonstrated a consistent, dramatic
lowering of LDL-C and reduction in clinical-
ly important end points.

While prior placebo-controlled studies
such as the HPS6 showed a difference in event
rates after approximately 18 months of statin
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FIGURE 1. Median low-density lipoprotein (LDL)
cholesterol levels during the study.
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FIGURE 2. Kaplan-Meier estimates of the incidence
of the primary end point of death from any cause
or a major cardiovascular event. Intensive lipid-
lowering with the 80-mg dose of atorvastatin,
as compared with moderate lipid-lowering with
the 40-mg dose of pravastatin, reduced the hazard
ratio for death or a major cardiovascular event
by 16%.
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therapy, PROVE-IT demonstrated an early
reduction, albeit not statistically significant,
within the first 30 days. We know that recur-
rent cardiac events occur most commonly
within the first month of an acute coronary
syndrome.17 Previous studies have shown that
patients with acute myocardial infarction may
harbor multiple complex coronary plaques.17

Perhaps by stabilizing these plaques and pro-
viding rapid cholesterol-lowering, high-dose
statin therapy may prevent subsequent plaque
rupture.

The results of PROVE-IT do not stand
alone. The National Heart, Lung, and Blood
Institute’s Post-Coronary Artery Bypass Graft
(Post-CABG) trial,18 published in 1999,
showed that aggressive lipid-lowering to a tar-
get LDL-C concentration lower than 100
mg/dL (in this case with the relatively less-
potent statin drug lovastatin, and cholestyra-
mine when necessary) delays the progression
of atherosclerosis in saphenous vein grafts.18

Similarly, the recent REVERSAL trial16 pro-
vides additional evidence of the benefits of
more aggressive lipid-lowering therapy.

These findings have profound clinical
implications. In the United States alone, 36
million people meet the criteria for statin
therapy.19 The results of this study indicate
that early and aggressive initiation of lipid-
lowering medications in all eligible patients
would result in a dramatic decline in the inci-
dence of unstable angina, myocardial infarc-
tion, death from cardiovascular causes, and
the need for revascularization. Not only would
we be able to prevent initial heart attacks, we
would be able to dramatically reduce the risk
of future events in patients with established
coronary heart disease. These results are on a
par with the mortality reduction seen in
patients with acute myocardial infarction
treated with aspirin plus beta-blockers, which
is now accepted as the standard of care.

■ OTHER CONSIDERATIONS

But before we all jump on the bandwagon of
high-dose statin therapy, we should heed sev-
eral words of caution.

Statins are costly
First and foremost is the issue of cost.

Treatment with atorvastatin 80 mg/day costs
approximately $1,200 per year. For senior citi-
zens and others without prescription drug cov-
erage, this expense will be largely out-of-pock-
et. Statins already account for the largest pre-
scription drug expenditure nationwide.

Can our health care system afford this
additional cost? For many Americans who are
already taking necessary drugs for hyperten-
sion, congestive heart failure, diabetes, and
other comorbidities, this cost may be unten-
able.

As physicians, we must be prepared to
answer questions about which medications are
absolutely necessary and which ones patients
can live without. A reasonable approach to
this problem lies in assessing the patient’s
risks. Those with high-risk features, such as
diabetes and peripheral vascular disease, may
gain the most from primary prevention with
aggressive lipid-lowering therapy. In addition,
PROVE-IT demonstrates that patients with
recent myocardial infarction are at very high
risk and are ideal candidates for secondary pre-
vention. In this manner, high-dose statin ther-
apy can be targeted towards patients with the
highest event rates, while minimizing less
cost-effective treatments for low-risk patients.

Statins have side effects
As expected, higher doses of atorvastatin
resulted in a higher incidence of side effects.
For example, 3.3% of patients treated with
atorvastatin experienced a transaminase ele-
vation to greater than three times the upper
limit of normal, compared with 1.1% of
patients in the pravastatin group. Similarly,
3.3% of patients taking atorvastatin had to
stop the study medication due to myalgias or
an elevation in creatine kinase levels.

We must bear these risks in mind when
prescribing high-dose statins. We should care-
fully monitor patients for symptoms. These
drugs may be contraindicated in patients with
preexisting hepatic dysfunction.

Class effect or unique drug effect?
As with most well-designed studies, PROVE-
IT raises several intriguing questions that will
likely fuel further research. First is the issue of
whether the results indicate a “class effect”: Is
the morbidity and mortality benefit seen in

The cost may
be untenable
for those
already on
multiple drugs
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the atorvastatin group due to the unique for-
mulation of atorvastatin, or will equally
potent statin regimens exert the same effect?

Do statins do more than lower lipids?
Secondly, is the benefit gained from statin
therapy due solely to the lowering of LDL-C
levels, or are there other biological mecha-
nisms that are equally important?

The PROVE-IT trial showed a fall in C-
reactive protein from equivalent baseline lev-
els in each group to 2.3 mg/L in the prava-
statin group and 1.3 mg/L in the atorvastatin
group (P < .001).

Prior investigations have already pro-
posed several mechanisms for the pleiotropic
effects of statins. Statins appear to bind to the
lymphocyte function-associated antigen-1
(LFA-1) site on leukocytes, thereby exerting
potent anti-inflammatory effects. Statins also
improve endothelial function in animal mod-
els of hypercholesterolemia by increasing the
production of  nitric oxide, a vasodilator, and
decreasing the production of endothelin-1, a
potent vasoconstrictor. Atorvastatin has also
been shown to increase the number and the
activity of circulating endothelial progenitor
cells in patients with stable coronary heart
disease, which may promote the growth of
collateral circulation.20

With these and other data demonstrating
the many biological effects of statins, our cur-
rent dosing practices based on LDL-C levels
may be misguided. Perhaps we should simply
prescribe statins on the basis of target drug
dosages that have demonstrated efficacy in

clinical trials, such as atorvastatin 80 mg daily,
rather than targeting a particular LDL-C
level.

■ TAKE-HOME MESSAGES

PROVE-IT is a head-to-head trial demon-
strating the superiority of one therapeutic
approach (intensive lipid-lowering) over
another (usual care), despite the initial study
goal of demonstrating equivalence.

In addition, the PROVE-IT investigators
convincingly demonstrated that aggressive
statin therapy reduces recurrent ischemic
events in patients with acute coronary syn-
dromes. This trial confirms the results of ear-
lier studies such as MIRACL,11 which demon-
strated the importance of starting statins in
the setting of acute coronary syndromes, and
subsequent observational and smaller ran-
domized studies showing the benefit of pre-
scribing lipid-lowering therapy within days of
an acute coronary event.21,22 By demonstrat-
ing significant benefit in patients at high risk,
the PROVE-IT trial provides strong support
for aggressive and early initiation of statins
after an acute coronary syndrome to achieve a
low LDL-C target of 60 to 70 mg/dL.

The results of PROVE-IT may conflict
with the goal LDL-C levels set forth in the
current National Cholesterol Education
Program guidelines. This and other recent
publications demonstrating the benefit of
aggressive lipid-lowering therapy will prompt
debate and perhaps a revision of the current
guidelines.
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