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“SUMMARY 

Risk-benefit and cost-effectiveness assessments of the statins 

IJEOMA NNEKA OKONKWO 

Master of Philosophy. 

Objective: To undertake a risk-benefit assessment of the statins with particular 

emphasis on determining whether serious adverse drug events associated with 

cerivastatin could have been predicted from its clinical trials and to report on sources of 

heterogeneity of cost-effective estimates in economic evaluations of the statins. 

Methods: Randomized controlled trials (RCTs) of cerivastatin and economic 

evaluations of the statins were retrieved by systematic searches of databases, historical 

searches, and writing to manufacturers and other authors of published searches of 

databases, and writing to manufacturers and other authors of published reports. The 

adverse events data reported (myalgia, increased CK levels greater than ten times the 

ULN, ALT levels greater than three times the ULN) in the RCTs were pooled using risk 

difference meta-analysis. The economic evaluation studies were assessed qualitatively. 

Results: The results from the meta-analyses showed that the adverse drug events profile 

of cerivastatin could not have been deduced from the clinical trials. There were no 

significant differences in the rates of adverse events occurrences between cerivastatin



and placebo or active comparators largely as a result of inadequate power of RCTs 

detecting differences in low event rates. Observational studies and commentaries 

however suggest a much higher incidence of cerivastatin-associated rhabdomyolysis. 

Assessments of the economic evaluations showed disparities in the CE estimates arrived 

at by the different studies depending on the various factors. A wide discrepancy in the 

CE estimates in different studies was observed even when considering primary and 

secondary prevention alike. 

Conclusion: Randomized controlled trials, as currently undertaken, are not sensitive 

enough for clear definition of adverse drug event profiles. Although efforts should be 

made to improve the quality of clinical trials by increasing trial periods, involving 

patients that mirror the types of patients likely to be on the test drug in real life, and 

older patients, who seem to be at a higher risk of suffering from statin induced adverse 

events, observational studies would still be required. CE estimates from economic 

evaluations vary according to the model used. Cost of treating adverse events should be 

incorporated when conducting economic evaluations as such costs have been shown to 

be quite substantial. 
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CHAPTER 1 

INTRODUCTION 

1.1 Coronary Heart Disease 

The heart needs a constant supply of oxygen and nutrients, and the blood in the coronary 

arteries carries these to it. When the coronary arteries are narrowed or clogged and 

cannot supply enough blood to the heart, the result is coronary heart disease (CHD). 

Narrowing or blockade of the coronary arteries is usually a result of deposition on the 

walls of the vessels of cholesterol or fat (atherosclerosis), and this deposition is 

aggravated by abnormally high blood levels of cholesterol (hypercholesterolaemia). 

Symptoms of CHD are chest pain (angina) or shortness of breath resulting when not 

enough oxygen carrying blood gets to the heart. The person may feel a tightness, 

heaviness, pressure or squeezing, usually behind the breastbone. If the blood supply to 

any portion of the heart is completely cut off by a total blockade of a coronary artery, a 

heart attack results. Coronary heart disease is the leading causes of death in most 

developed countries of the world for both men and women (Carlson et al, 2001). 

CHD is caused by a group of factors (risk factors), and they can either be non- 

modifiable (age, sex, family history, genetics), or modifiable (obesity, inappropriate 

dietary intake, physical inactivity, diabetes mellitus, hypertension, cigarette smoking and 

hypercholesterolaemia). When combined, these factors interact with each other 

increasing the risk for CHD.



Attention has been focused on treating the modifiable risk factors and particularly on 

hypercholesterolaemia to prevent CHD morbidity and mortality. 

The presence of established CHD or prior myocardial infarction (MI) increases the risk 

of MI five to seven times that seen in men and women without CHD, and low-density 

lipoprotein cholesterol is a significant predictor of subsequent morbidity and mortality 

(NCEP, 1994). 

1.1.1 Hypercholesterolaemia 

Hypercholesterolaemia is a lipid disorder that occurs when plasma levels of cholesterol 

are abnormally high (usually >160mg/dL). This may result in atherosclerosis causing 

narrowing of the arteries and therefore may lead to a CHD event. Hypercholesterolaemia 

is a chronic condition that often requires life-long treatment. Studies have demonstrated 

that elevated cholesterol levels are an independent and significant risk factor for CHD 

(The expert panel, 1988; Pekannen et al, 1990). Data from studies such as the 

Framingham study (Castelli et al, 1992) and others show that the risk of developing 

CHD is related to the degree of cholesterol and low-density lipoprotein cholesterol 

(LDL-C) elevation. The Multiple Risk Factor Intervention Trial (MRFIT, 1982) showed 

a powerful relationship between cholesterol and CHD with a flat curve up to a 

cholesterol level of 5.2mmol/L, but with a gradual increase in CHD mortality rate to 

6.5mmol/L, and above this, the mortality rate showed a steep increase. In the 

Framingham Heart Study (Castelli et al, 1992), there was no strict cut off points between



cholesterol levels that were safe and those that were at high risk of CHD, as the 

relationship between cholesterol and CHD was continuous. Hypercholesterolaemia is 

additive to other nonlipid risk factors for CHD as age, cigarette smoking, hypertension 

and diabetes. 

1.1.2 Cholesterol 

Cholesterol is a waxy fat-like substance that occurs naturally in all parts of the body, 

which the body needs to function normally. It is one of the major lipids of importance in 

human metabolism. Lipids are a heterogeneous group of compounds that have in 

common the property of solubility in organic solvents and insolubility in water (Dodson 

& Barnet, 1999). Other lipids of importance are triglycerides and phospholipids. The 

body uses cholesterol to produce vitamin D, bile acids that help to digest fat and many 

hormones. Only a little amount of cholesterol in the blood is needed to meet these needs 

and where there is excess, hypercholesterolaemia results which gives rise to 

atherosclerosis and increased risk for CHD. 

Lipids are insoluble in water and therefore they form large complex structures with a 

protein (apolipoprotein) in order to become water-soluble and be transported in plasma. 

These proteins in combination with cholesterol, triglycerides and phospholipids are 

known as lipoproteins. Lipoproteins are classified as high-density lipoprotein cholesterol 

(HDL), low-density lipoprotein cholesterol (LDL), intermediate density lipoproteins 

(IDL), very low-density lipoprotein cholesterol (VLDL), and chylomicrons. LDL-C is



the main cholesterol carrying lipoprotein with up to approximately 70% of total plasma 

cholesterol (Dodson, Barnet, 1999); HDL-C accounts for 20% of total plasma 

cholesterol. The main triglycerides-carrying lipoproteins are chylomicrons and VLDLs 

(Feher and Richmond, 1997). 

1.1.3 Synthesis of cholesterol 

The body mostly synthesizes cholesterol, although a little is absorbed from the diet. 

Cholesterol is synthesized in many tissues but the liver is the main site of synthesis in 

man. Cholesterol is transported to the tissues after synthesis as endogenous lipid in 

VLDL, which is eventually converted to LDL, and this LDL, rich in cholesterol, may 

either be removed from circulation by its receptors located mainly in the liver, adrenal 

glands and adipose tissues, or taken up into peripheral tissues. This process of uptake 

into peripheral tissues is fundamental to the process of atherogenesis and has led to LDL 

being termed the “atherogenic lipoprotein” (Dodson & Barnet, 1999). 

Although increased serum levels of cholesterol have been directly linked to the risk of 

CHD, it is low-density lipoprotein (LDL) cholesterol that is more closely associated 

with the risk and extent of disease. 

1.1.4 Classification of Hyperlipidaemia 

Hyperlipidaemia can be classified as either primary or secondary.



Primary hyperlipidaemia is usually genetic/hereditary, and patients with this type will 

usually require medication and intensive intervention to prevent morbidity associated 

with the condition. Primary hyperlipidaemia is further classified into types I to V by 

WHO/Fredrickson (available at www.gpnotebook.co.uk) as follows: 

Table 1.1: Classification of primary hyperlipidaemias 

  

  

  

Type Elevated particles Associated clinical disorder Serum TC Serum TG 

I Chylomicrons Lipoprotein lipase deficiency, N +4 

Apolipoprotein C-II deficiency 

Ila LDL Familial hypercholesterolaemia ++ N 

Polygenic hypercholesterolaemia, 

Nephrosis, hypothyroidism, 

Familial combined hyperlipidaemia 

IIb LDL, VLDL familial combined hyperlipidaemia = + + + 

Tl IDL Dysbetalipoproteinaemia a + 

IV VLDL familial hypertriglyceridaemia, N+ at 

Familial combined hyperlipidaemia, 

Sporadic hypertriglyceridaemia, 

Diabetes 

Vv VLDL diabetes ct: So, 

  

IDL= intermediate density lipoproteins; LDL= low density lipoproteins; TC =total 
cholesterol; TG= triglycerides; VLDL= very low density lipoproteins; + = increased; + + 
= greatly increased; N= normal; N+= normal or increased 

 



The most common inherited/familial hyperlipidaemia is familial hypercholesterolaemia. 

Secondary hyperlipidaemias are common and account for about 40% of the total 

prevalence of lipid abnormalities. The most common causes of secondary 

hyperlipidaemias include obesity, diabetes mellitus, excessive alcohol consumption, 

thyroid, renal and liver disease, iatrogenic e.g. thiazide diuretics, beta-blockers, steroids 

and oral contraceptives (Dodson & Barnet, 1999) 

Recently, blood lipid disorders in type 2 diabetes have been subject to clinical interest, 

and it has been shown that dyslipidaemia is common in type 2 diabetes. The 

characteristics of type 2 diabetic dyslipidaemia are high triglyceride levels (TG) and a 

low HDL-C point, with little or no difference in TC and LDL-C levels (Carlson et al, 

2001). 

1.1.5 Epidemiology 

CHD is a common cause of death in many countries of the world. In the UK, CHD is a 

major cause of morbidity and mortality, accounting for about one quarter of all deaths in 

1996: 28% among men and 18% among women (Rayner et al, 1998). CHD accounts for 

the deaths of 31% of men and women aged 45-65 years (Ebrahim et al, 1999). In the 

1998 Health Survey for England, it was found that men and women had similar mean 

cholesterol of 5.5mmol/L and 5.6mmol/L respectively (desirable levels < 5.17mmol/L), 

with mean cholesterol increasing with age, the proportion rising steeply with age in both



sexes to age 54 years, then plateaus among men at around 20-25% but continues to 

increase in women to around 45%. (Evans & Primatesta, 1999). The increase is most 

notable among women so that levels become substantially higher than men’s from age 

60. In Ireland, in 1988, the CHD mortality rate for men and women was 260 per 100,000 

population, the figure nearly four times the rate in France -67 per 100,000 population 

(Coronary heart disease: an epidemiological overview, 1994). 

In Canada, Ischaemic heart disease (IHD) accounted for 22% of total deaths and 38% of 

hospital admissions in 1992 (Heart and Stroke Foundation, 1995). The risk of death 

from CHD increases with age in both men and women, but women have a lower risk 

than men for all age groups except after the age of 75 years when the risk is higher 

(Perras and Baladi, 1997). 

Total cholesterol (TC) and LDL-C levels increase throughout life in men and women. 

Among subjects in the 1991 Heart Survey for England in 1986/87, the mean TC 

concentration was 5.8mmol/L for both men and women, increasing with age. Mean 

serum cholesterol concentration was 5.7mmol/L in both sexes among subjects who were 

aged 18-64 years and were not taking lipid lowering drugs. (Coronary heart disease: an 

epidemiological overview, 1994). By estimates, approximately 45% of all CHD cases 

among men are attributable to increased cholesterol levels and 47% of all female CHD, 

and the proportion (of CHD cases of men attributed to increased cholesterol levels) 

ranged from 20% in men aged 16-24 years to 52% in men aged 55-64 years (McPherson 

et al, 2002).



In Canada, between 1986 and 1990, the prevalence of hyperlipoproteinaemia was 

determined by a survey of 9 provinces, which included a total of 16,924 participants 

aged 18-74 years. Of this population, 46% had a TC level above 5.2mmol/L, 15% had 

an LDL-C level greater than 4.1mmol/L, 15%, a TG level above 2.3mmol/L, and 8% a 

HDL-C level less than 0.9mmol/L threshold values after which the risk increases 

(Connelly et al, 1992). 

Figures from the United States Health and Nutrition Exam Survey, 1988-1991, and ATP 

guidelines, 40% of all adults aged 20-74 years would require fasting lipoprotein analysis 

and 29% would be candidates for dietary therapy. 

1.2 Pharmacological Interventions 

The National Cholesterol Education Program (NCEP) has given guidelines for the 

control and treatment of hypercholesterolaemia. The report of the NCEP adult treatment 

panel (ATP) III has classified LDL-C levels as follows: 

<2.6mmol/L is optimal, 2.6-3.3mmol/L-near or above optimal, 3.36-4.1mmol/L- 

borderline high, 4.13-4.9mmol/L-high, and >4.9mmol/L-very high (Expert panel, 2001). 

In this report, the NCEP updated existing recommendations for the clinical management 

of high blood cholesterol. A new lower goal of LDL-C was established in ATP II to be 

<2.6mmol/L.



Lowering blood cholesterol levels is the target of any intervention, with the aim of 

preventing a first coronary event (primary intervention), or a subsequent one (secondary 

prevention). 

1.2.1 Primary prevention 

Primary prevention offers the greatest opportunity for reducing the burden of CHD. 

Primary prevention aims at maintaining cholesterol levels of patients that have no 

history of CHD, but have a moderately high LDL-C level and two or more risk factors 

for CHD. Such patients have a lower risk than secondary prevention patients of 

experiencing or dying from a coronary event. The clinical approach to primary 

prevention is founded on the public health approach that calls for lifestyle changes 

including reduced intakes of saturated fats, increased physical activity, and weight 

control. Primary prevention trials (Lipid research clinics program, 1984; Frick, 1987; 

Shepherd et al, 1995) showed a significant decrease in coronary events (fatal and 

nonfatal CHD combined), fatal CHD and overall mortality were slightly, but not 

significantly reduced. The NCEP ATP I guidelines for management of high blood 

cholesterol levels outlined a strategy for primary prevention of CHD in individuals with 

high levels of LDL-C (>4.13mmol/L) or those with borderline levels (3.59-4.1mmol/L) 

and multiple risk factors (2+). The third report of the NCEP (ATP III) now calls for yet 

more intensive LDL-C lowering in certain groups of people: It focuses on primary 

prevention in persons with multiple risk factors, many of whom have a relatively high 

risk for CHD and will benefit from more intensive lowering of LDL-C. One aim of



primary prevention is to reduce long-term risk (>10 years), as well as short-term risk 

(<10 years) (Expert panel, 2001). 

1.2.2 Secondary prevention 

Secondary prevention deals with patients who have a history of CHD, and therapy here 

is to prevent further occurrence of a cardiac event. Secondary prevention trials (4S 1994, 

Sacks et al, 1996) have shown that cholesterol lowering in patients with established 

CHD reduces total morbidity and mortality. In the ATP III report, the NCEP updated 

existing recommendations for the clinical management of high blood cholesterol. ATP II 

had earlier affirmed the importance of intensive management of LDL-C in persons with 

established CHD, and set a new lower LDL-C goal of < 2.6mmol/L for these patients. 

(Expert panel, 2001). Most patients with CHD will need LDL-lowering drug therapy. 

1.2.3 Therapy 

The major aim of treatment of hypercholesterolaemia is to reduce the atherosclerotic 

process and the incidence of clinical vascular disease. Studies have been carried out that 

show that dietary and drug treatment interventions for cholesterol reduction can reduce 

the risk of CHD and cause regression of existing atherosclerotic lesions. (Holme 1990, 

Brown et al, 1990).



1.2.4 Diet 

Dietary intervention is usually the first choice of therapy considered. Diet is considered 

the cornerstone for most forms of hyperlipidemias. Diets high in saturated fats, 

cholesterol and excessive caloric intake all can result in high cholesterol levels and 

increase the risk of CHD, The NCEP ATP II have a recommended dietary approach 

(Therapeutic Lifestyle Changes Diet TLC), and these diets have the goal of reducing 

total fat intake to less than 30% of calories, reducing saturated fat intake while 

increasing polysaturated and monosaturated fats, reducing cholesterol consumption, and 

keeping daily caloric intake at levels required to reach and maintain ideal weight, and 

also to provide carbohydrate and protein at appropriate ratios for a balanced diet. (Table 

1.1) Patients who require dietary treatment are usually given dietary counseling to 

enable them maintain the diet plan, as this requires them to change how they and their 

families prepare and eat food. Increased consumption of fruits and vegetables is 

encouraged. Patients however have to be compliant with their diets. Dietary 

interventions should be given at least a 3- 6-month trial period before determining the 

effectiveness of cholesterol lowering. Drug therapy is initiated if an adequate trial of diet 

therapy does not achieve the required therapeutic goal. Diet alone can reduce cholesterol 

levels by 5% (Langford & Kendall, 2001), therefore the majority of patients will need 

drug therapy usually with a statin.



Table 1.2: Nutrient composition of the TLC diet (taken from the NCEP executive 
summary, 2001 

  

Nutrient Recommended Intake 

  

Saturated fat 

Polyunsaturated fat 

Monounsaturated fat 

Total fat 

Carbohydrate 

Fiber 

Protein 

Cholesterol 

Total calories 

1.2.5 Drug therapy 

NCEP recognizes 

hypercholesterolaemia: 

e Nicotinic acid (niacin) 

<7% of total calories 

Up to 10% of total calories 

Up to 20% of total calories 

25-35% of total calories 

50-60% of total calories 

20-30g/d 

Approximately 15% of total calories 

<200mg/d 

Balance energy intake and expenditure to 

maintain desirable body weight/prevent 
weight gain 

classes of drugs for the treatment of 

Bile acid sequesterants, e.g. cholestyramine 

Fibric acid derivatives, e.g. gemfibrozil, 

HMG-CoA reductase inhibitors, and



e Estrogen replacement therapy, although this last option is not popular at all. 

All these classes of drugs have been shown to reduce cholesterol levels by various 

percentages in clinical trials (Committee of principal investigators-WHO 1978, Frick, 

1987; Lipid research clinics program, 1984). The bile acid sequesterants 

(cholestyramine) and nicotinic acid (niacin) are not as popular due to lack of or reduced 

compliance caused by adverse reactions. The fibric acid derivatives are more effective in 

lowering triglyceride (TG) levels and are not as effective as the statins in lowering LDL- 

C levels. Of all these pharmacological agents that have been used for cholesterol 

reduction, the statins have been shown to be the most effective drugs for the treatment of 

primary hypercholesterolaemia and their use has grown at a fast pace over the last 

decade, mainly because their marked effectiveness has been difficult to resist. 

1.3 Statins 

The first statin (lovastatin) was introduced in 1987 for cholesterol reduction and since 

then the statins have been shown to be more effective in reduction of LDL-C levels 

significantly more than other agents used. Studies using statins have significantly 

reduced the incidence of myocardial infarction (MI) and death from cardiovascular 

causes in men with moderate hypercholesterolaemia and no history of MI (Shepherd et 

al, 1995), and significantly reduced all-cause mortality especially from CHD in men and 

women with hypercholesterolaemia and angina pectoris (AP) or previous MI (4S, 1994). 
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The mechanism of action of the statins is by inhibiting the enzyme HMG-Co A 

reductase, which prevents the formation of mevalonate, the rate-limiting step in 

cholesterol synthesis. This inhibition leads to a reduction of plasma level of cholesterol, 

which in turn causes an up regulation in LDL-cholesterol receptors, and hence a 

clearance of cholesterol from the plasma. This inhibition of HMG-CoA reductase by 

statins has become the most common pharmacological method of cholesterol reduction 

in both the United States and Europe due to the excellent tolerability, efficacy, and 

safety (Stein et al, 1997). 

Figure 1.1 Cholesterol synthesis and inhibitory action of HMG-CoA reductase 

inhibitors. 
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Members of this class of drugs include lovastatin, pravastatin, simvastatin, fluvastatin, 

atorvastatin, and cerivastatin. Among these statins, lovastatin, simvastatin and 

pravastatin are compounds of microbial origin and therefore enantiomerically pure. 

Lovastatin and simvastatin are prodrugs and are metabolized in vivo to their active 

forms. Fluvastatin, atorvastatin and cerivastatin are all synthetic agents. Fluvastatin, 

which was the first synthetic statin, is a racemic compound. Fluvastatin, pravastatin and 

atorvastatin are all active in their open ring forms. These five statins are therapeutically 

used in a dose range between 10 and 80mg per day. Cerivastatin is the newest member 

of this group of agents, and as a sodium salt, is present in the active, open ring form. 

Cerivastatin was approved for marketing in 1997. 

The statins are absorbed after oral administration, ranging from between 30% 

(lovastatin) and 98% (cerivastatin and fluvastatin). Food generally does not affect drug 

absorption, but for lovastatin (increases absorption) and pravastatin (decreases 

absorption). The plasma half-lives range between 1.1 hours to 30 hours. All are 

lipophilic except for pravastatin and fluvastatin, which are hydrophilic. Excretion is 

through hepatic cytochrome P450 enzymes, CYP3A4 for all except pravastatin 

(sulfation), and fluvastatin (CYP2C9). Cerivastatin has a dual excretion pathway, 

CYP3A4 and CYP2C8.



1.3.1 Efficacy 

Research on cholesterol lowering has been going on for more than a decade now. Data 

from clinical trials (4S 1994,Shepherd et al, 1995; Sacks et al, 1996) have shown the 

value of statins in attenuating the risk of coronary artery disease. Reductions in low- 

density lipoprotein (LDL) cholesterol levels elicited by the statins have steeply 

decreased coronary event rates in the settings of primary and secondary prevention 

(Jacobson, 2000). This has led to a widespread use of statins. 

Until recently, the statins had been proven through many clinical trials (4S 1994, 

Shepherd et al, 1995; Sacks et al, 1996) to be efficacious, well tolerated and safe. 

Systematic reviews (Ross et al, 1999; LaRosa JC et al, 1999; Kong et al, 1997) have also 

been carried out on statins, which attest to their efficacy and tolerability. The recent 

withdrawal of cerivastatin casts a shadow on the risk profile on the statins as a class. 

1.3.2 Adverse drug reactions 

The statins as with many other pharmacological agents are associated with a number of 

adverse effects. A few of these effects include headaches, gastrointestinal disturbances, 

dyspepsia, sleeping disturbances, myalgia, and central nervous system disturbances 

(Steiner et al, 1991, Hsu et al, 1995). Rare occurrences (<1%) of myopathy (unexplained 

muscle weakness or soreness), occasionally leading to myogolbinemia secondary to 

thabdomyolysis, have been associated with HMG-CoA reductase inhibition (Garnett, 

16



1995). Other adverse events observed are increased serum liver enzymes (aspartate 

transaminase and alanine transaminase) and creatine kinase (CK). 

1.3.3 Drug interactions with statins 

Drug interactions occur when the pharmacokinetics or pharmacodynamics of one drug is 

altered by another. Many drug interactions have been seen in the use of statins, some of 

which are minor and do not affect the activity of the drug. Other more serious 

interactions exist and are usually due to inhibition of cytochrome P450 (CYP) 3A4, the 

main site of biotransformation of most of the statin drugs. Due to differences in statin 

physico-chemical and pharmacokinetic properties however, some important differences 

in their interaction potential are evident (Corsini et al, 1999). Generally statins as a class 

are known to have drug interactions with other lipid-lowering drugs as fibrates and 

nicotinic acid, cyclosporin A, warfarin, macrolides, and antifungal imidazoles, which 

lead to or cause an increase in serum levels of the statin and may lead to skeletal muscle 

toxicity and rhabdomyolysis (Paoletti et al, 2002). 

1.4 Evidence-based medicine (EBM) 

The evidence base for preventing acute coronary syndromes with statin therapy has 

become one of the most formidable of any aspect of clinical medicine over the past 

twenty years (Velasco, 1999). Through advances in pharmaceutical research it has



become evident that the statins are the pharmacological agents of choice in the lowering 

of cholesterol levels as a prevention of coronary heart disease. 

Evidence-based practice involves finding and interpreting the best evidence available to 

answer specific clinical questions and making decisions based on reliable evidence. 

Sackett et al have described evidence-based medicine as “ the conscientious, explicit and 

judicious use of current best evidence in making decisions about the care of individual 

patients”(Sackett et al, 1996). The concept of evidence-based medicine grew from the 

need to apply the evidence derived from clinical trials to everyday practice as an 

approach to clinical problem solving and to improve on patients’ care and treatment. 

Making clinical decisions requires the optimal use of current available resources to 

improve patients’ outcome. Clinicians and all healthcare professionals often encounter 

difficulties in making decisions about diagnosis and treatment of patients and often rely 

on other sources of information. These usually include textbooks, reviews and reports of 

research procedures. These sources may be outdated, or based on personal views, and 

may be biased. Furthermore, there are so many reports being published in biomedical 

journals that it is virtually impossible for the clinician to locate and identify those of 

importance to them and on time too. Moreover, clinical usefulness of many research 

findings in treatment studies is usually limited by their external validity and the 

applicability of outcome measures used in such studies to real-life clinical practice 

(Geddes et al, 1996). Evidence-based practice therefore becomes increasingly important 

as it involves the critical and systematic evaluation/appraisal of available evidence for its



validity and usefulness, the results of which are applied in clinical practice. This results 

in clinicians having the best available evidence to base their decision-making concerning 

their patients and their medications on. 

1.4.1 Advantages and disadvantages of Evidence-based medicine 

Evidence-based medicine (EBM) is very advantageous because it provides interventions 

that are backed by the most up to date evidence, ensuring that patients receive optimum 

treatment. EBM is a tool of self-learning that helps practitioners keep up to date with 

current practices and information throughout their career. EBM is also used by decision 

makers to make better use of limited medical resources through the systematic 

evaluation of clinical effectiveness and cost-effectiveness. 

EBM is disadvantageous because it requires a lot of substantial investment of time and 

effort to acquire the necessary skills needed for EBM and evidence. 

1.4.2 Limitations of EBM 

EBM so far still depends largely on results of clinical trials, which unfortunately leave a 

lot to be desired such as better quality trials that include a greater number of patients and 

improved reporting of trials outcomes. High quality trials have yet to be undertaken, and 

only interventions that are common, or those that require a treatment or intervention that 
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has a commercial application are usually undertaken cause clinical trials are expensive 

and non-commercial research funds are scarce. 

Evidence-based medicine comprises mainly of systematic reviews/meta-analysis, 

economic analysis, risk-benefit assessments, and decision analysis. 

1.4.3 Systematic reviews 

A systematic review or overview is a method used to summarize research evidence. 

Systematic reviews are usually carried out when there is a clinical/therapeutic question 

that needs to be answered e.g. why was cerivastatin therapy resulting in rhabdomyolysis 

in a number of patients when it was proven from clinical trials to be relatively safe? The 

objective of a systematic review is to evaluate studies that address the question of 

interest comprehensively and systematically. 

A systematic review is carried out in a number of steps: 

1. There has to be a definite/appropriate therapeutic question. The objectives of the 

review have to be clearly defined. Outcomes have to be valid and appropriate. 

2. Literature search: all relevant literature is carefully searched for all studies 

carried out on the intervention, or topic under investigation. 

3. Assessment of eligibility of studies for inclusion, study quality and reported 

findings. Here the assessment usually involves two researchers. 

4. Analyzing the data: the findings from all the studies that have met with the 

inclusion criteria have to be aggregated to produce a result. Sometimes this 
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analysis is qualitative but is usually quantitative. Quantitative assessment of the 

data is carried out by meta-analysis. 

5. Interpreting the results: the evidence should be summarized and discussed clearly 

to put the results in context. Any uncertainty around any quantitative estimates of 

effects should be pointed out. 

A systematic review may allow estimation of efficacy of treatment, side effects of a 

treatment and comparison of treatments 

1.4.4 Meta-analysis 

A meta-analysis is a statistical technique for systematically combining the findings from 

independent studies, and is most often used to assess the clinical effectiveness of 

healthcare interventions, by combining data from two or more randomized control trials. 

Its validity depends on the quality of the systematic review on which it is based (Davies, 

Crombie, 2001). 

A good meta-analysis aims for complete coverage of all relevant studies, looks for the 

presence of heterogeneity, and explores the robustness of the main findings using 

sensitivity analysis (Davies, Crombie, 2001). 

Outcome conversions are used in a meta-analysis because outcomes in original studies 

are often diverse and so have to be converted into a common index to be integratable. 

Two types of data index can be used normally: (i) continuous data e.g. mean difference 
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(Clare et al, 1993), effect size (Hedges, 1981) and (ii) binary or dichotomous data e.g. 

odds ratio, rate ratio or rate difference (Zhang, 1994). Rate difference is the outcome 

conversion to be used in this review. 

-Rate/risk difference 

Here the difference in the event rates between the treatment and control/placebo groups 

is the parameter of interest. 

Risk is a word that is fundamental to evidence-based medicine. Risk is the chance, or 

probability of having a specific event, and can be of a good or bad event. The risk of an 

event can be expressed by dividing the number with the event by the total number of 

people, e.g. of 120 men taking a statin for the treatment of hypercholesterolemia, 20 had 

myalgia after 8 weeks. The risk of developing myalgia was 20/120=0.2 approximately. 

Assuming 80 patients were taking placebo and 3 of them developed myalgia, then the 

tisk of developing myalgia in the control group will be 3/80=0.04 approximately. 

Risk difference is the risk in the treated (experimental) group minus the risk in the 

control/placebo group. 

RD=Ri-Ro 

Where 

e RD represents the risk or rate difference 

e Ri represents the risk or rate in the experimental group, and 

e Ro represents the risk or rate in the placebo/control group. 
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RD =0.2 - 0.04 

RD =0.16 

If the risk difference is 0, then the experimental intervention has an identical effect as 

the control, if greater than 0, it increases the risk, and if less than 0, it reduces the risk of 

the event. Risk difference provides an estimate of excess risk on an absolute scale, i.e. 

the number of additional cases expected per so many exposures. 

Confidence intervals (95%) associated with estimates of a rate difference can be 

calculated as follows: 

CI=RD + 1.96 SE (RD), where 

CI = confidence interval 

RD = risk difference 

SE = standard error 

1.4.5 Economic analysis 

Economic analysis seeks to identify and to make explicit one set of criteria that may be 

useful in deciding among different uses for scarce resources. Economic evaluation has 

been defined (Drummond et al, 1997) as the comparative analysis of alternate courses of 

action in terms of both their costs and consequences. An economic evaluation aims to 

identify, measure, value and compare the costs and consequences of the alternatives 

being considered, and thus economic evaluations are always comparative in nature. 
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Four major analytical techniques are commonly used for pharmacoeconomic assessment 

of healthcare interventions: cost-minimization analysis, cost-effectiveness analysis, cost- 

utility analysis and cost-benefit analysis (Freund & Dittus, 1992). These four techniques 

all consider cost in the same way and have one basic key difference: how the 

consequences are measured and valued. 

-Cost-minimization analysis (CMA) 

Cost-minimization analysis assumes that the two treatments being compared have 

similar levels of effectiveness and thus the efficiency evaluation is then essentially a 

search for the least cost alternative. 

-Cost-effectiveness analysis (CEA) 

CEA is one of the techniques of economic evaluation designed to compare the costs and 

benefits of a healthcare intervention to assess whether it is worth doing (Phillips, 

Thompson, 2001). The aim of CEA is to maximize the level of benefits i.e. health 

effects, relative to the resources available. CEA measures consequences on a single 

scale, e.g. the number of life years gained where life saving interventions are considered. 

In the economic evaluation of cardiovascular disease interventions, a specific form of 

cost-effectiveness analysis- cost per year of life saved (YOLS) is the most commonly 

used. 
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-Cost utility analysis 

Utility refers to the value or worth of a specific level of health status. Analyses that 

employ utilities as a measure of the value of programme effects are termed cost utility 

analyses (CUA). CUA is a type of CEA where the consequences are measured as quality 

adjusted life years (QALY). Results of CUA are expressed in terms of cost per QALY 

gained by undertaking one programme instead of another. 

-Cost benefit analysis (CBA) 

CBA measures both the costs and consequence in money terms. CBA measures all 

consequences in monetary units using contingent valuation or willingness to pay 

methods (Drummond et al, 1997), The method is useful when there are a wide range of 

diverse outcomes associated with the treatments being evaluated. Results are expressed 

in terms of whether the monetary value of benefits outweighs the costs. 

1.4.6 Risk-benefit assessments 

Risk-benefit assessments (RBA) measure the risks and benefits of different therapeutic 

interventions with a view to determine whether the benefits of the intervention are more 

than the risks associated with the intervention and vice versa. In effect risk-benefit 

assessments compare the efficacy of a given intervention with its adverse events profile. 

Medical practitioners are used to making risk/benefit comparisons of some sort prior to 
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prescribing any medication, because all pharmacological interventions have some risks 

associated with their use, and to be able to do this the practitioner /prescriber must have 

easy access to the data. On a larger scale, RBAs are conducted in systematic reviews for 

the purpose of keeping the medical practitioners and clinicians up to date with the risk- 

benefit profiles of the different medications they prescribe on daily basis. 

Collecting evidence of efficacy and adverse effects of the given intervention is of major 

importance. It is easy enough to obtain the efficacy data of a drug, as this is clearly 

reported in clinical trials carried out on the drug. Clinical trials are carried out primarily 

to determine/prove the efficacy of the given drug under investigation as well as the 

adverse event profile. However, as clinical trials are expensive to run, and are also run 

for a limited time-frame, adverse events are either not detected or the trial period is too 

short to determine the seriousness of those reported, or the number of patients involved 

in the trials is limited. So in carrying out a risk-benefit assessment of a given 

intervention, relying on the results of clinical trials alone for adverse events data will not 

yield enough data for the study. 

The majority of adverse event records of drugs are usually obtained from post- 

marketing surveillance. Herein lies the importance of post-marketing surveillance. Most 

potentially dangerous adverse events profiles of drugs are detected by this surveillance 

system as can be seen for example in the case of cerivastatin. It is important then that 

health care professionals have easy and up to date access to such adverse drug reaction 

reports. 
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Post-marketing surveillance of marketed medications is achieved primarily through 

MedWatch, the FDA’s safety information and adverse-event reporting programme. 

MedWatch was introduced in 1993 (Kessler, 1993) by the FDA to encourage health care 

professionals to report any serious adverse effects suspected to be related to drug 

therapy. Other sources of data of adverse drug reactions are observational studies such 

as case studies, cohort studies and case reports. 

This study is an evidence-based assessment of cerivastatin with respect to its ability to 

cause rhabdomyolysis more than the other drugs in its class. 

1.5 Cerivastatin and rhabdomyolysis 

1.5.1 Cerivastatin 

  

CH, CH, 

Cerivastatin Sodium 

Figure 1.2. Structure of Cerivastatin sodium. 
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Cerivastatin is an entirely synthetic and enantiomerically pure pyridine derivative. 

Unlike the other statins that are therapeutically active in milligram doses, cerivastatin 

has been shown to be active in microgram doses (Stein et al, 1997). Its inhibitory 

activity is 100 times that of lovastatin and is stereospecific since only the (+)-enantiomer 

will inhibit the enzyme HMG-CoA reductase (Bischoff et al, 1997). The Food and Drug 

Administration (FDA) approved Cerivastatin for marketing in 1997. 

Cerivastatin has been shown to have a variety of pharmacodynamic effects in animals 

and in vitro studies. Preclinical studies carried out in animals in vitro have shown that 

cerivastatin has a high affinity for HMG-CoA reductase, and that it inhibits hepatic 

cholesterol synthesis at concentrations approximately 100 times lower than those 

required by lovastatin (Bischoff et al, 1997). The demethylated (M1) and hydroxylated 

(M23) metabolites of cerivastatin were found to possess inhibitory activity similar to the 

parent compound. 

Continuing research showed that the antihyperlipidemic activity of cerivastatin is not 

entirely due to its inhibition of HMG-CoA reductase. A preliminary report from an in 

vitro study showed cerivastatin-mediated reduction of monocyte adhesion to vascular 

endothelium (a critical step in the development of atherosclerosis) (Yoshida et al, 1999). 

Cerivastatin, lovastatin and simvastatin increased the fibrinolytic potential of human 

umbilical vein smooth muscle cells in vitro by increasing their production of tissue 

plasminogen activator inhibitor-1(Wiesbauer et al, 2000). 
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Cerivastatin has been shown to improve endothelial functions in individuals who have 

impaired endothelium-dependent vasodilation. This impairment is important in the 

pathogenesis of atherosclerosis and acute coronary syndromes in patients with 

hypercholesterolemia. In a double-blind study, (John et al, 2000), 35 patients were 

randomized to treatment with cerivastatin 0.4mg/day or placebo, and endothelium- 

dependent increases in forearm blood flow were markedly and statistically significantly 

greater in patients receiving cerivastatin than placebo. 

Cerivastatin undergoes almost complete GI absorption after oral administration, 

undergoes moderate first-pass metabolism and has a high hepatic selectivity. 

Cerivastatin has an absolute bioavailability of 60%; more than 80% of an administered 

dose is absorbed within 6 hours, with an absorption half-life of 1-2hours. Its maximum 

plasma concentration is attained after 2-3 hours, and is highly bound to plasma proteins 

(©99%), predominantly to albumin but also to alphal-acid glycoprotein, and has a 

volume of distribution of approximately 0.3L/kg at steady state (Plosker et al, 2000). 

Cerivastatin exhibits linear pharmacokinetics. 

Metabolism of cerivastatin occurs in a two way process; benzylic methyl ether 

demethylation, yielding metabolite M1, and stereoselective hydroxylation of a methyl 

group yielding metabolite M23. Cerivastatin has been shown to have a dual metabolic 

pathway, utilizing the isoenzymes P450 (CYP) 2C8 and 3A4 (Muck, 1998), to yield 

active metabolites which contribute 20-25% of the total activity of each dose of the 

drug, and this dual metabolic pathway is thought to be part of the reason for the drug’s 

29



desirable tolerability and safety profile. Plasma elimination half-life after oral 

administration is 2-3 hours. Approximately 70% of each dose of cerivastatin is excreted 

in faeces. Intact cerivastatin accounts for less than 2% of the originally administered 

dose. Cerivastatin has no enzyme inhibitory or inducing activity. The pharmacokinetic 

characteristics of cerivastatin are not affected by advanced age, gender, or ethnicity. 

(Plosker et al, 2000). 

The safety, tolerability and pharmacokinetics of cerivastatin were studied in 48 young 

and elderly male volunteers in a randomized, double-blind, placebo-controlled study 

(Mazzu et al, 1997). The results indicated that age did not affect the pharmacokinetics of 

cerivastatin in male subjects. 

In a randomized, double-blind, placebo- controlled trial, cerivastatin was studied in 49 

healthy volunteers who were randomized into treatment groups as age-matched, male- 

female pairs. The pharmacokinetics of cerivastatin were predictable and similar in males 

and females (Stein et al, 1997). 

Cerivastatin was withdrawn from the market in August 2001. The withdrawal was due to 

reported cases of drug-induced rhabdomyolysis, which led to the death of a number of 

patients (Tuffs, 2001). 
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1.5.2 Rhabdomyolysis 

Rhabdomyolysis is a clinical and biochemical syndrome that results from injury to the 

sarcolemma of skeletal muscle and the subsequent release of skeletal muscle contents 

into systemic circulation. (Poels & Gabreels, 1993; Dayer-Berenson, 1994). There are a 

large number of causes of rhabdomyolysis, a number occurring in healthy individuals as 

a result of various causes such as excessive exercise, bacterial and viral infections, 

toxins and drugs. Some cases are attributed to hereditary metabolic abnormalities or 

structural abnormalities of the skeletal muscle cell (Poels & Gabreels, 1993). 

Hypothyroidism may predispose one to drug-induced myopathy, which may eventually 

result in rhabdomyolysis (Tomlinson, 2001). 

Clinical presentations include muscular signs and symptoms, which present as pain, 

weakness, and tenderness. Non-specific symptoms include fatigue, fever, tachycardia, 

nausea, and dark red colored urine that results from excretion of myoglobin. Muscle 

components released into the systemic circulation include creatine kinase (CK), 

creatinine, potassium, uric acid, myoglobin, calcium, and phosphate, among others 

(Omar et al, 2001). This results in myogolbinemia and possibly myoglobinuria. 

There are three major complications of rhabdomyolysis; acute renal failure secondary to 

myoglobinuria, cardiac arrest or arrhythmias due to hyperkalemia and hypocalcaemia, 

and compartment syndrome, which results from muscle swelling and subsequent 
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compression of nerves and blood vessels (Poels & Gabreels, 1993). Rhabdomyolysis can 

lead to renal failure and death. 

Diagnosis is made primarily from measurements of serum CK (an enzyme present in 

skeletal muscle). CK is composed of either M- or B- subunits. Each is encoded by a 

unique gene and associate to form three isoenzymic forms: BB, MB and MM. These 

isoenzymes are all found in different tissues in humans: CK-BB is predominantly found 

in brain tissue, CK-MB in heart muscles, and CK-MM in skeletal and heart muscle. CK- 

MM (skeletal and cardiac isoenzymes of CK) is raised in rhabdomyolysis. It is the most 

sensitive indicator of damage to muscles, and measuring serum concentrations can help 

determine both the extent and timing of the damage to muscles (Omar et al, 2001). The 

CK level begins to rise 2-12 hours after muscle injury, peaks in 1-3 days and declines 

within 3-Sdays. Concentration of serum CK is considered significantly elevated when it 

is at least 10 times the upper limit of normal. Estimation of myoglobin in serum and 

urine is also useful in diagnosis, particularly in the early stages. Myoglobin is filtered by 

the kidney and appears in the urine when plasma concentrations exceed 1.5mg/dL (Poels 

et al, 1993), and this gives the urine a dark red brown color. Myoglobin has a short half- 

life and is rapidly cleared by renal excretion and metabolism to bilirubin. Therefore 

serum levels return to normal in about 6-8hours following cessation of muscle injury 

(Larbi et al, 1998). Due to its rapid clearance, absence of myoblobinemia does not 

exclude the diagnosis of rhabdomyolysis. Other biochemical findings include 

hyperkalaemia, increased anion gap, and levels of other muscle enzymes as lactic 

dehydrogenase (LDH), aminotransferase, blood urea nitrogen (BUN), creatinine, 
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carbonic anhydrase II, serum aldolase, uric acid, potassium and phosphorus. 

Concentrations of calcium are initially low but increase as calcium is released from the 

damaged muscle cells. 

The mainstay of treatment here is to essentially correct hypotension, dehydration, and to 

prevent complications such as acute renal failure (ARF), and cardiac arrhythmias. 

Therapy involves removal of causative agents where known e.g. drugs or infection 

(Omar et al, 2001). Large quantities of fluids should be administered to maintain 

adequate hydration and urinary output. Diuretics are given to improve diuresis, thereby 

flushing out blocked renal tubules; mannitol is commonly used for this. Alkalinization 

of the urine may be necessary to prevent myoglobin from dissociating to its nephrotoxic 

metabolites, ferrihemate and globin (Dhawan et al, 1997). In the occurrence of acute 

renal failure, dialysis may be required. Potassium levels should be monitored carefully 

to prevent cardiac complications and may need to be treated. This can be achieved using 

sodium bicarbonate, glucose and insulin. Calcium infusion is not advised as this may 

enhance the deposition of calcium in damaged muscle and lead to further damage 

(Zieger et al, 1990). Rhabdomyolysis has excellent prognosis once discovered in the 

early stages. It is important to correct the hyperkalaemia and renal function early and 

adequately to prevent fatal outcomes. 

Rare cases of rhabdomyolysis have been associated with statin therapy generally, but 

over the last year, were seen more with cerivastatin therapy, either used alone or in 

combination with other drugs. The mechanism by which statins cause myopathy and 

33



thabdomyolysis is not yet known. There are currently two theories that have been 

suggested. The first suggests an alteration in the stability of cell membrane permeability 

of the myocyte as a result of decreased cholesterol synthesis (Jones, 2000). The second 

proposes decreases in mitochondrial concentrations of ubiquinone (a vitamin-like fat- 

soluble nutrient), which facilitates electron transplant, thus causing disturbances in 

cellular energy production and subsequent cell death. (Shetty, 98; Christians, 98, 

Bliznakov, 2002). 

The withdrawal of cerivastatin from the market on August 8, 2001 was as a result of 

several cases of deaths due to rhabdomyolysis as a presumed consequence of high dose 

cerivastatin, especially in combination with another cholesterol lowering drug, 

gemfibrozil (Tuffs, 2001). This withdrawal has further increased the need for better 

surveillance of drugs and medical products especially of adverse events profiles and 

questions the reliability of clinical trials for elucidating the adverse events profile of 

drugs. 

1.6 Objectives 

The present study was undertaken: 

1. To undertake a risk-benefit assessment of the statins with particular emphasis on 

determining whether serious adverse drug events associated with cerivastatin 

could have been predicted from its clinical trials. 
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2. To determine the possible sources of heterogeneity in cost-effectiveness 

estimates in cost-effectiveness studies of the statins. 
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CHAPTER 2 

RISK-BENEFIT ASSESSMENT OF CERIVASTATIN 

2.1 INTRODUCTION 

Since their introduction in the 1980s, the statins have become important agents for the 

prevention of CHD, because of their proven effectiveness in lowering cholesterol levels 

and preventing cardiovascular morbidity and mortality (4S, CARE, WOSCOPS, 

AFCAPS). Until recently, the available evidence suggested that the marketed statins 

exerted their beneficial effects with relatively little toxicity. With the introduction of a 

number of similar drugs, in-use experience suggested that both their benefits and risk 

appeared to be well-defined class-effects. The newer statins were granted marketing 

authorization on the basis of cholesterol-lowering effects rather than on the basis of their 

effects on clinical outcomes. Cerivastatin was introduced in 1997 as the sixth and most 

potent HMG-CoA reductase inhibitor for lowering lipid levels in patients with coronary 

heart disease or those at high risk for CHD. The statin was subsequently withdrawn from 

sale worldwide in August 2001(Weber, 2001), due to several deaths resulting from the 

complications of severe rhabdomyolysis. The withdrawal of cerivastatin raised concerns 

about the safety of the other statins. Staffa, showed that the rate of reporting of fatal 

thabdomyolysis with cerivastatin was many-fold greater than with other statins on the 

United States market (Staffa et al, 2002). Differences in potency, lipophilicity and 
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bioavailability of cerivastatin relative to the others have been suggested as possible 

reasons for the higher incidence of rhabdomyolysis (Davidson, 2002). 

We report on a systematic review of controlled trials of cerivastatin, prior to its 

withdrawal in 2001, to determine whether the evidence available then suggested that it 

was an unusual statin with respect to risk-benefit profile, particularly in relation to 

thabdomyolysis. Observation studies, case reports and commentaries, leading to and 

subsequent to its withdrawal, are also reviewed to identify issues relevant to the risk- 

benefit profiling of cerivastatin. 

2.2 METHODS 

This work was performed according to the QUORUM (Quality of Reporting of Meta- 

analysis) recommendations for improving the quality of meta-analysis of randomized 

controlled trials (Moher et al, 1999) 

2.2.1 LITERATURE SEARCH: 

Retrieval of studies 

Reports of randomized controlled trials of cerivastatin were identified through a 

systematic search of the following: 

(i) Electronic searches of Medline database through the Biomed website. The 
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database was searched from 1983 till October 2001. Other databases 

searched were Ingenta, Idealibrary, and Science direct. 

(ii) Historical searches through the reference list of all retrieved studies, reports, 

and books. 

(iii) Writing to the authors of relevant studies for retrieval. 

(iv) The Cochrane database was searched to identify systematic reviews and 

relevant studies. 

Food and Drug Administration (FDA) website was searched extensively for literature on 

the subject. The websites of organizations (CCOHTA, BCOHTA, NICE) undertaking 

health technology assessments were also searched to obtain any health technology 

assessments carried out on lipid lowering agents. 

All relevant studies were identified using the following subject headings: 

¢ Cerivastatin/statins/HMG-CoA reductase inhibitors 

e Randomized clinical trials/case reports 

e Rhabdomyolysis/myopathy/adverse events 

© Rhabdomyolysis and biochemical features 

e Rhabdomyolysis and statins 

These were then combined to retrieve the relevant papers. The searches were limited to 

studies conducted in human subjects. 
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2.2.2 Selection criteria 

For a study to be included in the systematic review, it had to be a randomized controlled 

trial, but the target population of patients in the trials was unlimited. For pooling of 

results the stated primary outcome of intervention must be reduction of LDL cholesterol, 

with intervention duration of at least 4 weeks with or without a follow up period, and 

data on mortality or morbidity were available. There were no language limitations. No 

age or sex restrictions were applied. Primary outcomes of interest for the meta-analysis 

were increases in enzyme levels- AST and ALT above three times the upper limit of 

normal, CK levels ten times the upper limit of normal, myalgia, back pain, leg pain and 

pain. Abstracts were not included in the study. 

2.2.3 Data extraction 

Data extraction was carried out by myself with cross validation by my supervisor. Data 

extracted from the trials include trial characteristics such as (1) first author’s name, year 

of publication, (2) study design (double-blind, parallel, multicentre), (3) number of 

participants, (4) age range, mean age of patients, number of patients in each treatment 

group, (5) type and dosage of statin drug, (6) length of trial. Also extracted was the 

reported adverse events recorded in the trials (myalgia, back pain, leg pain, pain, 

elevated levels of aspartame transaminases (AST) and alanine transaminases (ALT) 

greater than three times the upper limit of normal (ULN), and creatine kinase CK more 
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that ten times ULN. 

2.2.4 Outcome conversions and statistical analysis 

Differences in the rate of occurrence of adverse events in patients receiving cerivastatin 

relative to placebo or control drug were estimated. Homogeneity of effect was tested 

using Cochran’s Q statistic (Cochran, 1954) at a significant level of 0.1. If no 

heterogeneity was observed, a fixed-effects model (Mantel, 1959) was used; otherwise 

DerSimonian and Laird’s random effects model (DerSimonian, 1986) was used. Risk 

differences were estimated for myalgia, back pain, leg pain, pain, increased CPK levels 

above 10 times ULN, and increases of AST and ALT levels above 3 times ULN. For 

most of the outcomes, the low event rates necessitated the use of exact methods. 

Case-reports and commentaries were assessed qualitatively. 
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2.3 RESULTS 

Figure 2.1: Meta-analysis flow diagram 
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2.3.1 General characteristics of the RCTs 

13 RCTs met the inclusion criteria, out of which 10 were double-blind RCTs (Betteridge 

99, Farnier 98, Hanefeld 99, Insull 2000, Leiter 99, Ose 99, Rubinstein 99, Stein 97, 

Stein 99, Tao 2000), one was a prospective, randomized, open-label, blinded end point 

study (Hunninghake et al, 2001), one a randomized, open-label, parallel-group, optional 

dose-titration study (McPherson et al, 2001), and the last was a long term comparative 

trial (Sasaki et al, 1998). All the trials were undertaken between 1997 and 2001 among 

male and female patients with age ranging from 18 to 80 years (females generally had to 

be postmenopausal or surgically sterilized, or had to use birth control measures 

approved by the investigator). LDL-C levels for inclusion in all the trials ranged from 

>4,13mmol/L to >6.46mmol/L in the trials including patients with severe 

hypercholesterolemia, or >130mg/dl in the presence of definite coronary artery disease 

(CAD), or two or more of the following risk factors: CAD, family history of CAD, 

cigarette smoking, hypertension, low levels of blood HDL-C (<1.5mmol/L), or severe 

obesity. Triglyceride (TG) levels were generally between <3.9mmol/L to <4.5mmol/L, 

but for one trial that was in the range 2.24-5.6mmol/L (Farnier, 1998). 

Characteristics of the RCTs are outlined in Table 2.1. Tables 2.2 and 2.3 show the 

patients demographics. Efficacy results can be found in appendix 5. Number of patient 

withdrawals and deaths are shown in Appendix 6. 

The 13 trials that were included are Betteridge and colleagues (1999), Farnier and 

colleagues (1998), Hanefeld and colleagues (1999), Hunninghake and colleagues (2001), 
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Insull and colleagues (2000), Leiter and colleagues (1999), McPherson and colleagues 

(2001), Ose and colleagues (1999), Rubinstein and colleagues (1999), Sasaki and 

colleagues (1998), Stein and colleagues (1997), Stein and colleagues (1999), and Tao 

and colleagues (2000). 

Betteridge and colleagues (1999) 

The study was of 12 weeks, with an extension period of 88 weeks. Male and female 

patients with uncomplicated primary hypercholesterolemia, aged between 21 and 75 

years were recruited. A total of 63 centers in 12 countries participated in the study. The 

primary outcome of interest was percentage reduction in LDL-C at week 12. There was 

no significant intergroup differences in age, sex, alcohol consumption, smoking or 

duration of family history of hyperlipidemia. At conclusion of week 12, 894 patients 

were valid for efficacy analysis, 153, 146, 156 and 154 on cerivastatin 0.025mg, 

0.05mg, 0.1mg and 0.2mg respectively, 138 on simvastatin 20mg, and 147 on placebo. 

Percentage changes in LDL-C were —2% (placebo), -12.5% (0.025mg), -16.6% 

(0.05mg), -24.7% (0.1mg), -30.6% (0.2mg), -40.3% (simvastatin 20mg) (Appendix 5). 

A total of 172 patients were transferred from placebo to cerivastatin 0.025mg at the end 

of 12 weeks. 

1158 patients were valid for 12-week safety analysis. A total of 175 patients were 

transferred from placebo to cerivastatin 0.025mg at the end of the 12-week period and 

1141 patients were valid for the 52 and 100-week safety analysis. Common adverse 
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events (Table 2.4) (>2.5% of any treatment group over the 12 week, 52 week and 100 

weeks) occurred with a higher incidence for cerivastatin than for placebo. Five deaths 

occurred during the 100 week study: three were due to suspected or confirmed 

concomitant consequences of ischaemic heart disease and two to complications of 

malignancy. None was thought to be related to exposure to study drug. A total of 79 

patients experienced 93 adverse events leading to withdrawal during the study. The 

overall incidence of patients withdrawing because of adverse events was 6.6% for 

cerivastatin and 8.6% for simvastatin. 

Adverse events reported are shown in Tables 2.4 and 2.5. 

Farnier and colleagues (1998) 

The study lasted 16 weeks with an extension phase of 36 weeks. Male and 

postmenopausal or surgically sterilized female patients aged 10-80 years with mixed 

hyperlipidemia were included in the study. Of the 751 patients randomized to double 

blind treatment, 166 received 0.1mg cerivastatin, 171 received 0.2mg cerivastatin, 175 

received 0.3mg cerivastatin, 160 received 1,200mg gemfibrozil, and 79 received 

placebo. Primary efficacy criterion was the change from baseline in measured LDL-C 

after 16 weeks of treatment. A total of 592 patients were eligible for efficacy analysis at 

the end of 16 weeks. LDL-C levels had been decreased in patients valid for efficacy by 

15.1%, 23%, and 24%, with 0.1, 0.2 and 0.3mg cerivastatin, respectively, compared with 

reductions of 7.5% with gemfibrozil and <1% in the placebo group. The significant 

reductions in LDL-C that occurred in the first 16 weeks were sustained in the subsequent



36-week, non-placebo controlled phase. Most common adverse events reported are 

gastrointestinal disturbances (Table 2.4). The incidence of abnormal CPK levels > 3 x 

ULN and abnormal AST and ALT > 2 x ULN were very low over the whole 52 week 

treatment period. Number of patients with CPK levels > 10 x ULN and AST and ALT 

levels above 3 x ULN is shown in Table 2.5. 

Hanefeld and colleagues (1999) 

Male and female (post menopausal or surgically sterilized) patients aged 18-75 years 

with primary hypercholesterolemia were recruited for the study. The trial involved 24 

centers in five European countries. A total of 351 patients were randomized to treatment; 

71 patients to placebo, 140 patients to the 0.3mg cerivastatin dose, and 138 patients to 

the 0.4mg cerivastatin dose. Patients were randomized to cerivastatin 0.3mg, 0.4mg and 

placebo for a total of 8 weeks. Primary outcome of interest was the relative reduction in 

LDL-C at week 8. Both cerivastatin treatment groups showed a marked mean reduction 

in LDL-C concentrations when compared with baseline, and this was maintained until 

the end of the treatment period. Mean decreases in LDL-C concentration of 35.8 + 1.0% 

with 0.4mg, and 32.5+ 1.0% with 0.3mg dose, were highly significant (P< 0.0001) 

compared with placebo (increase of 0.2 + 1.4%). One patient withdrew during treatment 

due to a serious adverse event: deterioration of established concomitant arthritis of the 

left lower limb (0.4mg dose), and this was not considered to be related to the study 

medication. One patient died (0.3mg) 2 days after end of treatment, patient had 
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underlying atherosclerotic disease and the possible relationship to the study drug was 

assessed as ‘remote’. Overall incidence of adverse events was low, with only a few 

occurring in more than 2.5% of patients in any treatment group. Back pain and headache 

were the only adverse events that had a higher incidence with both cerivastatin groups 

than with placebo and where the incidence increased with the higher cerivastatin dose. 

CPK, AST and ALT concentrations revealed no clinically significant changes with 

cerivastatin treatment compared with placebo. (Table 2.5) 

Hunninghake and colleagues (2001) 

Twelve sites in the United States enrolled patients in this study. Men and women aged 

18-80 years with dyslipidemia were enrolled. Women of childbearing age had to use a 

suitable method of contraception approved by the investigator. A total of 215 patients 

were randomized to receive treatment (137 men and 78 women). 108 patients received 

Atorvastatinl0mg and 107 patients received cerivastatin 0.3mg. Patients were 

randomized for a total of six weeks on cerivastatin 0.3mg and atorvastatin 10mg. 

Primary outcome of interest was percentage reduction in LDL-C from baseline to week 

6. Both treatment groups had significant decreases in LDL-C from baseline at week 6, 

with the atorvastatin- induced reduction (37.7%) being significantly greater (<0.0001) 

than that with cerivastatin (30.2%). 

Over the 6-week study period, patients randomized to cerivastatin reported a greater 

number of adverse events than patients randomized to atorvastatin. The proportion of 

patients having adverse events considered to be associated with treatment was 
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significantly greater (p <0.05) for the cerivastatin (14%) than for the atorvastatin (5%) 

groups. In both groups, most adverse events were mild or moderate in nature. 4 patients 

experienced a severe adverse event: two in each group. No patients had AST or ALT 

level greater that 3 x ULN in both treatment groups, 3 patients (2 on cerivastatin and 1 

on atorvastatin) had CPK level of 3 times the ULN. 

Insull and colleagues (2000) 

Ambulatory men or women (not of child-bearing potential) aged 18-75 years with 

documented primary hypercholesterolemia were eligible. The study was conducted at 59 

centers in the USA and Canada. A total of 1170 patients were randomized to double 

blind treatment: 199 to placebo, 195 to cerivastatin 0.4mg, and 776 to cerivastatin 

0.8mg. 1102 (94%) patients completed the 8-week study. This was an 8-week study 

with primary outcome being the change in baseline LDL-C at end of week 8. 

Cerivastatin 0.8mg reduced mean LDL-C by 41.8% from baseline (P <0.0001 versus 

placebo), compared with 35.6% (P < 0.0001 versus placebo) for cerivastatin 0.4mg. 

Near maximum reduction in LDL-C levels was achieved after 4 weeks of treatment with 

both cerivastatin doses. In the total efficacy population, cerivastatin 0.8mg brought more 

patients to NCEP goal than cerivastatin 0.4mg. Both doses were well tolerated with most 

adverse events judged mild in intensity by the study investigators. Adverse events were 

responsible for premature withdrawals of a total of 39 patients: 1.5% in the placebo 

group, 3.1% in the 0.4mg cerivastatin group, and 3.9% in the 0.8mg cerivastatin group 

(Appendix 6). A total of 22 patients had serious adverse events: 1% in the placebo, 2.1% 
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in the 0.4mg dose and 2.1% in the 0.8mgh dose. Incidence of significant transaminase 

and CPK abnormalities was generally similar across treatment groups. 12 patient on 

cerivastatin (both doses) experienced CPK levels > 10 x ULN (Table 2.5). 12 patients in 

both cerivastatin groups had a SGOT level 3 x ULN, and 9 patients had SGPT levels 3 x 

ULN (Table 2.5). 

Leiter and colleagues (1999) 

Three Canadian centers participated in this 32-week study, with extension phase of 72 

weeks. The study included male and female patients aged 18-75 years with documented 

primary hypercholesterolemia. Women were surgically sterile or one year 

postmenopausal. A total of 596 patients were enrolled in the short-term phase, of which 

387 were randomly assigned to study treatment. 260 patients were randomly assigned to 

receive cerivastatin (0.05-0.3mg) and 127 patients received simvastatin (5-40mg) (Table 

2.3). 153 patients participated in the long-term extension phase, of which 94 and 59 

patients received cerivastatin and simvastatin respectively. The primary outcome was 

percentage change in LDL-C from baseline. Both drugs had a marked onset of action 

within the first 2 weeks with further decreases in LDL-C observed up to the end of the 

first 32 weeks of study. Overall, 89% of patients treated to cerivastatin responded to 

treatment (15% drop in LDL-C level), as did 93% of patents on simvastatin. 

A total of 385 patients were included in the safety analysis at week 32. Overall a similar 

percentage of patients experienced adverse events in the two treatment groups during the 
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short-term phase (76% cerivastatin and 73% simvastatin). The most common adverse 

events are reported in Table 2.4. Serious adverse events occurred in only 15 (5.8%) and 

5 (3.9%) patients in the cerivastatin and simvastatin groups respectively during the first 

32 weeks of treatment. Premature withdrawal due to adverse events occurred in 10 

(7.9%) simvastatin-treated patients in the short-term phase compared with 14 (5.4%) of 

those on cerivastatin. Only 9.1% of withdrawals in patients on cerivastatin were 

considered to be due to study treatment while in the simvastatin group 52% of 

withdrawals were attributed to the drug. Incidence of alterations in laboratory 

parameters was similar in the two treatment groups during the first 32 weeks and over 

the entire 104 weeks. Significant increases in CPK, AST and ALT levels were rare in 

both treatment groups (Table 2.5) 

McPherson and colleagues (2001) 

This was a 52-week study. 48 centers in Canada participated in the study. Patients aged 

18-75 years with documented primary hypercholesterolemia who did not respond 

adequately to dietary intervention were enrolled. A total of 654 patients were enrolled at 

the 48 centers. 417 patients out of these were randomized to receive treatment. 209 

received cerivastatin 0.1-0.4mg, and 208 to pravastatin 10-40mg (Table 2.3). The 

primary outcome of interest was percentage LDL-C reduction by more than 20%. 

Efficacy outcome was similar in the 2 groups; with 74.2% of cerivastatin patients and 

74% of pravastatin patients achieving an LDL-C decrease > 20% at endpoint relative to 

baseline. The 2 treatments were deemed equivalent with respect to efficacy. Incidence of 
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treatment-emergent adverse events was similar between both groups (73.6% 

cerivastatin, 74.9% pravastatin). Majority of adverse events included headache, nausea, 

pain etc (Table 2.4). Nine patients in the cerivastatin group experienced serious adverse 

events, none of which were considered related to study medication. 13 in the pravastatin 

group experienced serious adverse events, 2 of which were considered possibly related 

to study medication. 12 patients in the cerivastatin group and 7 patients in the 

pravastatin group withdrew from the study due to an adverse event. Alterations in 

laboratory parameters were similar; 4 patients in each group had a CK level more than 3 

x ULN in both groups, and 2 patients on cerivastatin and one on pravastatin withdrew 

due to elevated CK levels. One patient each in both groups discontinued therapy due to 

myalgia. 

Ose and colleagues (1999) 

Men and women (of non-child bearing potential) aged 18-75 years with documented 

primary hypercholesterolemia were recruited for the study, which took place in 24 

centers in Europe. 492 patients were randomized to treatment. 332 patients were on 

0.4mg dose of cerivastatin, and 162 patients on 0.2mg cerivastatin. The study was a 28- 

week study, and the primary outcome of interest was percentage change in LDL-C from 

baseline at week 24. Maximum treatment effect was observed after 4 weeks of active 

treatment and sustained until week 24. Patients had significantly greater percentage 

decrease in LDL-C in the 0.4mg dose (-38.3+0.7%) than in the 0.2mg dose (- 

31.8+1.0%). Overall incidence on adverse events was 65.5% (217/332) in the 
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cerivastatin 0.4mg group and 60.5% (98/162) in the cerivastatin 0.2mg group. Most 

common adverse events outlined in Table 2.4. Increased CK, AST and ALT plasma 

levels occurred in both the 0.2mg and 0.4mg groups. No patient in either group had CK 

levels greater than 10 x ULN. 2 patients had AST levels > 3x ULN, | patient had ALT 

level greater than 3x ULN in the 0.4mg group. No patients had AST or ALT levels 

greater than 3x ULN in the 0.2mg group. Table 2.5. 

Rubinstein and colleagues (1999) 

This was a 12-week study, and was conducted in 11 medical centers in Israel and South 

Africa, in type II diabetic patients with hypercholesterolemia. Men and women aged 30- 

80 years were enrolled. Eligible patients were randomly assigned to groups to receive 

cerivastatin 0.1mg (107) patients, or 0.3mg (107 patients), or placebo (51 patients) for 

12 weeks. Primary outcome parameter was the percentage reduction in LDL-C at week 

12. At the end of the study, LDL-C concentrations were decreased by 20.2% and 

33.8%in the patients treated with cerivastatin 0.1mg and 0.3mg respectively. There was 

a 15% reduction in LDL-C in 69% and 91% of the cerivastatin 0.1mg and 0.3mg groups, 

respectively. An adverse event of any kind was reported in 45% of the placebo treated 

patients and similar cases in the two treatment groups. Common adverse events that 

occurred included upper respiratory tract infection, and flu-like syndrome (Table 2.4). 

Five patients withdrew from the study due to adverse events: two patients in the placebo 

group, two patients in the cerivastatin 0.1mg group, and one patient in the 0.3mg group. 
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Sasaki and colleagues (1998) 

Male and female patients, aged 20-64 who had severe primary hypercholesterolemia 

(TC = 6.7mmol/L) were enrolled. Seventy-three patients at 12 medical institutions in 

Japan participated in the study. Cerivastatin was administered at a dose of 0.15mg 

(n=33), and 0.3mg (n=40) for the first 12 weeks. Flexible dosing was adopted for the 

next 36-six weeks (extension period). Study duration was 48weeks in all. Primary 

outcome was the percentage reduction in LDL-C. In both groups, serum LDL-C 

decreased significantly at week 4 and remained significantly lower than baseline 

thereafter. Percentage reductions in LDL-C were significantly greater (P=0.002, LDL-C 

33.4% and P=0.03, LDL-C 35.0% respectively) in the 0.3mg group than in the 0.15mg 

group. Adverse events were observed in one patient in each group. Abnormal laboratory 

values were observed in 7 patients in the 0.1Smg group and 9 patients in the 0.3mg 

group (Table 2.5). 

Stein and colleagues (1997) 

Men or women aged 21-65 years with primary poly- and monogenic 

hypercholesterolemia were enrolled in the study. The study was carried out at 13 lipid 

clinics in the U.S. 319 patients were randomized to double-blind treatment, out of which 

308 were included in the efficacy analysis. 89 patients were assigned to 0.lmg 

cerivastatin taken twice daily, 88 patients to 0.2mg taken in the evening with meals, 86 

patients to 0.2mg taken once at bedtime, and 45 patients to placebo. All 319 patients 
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were included in the safety analysis. This was a 4-week study and the primary outcome 

was the percentage change in LDL-C. All three active treatment groups showed 

substantial and highly significant reductions from baseline to endpoint in lipid 

parameters. The percentage change in LDL-C for the two once-daily cerivastatin 0.2mg 

groups was significantly greater than the 0.1mg twice-daily group. Maximum response 

was seen in the third week of therapy. Common treatment-emergent events in all groups 

included headache, rhinitis, and pharyngitis (Table 2.4). Two patients withdrew from the 

study as a result of adverse events. No deaths were recorded. No CK elevation was 

either consistent or associated with clinical symptoms of muscle pain. No SGOT or 

SGPT levels of 3 x ULN was recorded (Table 2.5). 

Stein and colleagues (1999) 

This study was conducted at 2 sites in the United States. Adults, including 

postmenopausal women aged 18-75 years with primary hypercholesterolemia were 

eligible for the study. On the whole, 41 patients were randomized to 0.8mg cerivastatin 

(n=28) or placebo (n=13). This was a 4-week study and the primary outcome was 

percentage change in LDL-C at week 4. LDL-C was reduced by 44.0 + 2.0% in 

cerivastatin-treated patients, compared with an increase of 1.2 + 2.8% in those on 

placebo. A maximum effect was seen by 21 days and LDL-C remained stable at this 

reduced level through to day 28. One adverse event was reported by 18 of 28 patients 

(64%) given 0.8mg cerivastatin and by 7 of 13 patients given placebo. All of the adverse 

events were classified as being mild or moderate in intensity and all but 3 resolved by 
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the end of the study. Elevations in AST and ALT > 3xULN and CK > 10 x ULN were 

not observed in any patients. 

Tao and colleagues (2000) 

This study was conducted in three centers in China. Men and postmenopausal women 

aged 18-75 years with primary hypercholesterolemia were eligible. 470 patients were 

randomized to receive cerivastatin 0.lmg (n=119), 0.2mg (n=117), 0.3mg (n=116) or 

placebo (n=118). This was an 8-week study, with a 16-week extension phase, and the 

primary outcome was the percentage change in LDL-C from baseline to the end of week 

8. Cerivastatin 0.1mg, 0.2mg, and 0.3mg produced a dose-dependent, statistically 

significant decrease in LDL-C, compared with placebo. The most common adverse 

events are shown in Table 2.4. Adverse events were generally mild, transient and not 

treatment limiting. In all, 6 (1.3%) patients withdrew due to treatment-emergent adverse 

events. No patient had a CPK level> 10 x ULN, one patient (0.3mg group) had AST and 

ALT elevations > 3 x ULN (Table 2.5). 
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Patient demographics 

Table 2.2: Mean age of patients in the cerivastatin RCTs 

  

  

  

Trial Age. Cer Cer Cer Cer Cer Cer Cer Cer Sim Ator Pra Gem Placebo 

range (mg) (mg) (mg) (mg) (mg) (mg) (mg) (mg) 
0.025 0.05 O01 015 02 03 04 08 

Betteridge,99 21-75 558 537 539 - 338 - = 35.0 - eS 55.0 

Famier, 98 18-80 - - 53.9 - 53.6 53.8 - - - = = 536 546 

Hanefeld, 99 18-75 - - - - - 5 56 COC = 5 ae 55 

Hunninghake, 18-80 - = - - - 5430 - - - 65 - - : 

2001 

Insull, 2000 18-75. - : e - - - 873 S72 - - aes 55.7 

Leiter, 99 18-75 - - - - - 512 - - 53.7 - us - 

McPherson, 2001 18-75 - - - - - - 5440 - : = 35 & 

Ose, 99 18-75 - - . = $7.7 [= 56.6 - 2 Bs as = 

Rubinstein, 99 30-80 - . 59.6 - - 589 - : = aes 58.8 

Sasaki, 98 20-64 - - - 563 - 553 - + 3 2 ee = 

Stein, 97 18-75 - 9 se : - - - 5450 - - - : 51.0 

Stein, 99 21-65 - - 50.7 - 531 - : - - = eres 53.9 
52.8 

Tao, 2000 18-75 - - S78 - 60.0 593 - - = : ene 60.6 

Cer Cerivastatin, and different doses used in the different trials 
Ato- Atorvastatin 

Pra- Pravastatin 
Sim- Simvastatin 
Gem-Gemfibrozil 
*. Mean age for patients in 0.2mg with dinner, and 0.2mg at bedtime groups respectively age 
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Table 2.3: Number of patients in each dosage group 

  

  

Trial Cer Cer Cer Cer Cer Cer Cer Cer Sim Ator Prav Gem Placebo 
(mg) (mg) (mg) (mg) (mg) (mg) (mg) (mg) 
0.025 0.05 0.1 0.15.2 0.3048 

Betieridge, 99 163 162 «158 168 = - - 134 = - = 161 

Famnier, 98 - - 166 WA 75" - - - - 160 79 

Hanefeld, 99 - - - - - 140 138 - - - - - 1 

Hunninghake, 2001 - - - - - 107 - - - 108 - - 

Insull, 2000 - - - : - - 195 776 - - - - 199 
Leiter, 99 - - - - - 260 - - 127 - - - - 

McPherson, 2001 - - - - - 209 - : - 208 : 

Ose, 99 - - - 162 - 332 - - - : : 

Rubinstein, 99 - - lol - - 106 - - - - - - 45 

Sasaki, 98 - - - 33. 40 - - - - - - 

Stein, 97 - - ce AS 92, - - - - - - - 46 
89 

Stein, 99 - - - - - : - 2S ee - - - 13 

Tao, 2000 : - 19 - 117-116 = - - : : : 118 
  

Cer- Cerivastatin, and different doses used in the different trials 

Ato- Atorvastatin 
Pra- Pravastatin 
Sim- Simvastatin 
Gem-Gemfibrozil 
*. Number of patients in the 0.2mg does taken in the evening and at bedtime respectively 

2.3.2 Adverse event reports 

All the trials attempted to record all adverse reaction observed throughout the trial 

period, and all changes in enzyme levels especially of aspartate transaminase (AST), 

alanine transaminase (ALT), and creatine phosphokinase (CPK), and in some cases 

serum glutamic- oxaloacetic transaminase (SGOT), and serum glutamate pyruvate 

transaminase (SGPT). 

Most frequent adverse events reported in the RCT’s collectively were headache, 

dyspepsia, myalgia, rhinitis, abdominal pain, pharyngitis, diarrhea, angina pectoris, pain, 

back pain, and various others. Summary of these are listed in Table 2.4 
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There were increases in laboratory parameters (AST, ALT, CPK, SGOT, SGPT) in most 

of the trials but these were mostly said to be insignificant, or comparable to placebo, or 

not due to test drug. 

A summary of the changes in enzyme levels and number of patients is recorded in Table 

2.5. 

Table 2.4: Most frequent adverse events reported in the RCTs 

  

  
Study/Trial Pain Others 

Betteridge, 99 Back pain, myalgia AP, dyspepsia, insomnia, rash, 
somnolence, nausea, URTI, 

Farnier, 98 

Hanefeld, 99 

Hunninghake, 2001 

Insull, 2000 

Leiter, 99 

McPherson, 2001 

Ose, 99 

Rubinstein, 99 

Sasaki, 98 

Stein, 97 

Stein, 99 
Tao, 2000 

AP- angina pectoris 

Back pain, myalgia 

Back pain, arthralgia, abdominal 
pain 

  

Myalgia, leg pain, arthralgia, back 
pain, abdominal pain. 

Back pain, myalgia 
Myalgia, pain, abdominal pain, chest 
pain 

Abdominal pain, myalgia. 

Abdominal pain, chest pain. 

Chest pain, arthralgia. 

Back pain, arthralgia. 
Abdominal pain, back pain, chest 

pain. 

URTI- upper respiratory tract infection. 
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headache, constipation, bronchitis, 
flu syndrome. 
Dyspepsia, diarrhea, constipation, 
asthenia, A.P 
Diarrhea, sore throat, leukopenia, 
infection, accidental —_injury, 
headache, Rhinitis, URTI. 
Constipation, diarrhea, dyspepsia, 
flatulence, bloating 

Headache, pharyngitis, __ rhinitis, 
asthenia, accidental injury, diarrhea, 
dyspepsia, rash, sinusitis, flu, nausea, 
flatulence, dizziness 

Headache, —_ nausea, dizziness, 
diarrhea, cystitis, joint disorder, 
dyspepsia, amblyopia. 
Arrhythmia, blurred vision, diarrhea, 
insomnia, joint stiffness, psoriasis, 
sinusitis, skin eruptions, headache, 
lethargy, dysuria, impotence, nausea. 

URTI, flu-like syndrome, rash, 
transient ischaemic attack. 

Flushing, general malaise. 

Rhinitis, headache, pharyngitis, flu 
syndrome, sinusitis, insomnia. 
Headache, pharyngitis, rash. 
Ventricular extrasystoles, dry mouth, 
dizziness, | cough, —_ pharyngitis, 
Rhinitis, urinary tract infection, 

palpitations, hyperglycemia, 

hypaesthia, insomnia, neoplasm.
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2.4 Meta-analysis 

2.4.1 Elevation of ALT 3x > ULN 

Cerivastatin versus placebo 

Cerivastatin was compared to placebo in seven randomized controlled trials (Betteridge 

99, Farnier 98, Hanefeld 99, Insull 2000, Rubinstein 99, Stein 99, and Tao 2000). The 

frequencies of ALT elevations are shown in Table 2.6. There were generally few cases 

of elevations of ALT. The rates were homogeneously low (Q statistic 8.04; p = 0.24) 

and there was no statistically significant difference in the rates of ALT elevation 

between the placebo and cerivastatin groups (Chi squared test; 0.83; p = 0.36) with a 

pooled estimate of difference of 0.0022 (95%= -0.0025-0.0069). The results are 

illustrated in Figure 2.2 

Table 2.6: Number of patients reporting ALT/SGPT elevations 3xULN: test vs. 

  

  

placebo 

Trial cerivastatin NALT/SGPT nplacebo NALT/SGPT 

Betteridge 99 649 3 161 0 

Farnier 98 512 0 79 0 

Hanefeld 98 278 0 val 0 

Insull 2000 971 9 199 0 

Rubinstein 99 214 0 51 0 

Stein 99 28 0 13 0 

Tao 2000 352 1 118 0 
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Table 2.7: Risk difference meta-analysis: cerivastatin vs placebo 

  

  

Stratum Risk difference 95% Cl (Miettinen) M-H Weight 

1 0.004622 -0.018731 0.01351 141052.347265 Betteridge 99 
Z 0 -0.046446 0.00746 12573.114737 Farnier 98 
ae -0.005275 -0.022755 0.012204 12573.114737 [Haldane approx.] 
3 0 -0.051468 0.013668  9785.438591 Hanefeld 98 
oS -0.005152 -0.024966 0.014661 9785.438591 [Haldane approx.] 
4 0.009269 -0.009715 0.017526 105740.195311 Insull 2000 
5 0 -0.070293 0.0177 5156.6393 Rubinstein 99 
=5 -0.00729 -0.034584 0.020004 5156.6393 [Haldane approx.] 
6 0 -0.232472 0.123288  328.494356 Stein 99 

*6 -0.018473 -0.126612 0.089667  328.494356 [Haldane approx.] 
vA 0.002841 -0.028776 0.015938 124257.002849 Tao 2000 

  

Figure 2.2: Meta-analysis of the rates of difference of ALT elevations observed in 

randomized controlled trials of cerivastatin versus placebo. 

Risk difference meta-analysis plot (fixed effects) 

Betteridge 99 ot 

Famier 98 

  
  

Hanefeld 98 —_t 

Insull 2000 +a 

Rubinstein 99 oe 

Stein 99 

Tao 2000 

0130 022 014 0106 0 0.02 010 ore 
MH pooled risk difference = 0.002181 (95% Cl = -0.002507 to 0.006869) 

  

Favours placebo favours cerivastatin 
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Cerivastatin versus active comparator 

Active comparators for cerivastatin in randomized controlled trials have included 

simvastatin (Betteridge 1999 and Leiter 1999), pravastatin (McPherson, 2001), 

atorvastatin (Hunninghake 2001,) and gemfibrozil (Farnier 98). The incidence of ALT 

elevations greater than three times the upper limit of normal (> 3x ULN) was low in all 

the published trials and the frequencies were too low for robust comparisons (Table 

2.8) 

Table 2.8: Number of patients reporting ALT/SGPT elevations 3xULN: test vs. 

  

  

comparator 

Trial neerivastatin NALT/SGPT Comparator ncomparator NALT/SGPT 

Betteridge 99 649 3 Simvastatin 154 

Farnier 98 512 0 Gemfibrozil 160 0 

Hunninghake 107 0 Atorvastatin 108 
2001 
Leiter 99 260 3 Simvastatin 127 1 

McPherson 2001 209 0 Pravastatin 208 0 

Ose 99 332 1 Cerivastatin 162 0 

Sasaki 98 40 1 Cerivastatin 33 2 

Stein 97 174 0 Cerivastatin 45 0 
  

Ose 99 cerivastatin 0.2mg vs. 0.4mg 
Sasaki 98 cerivastatin 0.15mg vs. 0.3mg 
Stein 97 cerivastatin 0.1mg vs. 0.2mg 

Simvastatin was compared to cerivastatin in two trials. There was no significant 

heterogeneity in the results of the two trials (Q statistic 0.024; p = 0.88) and the fixed 
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effect model estimate of the difference in the rates of ALT elevation showed no 

difference for the two statins (Chi-Squared statistic 0.90; p = 0.343). The pooled 

estimate of rate of ALT elevation (3x > ULN) was 0.0042 (95%CI= -0.0045-0.013). 

This is shown graphically in Figure 2.3. 

Table 2.9: Cerivastatin versus simvastatin: risk difference meta-analysis 

  

Stratum Risk difference 95% CI (Miettinen) M-H Weight 
1 0.004622 -0.019767 0.01351 141052.347265 stratum] Betteridge 

2 0.003664 -0.032425 0.026869 9489.595432 stratum 2 Leiter 

  

Figure 2.3: Meta-analysis of the difference in the rates of ALT elevation in 

randomized controlled trials comparing cerivastatin with simvastatin. 

Risk difference meta-analysis plot (fixed effects) 

stratum 1 

stratum 2   

    T T 1 
-0.040 0.015 0 0.010 0.035 

MH pooled risk difference = 0.004233 (95% Cl = -0,004516 to 0.012982) 

  

Favours comparator favours cerivastatin



Cerivastatin dose effect 

There was no significant difference in the rate of ALT elevation in the trials comparing 

different doses of cerivastatin (Table 2.8). 

2.4.2 Myalgia 

Cerivastatin versus placebo 

The frequencies of occurrence of myalgia in the trials comparing cerivastatin with 

placebo are shown in Table 2.10. The cases of myalgia were few, and the rates were 

homogeneously low (Q statistic 6.62; p=0.36). There was no statistically significant 

difference between the placebo and cerivastatin groups (Chi squared test =0.16; 

p=0.68) with a pooled estimate of difference of 0.002023 (95% CI= -0.011818 to 

0.007772). The results are illustrated in Figure 2.4. 

Table 2.10: Number of patients reporting myalgia: test vs. placebo 

  

  

Trial n cerivastatin N myalgia n placebo N myalgia 

Betteridge 99 780 12 192 2 

Farnier 98 512 3 719 0 

Hanefeld 98 278 0 7 0 

Insull 2000 971 26 199 7 

Rubinstein 99 214 0 51 0 

Stein 99 28 0 13 0 

Tao 2000 352 0 118 0 
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Table 2.11: Rate differences observed with cerivastatin and placebo 

  

Stratum _ Risk difference 95% Cl (Miettinen M-H Weight 
ih 0.004968 -0.022389 0.019058 13678.2526 Betteridge 99 
2 0.005859 -0.040624 0.017098  —87896.351015 _‘Farnier 98 
3 0 -0.051524 0.021209 8981.317583 Hanefeld 98 

33 0.0042 -0.024832 0.01653 8981.317583 [Haldane approx.] 
4 -0.0084 -0.044977 0.013558 — 5066.286126 Insull 2000 
5 0 -0.070293 0.0177 5156.6393 Rubinstein 99 

#5 -0.0073 0.020004 — 5156.6393 [Haldane approx.] 
6 0 0.123288 — 328.494356 Stein 99 
*6 -0.018 0.089667 — 328.494356 [Haldane approx.] 
7 0 0.010818 — 25531.857474 Tao 2000 
+7 -0.0028 0.009481 25531.857474 — [Haldane approx.] 

  

  

Figure 2.4: Meta-analysis of the difference in the rates of myalgia in randomized 

controlled trials comparing cerivastatin with placebo 

Risk difference meta-analysis plot (fixed effects) 

Betteridge 99 =a 

Famier 98 an 

Hanefeld 98 

Insull 2000 == 

Rubinstein 99 ———— 

Stein 99   
Tao 2000 

  T T 
-0.30 0122 014 -006 0 0.02 0.10 0.18 

MH pooled risk difference = -0.002023 (95% Cl = -0.011818 to 0.007772) 

  

Favours placebo favours cerivastatin 
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Cerivastatin versus active comparators 

The observed frequencies of myalgia occurrence are shown in Table 2.12. Estimations 

of the rates show little difference between the rates observed with cerivastatin and the 

comparators (Table 2.12). Because of the heterogeneity of the results, there were no 

pooled values for Q statistic and Chi Square. The pooled estimate of risk difference 

was 0.0876 (95% CI = -0.02235 to 0.00283). The results are illustrated in Figure 2.5. 

Table 2.12: Number of patients reporting myalgia: test vs. comparator 

  

  

Trial ncerivastatin N myalgia Comparator ncomparator N myalgia 

Betteridge 99 780 12 Simvastatin 186 5 

Farnier 98 512 2 Gemfibrozil 160 i 

Hunninghake 2001 107 0 Atorvastatin 108 0 

Leiter 99 260 8 Simvastatin 127 8 

McPherson 2001 209 1 Pravastatin 208 1 

Ose 99 332 1 Cerivastatin 162 0 

Sasaki 97 40 0 Cerivastatin 33 0 

Stein 97 174 0 Cerivastatin 45 0 
  

Table 2.13: Rate differences observed between cerivastatin and active 

  

comparators 

Stratum Risk difference 95% CI (Miettinen) M-H Weight 
1 -0.011497 -0.046631 0.007597 6247.62943 Simvastatin-Betteridge 99 

2 -0.000391 -0.028941 0.012156 19922.145869  Gemfibrozil- Farnier 98 
3 0 -0.034502 0.034814 11826.001195  Atorvastatin-Hunninghake 
#3 0.000042 -0.017981 0.018066 11826.001195 [Haldane approx.] 
4 -0.032223 -0.091053 0.009479 1725.748527 Simvastatin- Leiter 99 
5 -0.000023 -0.022371 _ 0.022227 21840.502421 __ Pravastatin- McPherson 
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Figure 2.5: Meta-analysis of the difference in the rates of myalgia in randomized 

controlled trials comparing cerivastatin with active comparators 

Risk difference meta-analysis plot (fixed effects) 

  

  

Simvastatin ‘= 

Gemfibrozil ~——|4{g-— 

Atorvastatin ——_Il_- 

Simvastatin * 

noe. —_ig—   
011 -0106 001 0 0.04 

MH pooled risk difference = -0.00876 (95% Ci = -0.02035 to 0.00283) 

    

  

Favours comparator favours cerivastatin 

2.4.3 CPK elevation 

Cerivastatin versus active comparator 

The observed rates of elevation of CPK are shown in Table 2.14 
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Table 2.14: Observed number of patients reporting elevation of CPK 

  

Trial n cerivastatin NCPK Comparator _n comparator N CPK 
Betteridge 99 649 Simvastatin 154 

Farnier 98 512 Gemfibrozil 160 
Hunninghake 107 Atorvastatin 108 
Leiter 99 260 Simvastatin 127 
McPherson 209 Pravastatin 208 N

N
O
O
N
 

m
e
o
o
o
c
o
 

  

Estimation of the rates show no difference between the rates observed with cerivastatin 

and the comparators as a group (as shown in Table 2.15). The rates were 

homogeneously low (Q statistic ("non-combinability" for risk difference) = 2.137741 

(df = 4) p = 0.7104). The pooled estimate (Greenland-Robins) of risk difference was 

0.002597 (Approximate 95% CI= -0.00245 to 0.007643), with no statistically 

significant difference in the rates of CPK elevation between cerivastatin and the 

comparators (Chi-square for pooled risk difference = 1.017129, df1, p=0.3132). 

Table 2.15: Rate differences observed with cerivastatin and the comparators 

  

  

Stratum Risk difference _95% CI (Miettinen) M-H Weight 
1 0.003082 -0.0213 0.011174  211251.506182 _Betteridge 99 
2 0 -0.02348 0.007458 47331.581708 —- Farnier 98 
#2 0.002131 -0.01114 0.006878 = 47331.581708 —_ [Haldane approx.] 
3 0 -0.034502 0.034814 —-11826.001195 — Hunninghake 2001 
m2 0.000042 0.017981 0.018066 11826.001195 — [Haldane approx.] 
4 0.007692 -0.021817 0.027648 — 34062.015504 Leiter 99 
5 0.004762 -0.018016 0.029949 —_ 14630.336022 McPherson 2001 
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Figure 2.6: Meta-analysis of the difference in the rates of CPK elevation in 

randomized controlled trials comparing cerivastatin with active comparator 

Risk difference meta-analysis plot (fixed effects) 

  

  

        

Betteridge 99 ——— fH 

Famier 98 eo 

Hunninghake 2001 

Leiter 99 —— 

McPherson 2001 * 

-0104 0102 0 0. b2 0104 

‘MH pooled risk difference = 0.002597 (95% Ci = -0.00245 to 0.007643) 

  

Favours comparator favours cerivastatin 

2.5 Observational studies and commentaries 

Case reports were identified and retrieved. No case-controlled studies or cohort studies 

were obtained. Reports of statistical reviews carried out by the FDA on clinical trials of 

cerivastatin and labelling changes made over the years were also retrieved. 
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2.5.1 Case reports 

A number of case reports were identified during a literature search of cases of 

thabdomyolysis due to cerivastatin therapy (Table 2.16). They are 28 cases in all, 13 

(46.4%) patients on combination therapy with gemfibrozil, 1(3.7%) with niacin, and 14 

(50%) monotherapy with cerivastatin. 1 patient on monotherapy was on the 0.1mg 

dose, 1 on 0.3mg, 11 patients on the 0.4mg dose, 1 on 0.8mg dose. Patients’ ages 

ranged from 46-82 years, 14 cases occurred in women and 14 in men. Four patients had 

renal impairment. One patient was taking cyclosporin, which is known to increase the 

tisk for myopathy and rhabdomyolysis when used in combination with a statin, and two 

were on levothyroxine, indicating the presence of hypothyroidism, which could 

predispose one to myopathy. The patients’ CK level ranged from 7,768U/L to 

180,160U/L, ALT levels ranged from 95U/L to 1,094U/L and AST levels ranged 

from461U/L to 2,183U/L, though not all ALT and AST levels were reported. One 

death was reported in the 11 cases reported by Ravnan. 
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2.6 FDA reports 

Searches of the FDA website identified statistical reviews carried out by the FDA on 

reports of clinical trial submitted by the company, supporting the safety and efficacy 

profile of cerivastatin. The reviews carried out by the FDA concluded that cerivastatin 

was efficacious and safe. No significant adverse events were identified in the trials. Full 

accounts of the reviews are reported in Appendix 7. However, since first licensing, 

labelling changes were made twice to the warning and contraindication sections of the 

cerivastatin product label, first in December 1999 and then later in May 2001. 

2.7 Discussion 

In this study, meta-analysis of thirteen randomized controlled trials of cerivastatin show 

no significant differences in the rates of adverse events occurrence between cerivastatin 

and placebo or active comparator. Pooled results of rate differences in adverse events 

between cerivastatin and active comparators/placebo indicate that there was no 

significant difference in the occurrence of adverse events between the various groups. 

The incidence of the adverse events CPK elevation > 10xULN and ALT elevation 

>3xULN, and myalgia was not significantly greater with cerivastatin than with active 

comparators or placebo, as can be seen in the meta-analysis graphs (Figures 2.2 to 2.6). 

Little or no data was available on AST elevation > 3x ULN, back pain, leg pain, and 

pain (Table 2.5). Controlled clinical trials probably markedly underestimate the risk of 

myopathy to the wider cerivastatin target population, because patients with 
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confounding illnesses such as hypertension, diabetes, and those with altered renal 

function, and the elderly, are excluded from the trials. 

Observational studies and commentaries however suggest a much higher incidence of 

cerivastatin-associated rhabdomyolysis. Staffa et al (2002) showed from their review of 

reports in the Adverse Events Reporting System of the FDA that the rate of fatal 

thabdomyolysis associated with cerivastatin therapy was 16-80 times as high as the 

rates for any other statin. Another study reviewing statin-associated myopathy 

(Thompson et al, 2003) identified 3339 cases of statin-associated rhabdomyolysis in 

their review of the Qscan FDA database from January 1, 1990 through March 31, 2002. 

Cerivastatin was the most commonly implicated statin, with 57% of all the cases being 

attributed to it. The case reports retrieved which are shown in Table 2.16 outline a 

number of patients with reported rhabdomyolysis due to cerivastatin therapy. Many of 

the patients had predisposing factors for rhabdomyolysis; 12 were taking cerivastatin in 

combination with gemfibrozil, 4 had renal impairment, 2 were on levothyroxine 

therapy, suggesting the presence of hypothyroidism, 1 was on Azithromycin, and 1 was 

also taking cyclosporin. Most of the drugs taken concomitantly with cerivastatin by 

these patients (gemfibrozil, cyclosporin, macrolides antibiotics) are known to interact 

with the statins and increase their serum concentrations. Conditions such as 

hypothyroidism have been shown to predispose patients on statin therapy to 

thabdomyolysis. Some of the patients were on the higher doses of cerivastatin, 0.4- 

0.8mg, often in combination of gemfibrozil. Many more reports were submitted to the 

FDA’s AERS over the period cerivastatin was being marketed. Such reports lead to the 
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rising concerns about the increased number of patients suffering from rhabdomyolysis 

due to cerivastatin therapy, and lead eventually to its recall. Although changes were 

made to the cerivastatin product label, first to include a contraindication of concomitant 

use of cerivastatin and gemfibrozil, and secondly, to include a warning that the starting 

dose of cerivastatin should be 0.4mg, and that starting therapy with doses above this 

increased the risk of rhabdomyolysis, the number of patients reporting the adverse 

event did not fall. Cases of rhabdomyolysis continued to be reported, probably due to 

the fact that although the first new prescribing information (contraindication of 

concurrent therapy with gemfibrozil) was issued in 1999, it was not published in the 

Physicians’ Desk Reference (PDR) until 2001 (Weaver, 2002). The withdrawal of 

cerivastatin heightened awareness for the safety of statins and combination therapy, but 

one thing that had been learnt from the cerivastatin episode is that a wide safety margin 

is not a statin class effect. 

2.8 Limitations of the study 

Meta-analysis has become a useful tool for studying the effects of treatment across a 

number of trials. Meta-analyses however are also subject to bias, most especially 

publication bias. This mainly arises from exclusion from the study of unpublished 

studies, which may have negative results, non-exhaustive searches, language 

restrictions and too rigid or too lax inclusion/exclusion criteria. To avoid such 

problems, exhaustive literature searches were conducted, and no language restrictions 

were applied. The company marketing cerivastatin was also contacted requesting 
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reports of all clinical trials conducted on cerivastatin up to its withdrawal. Various 

authors were also contacted with a request for other studies. However not all clinical 

trials of cerivastatin were included in this meta-analysis. One trial was an abstract and 

in Chinese and was not included. Others did not report the outcomes of interest. There 

were no unpublished reports included in this meta-analysis as none was found. 

2.9 Conclusion 

Myopathy and rhabdomyolysis could not have been predicted as major adverse effects 

of cerivastatin from its clinical trials. The clinical trials reported a low incidence of 

adverse events relative to placebo or other statins. This is a reflection of the fact that 

rhabdomyolysis is a rare adverse event. Moreover the trials were of short duration and 

included small numbers of patients. The severity of this adverse event was picked up 

not from the clinical trials of cerivastatin, but from observational data through reports 

made by various parties to the FDA’s Postmarketing surveillance system, the AERS. 

The cerivastatin tragedy has made it obvious once again that more care should be taken 

with drugs and adverse events associated with them. As clinical trials are not sufficient 

for providing the reassurance necessary on the long-term safety of drugs, the onus lies 

on health professionals and manufacturers to make better use of the spontaneous 

adverse reaction reports. 
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CHAPTER 3 

Cost-effectiveness Analysis: Sources of heterogeneity in published cost- 

effectiveness estimates: the statins as a case example. 

3.1 INTRODUCTION 

Economic evaluations involve the identification, measurement, and valuation of costs 

and outcomes, and then comparison of the costs (inputs) and benefits (outcomes) of two 

or more alternative treatments or activities (Economic evaluations). Four different types 

of economic evaluations are often used depending on how benefits to the individual are 

measured and valued: cost-minimization, cost-effectiveness, cost-utility, and cost- 

benefit evaluations. Economic evaluations differ according to their scope and intent and 

can adopt a broad societal perspective or have a very narrow focus. Economic 

evaluations have now gained greater acceptance as a tool for decision-making in health 

care over the last two decades (Elixhauser 1993, 1998). 

Several large-scale long-term clinical trials of the statins have demonstrated their 

effectiveness in lowering cholesterol levels and thereby reducing the risk of coronary 

heart disease (4S, CARE, WOSCOPS). These drugs are expensive, and as a result, many 

analyses have focused on the cost-effectiveness of these agents. Different parties have 

carried out economic evaluations of the statins, and come up with different cost- 

effectiveness estimates. 
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The objective of this study is to review published economic evaluations of the statins to 

identify sources of heterogeneity, which could significantly alter estimates of cost- 

effectiveness. 

3.2 Methods 

3.2.1 Literature search 

Economic assessments of the statins were identified through a search of Medline 

database from 1990 to 2003, searches through the reference lists of retrieved studies, and 

writing to authors/libraries to retrieve other reports. 

Published studies were identified using the following subject heading: 

e Statins/HMG Co A reductase inhibitors/cerivastatin 

e Economic evaluations/ cost effectiveness studies. 

These were then combined to retrieve relevant papers. The searches were limited to 

English language. 

3.2.2 Data extraction 

Hard copies of the identified reports were retrieved and abstracted to identify the type of 

economic assessment undertaken, the method of costing, the quantification of outcome, 
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source of effectiveness data, the perspective adopted, the assumptions made and the 

estimates obtained. 

3.3 Results 

3.3.1 Characteristics of CEAs of statins 

18 economic evaluations of statins were identified (Table 3.1). These studies were 

carried out between 1991and 2003. One study (Ganz, 2000) considered the statins as a 

class while the rest evaluated the cost effectiveness of specific statins. Of these 18 

studies, two were cost-utility analyses (QALY) (Ganz, 2000, Prosser, 2000), one was a 

cost-minimization analysis (McPherson, 2001), and the rest were cost-effectiveness 

studies with Year of Life Saved (YOLS) as the measure of benefit. Five of the studies 

dealt with secondary prevention (Elliott, 99; Grover, 99; Maclaine, 2001; Ganz, 2000; 

and Johannesson, 97), six with primary prevention (Hamilton, 95; Martens, 94; Cobos, 

99; Hillman, 99; McPherson, 2001 and Spearman, 97), and seven with both (Ebrahim, 

99; Goldman, 91; Huse, 98; Pharaoh, 96; Pickin, 99; Russell, 2001; and Prosser, 2000) 

(Figure 4.1). The models used for each study varied from Markoy model, to Life table 

method, CHD policy model and others. 

Characteristics of the studies are shown in Table 3.1 and 3.2. 

Tables 3.3, 3.4 and 3.5 outline the estimate CE for primary and secondary prevention in 

men and women. 

Table 3.6 outlines the studies that included cerivastatin in the economic analysis, both 

for primary prevention and secondary prevention. 
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Table 3.1: Characteristics of CEAs of statins 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

    

Study Study type Statin studied 
Ato | Cer Flu| Lov | Pra Sim 

Cobos, 99 Cost-effectiveness : = * - 

Ebrahim, 99 Cost-effectiveness * * s 

Elliott, 99 Cost-effectiveness s * * * * 

Ganz, 2000 Cost utility 

Goldman, 91 Cost effectiveness fa 

Grover, 99 Cost effectiveness = 

Hamilton, 95 Cost effectiveness * 

Hillman, 99 Cost effectiveness fc + * * : 

Huse, 98 Cost effectiveness > x * * * 

Johannesson, 97 
* 

Maclaine, 2001 Cost effectiveness a a - * 

Martens, 94 Cost effectiveness * _ * * 

McPherson, 2001 Cost minimization x * 

Pharaoh, 96 Cost effectiveness * 

Pickin, 99 Cost effectiveness * ie 

Prosser, 2000 Cost utility = 

Russell, 2001 Cost effectiveness * * . . * 

Spearman, 97 Cost effectiveness * a s ¥               
  

Ato-atorvastatin 
Cer-cerivastatin 
Flu-fluvastatin 
Lov-lovastatin 
Pra-pravastatin 

Sim-simvastatin 
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As the economic evaluations were carried out in different countries and hence reported 

estimates in different currencies, all were converted to the United States Dollar with 

exchange rates as of Tuesday the 4th of March 2003. The following tables show the 

converted CE estimates for primary and secondary prevention in men and women. 
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3.4 Discussion 

Sources of heterogeneity identified in the cost-effectiveness studies were: 

3.4.1 Type of prevention 

Cost-effectiveness estimates vary depending on whether therapy is for primary or 

secondary prevention. Generally, therapy is more cost-effective for secondary 

prevention of coronary heart disease because a prior cardiovascular event is a positive 

predictor of a second event. Therefore for a patient who already has had a coronary 

event, cholesterol-lowering therapy should improve the cost-effectiveness of effective 

preventative strategies. For a patient who has never had a coronary event, the cost- 

effectiveness of cholesterol lowering therapy may not be favourable and will depend 

relatively more on other risk factors such as age and the presence of diseases such as 

diabetes. 

That preventative strategies are more effective for secondary prophylaxis than for 

primary prevention is demonstrated by within study comparisons such as those of 

Ebrahim (1997). Thus the reported cost per life year saved for primary prevention was 

estimated to be £4889 compared to £ 2188 for secondary prevention. Similarly Huse 

(1998) reported a cost-effectiveness estimate of $44036 for primary prevention and 

$15190 for secondary prevention. 
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One disconcerting aspect when comparing the cost-effectiveness estimates across 

studies is the wide discrepancy between studies as is well illustrated by the Ebrahim 

(1997) and Huse (1997) studies. Although both studies investigated both primary and 

secondary prevention using the YOLS measure, the estimates from the two studies 

differed several-fold for both primary and secondary prevention. Primary prevention 

with atorvastatin was estimated by Ebrahim to cost $7,729/YOLS while that estimated 

by Huse was $44,036/YOLS (Table 3.7), and secondary prevention estimates were 

$3,460/YOLS for Ebrahim and $15,190/YOLS for Huse using atorvastatin (Table 3.8). 

3.4.2 Cost-effectiveness measure used 

Different cost-effectiveness measures are used in economic evaluations ranging from 

cost per year of life saved (YOLS), cost per quality adjusted life years (QALY), to cost 

per percentage change in LDL-C levels, and cost per percentage change in LDL-C 

levels to a specific target. The various economic evaluations reviewed in this study 

used any one of these outcome measures. As expected cost per QALY and cost per 

YOLS were higher than cost per LDL-C reduction. In the primary prevention table for 

men Table 3.7, CE estimate for simvastatin ranged between $12,979 and $52,813 for 

the cost per YOLS measures, and between $19.93 and $1,957 for the cost per LDL-C 

reduction measures. The same goes for all the other statins in the studies. A study 

carried out by Morris et all in 1999 showed that different outcome measures in 

economic evaluations lead to varying cost-effectiveness estimates (Morris, 1999). 

Morris and Godber examined the extent to which the relative cost-effectiveness of 
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cholesterol-modifying agents varied depending on the cost-effectiveness measured 

used. The main outcome measures used in the study were cost per 1% reduction in 

LDL-C level; incremental cost per life year gained; least-cost agent achieving the LDL- 

C reduction required to meet the target level of 160mg/dl; incremental cost per life 

year-gained of agents reaching the target LDL-C level of 160mg/dl relative to no 

therapy; incremental cost per life year gained of agents achieving the target LDL-C 

levels of 160mg/dl relative to the least-cost agent reaching the target. Open-ended 

measures were found to be of little use to healthcare decision makers in the real world 

because they fail to take into account the magnitude of LDL-C reduction required. The 

recommendation of the study was that incremental cost per year of life gained in 

reaching a predefined LDL-C target be used to measure cost-effectiveness in 

cholesterol-modifying pharmacotherapy. 

3.4.3 Inclusion criteria/patient characteristics 

3.4.3.1 Age group 

Cost-effectiveness of cholesterol modifying pharmacotherapy greatly varies depending 

on the age groups and risk factors of the patients. One study (Hamilton, 95) concluded 

that treatment with a statin (lovastatin) appeared to be cost-effective for high risk men 

of all ages ($20,882 to $50,079), high risk women aged 50-70 ($36,627 to $43,127), 

and low risk men aged 40-60 ($46,571 to $48,214), but that treatment was not cost- 

effective for low risk men younger than 35 years and low risk women younger than 45 
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years. Cost-effectiveness of statins varies widely by age and sex and is sensitive to the 

presence of non-lipid CHD factors. Some of the studies measured cost-effectiveness 

according to selected patient characteristics. Prosser et al (2000) showed that primary 

prevention with a statin compared with diet therapy was $54 000 to $1,400,000 per 

QALY, but that as expected the estimates varied depending on the age group and risk 

factors of the patients concerned. Cost-effectiveness ratios for the base-case analysis 

started at $150,000 per QALY for women 65 to 74 years of age and increased to 

$730,000 per QALY for women 35 to 44 years of age. Cost-effectiveness ratios become 

more favourable as age increases. Elliott et al (Elliott, 1999) showed the different cost- 

effectiveness ratios for different ages of patients involved in the study. Patients aged 40 

had CE estimates ranging from $6,646 to$18,480 while patients aged 70 ranged from 

$4,787 to $13,311 (Elliott, 1999). 

3.4.3.2 Risk factors 

Cost-effectiveness of treatment strategies varies significantly depending on cholesterol 

levels and risk factors of patients. Cost-effectiveness ratios vary differentially with 

individual risk factors, and generally become more favorable with increasing number of 

risk factors. Certain risk factors (diastolic blood pressure and HDL-C levels) have a 

greater impact on cost-effectiveness than others. Higher diastolic blood pressure and 

lower HDL-C levels favour CE ratios. CE ratios for women are higher than that for 

men, as seem from the studies in the tables above. For men with LDL-C levels of 

4.1mmol/L (160mg/dL) or greater, primary prevention ranged from $130,000 per 
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QALY to $260,000 per QALY (Prosser, 2000). One study (Huse, 98) showed different 

CE estimates of five different statins for primary prevention for patients with no risk 

factors and those with three risk factors (hypertension, smoking and diabetes mellitus), 

and secondary prevention for patients with no risk factors and those with one or other 

risk factor (diabetes mellitus). For primary prevention with no risk factors, CE 

estimates ranged from $44,036 to $77,908 for age 45 and from $31,544 to $58,356 at 

age 65. When risk factors were taken into consideration the CE estimates ranged from 

$13,064 to $25,653 at age 45 and from $8,313 to $18,862 at age 65. The same scenario 

was observed in secondary prevention. With no risk factors CE estimates ranged from 

$15,190 to $27,389 at age 45 and from $11,846 to $21,474 at age 65 (Huse, 98). 

Increases in the LDL-C levels of these patients resulted in reduced CE estimates. 

3.4.3.3 Study perspective 

The perspective taken in the study will affect the cost-effectiveness estimates arrived at. 

Taking a narrow healthcare trust perspective is likely to generate some useful data, but 

such results would not be as useful as those obtained from adopting a societal 

perspective. Providers of health care may be interested in the detailed costs and 

consequences for their own organization, to determine if a new therapy is more cost- 

effective than the present one being used (Health care payer/provider perspective). 

Economic evaluations that take on a health payer perspective could determine the mix 

of interventions that would maximize health outcomes within its limited budget, and 

this would normally not maximize the welfare of the society within resources available. 
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Adopting a societal perspective takes into account alternative uses for resources outside 

the healthcare sector, and may yield greater welfare to society. Using alternative 

perspectives would probably result in different cost-effectiveness ratios along with 

different cost-effectiveness thresholds for each perspective, e.g. higher income persons 

may be willing to pay more than others, whereas managed-care organizations may 

insist on cost saving. Different perspectives adopted determine the costs considered. 

The following table shows costs considered by some of the different perspectives. 

Table 3.11: Perspectives of economic analysis and costs considered 

  

Perspective Costs of primary interest 

  

Societal All medical and nonmedical costs: 
e Hospitalization 
e Long-term care 

e Home care 

e Social welfare services 
Productivity losses (indirect costs) 
Intangible costs 

  

Third party payer Charges that pertain to reimbursement of 
providers average, not marginal costs 

  

Health care provider Variable costs that influence the expenses 
of providing health care 

  

Patient Costs that affect out-of-pocket payments 
Lost wages (indirect costs) 

    Employer   All insurable direct costs 
Lost wages (indirect costs) 

  

Source: Luce BR, Elixhauser A: standards for socio-economic evaluation of health care products and 
services. Springer-Verlag Berlin Heidelberg New York. 1990 
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The cost-effectiveness estimates in the Tables above all show the base case estimates. 

Under different conditions (age groups, risk factors, LDL-C levels, primary or 

secondary prevention), these CE estimates vary across the studies. Using the study by 

Ebrahim et al, 1999, as a case example, the cost-effectiveness of the statins for lipid- 

lowering therapy was estimated both for primary and secondary prevention, with 

baseline risk presented as total and CHD mortality. Primary prevention cost- 

effectiveness was measured at a 0.5% level of total mortality per year, and secondary 

prevention at 3% total mortality per year. The results showed the gross cost per life- 

year gained (not including any NHS savings), and ie net cost per life-year gained 

(taking into account potential savings due to avoiding CHD events and associated costs 

of treatment and hospitalisation). CE estimates for secondary prevention in this study 

compared favourably with other interventions provided by the NHS. Cost per life-year 

gained increased when people with lower risk were offered treatment. 

3.5 Conclusion 

Cost-effectiveness evaluations are used for decision making in health care, helping the 

healthcare industry meet the challenge of providing the best quality care with the most 

efficient use of resources. These evaluations therefore have to be of good quality to be 

useful to the health care system. As has been observed above, different economic 

evaluations for cholesterol-lowering pharmacotherapy with the statins have resulted in 

various different CE estimates, depending on the different factors discussed. The wide 

discrepancies in the CE estimates in different studies even when considering primary 

and secondary prevention alike are a source of concern. The one explanation could be 
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the different countries where these evaluations are carried out, different centers and 

costs of the various drug and physician visits, laboratory tests, in the different countries 

and the costs taken into consideration. 
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CHAPTER 4 

Integrating effectiveness and cost data 

Cost-effectiveness evaluation is undertaken to help decision-making with respect to 

whether an effective treatment is worth paying for. In Chapter 2, the problems 

associated with effectiveness data derived from randomised controlled trials 

demonstrate that such data are incomplete. In particular, it was shown that the adverse 

effects of treatments are poorly estimated by randomised controlled trials. Adverse 

effects of cerivastatin, which were severe enough to lead to its withdrawal were not 

identified reliably in those trials and even with the benefit of hindsight, the rates of 

rhabdomyolysis (a serious adverse effect that led to withdrawal of cerivastatin) and 

surrogate measures for this adverse effect (muscle pain, elevation of enzyme levels) 

were not estimated reliably. Given that the incidences of those adverse events were low, 

the small number of patients involved in the various trials do not provide adequate 

power to detect clinically meaningful differences between different statins. For 

example, in the trial by Insull et all (2000), out of a total of 971 patients on cerivastatin, 

0.4mg and 0.8mg, the number of patients reported to have elevated CK levels above 10 

times ULN was 12, which is a mere 1.2% of the population. The number of patients 

reporting myalgia was 26 (2.6%), still a negligible number. A similar scenario is seen 

with the study reported by Leiter et al (1999), with respect to CK elevation greater than 

10 x ULN. Only 2 out of 260 (0.8%) patients were affected, and 8/260 (3%) patients 

developed myalgia. The same goes for the other adverse events like muscle pain. 
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Deriving data required for economic evaluations from clinical trials is a common 

practice. Unfortunately, clinical trials differ from regular practice in a number of ways, 

including the fact that clinical trials are often performed on selected patients, often use 

specialist settings using up to date medical equipment, adhere to strict treatment 

protocols, and involve great effort to ensure that both patients and clinicians comply 

with therapy. The scenario in clinical trials do not portray the real life practice of drug 

therapy. There may be significant differences between what happens in clinical trials 

and what actually happens in reality. Clinical trials tend to concentrate on efficacy 

rather than effectiveness (Morris, 1997). This one flaw therefore makes data from 

clinical trials questionable/incomplete for cost-effectiveness analyses. 

The cost-effectiveness studies surveyed in Chapter 3 showed wide disparity in the cost- 

effectiveness estimates arrived at. None of the studies incorporated important adverse 

outcomes, probably because estimates of both the frequency and the cost of their 

management are ill defined. It is argued that cost-effectiveness models, which do not 

take account of adverse effects, are not sufficiently robust for informing policy 

decisions. Yet none of the studies reviewed here took full account of the adverse events 

suffered by the patients and therefore, of the cost of managing them. Costs that are 

taken into consideration in most economic evaluations include cost of intervention, 

which ranges from cost of medication, to cost of physician visits, and cost of laboratory 

tests. Indirect costs include days lost to hospital visits and visits for laboratory tests. 

There could be an argument that the cost effectiveness estimates arrived at in such 

studies are not reliable. Including the costs of managing adverse effects may or may not 

make a substantial difference to the cost-effectiveness estimates. However, as seen 

from Chapter 2, adverse drug reactions can really be a problem. Many patients 
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suffering adverse reactions may have to take further measures to counteract these 

effects, all adding to the cost of taking the agent being evaluated. The costs of treating 

adverse events arise as a direct consequence of taking the drug in question and should 

therefore not be ignored. Having said that, being able to estimate exactly those costs is 

problematic. Recent estimates suggest that such costs can be considerable. For 

example, in the United States, studies were conducted to estimate the cost of adverse 

events in hospitalised patients. One study (Johnson, 1995) estimated the cost of drug 

morbidity and mortality at more than $136 billion a year. Another (Bates, 1997) found 

that an adverse drug event (ADE) was associated with $2595 of additional costs to the 

hospital for all ADEs, and for preventable ADEs, the figure was almost twice as high. 

These studies concluded that the costs of ADEs are substantial. Annual additional costs 

associated with all ADEs in a large tertiary care hospital were $5.6 million (Bates, 

1997). These estimates did not include cost of injuries to patients, malpractice costs, or 

the costs of less serious medication errors or admissions related to ADEs. 

The wide discrepancy in the cost-effectiveness estimates reported, even when only 

beneficial outcomes are taken into account, highlights the limitations of those estimates. 

The figures from CE estimates in Chapter 3 show the discrepancies in the cost- 

effectiveness estimates for different statins used for secondary prevention in male 

patients for example. Estimated cost-effectiveness of simvastatin for secondary 

prevention in men ranged between $682 and $50,625. A study in 1997 showed that 

different cost-effectiveness measures used in economic evaluations lead to varying 

cost-effectiveness estimates in Canada (Morris and Godber, 1997). The study evaluated 

the effect of using different cost-effectiveness measures in the economic evaluation of 

cholesterol-modifying pharmacotherapy. Main outcome measures studied are cost per 
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1% reduction in LDL-C level; incremental cost per life-year gained; least-cost agent 

achieving the LDL-C reduction required to meet the target level of 160mg/dl; 

incremental cost per life year gained of agents reaching the target LDL-C level relative 

to no therapy; incremental cost per life-year gained of agents achieving the target LDL- 

C of 160mg/dI relative to the least-cost agent reaching the target. Cost-effectiveness 

estimates varied depending on many different factors as discussed in Chapter 3. Thus, 

while fluvastatin was more cost-effective than atorvastatin, based on the cost of 

reaching a target level of 160mg/dl, when pre-treatment LDL-C level was in the range 

190-220 mg/dl, the reverse was true when the level was in the range 220 to 245 mg/dl. 

When the measure was incremental cost per life-year gained relative to no therapy, 

fluvastatin was always better than atorvastatin (Morris and Godber, 1999). When the 

comparator was the least-cost agent able to lead to a target LDC-L level of 160mg/dl, 

atorvastatin was more cost-effective than fluvastatin except in the pre-treatment LDL-C 

range of 190-205 mg/dl. 

A study by Jefferson et al (2002) reviewed the quality of systematic reviews of 

economic evaluations in healthcare. They found consistent evidence of serious 

methodological flaws in a significant number of economic evaluations. Lack of clear 

description of methods, lack of explanation and justification for the framework and 

approach used, lack of clear descriptions of methods used to define effectiveness, 

benefits and resource and cost estimates, and low-quality estimates of effectiveness for 

the interventions evaluated were the most frequent flaws. 

In the process of integrating cost and effectiveness data for cost-effectiveness 

evaluations, all possible areas should be taken into account. All areas that could add to 
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the cost of therapy with the drug, both direct and indirect costs, should be well 

incorporated. Effectiveness data should take into account the adverse events profile of 

the drug. 

One way of ensuring that clinical trials reflect reality more closely is by undertaking 

clinical trials using a naturalistic protocol. The aim of this type of clinical trial is to 

evaluate the effectiveness or cost-effectiveness of a given intervention under real-world 

conditions. These naturalistic trials involve patients typical of the normal caseload and 

the therapy of interest is compared with current care, under settings and physicians that 

are fairly representative of the target population. Moreover, the trial protocol should be 

flexible. However such trials have their shortcomings too as they provide data for the 

settings in which they are conducted and generalisability becomes a problem. 

Economic modelling allows exploration of the impact of alternative settings and may 

reduce the uncertainty but as with any predictions, their reliability depends on the 

precision with which parameter estimates are measured. 

Economic evaluations are tools for decision making in healthcare. Drugs that have 

passed the effectiveness, efficacy and tolerability test are then subject to cost- 

effectiveness studies. There is a serious problem when a drug is highly efficacious but 

is extremely expensive, that the health care system is not able to utilize it for patients in 

their communities. Economic evaluations are carried out for the purpose of comparing 

alternative therapies to ensure the most cost-effective agents are used for patients’ 

therapies. The different economic evaluations reviewed in chapter 3 show the varying 

estimates arrived at by different studies. Secondary prevention using statin therapy has 

been proven to be cost-effective. Primary prevention however depends more on the 
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patients and risk factors they have. Costs of treating adverse drug events were not 

included in the evaluations. Including such data may or may not alter the estimates 

arrived at. Until now, effectiveness data for economic evaluations are usually derived 

from clinical trials. As effectiveness encompasses efficacy and safety, the effectiveness 

data derived from clinical trials may not be reliable, as most trials do not adequately 

expose the long-term adverse events profile of the drug under trial, and are conducted 

under specially designed conditions which do not always portray real life conditions. 

Generating data for economic evaluations from economic models is another approach. 

However their reliability depends on the precision with which parameter estimates are 

measured. 

Efforts should concentrate on improving the quality of clinical trials, by including as 

diverse a population of patients as possible (older patients, those that have the sort of 

ailments and complications that are commonly seen in real life situations), and if 

possible increase the number of patients enrolled into these trials as well as trial period. 

This will improve the quality of effectiveness data derived. In its pre-approval database, 

cerivastatin 0.8mg had an overall myopathy of 1.3% and 5.6% in elderly women 

(Davidson, 2002). The FDA acknowledged this was a signal cerivastatin was more 

myotoxic than other statins and that the elderly population represents a group at higher 

risk for safety problems, and are often not included in significant numbers in a pre- 

approval regulatory submission. Package inserts and changes to the prescribing 

information of drugs alone are not enough to prevent serious drug interactions and 

adverse drug reactions. 
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Collecting effectiveness and cost data for a given intervention is vital for the conduct of 

economic evaluations of any given intervention. It is imperative that efforts are made to 

get data as reliable as possible. How best to do this is still the subject of much debate 

and research. 

Improvements in the quality of clinical trials may ensure that data for economic 

evaluations are more reliable/complete, and will improve decision-making concerning 

choice of health care for patients. These are areas that need to be visited by 

manufacturers and regulatory bodies as well as clinicians and other healthcare 

professionals. 
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Appendix 7: Regulatory Authority- Food and Drug Administration (FDA) reports 

The food and drug administration carried out statistical reviews on cerivastatin prior to 

approval of the drug for marketing and also post market reviews. The reviews and 

reports are outlined here in the order in which they were done starting from the first 

application by Bayer for marketing of their drug, Baycol (cerivastatin sodium), to its 

withdrawal from the markets in August 2001. 

June 1996 

Bayer Corporation Pharmaceutical Division presented the results of 10 completed 

controlled clinical trials so as to establish the efficacy of cerivastatin for the treatment of 

hypercholesterolemia in the proposed dose range of 0.05- 0.3mg. Based on this 

application, FDA carried out a statistical review and evaluation of the clinical studies 

presented. 

The review was divided into three main sections; section I, review of the pilot studies 

(studies 109 and 110), section II, the review of the pivotal studies (studies 120, 124 and 

132) and section III, review of other studies (studies 111, 123, 126, 139 and 149), 

The studies in section I were dose-response studies conducted early in the phase III 

program, both multicenter, with 6 parallel treatment arms. 207 patients (study 109), and 

196 patients (study 110), were randomized to treatment. There were 6 dropouts in each 
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of the studies, in study 109, 4 were due to adverse events, and in study 110, 3 

were due to an adverse event. (Table 3.1 0) 

Table 1: Patient disposition for studies 109 and 110 

  

  

  

  

Placebo | 0.025mg | 0.05mg 0.lmg | 0.2mg | Active 
control 

Study 109(D9- 
012) 35, 35 34 37 33 33 
No. 1 2 0 0 1 2 
randomized 34 35 34 37. 33 32) 
No. dropouts 
Tt 

Study 110 
No. 34 32 35) 31 33 31 
randomized 3 1 1 1 0 0 
No. dropouts 34 32 35 31 33 31 
ITT               

Table 2: Patients that withdrew from therapy due to adverse events. 

  

  

    

Study Length | Myalgia | Abd pain | SCPK | TSGPT | Insomnia 

(wks) n(mg) | n (mg) n(mg) | n(mg) | 0 (mg) 

109 (D91- | 4 1(0.025) | - 1(0.025) | 2(0.2) | - 

012) 

110 4 - 1(Placebo) | - 1(0.05) | 1(placebo)               

Abd- abdominal 
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The studies in section II were defined as phase 3 pivotal trials. The primary objective of 

the trials was to show that each dose of cerivastatin significantly reduced LDL-C 

compared to placebo. In study 120, about 5-8% of patients dropped out, in stu 124 and 

132 the rate was slightly higher, 10-15%, and the primary reason for this was adverse 

drug events. In the three trials, a total of 6 cerivastatin-treated patients withdrew due to 

abnormal liver function test results. 

Table 3: Summary of designs for the studies in section II 

  

  

  

    

Study Treatment/dose | Treatment Entry criteria | Primary 
periods endpoint 

120 CER 0.025 4 wks diet LDL-C>160mg/dl | % reduction in 

0.05 6wks SB platdiet | or LDL-C | LDL-C at week12 
0.1 12wks DB >130mg/dl_—_ with | (valid case 

0.2 88wks extension CHD  or>2RF’s, | analysis) 
SIM 40 TG<350mg/dl, 

PLA Age 21-75 
124 (D91-031) CER 0.05 4wks diet, 6wks | LDL-C>160mg/dl, | % reduction in 

0.1 SB platdiet, | TG<350me/dl, LDL-C at endpoint 

0.2 24wks DB, 72wks | FR<15, Age 18-75 | (valid visits only). 

0.3 extension. 
LOVA 40 

PLA 

132 CER 0.1 4wks diet, 6wks | LDL-C>155  and|% _ reduction in 

0.2 SB platdiet, | <190mg/dl, TG|LDL-C at end 
03 16wks DB, 88wks | <500mg/dl, Age | point (valid visits 

GEM 1200 extension. 18-80. only) 

PLA           

DB- double blind 
SB- single blind 

RF- risk factor 

FR- food rating score 

The third section of the review had 5 trials (Table 3.12). Total number of withdrawals 

was 28 (Table 3.13). There were no recorded withdrawals from trials 123 and 239. 
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Table 4: Summaries of studies in section IIT 

  

  

  

  

  

    

Study Treatment/dose | No of pts | Treatment period | Entry criteria Withdrawals 
due to adverse 
events 

111 CER 0.1 bd 92 4 wks diet FR<15,LDLC>160mg/d | 2pts arm pain 
(D91-016) 0.2even, 92 6wks SB} 1 and <250mg/dl, TG | (0.1mg), rash 

0.2 bed 89 diet+placebo <350mg/dl (0.2mg bed) 
PLA 46 4wks DB 

123 CER 0.3 23 No run in period, 
(D92-010) | PLA 12 no AHAP diet, 

4wks DB 
126 CER 0.05-0.3 260 4wks diet, 6wks | LDL-C>160mg/dl, 10 (Sim) 

SIM 5-40 127, SB diett+placebo, | TG<350mg/dl, FR<15 14 (Cer) 
32 wks DB 

139 CER 0.2 18 4wks diet, 6wks | Genotyped heterozygous 
0.3 18 SB_ diet+placebo, | familial 

PLA 18 6wks DB hypercholesterolemia, 

LDL-C>194mg/dl, 
TC>292me/dl, 

TG<350mg/dl, close 
relation or pt has 
xanthomatosis. 

149 CER 03 140 4wks diet, 6wks | LDL-C >190mg/dl, | 211 in 0.3mg 
04 138 SB diet +placebo, | LDL-C>160mg/dl+lor dose, 1 in 0.4 mg 

PLA 71 8 wks DB more RF (family history | dose)         of CHD, obese, smoker), 

TG <350mg/dl.   
  

SB- single blind 
TC- total cholesterol 
TG- triglyceride 
RF- risk factor 

June 1997 

FDA approved cerivastatin for marketing following reviews of the trials presented by 

Bayer. 
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May 1999 

Approval of new supplemental dose (0.4mg) of cerivastatin by FDA. No statistical 

review was carried out. 

December 1999 

Bayer Corporation changed the baycol prescribing information to include a 

contraindication with gemfibrozil. “The combined use of cerivastatin and gemfibrozil is 

contraindicated due to a risk for rhabdomyolysis and concurrent use should not occur 

under any circumstances.” 

July 2000 

The FDA carried out a second statistical review when an application was submitted for 

approval of a higher dose (0.8mg) of cerivastatin for marketing. Here the sponsor 

submitted a 52 week randomized trial (D97-008) in support of the higher dose. 

Cerivastatin 0.8mg was compared to 0.4mg and placebo/pravastatin 40mg. The primary 

objective of the trial was to compare the safety and efficacy of cerivastatin 0.8mg and 

placebo after 8 weeks of treatment. The reviewer conducted statistical analyses of 3 

laboratory parameters: AST, ALT, and CPK. Throughout the double-blind period, 24 

weeks, percentage of patients with AST, and ALT values greater than the upper limit of 

normal (ULN) increased over time in the 0.8mg dose but not in the 0.4mg dose. Tables 

3.13 and 3.14 show the number of patients that had increases of AST, ALT, and CPK 

levels 5, and 10 times the ULN. 
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Table 5: No of patients with AST and ALT elevations >3xULN at anytime on 
treatment. 

  

  

  

  

Week Placebo (n=198) 0.4mg (n=194) 0.8mg (n=774) 

AST 

8 0 2 10 

24 1 2 12 

52 2 2 14 

ALT 

8 0 1 8 

24 1 2 i 

52 1 2 13         

Table 6: No of patients with CPK elevations >5x ULN and >10x ULN at anytime on 
treatment. 

  

  

  

  

  

Week Placebo/pravastatin | 0.4mg (n=193) 0.8mg (n=770) 
(n=198) 

8 

>S5xULN 2 6 20 

>10xULN ) 2 10 

24 

>SxULN 2 7 25 

>10xULN 0 3 13 

52 

>5xULN 5 8 35 

>10xULN 1 3 15         
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May 2000 

In response to a consult request from Mary Parks, M.D, Medical Officer in the Division 

of Endocrine and Metabolic Drug Products, the FDA issued a memorandum. The M.D 

was concerned because of the desire of some pharmaceutical companies to seek 

nonprescription status for their HMG-CoA reductase inhibitors despite their association 

with liver failure, and had requested a meeting with the Agency to discuss the possibility 

of nonprescription designation for their statins, despite reservations from the Agency 

about the marketing of cholesterol-lowering agents in the OTC setting. 

For the memorandum, cases were defined as “liver failure” if the reporter stated a 

diagnosis of liver failure or if the patient underwent a liver transplantation. 

The Adverse Event Reporting System (AERS) database was searched to determine the 

number of potential cases of statin-induced liver failure. A total of 90 cases were found in 

the database, and of the 90, only 62 of them were in accordance with the case definition 

of liver failure associated with the use of statins. Among the 62 cases, 38 (61%) resulted 

in death, 6 patients received liver transplant and 5 out of the 6 survived. Table 3.15 shows 

the different statins and the number of cases identified with each. 
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Table 7: Liver failure cases associated with each statin 

  

  

  

  

  

  

  

    

Drug n Liver failure n Fatal n Nonfatal 
Atorvastatin 13 8 5 

Cerivastatin 3 1 2 

Fluvastatin 5 2 1 

Lovastatin 18 9 9 

Pravastatin 13 8 5 

Simvastatin 12 10 2 

Total no of cases | 62           

  

May 2001 

Bayer submitted an application for changes to be made/effected to the warnings, dosage 

and administration, and patient information about baycol sections of the package insert. 

The changes included warnings that starting therapy above 0.4mg dose increased the risk 

of myopathy and rhabdomyolysis, and that the starting dose of baycol was 0.4mg once 

daily in the evening regardless of previous lipid therapy. 

August 2001 

Bayer Corporation discontinued the marketing and distribution of all dosage strengths of 

baycol.
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