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Statin safety in perspective — maximising the

risk:benefit

MARC EVANS

Abstract

tatins are prescribed worldwide for patients with
Scoronary heart disease (CHD) and also for those at

risk of developing atherosclerotic vascular disease.
They represent a valuable treatment option for
managing lipid levels. However, the well-publicised
withdrawal of cerivastatin (Baycol®, Bayer) in 2001 led
to concern and much subsequent discussion over the
safety of statins. This review looks at the evidence in
relation to the benefits and risks of statins and
demonstrates that the benefits of statins far outweigh
the risks.
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Introduction \2\

In order to establish the optimum way of treati ients
itk statin

statins, both the benefits and risks associa
the dose range should be evaluated. Thi iev assess ffl—

cacy, safety and tolerability of marke[Qstat ns to-g @

cal overview on maximising the % efit ‘se of h|s
class of drug.

Benefits of statins E

Cholesterol: current evidence a

Guideline recommendations are useful b rks for evi-
dence-based practice, applied in the comteX of clinical judge-
ment. They may not always reflect the %—to—date evidence,
however, since they are published interqittently.

Despite the clear epidemiological association between cho-
lesterol and cardiovascular risk, many individuals who develop
vascular disease do not have particularly elevated cholesterol lev-
els. The evidence that incrementally lower cholesterol is better in
terms of cardiovascular disease risk comes both from epidemio-
logical studies and randomised clinical trials. Epidemiological evi-
dence supporting the notion that lower low-density lipoprotein
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terol (LDL-C) levels are associated with lower coronary
disease (CHD) risk comes from studies of men in rural
hina, where participants in the lowest quartile of LDL-C (< 3.0
mmol/L) had coronary event rates 75% lower than those in the
highest quartile." Further evidence in support of this notion
comes from the Seven Countries study, initiated in the 1960s,
which assessed the relationship between serum cholesterol and
CHD on both an intra- and inter-population basis,? as well as
prospective longitudinal studies such as PROCAM (Prospective
Cardiovascular Munster Study) and the Framingham study.>*
Every major clinical end point trial of lipid lowering therapy®
has demonstrated that lower LDL-C levels are associated with a
reduced atherosclerotic disease burden. Analysis of the relation-
ship between LDL-C levels and major coronary events in studies
such as 4S (Scandinavian Simvastatin Survival Study) after only
one year of treatment suggests that event rates are lower for
each lower tertile of LDL-C, while event rates may be reduced for
each increasing tertile of LDL-C reduction.® Such observations
suggest that there may be no threshold for LDL-C reduction
beyond which additional cardiovascular benefit may not be
achieved. Indeed, O'Keefe has suggested that the optimum
LDL-C levels should be in the range of 1.3-1.8 mmol/L — the typ-
ical level of our hunter-gatherer forefathers where there was no
evidence of atherosclerosis, even in individuals living to their sev-
enth or eighth decade of life.’
Guidelines are indeed recommending lower and lower LDL-C
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TN U e e e IT (Pravastatin or Atorvastatin Evaluation and Infection Therapy —
. ul | | = Wi . . . .
e : Thrombolysis in  Myocardial Infarction)”" and REVERSAL
el v DL . (Regressing Atherosclerosis with Aggressive Lipid Lowering),™
Guideline pﬁir“shed (m,}fofff;’et (fnfﬁi?fﬁ demonstrate that there is continuing risk reduction with LDL-C
8 1998 20 50 levels as low as 1.6 mmol/L.
< >. < J. .
However, LDL-C alone does not represent the entire athero-
EAS 1998 <3.0 <5.0 genic lipid profile. Indeed, data from studies such as MR FIT
NSF for CHD 2000 <3.0&30% < 5.0 and 25% (Multiple Risk Factor Intervention Trial),> PROCAM?® and the
reduction reduction Strong Heart Study™ suggest that non-high-density lipoprotein
EAS 2003 < 2.5 in high risk < 4.5 in high risk cholesterol (non HDL-C) levels are key lipid predictors of CHD
BHS IV 2004 < 2.0 i [l e < A3 G ol s rlsk, since this fraction accounts for all athgrogemc lipoproteins,
: 008 o -, o S including LDL-C, very low-density lipoprotein cholesterol (VLDL-
gtirgsﬁsgs z2.5 :: Ei(;nh- ri'?k s :4'5 i;nhri';:ris'i s Q), intermediate-density lipoprotein cholesterol (IDL-C), lipopro-
CVD and diabetes CVD and diabetes tein (a) cholesterol and chylomicrons. HDL-C, however, exhibits
, o L numerous vascular protective properties, including anti-oxidant
NCEP ATP Il 2004 < 1.8 in very high risk  Not specified in 2004

< 2.6 in moderately
high risk and 30-40%
reduction

update

Key: JBS = Joint British Societies; EAS = European Atherosclerosis Society;

NSF for CHD = National Service Framework for Coronary Heart Disease;

BHS IV = British Hypertension Society guidelines for hypertension management
2004; NCEP ATP Il = National Cholesterol Education Program Expert Panel on
Detection, Evaluation and Treatment of High Blood Cholesterol in Adults (Adult

nti-inflammatory effects, as well as facilitating
ester transport and demonstrating plaque

properties and
reverse

chole
stabilising@tles. Indeed, a 1% increase in HDL-C is associ-
ated wi 3% se in C isk, while a 1% decrease in
LD\% Ocia it aj{@se in CHD risk.™

th

@\Ihs in dlinica p

Treatment Panel Ill); LDL-C = low-density lipoprotein cholesterol; TC = total <<E ed conc ’6 tre_atmem_ gU|de|meS s.t|pu|at.e ever

cholesterol; CVD = cardiovascular disease owentar for combined with the growing evidence
p 3

Medical Services (GMS) Contract is somewha
all other new recommendations.

However, current guidelines base
initiation of cholesterol lowering th
mated risk of coronary events a
Study)® demonstrated a reduc{ion jn" CH
ischaemic strokes and peripheral Tevascytarisgtions. Ir’s udy,
the chief determinants of absolute @e th@ of pre-
existing vascular disease, the presence bse pe 2 dia-
betes or some combination of these conditi % significant
reductions in relative risk produced by St% rapy irrespective
of pre-treatment LDL-C levels.? Such% pt is further sup-
ported by data from the recent CARDS trial (Collaborative
Atorvastatin Diabetes Study). This demonstrated that statin ther-
apy resulted in a significant reduction of cardiovascular events in
patients with type 2 diabetes plus one other cardiovascular risk
factor, who had pre-treatment cholesterol levels at or near to
currently accepted target levels.®

Based on such observations, it seems logical to initiate statin
therapy based on a global cardiovascular risk assessment rather
than simple pre-treatment cholesterol levels. It is apparent that
current guidelines may lead to substantial under-treatment in
some individuals as targets are set at less stringent levels than
those achieved in many recent statin therapy clinical trials." "
Furthermore, there is a growing body of evidence that has yet to
be taken into account by current guidelines to suggest that the
lower the LDL-C, the better. The result of studies, such as PROVE-

ingent t

vents and ‘also)in
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targets (table 1), although the target of 5 mmo/@en@

mend '@bout
primagi an e &
p (th%e\ Prc%Qﬁ]/

that lower is better, practicing clinicians
| f how best to achieve optimal cholesterol
ptions available include using higher doses of
raditional'statins, the use of newer, more efficacious statins, and
coﬁg moderate or high-dose statin with an agent that acts
plementary fashion (bile acid sequestrant, niacin or chol-
ol absorption blocker). Rosuvastatin, launched in March
2003, is a potent, hydrophilic enantiomeric statin producing
reductions in LDL-C of 46% at the 10 mg start dose.™ Ezetimibe,
also launched in early 2003, is a selective cholesterol absorption
inhibitor with action at the intestinal epithelium producing
reduction of LDL-C of up to 20% at the therapeutic dose of 10
mg once daily."

Statins, however, remain the mainstay of cholesterol lower-
ing-therapy, exerting a therapeutic effect through inhibiting the
activity of 3-hydroxy-methylglutaryl coenzyme A (3-HMG-CoA)
reductase, the enzyme involved in the rate-limiting step in chol-
esterol biosynthesis, resulting in a secondary increase in hepato-
cyte LDL-receptor expression, thus facilitating plasma cholesterol
clearance.

Statins - efficacy

Several studies have demonstrated that statins may differ in their
lipid modifying properties. The largest such study, the STELLAR™
(Statin Therapies for Elevated Lipid Levels compared Across doses
to Rosuvastatin) study, compared rosuvastatin, atorvastatin, sim-
vastatin and pravastatin across licensed doses for reducing LDL-
C and other lipid parameters in patients (n=2,431) with hyper-
cholesterolaemia (LDL-C > 160 and < 250 mg/dL [> 4.14 and
< 6.47 mmol/L respectively]; triglycerides < 400 mg/dL [< 4.52
mmol/L]). It found that after six weeks of treatment, rosuvastatin
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Figure 1. LDL-C reduction across statin dose ranges in the STELLAR
study
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Key: LDL-C = low-density lipoprotein cholesterol; STELLAR = Statin Therapies
for Elevated Lipid Levels compared Across doses to Rosuvastatin; *p=<0.002
vs. rosuvastatin 10 mg; ¥ p=<0.002 vs. rosuvastatin 20 mg; T p=<0.002 vs.
rosuvastatin 40 mg

Adapted from Jones PH et al."

Figure 2. Change in HDL-C across statin dose ranges in the STELLAR

study
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Key: HDL-C = high-density lipoprotein cholesterol; *p=<0.002 vs. pravastatin
10 mg; ** p=<0.002 vs. atorvastatin 20, 40, 80 mg; simvastatin 40 mg;
pravastatin 20, 40 mg; T p=<0.002 vs. atorvastatin 40 mg, 80 mg; simvastatin
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resulted in significantly greater LDL-C reductions dose for dos

compared with other statins (figure 1).”
In addition, the STELLAR study showed that rosuva({in
with

simvastatin 10-80 mg and pravastatin 10-40

(figure 2). Importantly, this effect was maintai S
range.™ &
Risks of statins Q

Safety of statins O

Overall, the statin class of drug@ﬁa goo roﬁl@
well tolerated. The withdrawal G ceri , how :~% ed to
questions regarding the safety of sta , as drugs,
the safety profile of statins must be ate to their
clinical benefits. %

The overall adverse event rate assoo@th statin therapy
is low, with the most common Sld% s reported being
headaches, gastrointestinal disturbance end myalgia.” Based on
data from the rosuvastatin pre-registration clinical trial package,
which reviewed the key currently available statins in the UK (sim-
vastatin, atorvastatin, pravastatin, and rosuvastatin), statins have
equivalent adverse event withdrawal rates of approximately 3%
(figure 3).'®

However, as with most drugs, statins exhibit a dose-related
adverse events (AEs) profile.” One of the most common side
effects associated with statin therapy relates to muscle toxicity
and myopathy. It is important to appreciate that there is a distinct
classification of muscle AE, ranging from mild myopathy to frank
rhabdomyolysis. Furthermore, rhabdomyolysis and myositis have

a strict clinical definition (table 2).™
The total reported incidence of statin-associated myotoxicity

the o%

VOLUME 11 ISSUE 6 - NOVEMBER/DECEMBER 2004

\

mg to 40 mg raised HDL-C by 7.7-9.6% comp
5.7-2.1%, 5.2-6.8% and 3.2-5.6% for atorvastatlr\é\peo mg,(a

® “<\V

<=

Vg Flgur

erse Wrawal rates of statins
N\

\ V
)% %
' 2.5% 2.5%
10-40 mg 10-80 mg
n=3,074 n=1,457
Rosuvastatin Atorvastatin Simvastatin Pravastatin

Adapted from Brewer HB™

ranges from between 1-7%™ and is a function of dose rather
than LDL-C reduction.’® This dose-related effect has been
demonstrated across the statin class (figure 4)'® and was further
supported in the A to Z trial which demonstrated higher rates of
side effects with simvastatin 80 mg.?

Myalgia is the most common side effect with statins while
rhabdomyolysis and myositis, the most serious of muscle AEs,
account for less than 0.1% of all statin-related AEs, with com-
parable reporting rates across currently available statins.?
Cerivastatin was a lipophilic enantiomeric agent with a dual
excretory pathway (2C8 and 3A4). The pre-marketing data
showed increased rates of myotoxicity, particularly at higher
doses, while the post-marketing data revealed the incidence of
myotoxicity was greater than ten times that of other statins. The
majority of cases of rhabdomyolysis occurred with the 0.8 mg
dose and there was a particularly high incidence associated with
the use of cerivastatin in combination with gemfibrozil.
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Table 2.  Classification of muscular adverse events

Figure 4. Myopathy in association with statins is dose-related

Myalgia
e Diffuse muscle discomfort
Proximal muscles most often involved
Creatine kinase (CK) levels may be normal or slightly elevated
Completely reversible
Most common feature of statin myotoxicity
o Dose related

Myopathy
® Muscle pain with elevated CK levels (> 10 X upper limit of normal)
® Predominantly effects upper limb proximal muscles
e Characteristic muscle fibre necrosis and electromyography
appearances
e Dose related
Myositis
® Occurs with or without elevated CK levels
o Characterised by muscle weakness
® Biopsy — variation in muscle fibre size with associated inflammatory
cell infiltrate
o Dose related phenomenon

Rhabdomyolysis
o Characterised by muscle destruction — release of myoglobin, muscle
pain, swelling and CK levels
@ Myoglobin may cause acute renal failure and by inhibiting nitric
oxide metabolism may cause vasoconstriction and tissue ischaemia

e Inherited muscle enzyme defects present in ~ 25% of cases
e Can be fatal

- Cerivastatin (0.2-0.8 mg) -4~ Atorvastatin (10-80 mg)
3.07 Pravastatin (40-80 mg) -@ Rosuvastatin (10-40 mg)
Simvastatin (40-80 mg)

% CK >10XULN
o
1

%LDL-C reduction

Key: CK = creatine kinase; ULN = upper limits of normal; LDL-C = low-density

lipoprotein choleéerol
Adapted fr%w HB'®

The frequency of rhabdomyolysis reported wit @rrently
available statins is less than one in 100,000 a @ par.

for simvastatin, atorvastatin, rosuvastatin, p flu st
and lovastatin.?'?? Deaths due to rhabd

(<1:1,000,000.) The reported rate of due t omy
olyis as a function of cerivastatin th ere m gre
Ind

than seen with other agents e a rep

that after 9.8 million prescrrptl the U were.3 \cases
of fatal rhabdomyolysis reported & S e wit @ al of
cerivastatin, rosuvastatin has been Iaﬁg’m and, n" there
have been in excess of 10 million prescriptions atal cases

of rhabdomyolysis reported (AstraZeneca, 0 f||e).

In summary, whilst rhabdomyolysis be serious and life-
threatening, it is very rare in relation f ntly available statin
therapy. When it does occur, it is most cdmmonly in the context
of predisposing risk factors, such as trauma, major surgery,
hypothyroidism, liver failure, renal failure and concomitant drug

therapy such as amiodarone.™

Statins and the kidney

Mild proteinuria has recently been identified in patients treated
with all statin therapy, although this is generally transient and
reversible. Furthermore, the finding of mild proteinuria is not pre-
dictive of any acute or progressive change in renal function or
suggestive that statin therapy is associated with deteriorating
renal function. In fact, statin therapy, potentially through
improvements in vascular function, has been shown to improve
glomerular filtration rates.?
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habdomyolysis per statin*

tir\ N f Number of Number of
\/ prescriptions cases/10°
myolysis (10°) prescriptions
*\ cases
erlva;QQ - 31 9.8 3.16
tatin 19 99 0.19
a tin 14 116 0.12
rvastatln 6 140 0.04
Pravastatln 3 81 0.04
Fluvastatin 0 37 -
TOTAL 73 484 3.55

Note: Rosuvastatin had in excess of 10 million prescriptions with no cases of
fatal rhabdomyolysis at the time of this publication

The excreted urine proteins appear to be mainly low mole-
cular weight proteins, indicating a specific effect on proximal
tubular protein reabsorption. In recent in vitro studies, various
statins decreased protein reabsorption in an opossum kidney
cell line derived from proximal tubules® and human tubular kid-
ney cells.? This effect was associated with inhibition of 3-HMG
CoA reductase and was reversed by adding mevalonate (the
product of 3-HMG-CoA reductase) and geranylgeranyl
pyrophosphate (a mevalonate product involved in protein
prenylation), suggesting a potential pharmacologic mechanism
for the tubular proteinuria seen with statin therapy.?

Statin therapy - risk:benefit assessment

The majority of LDL-C lowering effects associated with statin
therapy occur with the starting dose, whilst the doubling of
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