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Summary

Abstract Cerivastatinisan HM G-CoA reductaseinhibitor used for thetreatment of patients

with hypercholesterolaemia. The lipid-lowering efficacy of cerivastatin has been
demonstrated in anumber of large multicentre, randomised clinical trials. Earlier
studies used cerivastatin at relatively low dosages of <0.3mg orally once daily,
but more recent studies have focused on dosages of 0.4 or 0.8 mg/day currently
recommended by the US Food and Drug Administration (FDA).

Along with modest improvements in serum levels of triglycerides and high
density lipoprotein (HDL)-cholesterol, cerivastatin 0.4 to 0.8 mg/day achieved
marked reductionsin serum levels of low density lipoprotein (LDL)-cholesterol
(33.4 to 44.0%) and total cholesterol (23.0 to 30.8%). These ranges included
results of apivotal North American trial in almost 1000 patients with hyperchol-
esterolaemia. In this 8-week study, US National Cholesterol Education Program
(Adult Treatment Panel 11) [NCEP] target levels for LDL-cholesterol were
achieved in 84% of patients randomised to receive cerivastatin 0.8 mg/day, 73%
of those treated with cerivastatin 0.4 mg/day and <10% of placebo recipients.
Among patients with baseline serum LDL-cholesterol levels meeting NCEP
guidelines for starting pharmacotherapy, 75% achieved target LDL-cholesterol
levels with cerivastatin 0.8 mg/day. In 90% of all patients receiving cerivastatin
0.8 mg/day, LDL-cholesterol levels were reduced by 23.9 to 58.4% (6th to 95th
percentile). Various subanalyses of clinical trials with cerivastatin indicate that
the greatest lipid-lowering response can be expected in women and elderly patients.

Cerivastatin is generally well tolerated and adverse events have usually been
mild and transient. The overall incidence and nature of adverse events reported
with cerivastatinin clinica trialswassimilar to that of placebo. Themost frequent
adverse events associated with cerivastatin were headache, Gl disturbances, as-
thenia, pharyngitis and rhinitis. In the large pivotal trial, significant elevationsin
serum levels of creatine kinase and transaminases were reported in a small pro-
portion of patients receiving cerivastatin but not in placebo recipients. As with
other HMG-CoA reductase inhibitors, rare reports of myopathy and rhabdo-
myolysis have occurred with cerivastatin, although gemfibrozil or cyclosporin
were administered concomitantly in most cases.

Postmarketing surveillance studies in the US have been performed. In 3 man-
dated formulary switch conversion studies, cerivastatin was either equivalent or
superior to other HMG-CoA reductase inhibitors, including atorvastatin, in re-
ducing serum LDL-cholesterol levels or achieving NCEP target levels. Pharma-
coeconomic data with cerivastatin are limited, but analyses conducted to date in
the US and Italy suggest that cerivastatin compares favourably with other avail-
able HMG-CoA reductase inhibitors in terms of its cost per life-year gained.

Conclusion: Cerivastatinisawell tolerated and effectivelipid-lowering agent
for patients with hypercholesterolaemia. When given at dosages currently rec-
ommended by the FDA in the US, cerivastatin achieves marked reductions in
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serum levelsof LDL-cholesterol, reaching NCEPtarget levelsinthevast majority
of patients. Thus, cerivastatin provides a useful (and potentially cost effective)
aternative to other currently available HMG-CoA reductase inhibitors as afirst-
line agent for hyperchol esterolaemia.

Pharmacodynamic Animal and in vitro data have shown that cerivastatin has a high affinity for

Properties HMG-CoA reductase and that it inhibits hepatic cholesterol synthesisat concen-
trations around 100 times lower than those of lovastatin. The demethylated (M 1)
and hydroxylated (M23) metabolites of cerivastatin haveinhibitory activity sim-
ilar to that of the parent compound. Studies in animals and healthy volunteers
showed that serum lipid responsesto cerivastatin aredose dependent. Mean serum
total and low density lipoprotein (LDL)-cholesterol levels were reduced relative
to baseline by up to 26.3 and 36.4%, respectively, after 7 days’ treatment with
cerivastatin 0.1 to 0.4 mg/day in a study in healthy volunteers.

Cerivastatin has shown vascular effects of interest in preclinical studies, most
notably attenuation of proliferation of vascular smooth muscle cells, fibroblasts,
endothelial cells and myoblasts. In one study, cerivastatin was shown to possess
greater potency in terms of drug concentrations required to inhibit cell prolifer-
ationthan all other commercially available HM G-CoA reductaseinhibitors. Anti-
atherogenic effectssuch asinhibition of monocyte adhesion to vascular endothelium,
and stabilisation of fibrous material in stenotic plaques, have also been reported.
Cerivastatin has al so been associated with improved endothelial function, shown
by markedly and statistically significant increases relative to placebo in forearm
blood flow in patientsreceiving 0.4 mg/day for 2 weeks. Thedrug hasno apparent
effect on insulin sensitivity, but has been associated with suppression of serum
levels of steroid sex hormones in women.

Pharmacokinetic Cerivastatin undergoes near-complete Gl absorption after oral administration

Properties (with no clinically relevant interference by food), but undergoes first-pass meta-
bolism and has an absol ute bioavailability of 60%. Maximum plasma concentra-
tions are attained after 2 to 3 hours. The drug exhibits linear pharmacokinetics
over thedoserange 0.15t0 0.8mg. Cerivastatin ishighly bound to plasmaproteins
(>99%) and has a volume of distribution of approximately 0.3 L/kg.

Metabolism is via hepatic cytochrome P450 (CYP) 3A4 and 2C8 to yield
demethylated (M 1) and hydroxylated (M23) active major metabolites. These
metabolitescontribute=20to 25% of thetotal activity of each dose of cerivastatin.
Approximately 70% of a dose is excreted in the faeces, with intact cerivastatin
accounting for less than 2% of the total originally administered. The plasma
elimination half-lifeafter oral administrationis2to 3 hours. The pharmacokinetic
characteristics of cerivastatin are not affected by advanced age, gender or ethnicity.

Patients with moderate to severe renal impairment have shown an increasein
24-hour area under plasma cerivastatin concentration versus time curve of up to
approximately 60% relative to healthy individuals. Mild renal impairment (crea-
tinine clearance 3.7 to 5.4 L/h per 1.73m?) does not have any clinically relevant
effect on the pharmacokinetics of the drug.

Asaresult of dual hepatic metabolism of cerivastatin, no potentially signifi-
cant drug interactionswith cerivastatin have been noted with the CY P3A4 inhib-
itors erythromycin and itraconazole. However, the bile acid sequestrant
cholestyramine has been shown to impair the absorption of cerivastatin, and a
temporal separation of the administration of these 2 drugshasbeen recommended.
Coadministration of the immunosuppressant cyclosporin and cerivastatin

0 Adis International Limited. All rights reserved. Drugs 2000 Nov; 60 (5)



1182 Plosker et al.

resulted in increased plasma concentrations of the latter in a study in 12 renal
transplant recipients. There were no effects on the elimination of cerivastatin or
on steady-state plasma concentrations of cyclosporin or its metabolites, however.

Therapeutic Efficacy The lipid-lowering efficacy of cerivastatin has been demonstrated in anumber of
large multicentre, randomised studies in patients with hyperchol esterolaemia.
Earlier studies evaluated cerivastatin at dosages of 0.1 to 0.3 mg/day for 4 to 32
weeks. These studies reported dose-related reductions from baseline in serum
levels of total cholesterol ranging from 12.9 to 24.4%, and in LDL-cholesterol
ranging from 15.1 to 33.6%. High density lipoprotein (HDL)-cholesterol levels
increased by 2.3 to 11.4% with cerivastatin 0.1 to 0.3 mg/day. In genera, a
treatment response was observed after 1 week of therapy and was maximal by
about 3 or 4 weeks.

More recent studieshave focused on thelipid-lowering efficacy of cerivastatin
at dosages of 0.4 to 0.8 mg/day in patients with hypercholesterolaemia.
Cerivastatin 0.4 to 0.8 mg/day was associated with improvements from baseline
in serum levels of total cholesterol (—23.0 to —30.8%), LDL-cholesterol (-33.4to
—44.0%), HDL-cholesterol (+3.2 to +8.7%) and triglycerides (—10.4 to —18.4%).
Theserangesincluderesultsof apivotal multicentre study in almost 1000 patients
with primary hypercholesterolaemia. In this 8-week trial, 84% of patients
randomised to receive cerivastatin 0.8 mg/day achieved US National Cholesterol
Education Program (Adult Treatment Panel I1) [NCEP] target levels for LDL-
cholesterol compared with 73% of those treated with cerivastatin 0.4 mg/day and
<10% of placebo recipients. Among patients with baseline serum LDL-cholesterol
level smeeting NCEP guidelinesfor pharmacotherapy, 75% achievedtarget LDL -
cholesterol levels with cerivastatin 0.8 mg/day. Overall, in 90% of patients re-
ceiving cerivastatin 0.8 mg/day, L DL-cholesterol levels were reduced by 23.9 to
58.4% (6th to 95th percentile). One-year follow-up data from this trial showed
that the lipid-lowering efficacy of cerivastatin was maintained on a long term
basis.

Postmarketing surveillance studies in the US have been performed. In 3 man-
dated formulary switch conversions, cerivastatin waseither equival ent or superior
to other HMG-CoA reductase inhibitors, including atorvastatin, in reducing
serum L DL -cholesterol levels or achieving NCEP target levels.

Various subanalyses of clinical trials with cerivastatin indicate both age- and
gender-rel ated effects. Thus, cerivastatin effectively lowersserumlevelsof LDL-
cholesterol to a greater extent in women than men and in elderly than younger
patients.

Tolerability In general, cerivastatin has been well tolerated in clinical trials, and adverse
eventshaveusually been mild and transient. Themost frequently reported adverse
events with cerivastatin were headache, Gl disturbances, asthenia, pharyngitis
and rhinitis, although there were essentially no clinically important differences
between the overall tolerability profile of cerivastatin and that of placebo. In 2
large pooled analyses, adverse events were reported in approximately 60 to 65%
of patients receiving cerivastatin up to 0.4 mg/day or placebo. Discontinuation
of therapy because of adverse events occurred in 2.8 and 3.0% of cerivastatin (up
to 0.4 mg/day) recipients compared with 2.2 and 2.5% of placebo recipientsin
the 2 analyses. Adverse events associated with cerivastatin did not appear to be
dose related according to pooled results from studies with cerivastatin 0.1 to 0.4
mg/day and data from a pivotal placebo-controlled trial comparing cerivastatin
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Dosage and
Administration

0.4 and 0.8 mg/day. A small proportion of patients receiving cerivastatin in the
pivotal trial had significant elevations in serum levels of creatine kinase and
transaminases, whereas these |aboratory abnormalities were not reported among
placebo recipients.

As with other HMG-CoA reductase inhibitors, postmarketing surveillance
dataand published casereportsindicate that rhabdomyolysisand associated renal
failure have been reported (albeit rarely) with cerivastatin, and most cases in-
volved concomitant administration of gemfibrozil or cyclosporin.

The US Food and Drug Administration (FDA) recommends a starting dosage of
cerivastatin 0.4mg orally once daily in the evening. The drug may be taken with
or without food. If the response to therapy (including continuation of a standard
cholesterol lowering diet) isinadequate, cerivastatin dosage may beincreased to
0.8 mg/day. Lower dosages are recommended for patients with significant renal
impairment. Contraindications to cerivastatin include pregnancy and lactation.
The efficacy and tolerability of cerivastatin in paediatric patients have not been

established.

1. Cholesterol Synthesis and HMG-CoA
Reductase Inhibition

Cholesterol is vital for the maintenance of cell
membraneintegrity and isrequired for anumber of
important physiological functions, including the
synthesis of steroid hormones (reviewed by
Moghadasian(l). This and other major plasma
lipids such as the triglycerides do not circulate as
free moleculesin plasma but are bound to proteins
and transported as macromolecular complexes
known as lipoproteins, the major classes of which
are the chylomicrons, very low density lipopro-
teins (VLDL), low density lipoproteins (LDL) and
high density lipoproteins (HDL). 60 to 75% of total
plasma cholesterol is transported as LDL, the lev-
elsof which aredirectly related to increased risk of
cardiovascular disease (notably atherosclerosis
and ischaemic heart disease). Plasma levels of
HDL, which carries 20 to 25% of the body’s total
circulating cholesterol,l? are inversely related to
cardiovascular risk.[34]

VLDL isconverted by the actions of hepatic and
endothelial lipase to LDL, much of which is re-
moved from the circulation by the liver. A small
proportion, however, appears to be removed by
other mechanisms; theseincludeingestion by macro-
phages that may migrate into arterial walls where

0 Adis International Limited. All rights reserved.

the cholesterol carried contributesto the formation
of atherosclerotic plaques. Much of the cholesterol
present in the circulation in humansis endogenous
and is synthesised in the liver, with small addi-
tional amounts being synthesised in the small in-
testine and the skin. Dietary or exogenous choles-
terol forms aminor proportion of the total pool.[!!
Dietary cholesterol is taken up by the liver
where elevation of levels suppresses the synthesis
of LDL receptors and hence the clearance of circu-
lating LDL and its accompanying cholesterol from
plasma. Physiological levels of cholesterol are
tightly controlled, however, and restriction of di-
etary cholesterol leads to an increase in synthesis
of endogenous cholesterol from acetate (fig. 1).
Suppression of endogenous cholesterol formation
under these conditions leads to increased expres-
sion of hepatic LDL receptors, which hasthe effect
of drawing L DL -cholesterol out of the bloodstream
and into the liver, and reduces plasma levels of
cholesterol. This effect represents the rational e be-
hind the use of inhibitors of cholesterol synthesis
in the management of hypercholesterolaemia.
Cholesterol is synthesised in a series of chemical
reactions as shown in figure 1. The rate-limiting
step in this pathway is the conversion of HMG-
CoA tomevaonate by HM G-CoA reductase. Since
the 1970s, various compounds, including choles-

Drugs 2000 Nov; 60 (5)
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terol metabolites, bile acids, ketoconazole and the
HMG-CoA reductase inhibitors, have been shown
to inhibit the activity of HMG-CoA reductase and
hence the formation of cholesterol (reviewed by
Moghadasian(t). Cerivastatin (fig. 2) isasynthetic
and enantiomerically pure HMG-CoA reductase
inhibitor (or ‘statin’) that is the most recently in-
troduced into clinical practice for the management
of hypercholesterolaemia.

2. Pharmacodynamic Properties

Cerivastatin has been shown in anima and in
vitro studiesto haveavariety of pharmacodynamic
effects. It aso has the most potent pharmacody-
namic effects among HM G-CoA reductase inhibi-
tors available commercially to date. The pharma-
codynamic profile of cerivastatinissummarised in
table | and reviewed in more detail in the following
discussion.

Acetate

CoA transferase

A

Acetyl CoA

Al

v

Acetoacetyl CoA

HMG-CoA synthase

HMG-CoA

7-dehydrocholesterol reductase

7-dehydrocholesterol
[7-denydrocholesteral

v HMG-CoA reductase

2.1 Effects on HMG-CoA Reductase
and Lipids

Preclinical studies carried out in animalsand in
vitro have shown that cerivastatin has a high affin-
ity for HMG-CoA reductase, and that it inhibits
hepatic cholesterol synthesis at concentrations ap-
proximately 100 times lower than those required
for lovastatin.

Cerivastatin competitively inhibited membrane-
bound HMG-CoA reductase (isolated from the
native microsomal fraction of rat liver), with an
inhibition constant (K;) of 1.3 x 109 mol/L. TheK;
for lovastatin in the same in vitro system was 150
x 10~° mol/L.[3 Concentrations required for 50%
inhibition of enzyme activity (ICsp) in another,
similar, experiment were 1.1 x 10-9, 66 x 1079, 77 x
10 and 176 x 10-° mol/L for cerivastatin, simva-
statin, lovastatin and pravastatin, respectively.l6l

Cholesterol
A
Lanosterol
[_tanosterol |

Squilene

Plasma LDL-cholesterol

-Co

HMG-CoA reductase inhibitors

» Mevalonate

Increased
expression of
LDL receptors

Fig. 1. Hepatic cholesterol synthesis and 3-hydroxy-3-methylglutaryl co-enzyme A (HMG-CoA) inhibition. HMG-CoA reductase
inhibitors (‘statins’) such as cerivastatin suppress cholesterol synthesis by blocking mevalonate synthesis as shown. The liver
responds to this effect by increasing numbers of surface low density lipoprotein (LDL) receptors and withdrawing LDL-cholesterol

from plasma.

0 Adis International Limited. All rights reserved.
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OH
COOH

S-CoA

!

HMG-CoA

Cerivastatin sodium

Fig. 2. Structural formulae of HMG-CoA and cerivastatin. Cerivastatin is shown as the sodium salt, as presented for formulation and

clinical use.

Oral doses of cerivastatin and lovastatin re-
quired for 50% inhibition (EDsg) of hepatic cho-
lesterol synthesisin rat and dog livers were 0.002
and 0.2 to 0.3 mg/kg, respectively.[’l The demeth-
ylated (M1) and hydroxylated (M23) metabolites
of cerivastatin werefound to possessinhibitory ac-
tivitiessimilar to that of the parent compound (see
section 3.2).1% Cerivastatin also has high hepatic
selectivity: oral EDsg values for cholesterol syn-
thesisin rat small intestine and testes were greater
than 0.1 mg/kg (at least 50 times that for the
liver).[l1 The EDsp value for the adrenal glands
(0.002 mg/kg) was similar to that for the liver.[%!

Relative to control animals, oral dosages of
cerivastatin 0.01, 0.03 and 0.1 mg/kg once daily in
dogs reduced mean serum total cholesterol levels
by 6, 36 (p < 0.01) and 41% (p < 0.001), respec-
tively, after 13 weeks' treatment.[5l Mean serum
levels of LDL- and VLDL-cholesterol were re-
duced by 52 and 23%, respectively, and triglycer-
ide levels by 24% (p < 0.001) by the 0.1 mg/kg
dosage. The lipid-lowering effect of cerivastatin
has al so been shown in the cholestyramine-primed
dog (thisis a sensitive model of cholesterol meta-
bolism because high doses of bile sequestering
agents stimulate hepatic cholesterol synthesis).
Oral cerivastatin dosages of 0.01, 0.03 or 0.1
mg/kg/day reduced mean serum triglyceridelevels
by 50 to 77% (p < 0.05) relative to baseline after
20 days.®! Mean serum total cholesterol levels

0 Adis International Limited. All rights reserved.

were reduced by 59% in dogs receiving ceriva-
statin 0.1 mg/kg/day for 20 days. In both these
studies, serum lipid responses to cerivastatin were
dosage dependent.

Theabovefindingswere confirmed in adouble-
blind study in healthy volunteers in which 46 par-
ticipants received cerivastatin 0.1 to 0.4 mg/day
(given oraly once or twice daily) and 22 received
placebo.l®l After 7 days treatment with ceri-
vastatin, mean serum total cholesterol levels were
reduced from baseline by 20.8 to 26.3% and LDL -

Table I. Pharmacodynamic properties of cerivastatin

Inhibition of hepatic cholesterol synthesis via high affinity for and
inhibition of HMG-CoA reductase in in vitro and animal studies>]

Reduction of serum levels of total and LDL-cholesterol
in humans!®l

Suppression of proliferation of vascular smooth muscle cells, 12
fibroblasts, endothelial cells and myoblasts!*3 in in vitro and
animal studies

Inhibition of adhesion of monocytes to vascular endothelium

in vitroft4l

Stimulation of fibrinolytic activity of vascular smooth muscle cells
in vitrofts!

Potential for stabilisation of existing atherosclerotic plaques in

in vitro and animal studies!*6:17]

Improvement of vascular endothelial function as shown by
increases in endothelium-dependent vasodilation and forearm
blood flow in patients with hypercholesterolaemial®!

Reduced levels of circulating steroid hormones (testosterone
and estradiol) in women; decreased basal serum cortisol levels
after prolonged treatment2°]

LDL = low density lipoprotein.

Drugs 2000 Nov; 60 (5)
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cholesterol levels by 30.5 to 36.4%. All changes
were statistically significant (p < 0.01) relative to
placebo.

2.2 Vascular Effects

It was originally believed that the benefit of
treatment with HMG-CoA reductase inhibitors
was related solely to the antihyperlipidaemic ef-
fects of these drugs and from atherosclerotic
plaque regression. Continuing research shows,
however, that other mechanisms may contribute to
the therapeutic efficacy of these agents (reviewed
by Whitel20), Vascular effects are of particular in-
terest because vascular smooth muscle prolifera-
tion is involved in atherosclerosis, restenosis and
venous bypass graft disease, and the vascular en-
dothelium produces mediators of vascular growth,
platelet function and coagulation.

Observationsin animal and invitro modelshave
indicated vascular endothelial and smooth muscle
effects of interest with cerivastatin. A subcutane-
ous dosage of 1 mg/kg/day for 2 weeks prevented
macrophage accumulation and thereby suppressed
balloon catheterisation-induced intimal thickening
in rabbits.[¥ Furthermore, in vitro studies in rat,
rabbit, dog and human tissue have demonstrated
attenuation of smooth muscle cell migration and
proliferation by cerivastatin.[®12 Results obtained
with rat and human arterial myocyte cultures have
shown that cerivastatin inhibits cholesterol synthe-
sisand cell proliferation in a dose-dependent man-
ner, and that conditions producing 80 to 90% inhi-
bition of cholesterol synthesis are associated with
an approximate 50% inhibition of cell growth.[19

Further data obtained with human saphenous
vein smooth muscle cellsindicate inhibition of ex-
pression of the cell cycle promotor cellular cyclin-
dependent kinase 2 and downregulation of the cell
cycleinhibitor p27K!P1 by cerivastatin.[21]

Cerivastatin was shown to possess greater po-
tency in terms of drug concentration required to
inhibit cell proliferation than all commercially
available HMG-CoA reductase inhibitors in a
study in which these agents were incubated with
cultured human smooth muscle cells, fibroblasts,

0 Adis International Limited. All rights reserved.

endothelial cells or myoblasts.[*3 Mean drug con-
centrations at which cell proliferation was inhib-
ited by 25% (ICys) ranged from 0.007 to 0.04
pmol/L for cerivastatin; corresponding ranges for
the other drugs tested were 37.6 to >100 umol/L
for pravastatin, 0.4 to>1 umol/L for lovastatin, 0.2
to 1.2 pymol/L for simvastatin, 0.5to>1 pumol/L for
atorvastatin and 0.3 to 0.4 pmol/L for fluvastatin.
Overall, ICy5 values across cell types were similar
for each drug.

2.2.1 Antiatherosclerotic Effects

Of related interest is a preliminary report from
an in vitro study that shows cerivastatin-mediated
reduction of monocyte adhesion to vascular endo-
thelium (acritical step in the development of athero-
sclerosis).[* In addition, cerivastatin, lovastatin
and simvastatin increased thefibrinolytic potential
of human umbilical vein smooth muscle cells in
vitro by increasing their production of tissue plas-
minogen activator and decreasing secretion of
plasminogen activator inhibitor-1.115 Cerivastatin has
also been associated with suppression of activation
of mitogen-activated protein kinases by monocyte
chemoattractant protein-1 (a processimplicated in
atherogenesis) in human umbilical vein endothelial
cellsl?

Reduced serum lipid levels are reported to be
associated with stabilisation of atherosclerotic
plagues. It has been postulated that lipid lowering
reduces localised inflammation and stabilises fi-
brous materia in angiographically detectable ste-
notic lesions.[23l Data are available to suggest
plaque stabilisation and delayed progression of early
atherosclerosiswith cerivastatininthe WHHL rabbit,
an LDL receptor-deficient model with ahigh prev-
alence of severe coronary atherosclerosis.!1€ |n ad-
dition, treatment of monocytes with cerivastatinin
vitro resulted in suppression of secretion of mem-
brane urokinase and of expression of urokinase re-
ceptors.[t7] This effect is noteworthy because the
uptake by monocytes of atherogenic lipoproteins
increases expression of urokinase and itsreceptors,
which results in increased plasmin generation and
atherosclerotic plague degradation.
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2.2.2 Endothelial Function

Impaired endothelium-dependent vasodilation
isimportant in the pathogenesis of atherosclerosis
and acute coronary syndromes in patients with
hyperchol esterolaemia, and cerivastatin has been
shown to improve endothelial function in these
individuals. In a double-blind study, 35 patients
were randomised to treatment with cerivastatin
0.4 mg/day or placebo.[*8] Endothelium-dependent
increases in forearm blood flow (measured by
plethysmography and intra-arterial infusion of
acetylcholine) were markedly and statistically sig-
nificantly greater in patients receiving cerivastatin
than in placebo recipients: mean changes relative
to baseline after 2 weeks were 203 and —26%, re-
spectively (p < 0.05 between groups).

Further information on the effect of cerivastatin
on endothelial function is currently being sought
in the Evaluation of Nifedipine and Cerivastatin
On Recovery of Endothelial function (ENCORE)
studies in patients with coronary artery disease.[?4
In the first ENCORE study, 400 patients are to be
randomised to treatment with placebo, nifedipine
30to 60 mg/day, cerivastatin 0.4 mg/day or acom-
bination of the active treatments, and coronary re-
sponses to acetylcholine infusions analysed after 6
months. The ENCORE 11 study is scheduled to last
for 2 yearsand will attempt to correlate endothelial
function with atherosclerosis in 200 patients re-
ceiving cerivastatin 0.2 mg/day, 200 receiving
cerivastatin 0.8 mg/day and 200 receiving a com-
bination of cerivastatin 0.8 mg/day and nifedipine
30 to 60 mg/day.

2.3 Other Effects

Three months' treatment with cerivastatin 0.3
mg/day had no effect on insulin sensitivity in a
placebo-controlled study in 20 healthy insulin-
resistant immediate relatives of patients with type
2 diabetes mellitus.[?%] Reductionsrelativeto base-
line in serum levels of total and LDL-cholesterol
were apparent after treatment with cerivastatin but
not with placebo, but body massindex and glucose
disposal under hyperinsulinaemic euglycaemic
clamp conditions were unchanged in both groups.

0 Adis International Limited. All rights reserved.

The effect of cerivastatin on circulating steroid
hormone levels has been assessed in a study in
which 12 women and 19 men with type 2 diabetes
mellitus were randomised to treatment with ceri-
vastatin 0.1 or 0.3 mg/day.!1°! After 4 weeks, there
was a significant (p = 0.035) 33% decrease from
baseline in the mean serum testosterone level and
a nonsignificant 26% decrease in the mean serum
estradiol level in female patients receiving ceri-
vastatin 0.3 mg/day. After 4 months, the overall
mean basal serum cortisol level was reduced by
16% (p = 0.04) in patients receiving 0.3 mg/day.

3. Pharmacokinetic Properties

The pharmacokinetic profile of cerivastatin has
been the subject of a number of investigations re-
cently reviewed by Miick,[28! and the reader is re-
ferred tothat review for detailed information onthe
pharmacokinetic characteristics of the drug. The
following is a brief summary of the major points
of interest, including data on the low potential of
cerivastatin for drug interactions with other com-
monly prescribed medications (see section 3.3.3).

3.1 Absorption and Distribution

Studies of radiolabelled cerivastatin in healthy
fasting volunteers have shown near-complete Gl
absorption after oral administration. The drug
undergoes moderate first-pass metabolism, with an
absol ute bioavailability of 60%. More than 80% of
an administered dose is absorbed within 6 hours,
with an absorption half-life of 1 to 2 hours. Maxi-
mum plasma concentrations (Crax) are reached af -
ter 2to 3 hours (timeto Crax, tmax).[28! Cerivastatin
exhibits linear pharmacokinetics|[i.e. for Cpa and
area under the concentration-time curve (AUC)]
over the dose range 0.15 to 0.8mg.[27-29] Results
from pharmacokinetic studies in patients with
hypercholesterolaemia (reviewed by M iick[26])
were similar to those in healthy volunteers, and
showed modest interindividual variation only (co-
efficient of variation approximately 35% for AUC
and Cax). The presence of food does not appear to
influence the GI absorption of cerivastatin to any
clinically relevant extent.[30:31]
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After absorption, cerivastatinishighly boundto
plasma proteins (>99%), predominantly to albu-
min but also to a1-acid glycoprotein. This binding
is reversible and independent of plasma drug con-
centration.[28] Thevolumeof distribution at steady-
state is approximately 0.3 L/kg, which indicates
only moderate penetration into peripheral tissues.[32

3.2 Metabolism and Elimination

Cerivastatin undergoes 2 major hepatic oxida-
tive transformations: benzylic methyl ether de-
methylation, which yields metabolite M1, and
stereosel ective hydroxylation of a methyl group to
yield metabolite M23. A third hydroxylated meta-
bolite, M24, is formed as a secondary minor com-
pound that is not detectable in human plasma.
Cerivastatin shows high affinity for the hepatic cy-
tochrome P450 (CY P) isoenzyme CY P2C8, which
appears to catalyse the formation of both M1 and
M23. Affinity of the parent drug for CYP3A4 is
considerably lower, and this isoenzyme partici-
pates in the formation of M1 but not M23. Both
CYP isoforms contribute to the formation of the
minor metabolite M24.[26]

Inhibition of HM G-CoA reductase by M1, M23
and M24 is similar to that seen with cerivastatin
itself, and the metabolites contribute approxi-
mately 20 to 25% of the total activity of each dose
of cerivastatin.[2629.33] Cerivastatin is cleared en-
tirely by the CY P isoenzymes described and sub-
sequent biliary and renal excretion. Approximately
70% of each doseis excreted in faeces, with intact
cerivastatin accounting for lessthan 2% of thetotal
originally administered. No unchanged drug is
found in urine. The plasmaelimination half-life (ty.g)
of cerivastatin after oral administration is 2 to 3
hours,[27] and systemic clearance after an intrave-
nous dose is low (0.2 L/h/kg).133 Elimination is
monoexponential .[26]

After administration of multiple doses, trough
concentrations of cerivastatin in plasma show no
clinically significant increase after day 3, which
indicates the attainment of steady-state conditions.
No drug accumulation is seen with repeated once-
daily doses, and no time-dependent changesin the

0 Adis International Limited. All rights reserved.

pharmacokinetic characteristics of cerivastatin or
its metabolites have been observed in multiple-
dose studies.[?7:28]

3.3 Other Pharmacokinetic Considerations

3.3.1 Demographic Factors

The pharmacokinetics of cerivastatin are not af -
fected by age. Eight healthy men aged 18 to 38
yearsand 15 men aged 65 to 78 years received oral
cerivastatin 0.1mg once daily for 7 daysin adouble-
blind study inwhich afurther 8 young and 7 elderly
men received placebo.l3¥ There were no signifi-
cant differences between young and elderly partic-
ipants after 7 days in mean steady-state AUC from
0to 24 hours after administration (AUCy4) [5.71 vs
5.98 pg/L - h] or mean Cpax (0.87vs1 pg/L). Mean
tmax and ty,g were a'so similar between groups.

Gender has al so been shown not to influencethe
pharmacokinetics of cerivastatin. Mean AUCy,
values were 15.5 and 17.3 pg/L - h, respectively,
after 7 days treatment with cerivastatin 0.2
mg/day in 16 male and 16 female volunteers who
took part in a randomised, double-blind, placebo-
controlled study in a total of 49 participants.[33
Mean Cpax values were 2.3 and 2.5 pg/L, mean tyg
3.7 and 3.4 hours, and mean tyha 2.4 and 2.7 hours,
respectively.

Collated data from clinical studies of ceriva-
statin in Europe, North America and Japan show
no evidence of any clinicaly relevant differences
in pharmacokinetic handling of the drug by differ-
ent ethnic groups.[3¢ The studiesinvolved predom-
inantly Caucasian and Japanese individuals, but
Black and Hispanic persons were also included.

3.3.2 Renal Impairment

A study in 26 patients with renal insufficiency
and 9 healthy individuals showed no difference in
the pharmacokinetics of cerivastatin 0.3mg once
daily for 7 days between healthy persons [creatinine
clearance (CLcR) >5.4 L/h per 1.73m?] and those
with mild renal impairment (CLcg 3.7 to 5.4 L/h
per 1.73m?).1371 Mean AUC,, values were, how-
ever, approximately 40 to 60% higher in patients
with moderate (CLcr 1.8 t0 3.6 L/h per 1.73m?) to
severe (CLcg <1.8 L/h per 1.73m?) renal impairment
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than in healthy individuals. Mean ty,g remained
below 5 hoursin al groups, which implies that renal
dysfunction does not result in accumulation of
cerivastatin.

Results of another study in which 6 healthy vol-
unteers and 18 patients with varying degrees of
renal insufficiency received single doses of ceriva-
statin 0.3mg showed mean AUC [extrapolated to
infinity (AUC)] and Cnax Values were higher in
patients with renal insufficiency than in healthy
individuals.[38 Mean AUC., values (for bound and
unbound drug) were 13.5, 21.2, 31.7 and 22.5 pug/L
- h for participants with CLcr >5.4, 5.4t0 3.6, 3.6
to 1.8 and <1.8 L/h per 1.73m?, respectively. Cor-
responding Crax valueswere 3, 3.8,5.4and 3.9 pg/L.
Mean ty,g ranged from 2.3 to 3.4 hours. Correlation
analysis indicated that the pharmacokinetics of
cerivastatin in patients with impaired rena func-
tion is related to serum albumin concentration
rather than CLcg.

The pharmacokinetics of cerivastatin have not
been assessed in studies in children or in patients
with hepatic impairment.

3.3.3 Drug Interactions

The pharmacokinetic drug interaction profile of
cerivastatin has been analysed in an extensive se-
ries of studies, the findings from which have been
reviewed in detail elsewhere.l3% Cerivastatin hasa
number of physicochemical and pharmacokinetic
characteristics that are of interest with respect to
drug interactions, most notably the possession of a
carboxylic acid functional group (potential effects
on absorption), extensive binding to plasma pro-
teins, moderate first-pass metabolism and CY P-
mediated biotransformation with biliary/renal ex-
cretion. Clinically significant pharmacokinetic
drug interactions have been reported in patientsre-
ceiving other HMG-CoA reductase inhibitors in
combination with cyclosporin (fluvastatin,l4d
pravastatin,4! lovastatin4Z and simvastatin43),
fibric acid derivatives (pravastatinl44), bile acid
sequestering agents (fluvastatinl4®! and prava-
statinl4él) and other drugs. Various reviews have
been published on drug interactions with HM G-
CoA reductase inhibitors.[47-49

0 Adis International Limited. All rights reserved.

Changes in gastric pH do not appear to influ-
encethe absorption of cerivastatin, asshown by the
lack of any interaction with an antacid containing
hydroxides of magnesium and aluminium in
healthy volunteers.[>% In addition, no interactions
between cerivastatin and the proton pump inhibitor
omeprazolel5l or the histamine H, antagonist and
CYP inhibitor cimetidine!>® were apparent in 2
randomised, nonblind 2-way crossover studiesin a
total of 20 healthy volunteers.

Administration of 12g of the bile sequestering
resin cholestyraminewith 0.2mg of cerivastatin re-
sulted in a21% decrease in relative bioavailability
and a 41% decrease in mean Co Of the latter in a
randomised crossover study in 12 healthy men.[52
This may be attributable to irreversible adsorption
of the HMG-CoA reductase inhibitor onto the
resin, and further investigation showed that the ef-
fect can be minimised by administration of the 2
agents at least 1 hour apart.[52 More recent data
show no evidence of any interaction between
cerivastatin and the Gl lipase inhibitor orlistat.[5!

In vitro studies have not shown any evidence of
pharmacokinetic interactions between cerivastatin
and other drugs [warfarin, clofibrate, ibuprofen,
propranolol, imipramine, gemfibrozil, nifedipine,
salicylic acid, nicotinic acid, furosemide, pheny-
toin, digoxin and glibenclamide (glyburide)] that
are subject to plasma protein binding (reviewed by
M iick(39]),

Concomitant administration of cerivastatin 0.3
mg/day and warfarin had no effect on the pharma-
cokinetics of either drug in acrossover study in 21
healthy volunteers.[54 Addition of cerivastatin did
not result in changes relative to placebo in pro-
thrombin time or clotting factor VII activity. Sim-
ilar conclusions were reached in a further study in
20 healthy volunteers in which cerivastatin 0.2
mg/day was coadministered with digoxin 0.25
mg/day.[% There were no clinically significant
changes in plasma concentrations or renal clear-
ance of digoxin in the presence of cerivastatin.

As discussed earlier, no pharmacokinetic inter-
actions have been reported between cerivastatin and
cimetidine (a nonspecific CYP inhibitor), warfarin
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(cleared mainly by CYP2C9-mediated biotrans-
formation) or omeprazole (which is known to inhibit
CYP2C19).

As a result of dual hepatic metabolism of
cerivastatin, no potentially significant drug inter-
actions with cerivastatin have been noted with the
CYP3A4 inhibitors erythromycin and itraconazole.
Coadministration of erythromycin 500mg 3 times
daily and single doses of cerivastatin 0.3mg in a
study in 12 healthy volunteers led to a mean 13%
increase in Cma and 10% increase in tyg of
cerivastatin (relative to the drug given alone), with
aresultant mean 21% increase in AUC.[58! In an-
other study, the mean AUC,, of cerivastatin 0.3mg
was increased 15% by the coadministration of
itraconazole 200mg once daily.[51 Mean AUCy,
was increased by 28 and 36% for the M1 and M23
metabolites, respectively (all statistically signifi-
cant relativeto valuesobtained after administration
of cerivastatin alone). In a randomised, 3-way
crossover single dose study, 18 healthy volunteers
received cerivastatin 0.8mg, pravastatin 40mg or
atorvastatin 20mg alone and in combination with
itraconazole 200mg.[581 While itraconazole in-
creased cerivastatin and pravastatin AUC,, and
Cmnax to @ minor extent (1.2- to 1.5-fold),
itraconazole significantly elevated the AUC,, and
Chax Of atorvastatin (1.4- to 2.5-fold). No changes
inty, and tmax Were observed with any of the HM G-
CoA reductase inhibitors when coadministered
with itraconazole.

Coadministration of cerivastatin and the dihydro-
pyridine calcium antagonist nifedipine had no
effects on the pharmacokinetics of either drug in a 3-
way crossover study in 18 healthy volunteers.[>

The immunosuppressant cyclosporin is known
tointeract with HM G-CoA reductase inhibitors, an
effect that has resulted in cases of severe rhabdo-
myolysis in organ transplant recipients.[6? Co-
administration of cerivastatin 0.2 mg/day to 12 renal
transplant patients who were aready receiving
cyclosporin and other immunosuppressants, re-
sulted in a 3- to 5-fold increase (relative to control
patients receiving cerivastatin alone) in plasma
concentrations of cerivastatin and its metabolites.[5%
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Cerivastatin elimination was not affected, how-
ever, and there were no changes in steady-state
blood concentrations of cyclosporin or its metabo-
lites. The mechanism behind the interaction be-
tween HMG-CoA reductase inhibitors and cyclo-
sporin has not been clarified, but is believed to be
related to inhibition by cyclosporin of hepatic
transport processes.[59 Preliminary data from a
randomised comparative study in renal transplant
patients receiving cyclosporin and other immuno-
suppressants also showed no effect of cerivastatin
0.2 mg/day (n=10) on trough blood concentrations
of cyclosporin after 4 weeks of concomitant ther-
apy; however, atorvastatin 10 mg/day increased
trough blood cyclosporin concentrations by >25% in
5 of 10 patients.[51 The mechanism of the possible
interaction between atorvastatin and cyclosporin is
not known, but may involve the CY P system.[61]

4. Therapeutic Efficacy

Cerivastatin has undergone extensive clinical
evaluation andisavailableinanumber of countries
for the treatment of patients with lipid disorders.
Lipid-lowering efficacy was demonstrated with
cerivastatin at daily dosages of 0.1t00.3mg in ear-
lier clinical trials, and brief overviewsof these data
have been published previously in Drugsg263! and
elsewhere.[64 More recent clinical trials have fo-
cused on the more efficacious dosages of 0.4 and
0.8 mg/day. These studies were undertaken be-
cause of the dose-response curve of cerivastatin
(see section 4.1) and its good tolerability profile
(see section 5). Results of these trials have led to
recent changes in dosage recommendations of
cerivastatin by the Food and Drug Administration
(FDA) in the US, where the starting dosage is 0.4
mg/day and this may be increased to 0.8 mg/day
(section 6). Therefore, this section highlights stud-
ies in which cerivastatin was administered at dos-
ages of 20.4 mg/day (in at least some randomised
patients). The majority of ongoing cerivastatin
clinical programme trials (including prevention
studies) are using regimens of 0.4 and 0.8 mg/day.[6%!

Virtually all published clinical trials with ceri-
vastatin were randomised, double-blind, multicentre
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studies of at least 4 weeks' duration (typically =8
weeks' duration). Most included a placebo-control
group, although several head-to-head comparisons
with other HM G-CoA reductase inhibitors did not.
The primary end-point in the majority of clinical
trials was the percentage reduction in serum levels
of LDL-cholesterol from baseline (usually after at
least 4 weeks of dietary control, with or without
placebo administration) to the end of treatment.
Dietary restrictions were continued throughout the
study period and patients were not allowed to take
other medications that might affect serum lipid
levels (e.g. nicotinic acid) or potentially interact
with cerivastatin (e.g. cyclosporin; see section
3.3.3). As part of the inclusion criteria, serum
LDL-cholesterol levels were, in the majority of
clinical trials, 2160 mg/dl (=4.1 mmol/L) for pa-
tients without definite atherosclerotic disease and
<2 cardiovascular risk factorsor 2130 mg/dl (=3.4
mmol/L) for those with definite atherosclerotic
disease or =2 cardiovascular risk factors. Patients
in most trials had primary hyperchol esterolaemia,
although some studies involved patients with
hypercholesterolaemia associated with diabetes
mellitus (section 4.3). Various subanalyses also
evaluated age or gender effectson thelipid-lowering
efficacy of cerivastatin (section4.3). Todate, clinical
end-point data are not available for cerivastatin,
however, a full programme of studies evaluating
the efficacy of cerivastatin on clinical end-points
of cardiovascular mortality or morbidity are ongoing
(see section 7).

4.1 Studies Using Lower Dosages of
Cerivastatin (0.3 mg/day)

Numerous dose-finding and placebo-controlled
trials, some of which also included comparator
antihyperlipidaemic drugs, have been conducted
with cerivastatin 0.3 mg/day. The main results of
these studies, most of which were large trials in-
volving >250 patients with primary hyperchol-
esterolaemia, are summarised in table 1.

Taken together, these studies showed a clear
dose-response effect with low dosages of ceriva-
statin up to 0.3mg administered oncedaily, usually
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after the evening meal, for 4 to 32 weeks (tablell).
Over amoreclinically relevant dosagerange of 0.1
to 0.3 mg/day, cerivastatin achieved mean reduc-
tions from baseline in serum LDL-cholesterol lev-
elsof 15.1 to 33.6% (usualy in the range of 20 to
30%, as confirmed in apooled efficacy analysisin
>1500 patientsreceiving cerivastatin 0.1, 0.2 or 0.3
mg/day!78)). Corresponding reductions in serum
levels of total cholesterol were 12.9 to 24.4% and
changes in serum triglyceride levels ranged be-
tween asmall increase (3.9%) in 1 triall67 to more
typical moderate reductions of 7.3 to 20.3% in
other studies (table 11). HDL -cholesterol levelsin-
creased modestly by 2.3 to 11.4% in patients re-
ceiving cerivastatin 0.1 to 0.3 mg/day.

In al studies which included a placebo-control
group,!68-71.73] cerivastatin 0.1, 0.2 and 0.3 mg/day
achieved mean reductions from baseline in serum
levels of both LDL - and total cholesterol that were
significantly greater than those attained with pla-
cebo. These parameters were essentially un-
changed (approximately —1 to +2%) from baseline
in placebo recipients. Improvementsin serum lev-
elsof triglycerides and HDL -cholesterol were also
consistently greater with cerivastatin than placebo
(as with other HMG-CoA reductase inhibitors).
Statistical significance between groupswas not al-
ways achieved (table ).

A few of the placebo-controlled trials with
cerivastatin 0.3 mg/dayl70.71.73] aswell as several
additional studies with low cerivastatin dos-
aged 727478 jnyolved comparisons with other anti-
hyperlipidaemic agents (simvastatin, atorvastatin,
lovastatin, fluvastatin, pravastatin and gemfi-
brozil; seetablell). Statistically significant differ-
ences favouring the comparator agent over
cerivastatin <0.3 mg/day were achieved in some
studies.[7275] However, these comparisons are of
relatively minor importance in view of the US
FDA dosage recommendations for cerivastatin
(section 6), although data from comparative clini-
cal trials using higher cerivastatin dosages are al'so
still limited (see section 4.2). In addition, even at
adosage of 0.3 mg/day, cerivastatin achieved sig-
nificantly (p < 0.01) greater improvements in se-
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Table Il. Double-blind, randomised, multicentre studies with low-dose cerivastatin (CER) <0.3 mg/day in patients with primary hypercholes-
terolaemia. Most results are for evaluable patients in efficacy analyses; those results from intention-to-treat analyses are indicated by ITT

Reference No. of Dosage regimen Mean change (%) in serum lipid/lipoprotein levels at end of study vs baseline
patients  (mg/day)® total-C LDL-C HDL-C TG atherogenic index
(as specified)
Dose-finding and placebo-controlled studies
Goto et al.[5%bc 2944 CER 0.05° -11.4 -17.6 +4.8
CER0.1¢ -145 -20.6 +7.3
CER 0.15° -18.0 -26.7 +6.6
CER 0.2¢ -18.6 -26.5 +4.2
Sasaki et al.[%7] 33 CER0.15x 12wk~ —21.6** —31.2% +3.3 +3.9 —26.7*
(LDL-C:HDL-C)
40 CER 0.3 x 12wk —24 411 —-33.6%+" +11.4%1T -7.3" —36.4%TT
(LDL-C:HDL-C)
Stein et al.[%8] 89 CER 0.2 x 4wk -18.9* —25.7* +5.3* -11.6
[0.1mg bid]
88 CER 0.2 x 4wk —21.9+ —29.4*% +2.3+ -11.6
[0.2mg gpm]
86 CER 0.2 x 4wk —22.1*t —-30.4*" +3.2* -10.9
[0.2mg hs]
45 Placebo unchanged +1.4 -1.2 -3.1
Tao et al.[] 103 CER 0.1 x 8wk —15.8* —21.5% +8.7* —8.8%*
101 CER 0.2 x 8wk —18.7*% —25.8%* +8.5% —10.8**
96 CER 0.3 x 8wk —21.7*% —29.5%* +7.8 —11.7%
100 Placebo +1.3 +0.7 +3.4 +6.6
Comparisons with other drugs
Betteridge et al.7%f9 193 CER 0.025 x 12wk -8.8* -11.5* +0.2 -0.2*
[T
187 CER0.05x 12wk~ —11.9* -15.5* +1.4 -5.7%
190 CERO.1x 12wk  -17.8* -23.6* +3.7 -10.4*
191 CERO0.2x 12wk  —21.8* -29.1* +3.2 -10.9*
183 SIM 20 x 12wk —-28.2% -38.3% +5.27 -12.8"
187 Placebo -0.5 -0.3 -1.1 +5.7
Farnier et al.l’! 131 CERO.1x 16wk  -14.1* —15.1% +9.7 —-14.8*
142 CERO0.2x 16wk  -18.5* —23.0%* +10.0 -11.7*
139 CERO0.3x 16wk  -19.8* —24.2% +11.3% —20.3*
121 GEM 600mg bid x  -12.6* —7.5% +13.3* -50.3*
16wk
59 Placebo +1.2 -0.6 +4.8 +2.1
Hunninghake et 107 CER 0.3 x 6wk -22.2 -30.2 +4.3
a|.[72]b,<:
108 ATO 10 x 6wk —27.5™ -37.7'" +6.87
Insull et al.[3P 939¢ CER 0.05x 24wk  —9.6** —13.5%*
CERO0.1x24wk  -12.9** —18.9%
CER 0.2 x 24wk  —17.8** —25.6**
CER0.3x 24wk  -19.9** —28.5%
LOV 40 x 24wk —23.8% —33.3%
Placebo +1.7 +1.9
Isaacsohn et al.’4P 165 CER 0.3 x 12wk"  —21.1%T —30.3TT 49 gm T —14.1#TT
170 FLU 40 x 12wk" —16.5% —23.6** +4.0% -3.7
Leiter et al.SI[ITT] 257 CER<0.3x 32wk! -15.9 -225 +8.8 -8.8 -22.0
(total-C: HDL-C)
126 SIM <40 x 32wk —22.57 -31.8" +11.0 -95 —28.8"
(total-C: HDL-C)
Saunders et al./® 202 CER 0.3 x 8wk —21.1%F —-31.17f +6.5 -85
200 PRA 20 x 8wk -17.8 -26.0 +4.7 -9.1
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Total number of patients in all groups combined.
Duration of treatment not specified.

- DO QO 0 T

not shown in the table.

Administered as a single daily dose (after the evening meal or at bedtime) unless specified otherwise.
Study published only as an abstract; full statistical data may not be reported.
Type of hypercholesterolaemia not specified but assumed to be primary in all patients.

Some statistically significant dose-response effects were demonstrated with CER but specific statistical comparisons are

Data from early pilot studies of similar design showed broadly similar results (data not included in table)./’”]
h During the first 6 weeks of the 12-week forced-titration study, patients received CER 0.2 mg/day or FLU 20 mg/day

(data not presented in table).

i Forced-titration study to achieve plasma LDL-C level < 3.36 mmol/L (130 mg/dl); mean dosage at end-point: CER 0.242 mg/day,

SIM 21.7 mg/day; statistical comparison vs baseline not reported.

ATO = atorvastatin; bid = twice daily; C = cholesterol; FLU = fluvastatin; GEM = gemfibrozil; HDL = high density lipoprotein; hs = at bedtime;
LDL = low density lipoprotein; LOV = lovastatin; od = once daily; PRA = pravastatin; gpm = every evening meal; SIM = simvastatin; TG =
triglyceride; wk = weeks; statistically significant change vs baseline or placebo: * p < 0.05, ** p < 0.001; statistically significant difference vs
CER 0.025, 0.05, 0.15, 0.3, <0.3mg od or CER 0.1mg bid or FLU or PRA:T p < 0.05; t1 p < 0.01, statistically significant difference vs all CER

regimens: ¥ p <0.05.

rumlevelsof LDL- and total cholesterol than those
attained with fluvastatin 40 mg/day.[’4 or
pravastatin 20 mg/day!7® As might be expected, a
trend towards greater reductions in serum LDL-
and total cholesterol levels was demonstrated with
cerivastatin <0.3 mg/day versus gemfibrozil 1200
mg/day, whereas gemfibrozil tended to produce
greater improvementsin serum levels of triglycer-
ides and HDL-cholesterol (table 11).[71

Additional clinical data comparing lower dos-
ages of cerivastatin with other antihyperlipidaemic
agents (prior to their use in combined therapy) are
presented in section 4.4.

In general, atreatment response was noted by 1
week of therapy with cerivastatin and effects were
maximal by about 3 or 4 weeks and then main-
tained throughout the study period.[6870 Some of
the trials summarised in table Il included exten-
sions beyond the double-blind randomised period
to evaluate the longer term effects of therapy with
cerivastatin for up to 2 years.[67.70.7L75.79] Although
not all patients completing the randomised study
periods participated in the follow-up extensions,
these evaluations generally showed that the bene-
ficial effectsonthe serum lipid profile achieved by
cerivastatin in the short term were maintained in
the long term.
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4.2 Studies Including Higher Dosages of
Cerivastatin (0.4 and 0.8 mg/day)

Several clinical trials have evaluated the lipid-
lowering efficacy of cerivastatin 0.4 or 0.8 mg/day
in patients with primary hypercholesterolaemia,
and results of these studiesare summarised intable
I11. Cerivastatin 0.4 to 0.8 mg/day was associated
with reductions from baseline in serum levels of
total cholesterol (23.0 to 30.8%), LDL-cholesterol
(33.4 t0 44.0%) and triglycerides (10.4 to 18.4%),
aswell as rises in HDL-cholesterol (3.2 to 8.7%)
after 4 to 26 weeks of therapy.[29.80-84]

In dose-finding studies, most of which included
a placebo-control group, significantly greater re-
ductionsin serum levels of LDL- and total choles-
terol were achieved with cerivastatin 0.4 versus0.2
or 0.3 mg/day,[898283] gnd with cerivastatin 0.8
versus 0.4 mg/day.[8 All comparisons between
cerivastatin (0.3, 0.4 and 0.8 mg/day) and placebo
showed significantly greater reductionsfrom base-
line with cerivastatin for at least these 2 key lipid
parameters (table 111).12280.811 Similarly, the per-
centage reduction from baseline for theratio of to-
tal cholesterol to HDL-cholesterol was signifi-
cantly greater with cerivastatin (0.3, 0.4 and 0.8
mg/day) than placebo,[29.80.811 and a dose-response
rel ationship was demonstrated (seetable111).[81.82]
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Table lll. Double-blind, randomised studies in patients with primary hypercholesterolaemia in which at least some randomised groups received
cerivastatin (CER) at dosages =0.4 mg/day. Most results are for evaluable patients in efficacy analyses; those results from intention-to-treat

analyses are indicated by ITT

Reference No. of Dosage regimen Mean change (%) in serum lipid/lipoprotein levels at end of study vs baseline
patients  (mg/day)® total-C LDL-C HDL-C TG atherogenic index
(total-C: HDL-C)
Dose-finding and placebo-controlled studies
Hanefeld et al.8% 140 CER 0.3 x 8wk —24.3% —32.5% +5.8% —17.3** —27.8**
[ITT]
138 CER 0.4 x 8wk —26.87" —35.8" +4.1* —14.8** —28.9**
71 Placebo +0.6 +0.2 -0.3 +8.4 +2.0
Insull et al.[B4 164 CER 0.4 x 8wk —25.0%* —35.6%* +7.9%* —13.7** —30.0%*
656 CER 0.8 x 8wk —29.g9%+Tt —41.8+Tt +8.7%* —18.4%t —35.6%+1T
177 Placebo +0.9 +0.2 +2.8 +3.6 -1.8
Ose et al.52P 141 CER 0.2 x 24wk -21.6 -315 +7.4 -11.5 -27.8
302 CER 0.4 x 24wk -26.0" -38.41" +8.1 -11.1 -32.51
Stein et al.[?% 28 CER 0.8 x 4wk -30.8% —44.0%* +3.2 —11.2*
13 Placebo +2.1 +1.2 -1.2 +15.9
Comparisons with other drugs
Hunninghake et 194 CER 0.3 x 26wk -20.3* —-30.0% +6.6 —-4.1
al.[83lcd
385 CER 0.4 x 26wk -23.0™ -33.4M +7.7% -10.4"™
185 FLU 40 x 26wk -16.0 -23.0 +4.6 -4.9
Rubinstein et al.[84° 81 CER 0.8 x 12wk®  -29.6** -38.9%
[ITT]
83 PRA 40 x 12wk® -25.2 -33.2
a Administered as a single daily dose (after the evening meal or at bedtime) unless specified otherwise.
b Statistical analysis vs baseline not provided.
¢ Study published only as an abstract; full statistical data may not be reported.
d Patients in FLU arm received placebo for 8wk then FLU for 16wk; type of hypercholesterolaemia not specified but assumed to be pri-

mary in all patients.

e During the first 4 weeks of the 12-week forced titration study, patients received CER 0.2 mg/day or PRA 10 mg/day; this was followed by
CER 0.4 mg/day or PRA 20 mg/day for the next 4-week period (data not presented in table), then the final dosage regimens of CER

0.8 mg/day or PRA 40 mg/day for the last 4 weeks of the trial.

C = cholesterol; FLU = fluvastatin; HDL = high density lipoprotein; LDL = low density lipoprotein; PRA = pravastatin; TG = triglyceride;
wk = weeks; statistically significant change vs placebo: * p < 0.05, ** p < 0.001; statistically significant difference vs lower dosage of
CER: t p<0.05; t1 p < 0.001; statistically significant difference vs FLU or PRA: } p <0.05, 11 p < 0.01.

Results of a pivotal study comparing ceriva-
statin 0.8 and 0.4 mg/day and placebo, which was
conducted at 59 centres in the US and Canada,[81]
are presented in table 111 and highlighted in figure
3. The efficacy analysis included approximately
1000 patientswith primary hyperchol esterolaemia.
Randomisation of patientsin aratio of 4:1:1 pro-
vided a large patient population for evaluation of
the efficacy and tolerability of cerivastatin 0.8

mg/day.

0 Adis International Limited. All rights reserved.

At the end of the 8-week treatment period, US
National Cholesterol Education Program (Adult
Treatment Panel I1) [NCEP] target levelsfor LDL -
cholesterol were achieved by 84% of patients re-
ceiving cerivastatin 0.8 mg/day.[8 This compares
with 73% of those receiving cerivastatin 0.4
mg/day and <10% of placebo recipients. (Specific
NCEP treatment goals for serum levels of LDL-
cholesterol are provided in section 7.) This rank
order (cerivastatin 0.8 mg/day > cerivastatin 0.4
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mg/day > placebo) also applied across all 3 NCEP
risk groups. For example, in patients at high risk
[i.e. those with coronary heart disease (CHD)] the
proportion of patients who successfully achieved
NCEP target levels for LDL-cholesterol were 59,
41 and 0%, respectively. In hyperchol esterolaemic
patients at low (<2 cardiovascular risk factors but
without CHD) or medium risk (=2 cardiovascular
risk factors but without CHD), NCEP target levels
for LDL-cholesterol were achieved in approxi-
mately 85 to 90% of those receiving cerivastatin
0.8 mg/day compared with about 80% of patients
treated with cerivastatin 0.4 mg/day. In 90% of all
patients receiving cerivastatin 0.8 mg/day in this
pivotal trial, LDL-cholesterol levels were reduced
by 23.9 to 58.4% (6th to 95th percentile).

While the vast majority of patientsin the large
pivotal trial achieved NCEP goalsfor LDL-choles-
terol with cerivastatin 0.8 mg/day, it is noteworthy
that the LDL -cholesterol level criteriafor study in-
clusion across al risk groups were lower than the
NCEP-specified guidelines for introducing phar-
macological treatment.[8% Thus, it was appropriate
that a subgroup analysis was also conducted for
those patients whose serum LDL-cholesterol lev-
els met NCEP guidelines (rather than study entry
criteria) for pharmacological treatment.[81 For ex-
ample, according to NCEP guidelines, patients
without definite atherosclerotic disease and fewer
than 2 cardiovascul ar risk factorsrequire drug ther-
apy if serum LDL-cholesterol levels are =190
mg/dl (4.9 mmol/L), whereas entry criterionin the
pivotal trial was =160 mg/dl (4.1 mmol/L) for this
patient group. There were similar differences be-
tween NCEP guidelinesand study entry criteriafor
medium and high risk groups as well. Overall, in
the subgroup with serum LDL-cholesterol levels
meeting NCEP guidelines for drug treatment, 75%
of patients achieved target LDL -cholesterol levels
with cerivastatin 0.8 mg/day. The corresponding
result for only high risk patients (with definite ath-
erosclerotic disease, agroup usually more difficult
to treat) was 59% at this dosage level.

Dataarealso availablefrom 2 randomised trials
comparing cerivastatin =0.4 mg/day with other

0 Adis International Limited. All rights reserved.

a [O Cerivastatin 0.4 mg/day (n = 164)
20 W Cerivastatin 0.8 mg/day (n = 656)
O Placebo (n=177)

Mean % change from baseline

Total LDL- HDL-
cholesterol  cholesterol cholesterol

Triglycerides

100

80

60

40

20 1

Percentage of patients achieving NCEP goal

Total population Subgroup analysis

Fig. 3. Main results of a pivotal double-blind, randomised, multi-
centre trial of cerivastatin in 997 patients with primary hyper-
cholesterolaemia.ll Mean percentage change from baseline in
serum lipid and lipoprotein levels (a), and percentage of patients
achieving US National Cholesterol Education Program (Adult
Treatment Panel Il) [NCEP] target low density lipoprotein (LDL)-
cholesterol levels (b) after 8 weeks of therapy with cerivastatin
0.4 or 0.8 mg/day or placebo. Subgroup analysis included
patients whose baseline LDL-cholesterol was greater than
the levels at which the NCEP recommends initiation of lipid-
lowering therapy (data for placebo and specific patient numbers
not provided for subanalysis). HDL = high density lipoprotein;
*p < 0.001 vs placebo; t p <0.05, t1 p < 0.001 vs cerivastatin
0.4 mg/day; statistical analysis not reported for data in fig. 3b.
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HMG-CoA reductase inhibitors in patients with
hypercholesterolaemia, although these studies have
been published only as abstracts.[8384 Reductions
from baseline in serum levels of LDL-cholesterol
and total cholesterol were significantly greater
with cerivastatin 0.3 or 0.4 mg/day than fluvastatin
40 mg/day in alarge (n = 764) 26-week trial [83
and with cerivastatin 0.8 mg/day than pravastatin
40 mg/day in a smaller (n = 164) 12-week study
(seetablelll).l84

The pivotal 8-week randomised trial conducted
in the US and Canada8l included a 44-week ex-
tension period (52 weeks in total) during which
patients who had been randomised to receive pla-
cebo were placed on pravastatin 40 mg/day.[85 Pa-
tients who had been randomised to receive ceriva-
statin 0.4 or 0.8 mg/day continued with their
therapy during the extension phase. Overall, results
showed that the lipid-lowering effects of ceriva-
statin were maintained during long term adminis-
tration. At 1 year, reductions from baseline in se-
rum levels of LDL-cholesterol were 33.6 and
40.8%, respectively, for cerivastatin 0.4 and 0.8
mg/day, and 31.5% for pravastatin 40 mg/day. The
difference between cerivastatin 0.8 mg/day and
pravastatin 40 mg/day was statistically significant,
as was the difference between the 2 cerivastatin
dosage regimens (p < 0.05 for both comparisons).

4.2.1 Postmarketing Formulary Conversion Studies

Postmarketing surveillance studies of ceriva-
statin have been performed within the context of
mandated formulary conversion protocolsat 3 V et-
erans Affairs (VA) or Department of Defense
(DOD) insgtitutions in the US.[86-88] Cerivastatin
was either equivalent or superior to other HMG-
CoA reductase inhibitors, including atorvastatin,
in reducing serum levels of LDL-cholesterol or
achieving NCEP target levels (analyses available
as abstracts only).

Among 451 patients who met all study criteria
in one of the retrospective analyses at aV A hospi-
tal, 54.5% were at the NCEP target level for LDL-
cholesterol prior to conversion to cerivastatin com-
pared with 74.3% after conversion (p < 0.001).[86]
Patients were switched to cerivastatin from fluva-

0 Adis International Limited. All rights reserved.

statin (48.6%), atorvastatin (34.8%), pravastatin
(11.5%) or ‘>1 sequential statin’ (5.1%) [dosages
not reported]. Cerivastatin provided additional
LDL-cholesterol and total cholesterol reductions,
as well as HDL-cholesterol elevations, that were
statitically significantly greater than pre-conversion
HMG-CoA reductase inhibitor therapy in second-
ary prevention patients, and in primary prevention
popul ationswho were diabetic, high-risk nondiabetic
or low-risk nondiabetic. A similar retrospective
analysis at another VA hospital involved conver-
sion from simvastatin to cerivastatin at specified
dosages.[®8 Results showed that cerivastatin at
dosages of 0.2, 0.3 and 0.4 mg/day was equivalent
to simvastatin at dosages of 10, 20 and 40 mg/day,
respectively, in reducing serum levels of LDL-
cholesterol and elevating HDL-cholesterol levels.

The third postmarketing study was a prospec-
tive analysis of 980 volunteer DOD beneficiaries
(mean age 68 years, secondary prevention 41%,
diabetes mdllitus 25%).87] In this study, patients
were switched from their pre-conversion HM G-
CoA reductase inhibitor therapy (primarily ator-
vastatin or pravastatin) to cerivastatin or smvastatin.
Overall, 80.6% of patients were switched to ceri-
vastatin 0.4 mg/day and 92.8% were switched to
cerivastatin at any dosage. Prior to conversion,
69% of patients had achieved NCEP target LDL-
cholesterol levels and thisincreased to 77.5% after
conversion (p < 0.001). Mean LDL-cholesterol
levelsof the cohort decreased from 115 mg/dl (2.97
mmol/L) pre-conversionto 106 mg/dl (2.74 mmol/L)
post-conversion (p < 0.001); HDL-cholesterol and
triglyceride levels were not significantly changed.

4.3 Evaluations in Specific Subpopulations

There appears to be a difference in the lipid-
lowering efficacy of cerivastatin between men and
women. This gender effect was demonstrated in a
pooled analysis of data from 2275 patients with
primary hypercholesterolaemia treated with ceri-
vastatin 0.1, 0.2, 0.3 or 0.4 mg/day and 546 patients
receiving placebo.[8] After 8 weeks of therapy, im-
provements from baseline in serum levels of LDL-
cholesterol were greater in women than in men at
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al cerivastatin dosage levels (statistical analysis
not provided). The pooled analysis also showed an
age-related response, with the greatest reductions
in serum LDL-cholesterol levels occurring in el-
derly patients (=65 years) at al dosage levels (sta-
tistical analysis not provided). Figure 4 illustrates
the age- and gender-related effectsfor cerivastatin
0.4 mg/day (n = 788) in the pooled analysis.

Subanalyses of specific clinical trialswith ceri-
vastatin in patients with hypercholesterolaemia
have al so shown gender-[68:69.81.89 gnd/or age-rel ated
effects.[6881 For example, a subanalysis of the
gender effect of cerivastatin 0.4 mg/day!8 from a
24-week study comparing cerivastatin 0.2 and 0.4
mg/day (see table 111)[82 showed that 73 of 102
women (71.6%) and 76 of 200 men (38.0%) had
reductionsin serum LDL-cholesterol levels >40%
from baseline (statistical analysis not provided).
Likewise, other studies demonstrated somewhat
greater lipid-lowering effects with cerivastatin in
women than in men over a wide range of dos-
ages.[6869811 An age-related response was also
demonstrated with relatively low dosages of
cerivastatin 0.1 or 0.2 mg/day, 58] which was sim-
ilar to that shown in the pooled analysid’@ at this
dosage level.

Rubinstein and colleagues® evaluated the
lipid-lowering efficacy of 12 weeks of treatment
with cerivastatin 0.1 and 0.3 mg/day in a placebo-
controlled study in 252 hyperchol esterolaemic pa-
tients with type 2 diabetes mellitus. Results were
similar to those reported in table Il from clinical
trialsusing cerivastatin at these dosagesin patients
without diabetes mellitus or relatively nonselec-
tive patient populations. Reductions in serum lev-
els of total cholesterol and LDL-cholesterol from
baselineto theend of the 12-week treatment period
were 13.7 and 20.2%, respectively, for cerivastatin
0.1 mg/day and 23.5 and 33.8%, respectively, for
cerivastatin 0.3 mg/day. A large primary preven-
tion clinical outcome trial (Lipids in Diabetes
Study) in patientswith type 2 diabetes mellitus but
without hyperchol esterolaemiaisal so under way (see
section 7),19U and results are awaited with interest.

0 Adis International Limited. All rights reserved.
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Fig. 4. Age- and gender-related effects on the efficacy of
cerivastatin in lowering serum levels of low density lipoprotein
(LDL)-cholesterol.[”® Pooled data from 788 patients with hyper-
cholesterolaemia treated for 8 weeks with cerivastatin 0.4
mg/day in clinical trials (statistical analysis not provided).

4.4 Use in Combination with Other
Antihyperlipidaemic Drugs

Three trials have examined the efficacy of ceri-
vastatin (0.2 or 0.3 mg/day) in combination with
other antihyperlipidaemic drugs.9294 Two of these
studies have been published only as abstracts and
also included periods of monotherapy during
which cerivastatin was compared with the drug
| ater used concomitantly.[92:93] | n these 2 anal yses,
8 weeks of therapy with cerivastatin 0.3 mg/day
combined with either bezafibrate 400 mg/day (n =
116)!92 or micronised fenofibrate 200 mg/day (n=
115)[93 achieved significantly greater reductions
from baseline in serum levels of total cholesterol
and LDL -cholesterol than monotherapy with either
drug in the respective studies (n > 100 for each
monotherapy group). As might be expected, ceriva-
statin monotherapy was significantly better at
improving these lipid parameters than either fibrate,
whereas improvements in serum levels of trigly-
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cerides and HDL -chol esterol were greater with the
fibrates than the HMG-CoA reductase inhibi-
tor.[9293] |n both studies, combined therapy led to
mean reductions in serum LDL-cholesterol levels
of >40% from baseline; reductions with ceriva-
statin monotherapy were approximately 28 to 35%
compared with about 20% with fibrate mono-
therapy. Neither study showed significantly
greater reductions in triglycerides with combined
therapy than with fibrate monotherapy. It isimpor-
tant to note that the combined use of fibrates and
HMG-CoA reductase inhibitors is generally not
recommended because of the potential for in-
creased risk of myopathy (including rhabdomyoly-
sis and associated renal failure; section 5).[19]

A relatively low dosage of cerivastatin 0.2
mg/day was used as monotherapy, or combined
with cholestyramine 8 g/day or probucol 1 g/day,
in asmall study of 20 patients with heterozygous
familial hypercholesterolaemia [mean baseline
serum LDL-cholesterol level =265 mg/dl (6.85
mmol/L)].1%¥ Cerivastatin 0.2 mg/day for 4 weeks
achieved reductions from baseline in serum levels
of total cholesterol ranging from 18 to 22% and in
serum levels of LDL-cholesterol of 25%. The
addition of either cholestyramine or probucol for
12 weeks reduced serum levels of total cholesterol
by 32 to 34% versus baseline and by 34 to 44%
versushaselinefor LDL-cholesterol. Thus, combined
therapy was more eff ective than monotherapy with
cerivastatin in this patient population.

5. Tolerability

In general, cerivastatin has been well tolerated
inclinical trials. Datafrom US placebo-controlled
studies, for example, showed broadly similar toler-
ability profiles between cerivastatin up to 0.4
mg/day and placebo.l®! In these trials adverse
eventswerereportedin 65.3% of patientsreceiving
cerivastatin (n = 1263) compared with 64.5% of
placebo recipients (n = 504), and discontinuation
due to adverse events occurred in 2.8 and 2.2% of
patients, respectively. Overall, the most frequently
reported adverse events were headache, pharyn-
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gitis and rhinitis. Adverse events reported with
cerivastatin have usually been mild and transient.[93]

Similar results were noted in a larger pooled
analysis of double-blind randomised studies of at
least 8 weeks duration.[”8 Tolerability was as-
sessed in atotal of 3532 patients who received at
least 1 dose of cerivastatin (n = 2816) or placebo
(n = 716). Again, there were essentially no clini-
cally important differences between the adverse
event profiles of cerivastatin (up to 0.4 mg/day)
and placebo. The incidence of adverse events
among patients receiving cerivastatin <0.4 mg/day
was not dose related (fig. 5). Headache, Gl distur-
bances (e.g. dyspepsia, abdominal pain, diarrhoea)
and asthenia were among the most common treat-
ment-related adverse events reported. Discontinu-
ation of therapy because of adverse events was re-
ported in 3.0% of patients receiving cerivastatin
and 2.5% of those treated with placebo. Overall,
there were no differences between cerivastatin and
placebo recipients with respect to clinically signif-
icant changesin laboratory parameters. Serum lev-
els of creatine kinase were elevated to >10 times
theupper limit of normal (ULN) in 0.3% of patients
treated with cerivastatin 0.4 mg/day and 0.4% of
those who received placebo.

As in the pooled analysis,[”® the incidence of
adverse events among patients receiving ceriva-
statin was similar to that among placebo recipients
and did not appear to be doserelated in the pivotal
trial comparing cerivastatin 0.4 and 0.8 mg/day.[81
Adverse events were reported in 58 and 61% of
those receiving cerivastatin 0.4 and 0.8 mg/day,
respectively, compared with 59% of placebo reci-
pients during the 8-week randomised period. The
most frequently reported adverse events were
headache, pharyngitis and rhinitis. Adverse events
leading to discontinuation of therapy occurred in
3.1 and 3.9% of patients treated with cerivastatin
0.4 and 0.8 mg/day, respectively, compared with
1.5% of those who received placebo. A small pro-
portion of patients receiving cerivastatin in the
pivotal trial had significant el evationsin serumlev-
els of creatine kinase and transaminases, whereas
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Fig. 5. Pooled tolerability data from double-blind randomised trials with cerivastatin in patients with primary hypercholesterolaemia.[78]
Studies were placebo-controlled or comparative and involved =8 weeks of treatment. Tolerability was assessed in patients who
received at least 1 dose of cerivastatin or placebo (statistical analysis not conducted).
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these laboratory abnormalities were not reported
among placebo recipients.

Myopathy and rhabdomyolysis have been re-
ported, abeit rarely, with all currently available
HMG-CoA reductase inhibitors, although the
mechanism of these myotoxic reactions has not
been clearly elucidated.[%! Clinically, myopathy
involves muscle pain, tenderness and muscle
weakness, accompanied by abnormal elevationsin
serum levels of creatine kinase (>10 times ULN).
Rhabdomyolysisis an acute fulminating condition
characterised by destruction of skeletal muscle, as
evidenced by serum creatine kinase levels >10
timesthe ULN, myogl obinaemia and myogl obinu-
ria. Renal failure and other serious complications
can occur following acute rhabdomyolysis, and the
condition can be fatal.[?! Postmarketing surveil-
lance data indicate that cerivastatin (as with other
HMG-CoA reductase inhibitors) has been associ-
ated with rhabdomyolysis and associated renal
failure; most cases involved concomitant adminis-
tration of gemfibrozil 1959

In the few published case reports of patients de-
veloping rhabdomyolysis while receiving ceriva-
statin, concomitant drug therapy included gem-
fibrozil7:%8! or cyclosporin.[®! The combined use of
fibrates (or lipid-lowering dosages of nicotinic acid)
and HMG-CoA reductase inhibitors is generally
not recommended because of the potential for in-
creased risk of myopathy including rhabdomy-
olysis and associated renal failure.[%! Likewise,
drugs that may inhibit the metabolism of HMG-
CoA reductase inhibitors, including cyclosporin,
azole antifungal agents and erythromycin (section
3.3.3),1% are generally not recommended for con-
comitant therapy in patients receiving HM G-CoA
reductase inhibitors because of an increased risk of
myopathy.[9%]

6. Dosage and Administration

Patients with hypercholesterolaemia should be
placed on a standard cholesterol lowering diet be-
fore drug therapy is implemented. If nonpharma-
cological measuresareinadequateto control serum
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cholesterol levels, patients should continueon their
diet during drug treatment.

Cerivastatin is administered orally and may be
takenwith or without food. Therecommended dos-
age of cerivastatin currently varies between coun-
tries. The US FDA recommends a starting dosage
of cerivastatin 0.4mgorally oncedaily intheevening.
The maximal lipid-lowering effect of cerivastatin
isusually seen within 4 weeks. If responseisinad-
equate, cerivastatin dosage may beincreasedto 0.8
mg/day (US FDA recommendation), also adminis-
tered once daily in the evening. For patients with
significant renal impairment [creatinine clearance
<60 mi/min/1.73m? (3.6 L/h/1.73m?)] lower dos-
ages <0.4 mg/day are recommended.[95:100]

HMG-CoA reductase inhibitors affect choles-
terol biosynthesis, and this could have an adverse
effect on fetal development, including synthesis of
steroids and cell membranes. Cerivastatin is contra-
indicated during pregnancy and (because it is se-
creted in breast milk) in nursing mothers. Other
contraindications include active liver disease or un-
explained persistent elevations of serum transami-
nases.[%! The efficacy and tolerability of ceri-
vastatin in paediatric patients have not been
established.

7. Place of Cerivastatin
in the Management of
Hypercholesterolaemia

Hyperchol esterolaemiaisacommon problemin
industrialised countries. For example, it has been
estimated that more than 50 million adults in the
US may be candidatesfor at |east dietary treatment
of hypercholesterolaemia according to NCEP
guidelines.[1%1 |n Northern and Southern Europe
an estimated 45 and 25%, respectively, of indi-
viduals aged 40 to 59 years are thought to have
elevated [>250 mg/dl (>6.5 mmol/L)] serumlevels
of total cholesterol.[102

It iswell established that elevated serum levels
of total and LDL-cholesterol are associated with
atherogenic effects and an increased risk of CHD,
the leading cause of death among men and women
inthe US. There is also convincing evidence from

Drugs 2000 Nov; 60 (5)



Cerivastatin: A Review

1201

clinical trials, including studies evaluating angio-
graphic progression, that improving the serum
lipid profile with diet and drug therapy reducesthe
risk of atherosclerosisin patients with and without
cardiovascular disease (reviewed by Illingworth(4)).
These data are reflected in the NCEP guidelines
which focus on the importance of achieving and
maintaining specific target serum levels of LDL-
cholesterol .[103]

In particular, there have been 5 major long term
(=5-year) clinical trials with HMG-CoA reductase
inhibitors showing that treatment with these drugs
(primarily aimed at reducing serum LDL-choles-
terol levels) significantly reduces cardiovascular
end-points compared with diet alone. These stud-
ies include 3 secondary prevention trials with
simvastatin [Scandinavian Simvastatin Survival
Study (4S)[1%4] and pravastatin [Cholesterol and
Recurrent Events Trial (CARE),[1%! and Long
Term Intervention with Pravastatin in Ischemic
Disease (LIPID)!1%¢]] aswell as 2 primary preven-
tion studies with pravastatin [West of Scotland
Coronary Prevention Study (WOSCOPS)[107] and
lovastatin [Air Force/Texas Coronary Atheroscle-
rosis Prevention Study (AFCAPS)[18l], Not only
did the trials provide clear evidence of the benefi-
cial effects of HMG-CoA reductase inhibitors on
cardiovascular events, but they also showed that
thesedrugsaregenerally well tolerated duringlong
term administration over several years.

Although the effects of cerivastatin on cardio-
vascular morbidity and mortality have not been
evaluated, alarge (n = 10 000) study will evaluate
the effects of cerivastatinin theprimary prevention
of strokein patientsat risk. Inthistrial [Risk Eval-
uation and Stroke Prevention in the Elderly —
Cerivastatin Trial (RESPECT)], cerivastatin will
be administered at adosage of up to 0.8 mg/day for
>4 years.[1%9 A large primary prevention clinical
outcometrial (Lipidsin Diabetes Study) in patients
with type 2 diabetes mellitus but without hyper-
cholesterolaemiais also under way.[9% Patients re-
cruited in 30 UK centres will be randomised to
receive cerivastatin 0.4 mg/day or micronised
fenofibrate 200 mg/day, or a combination of ceri-
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vastatin and fenofibrate or placebo according to a
two-by-two factorial design. Other studies evalu-
ating the effects of cerivastatin on cardiovascular
morbidity and mortality are also in progress, in-
cluding the Prevention of Re-INfarction with early
treatment by CErivaStatin Study (PRINCESS) in
patients with acute myocardia infarction and the
Cerivastatin Heart Outcomes in Renal Disease:
Understanding Survival (CHORUS) tria in pa-
tients with renal failure recently started on
haemodialysis.[65]

Together, these data support and validate ther-
apeutic guidelines for the treatment of hyperchol-
esterolaemia, such as those of the NCEP in the
US103l and a joint task force in Europe.l!19 The
European guidelinesfocus on an evaluation of risk
factors to determine the patient’s 10-year risk of
cardiovascular death, with treatment recom-
mended beyond athreshold level of increased risk.
NCEP guidelines also consider concurrent cardio-
vascular risk factors but focus on defined serum
levels of LDL-cholesterol asthe primary target for
treatment to reduce the risk of cardiovascular
events. Specifically, NCEP guidelines suggest the
following treatment goalsfor serumlevelsof LDL -
cholesterol:

e <160 mg/dl (<4.1 mmol/L) for patients without

CHD and <2 risk factors
e <130 mg/dl (<3.4 mmol/L) for patients without

CHD and =2 risk factors
e <100 mg/dl (2.6 mmol/L) for patients with

CHD.

While fibrates are the most effective drugs avail-
able for reducing serum triglyceride levels, HM G-
CoA reductase inhibitors have the greatest effect on
lowering serum levels of LDL-cholesterol 111 This,
combined with their good tolerability profile (par-
ticularly compared with older agents such as bile
acid sequestrants and nicotinic acid), has estab-
lished HM G-CoA reductase inhibitors asfirst-line
agentsfor patientswith hypercholesterolaemia(in-
creased L DL -cholesterol levels). TheHMG-CoA re-
ductaseinhibitorshave additional beneficia effects
on the serum lipid profile (e.g. reductions in serum
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triglycerides) and can also be used, for example, in
patients with combined hyperlipidaemia.[111

There are currently 6 commercially available
HMG-CoA reductase inhibitors (cerivastatin,
lovastatin, pravastatin, simvastatin, fluvastatin and
atorvastatin). Differences between the agents in
terms of pharmacokinetic properties, dosage re-
gimens, drug interaction potential, availability of
clinical end-point dataand other featureshave been
recently reviewed by Knopp.[111])

Several multicentre double-blind studies with
cerivastatin 0.4 or 0.8 mg/day showed reductions
in serum levels of LDL-cholesterol ranging from
33.4t0 44.0%. Marked reductions were & so noted
for serum levels of total cholesterol, which were
typically accompanied by modest reductionsin se-
rum triglycerides and small to moderate increases
in HDL-cholesterol levels (section 4.2). In partic-
ular, recent dataare available from apivotal placebo-
controlled trial which included alarge group of pa-
tients (n = 656) who received cerivastatin 0.8
mg/day.[8U Cerivastatin 0.8 mg/day for 8 weeks
was associated with a mean reduction from base-
line of 41.8% in serum LDL-cholesterol levels,
which was sufficient to achieve NCEPtarget LDL -
cholesterol levels in 84% of patients (see section
4.2 and table I11). Overdl, in the subgroup with
serum LDL-cholesterol levels meeting NCEP
guidelines for drug treatment, 75% of patients
achieved target LDL-cholesterol levels with ceri-
vastatin 0.8 mg/day. Subpopulation analyses indi-
cate that cerivastatin lowers serum levels of LDL-
cholesterol to a greater extent in women than men
and in elderly than younger patients (section 4.3).
The overal tolerability profile of cerivastatin (sec-
tion 5) was broadly similar to that of other HM G-
CoA reductaseinhibitors.[111 Available data suggest
that cerivastatin has alow potential for drug-drug
interactions (section 3.3.3), which is an important
consideration in secondary prevention patients
who are typically receiving multiple drugs.

Interestingly, while 84% of patients receiving
cerivastatin 0.8 mg/day achieved NCEP target
LDL-cholesterol levels after 8 weeks of therapy in
the randomised, double-blind, pivotal trial of ceri-

0 Adis International Limited. All rights reserved.

vastatin,[8! data from the Lipid Treatment Assess-
ment Project (L-TAP) showed less promising re-
sults with various other HMG-CoA reductase in-
hibitors used in a naturalistic (or ‘real world')
setting.[*12 Evaluation of data from L-TAP in-
cluded 4888 patients with hypercholesterolaemia
seen by primary care physiciansin 5 regionsin the
US. Patientswereeligiblefor inclusionif they were
being treated with the same dietary therapy and/or
lipid-lowering drug therapy for at least 3 months.
Details were collected regarding each patient’s
medical history, cardiovascular risk factors, di-
etary counselling and current lipid-lowering ther-
apy. A single (fasting) blood sample was collected
from each patient to analyse their serum lipid pro-
file. Approximately 64% of patients (n = 3136)
were receiving monotherapy with an HMG-CoA
reductase inhibitor (fluvastatin, lovastatin,
pravastatin or simvastatin). In terms of achieving
LDL-cholesterol target levels, the successrate was
40% overall in this group, ranging from 32% (with
fluvastatin) to 46% (with simvastatin). However,
theseresultscannot bereadily compared with those
of the large controlled trial of cerivastatin because
of major differences in study designs. Results do
indicate, though, that the management of hyper-
cholesterolaemia may be more difficult in clinical
practice than in randomised, controlled clinical tri-
as.

Numerous pharmacoeconomic studies have
evaluated lipid-lowering treatment interventions
including HMG-CoA reductase inhibitors, and
several recent reviewson thistopic have been pub-
lished.[113-118] |n general, results showed a wide
range of cost-effectiveness ratios (cost per life-year
gained) for lipid-lowering therapy depending on
specific CHD risk factorsand treatment. For exam-
ple, HMG-CoA reductase inhibitors appear to be
very cost effective when used as secondary preven-
tion in patients with pre-existing CHD, but their
cost effectiveness in primary prevention of CHD
has varied widely in pharmacoeconomic analyses,
depending to agreat extent on the patient population.

To date, only afew pharmacoeconomic analy-
ses have included cerivastatin,!'17-119 and 2 of
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these have not been published in full re-
ports.[117.118] A US analysi 5118l and subsequent re-
evaluation using a Markov model and a more effi-
cacious (0.4 mg/day) cerivastatin dosage
regimen(1171 compared the cost effectiveness of all
HMG-CoA reductase inhibitor dosages approved
in the US as of January 2000. Among available
agents, cerivastatin 0.4 mg/day had thelowest cost
per life-year gained relative to no therapy
($US7200 for high-risk men with CHD and
$US248 000 for low-risk women), but atorvastatin
was the most efficient agent for patients requiring
more aggressive CHD risk reduction. The only
other economic evaluation of cerivastatin used a
Markov model incorporating epidemiological, ef-
ficacy and other data from various sourcesto com-
pare the drug with simvastatin and pravastatin in
Italy [all costsin 1998 Italianlire(L) and converted
to Euros (Eur)].[129 Asprimary prevention, thein-
cremental cost per life-year gained with
cerivastatin 0.4 mg/day versus pravastatin 20 mg/day
ranged from L11.1 million to L31.8 million
(Eur5733 to Eurl6 423) depending on the patient
cohort and study perspective (Italian National
Health Service, which included direct costs only,
or societal, which included direct and indirect
costs). The incremental cost per life-year gained
with simvastatin 40 mg/day versus cerivastatin 0.4
mg/day was >L 317 million to >L650 million
(Eurl63 717 to Eur335 697).

In conclusion, cerivastatin is a well tolerated
and effectivelipid-lowering agent for patientswith
hypercholesterolaemia. When given at dosages
currently recommended in the US, cerivastatin
achieves marked reductions in serum levels of
LDL-cholesterol, reaching NCEP target levels in
the vast majority of patients. Thus, cerivastatin
provides a useful (and potentially cost effective)
alternative to other currently available HM G-CoA
reductase inhibitors as a first-line agent for hyper-
cholesterolaemia.
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