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Improving the Cost Effectiveness of Lipid-Lowering Therapy

with HMG-CoA Reductase Inhibitors
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Abstract

More than $259 billion is spent each
year on cardiovascular disease in the
United States. Given the burgeoning
cost awareness in the managed care era,
appropriate clinical decisions must in-
creasingly be predicated on cost effec-
tiveness. Treatment expenditures of
under $40,000 per year of life saved are
widely accepted as cost effective, and
lipid-lowering therapy, particularly for
patients with coronary artery disease or
its risk factors, is considered a solid
investment of healthcare resources.
Data from the National Health and Nu-
trition Examination Survey Il (NHANES
1) offer specific insight into disease
management strategies for lipid manage-
ment in managed care patients. Specifi-
cally, NHANES Il suggests that the
majority of patients with elevated cho-
lesterol can obtain the goals outlined by
the National Cholesterol Education Pro-
gram with only moderate (20% to 30%)
reductions in low-density lipoprotein
cholesterol (LDL-C). Thus, in the phar-
macologic management of patients with
moderate primary hypercholesterol-
emia, the synthetic HMG-CoA reductase
inhibitor, fluvastatin, is considered the
preferred initial agent because its clini-
cal efficacy is similar to that of other
drugs in its class, but its acquisition costs
are substantially lower, resulting in
greater cost effectiveness.
(Am | Man Care 1997;3(suppl):529-S41)
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espite concerted efforts to im-
Dprove tisk profiles,"* cardiovas-

cular disease remains the
number one killer in Western industrial-
ized societies, and it continues to impose
a formidable burden on the United
States’ healthcare system. By one esti-
mate, more than $259 billion in medical
expenses and lost productivity will be
incurred in 1997 because of cardiovascu-
lar disease, including heart disease,
stroke, and hypertension (Figure 1).}

Any doubts as to the benefits of cho-
lesterol reduction with respect to cardio-
vascular mortality and morbidity in
patients with primary hypercholesterol-
emia were largely eradicated by two re-
cent landmark trials: the Scandinavian
Simvastatin Survival Study (48)* and the
West of Scotland Coronary Prevention
Study (WOSCOPS).® The former study
examined patients with existing heart
disease and was thus a secondary-pre-
vention trial, whereas the latter consid-
ered patients with cardiovascular risk
but without overt heart disease and was
therefore a primary-prevention study. In
the 4S, aggressive lipid management
with a 3-hydroxy-3-methylglutaryl coen-
zyme (HMG-CoA) reductase inhibitor
(20 mg/day to 40 mg/day of simvastatin)
diminished all-cause mortality by 30%
and the risk of coronary death by 42%
compared with placebo over 5.4 years of
follow up among 4444 patients (P < 0.05
for both comparisons).

The WOSCOPS showed declines of
31% in relative risk of definite coronary
events [ie, nonfatal MI or death from
coronary artery disease (CAD)], 31% in
risk of nonfatal myocardial infarction
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(MD), and a 22% reduction (P = 0.051) in
all-cause mortality among 6595 middle-
aged men randomly allocated to the
HMG-CoA reductase inhibitor, prava-
statin. Treatment with pravastatin (40
mg/day) over 4.9 years reduced low-den-
sity lipoprotein cholesterol (LLDL-C) by
approximately 26% and also decreased
the incidence of MI and death from
cardiovascular causes without adversely
affecting the risk of fatality from non-
cardiovascular causes among men with
moderate hypercholesterolemia but
without a personal history of ML

A third recent major trial, the Choles-
terol and Recurrent Events (CARE)
study, reported beneficial effects of lipid
lowering among CHD patients with ao-
erage cholesterol levels. At baseline
LDL-C levels were between 115 mg/dL
and 174 mg/dL, (mean, 139 mg/dL). In
this study, which enrolled 4159 patients
with a prior MI and a total cholesterol
level below 240 mg/dL., the findings
supported, the premise that cholesterol-
lowering treatment should be extended
to the majority of patients with CAD
who have average serum cholesterol. In
particular, the patients taking pravas-
tatin (40 mg/day) demonstrated a signifi-

Figure 1. Estimated Direct and Indirect Cost of
Major Cardiovascular Diseases in the United States, 1997
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Source: Reproduced with permission from the American Heart Association 3

cant 24% reduction in risk of fatal coro-
nary event or nonfatal M1, a 31% decline
in frequency of stroke, a 26% decrease
in frequency of bypass surgery, and a
23% fall in need for angioplasty (all com-
parisons, P < 0.05).

Robust findings such as these must
nevertheless be increasingly predicated
on solid economic analyses of costs and
benefits in the evolving climate of man-
aged care in the United States. This re-
view considers the terms of cost
effectiveness and the ways in which
such an analysis tends to support the
beneficial effects of lipid-lowering ther-
apy with statins, particularly in the set-
ting of secondary prevention and
high-1isk primary prevention. By juxta-
posing the calculated cost effectiveness
of HMG-CoA reductase inhibitor treat-
ment with other measures considered
highly cost effective in routine daily
practice,”® one emerges with an appre-
ciation of the value of statin therapy.
Therapy with the synthetic agent flu-
vastatin, because of an acquisition price
that is nearly half that of the other
HMG-CoA reductase inhibitors, is
highly cost effective when initiating
therapy for moderate reductions in
LDL-C.

Clinical Economics Terminology

Commonly used to determine the
value of healthcare interventions, cost-
effectiveness analysis uses the cost-
effectiveness ratio: the dollar difference
in cost between two specific measures,
divided by the differences in effective-
ness (years of life saved, or YOLS). This
can be represented as

CEz21 = Cost2-Costl

YOLS2-YOLS1

Cost-effectiveness analysis measures
the net cost of providing a service (ex-
penditures minus savings because of the
service divided by the additional years
of life saved or gained). In the above
equation, the denominator may also be
expressed in weighted terms: the so-called
quality adjusted life years (QALYs). For
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this utility, patients'are offered a choice
between living for 10 years in their cur-
rent health status or living a shorter life
in excellent health. The interval in ex-
cellent health is varied systematically
until a point of indifference is deter-
mined. The trade-off utility (QALY) is
arrived at by dividing the number of
years in excellent health by the number
of years in current health at the indiffer-
ence point, and thus ranges from 0.0 to
1.0.

The cost-effectiveness ratio places
equal emphasis on cost and effective-
ness and is a vseful way in which to
express the benefits of a given health-
care investment or intervention. By cal-
culating the cost-effectiveness ratio, one
can develop clinical strategies that pro-
duce the greatest health improvement
for a given expenditure. Cost-effective-
ness analysis finds utility for healthcare
planners seeking to achieve the maxi-
mum benefit for a specific quantity of
money or the lowest cost for a healthcare
improvement. The outcomes of cost-ef-
fectiveness analysis can also be ex-
pressed using an intermediate objective
such as cost per mmHg decline in blood
pressure or cost per 1% LDL-C reduc-
tion.

In addition to cost-effectiveness
analysis, healthcare interventions can
also be economically assessed using an
approach called cost-identification analysis
or cost-benefit analysis.” Also termed cosr
minimization, cost-identification analysis
addresses the question “what is the
cost?”. By calculating the costs caused
by a disease, or the costs of the medical
services used to treat it, the cost of spe-
cific healthcare alternatives can be as-
sessed. This measurement can then be
expressed in terms of the cost per unit of
service provided. Cost-identification
analysis is also conducted to help quan-
tify the economic burden of an illness or
its treatment. Although relevant in de-
termining the cost of medical care or the
financial toll of disease, cost-identifica-
tion analysis does not assess what such
expenditures achieve in terms of spe-
cific health outcomes.

Cost-Benefit Analysis
Cost-benefitanalysis explicitly deter-
mines whether the cost of an interven-
tion is worth the benefit by measuring
both in the same units (typically cur-
rency). This type of evaluation incorpo-
rates calculation of the net benefit or net
cost by subtracting cost from benefit.

"The comparison can also be conducted
by calculating the ratio of benefits to
COsts.

Cost, the consumption of healthcare
resources that would otherwise be util-
ized for other purposes, includes direct
medical and nonmedical costs, indirect
morbidity and mortality costs, and intan-
gible costs. Costs that can be averted are
arithmetically equal to benefits. Direct
costs include outlays for drugs, hospitali-
zations, physician fees, radiologic proce-
dures, laboratory tests, rehabilitation,
durable medical equipment, and long-
term care. Among direct costs for non-
medical services are transportation,
clothing, lodging, food, family care, and
home aides. Because these latter serv-
ices tend not to be covered by insurance,
they may exacta large price on a family’s
finances.

When computing costs, it is impor-
tant to consider the effect of time. Costs
in the future are likely to be higher be-
cause of inflation, and these inflated fu-
ture costs must be corrected to their
equivalent value at the particular time
when a healthcare decision is being
made. After taking into account infla-
tion, a cost or outcome today still may
need to be adjusted because most peo-
ple would prefer to have a health benefit
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today rather than postpone it. Thus, a
future value must be discounted (typi-
cally by 5%).”

Indirect and Intangible Costs
Indirect costs include loss of life or
livelihood attributable to mortality or
morbidity. Indirect morbidity costs arise
because of a diminished earning ability,
absence from work, or a long-term dis-
ability that warrants a change in type of
work and earnings potential. The two
ways of computing indirect mortality
costs are the willingness-to-pay ap-
proach and the human-capital approach.
"The former is based on the premise that
principles of a market economy can be
applied to the value of human life. Will-
ingness-to-pay indicdtes that any out-
come, be it mortality or morbidity, is
incorporated into patient evaluations of
utilities (eg, QALYs) and that their
monetary valuation can be quantified.
Difficulties inherent in the willingness-
to-pay analysis stem from the intrinsic
problem of asking patients to estimate
their willingness to pay for hypothetical
outcomes. The human-capital approach
computes today’s value of the future
income that might have been expected
had the individual not died or become ill
prematurely. This latter approach is
fraught with technical difficulties.’
Intangible costs and benefits are less
explicit. These include the costs of
grief, suffering, pain, and other nonfi-
nancial outcomes of both disease and
care. In cost-effectiveness analyses,
these intangibles may be quantified as
part of the outcome by transforming
them into a common unit of measured
outcomes (eg, QALYs). The willing-
ness-to-pay method can be used to con-
vert intangible costs and benefits into
monetary units. Because averting intan-
gible costs through effective therapy is
considered a benefit, the inclusion of in-
tangible costs may serve to augment the
actual net benefit of a medical service.”
Economic analyses will always in-
volve uncertainties and potential biases.
Sensitivity analysis 1epresents an attempt
to determine the extent to which such

uncertainty might influence conclu-
sions concerning the economic effect of
particular clinical decisions. Thus, re-
sults can be computed separately for
distinct elements of a cost-effectiveness
study that may affect outcome, such as
the cost of a designated therapy, the
prevalence of disease or risk factors in a
population, or the efficacy of treatment.
Another use of sensitivity analysis is to
establish whether, and to what extent,
different types of economic assump-
tions would influence the conclusions of
a study.

Finally, the term incremental cost effec-
tiveness is often encountered in medical-
economic analyses. This idea refers to
the additional cost and effectiveness
achieved when one therapeutic alterna-
tive is compared with the next most
expensive option. Rather than compar-
ing the average cost-effectiveness ratios,
it may be more useful to compute the
difference between the cost of each ap-
proach and the cost of the next most
effective approach divided by the differ-
ence in effectiveness. Such a calculation
determines the extra units of health out-
come achieved per extra unit of cur-
rency spent.

Historical Context of Dyslipidemia
in Medical Economics

Hypercholesterolemia is among the
most exhaustively studied of the modi-
fiable cardiovascular risk factors with
respect to cost effectiveness. Early find-
ings indicated that cholesterol reduction
as secondary prevention was highly cost
effective, at approximately $20,000 per
QALY or YOLS. On the other hand,
primary prevention showed favorable
cost-effectiveness values only in select
subgroups at advanced risk, such as
smokers or others with CAD risk factors.
But compared with other generally ac-
cepted cardiovascular interventions for
CAD, such as bypass grafting for triple-
vessel disease or angioplasty for one-
vessel disease, cholesterol lowering is
considered very cost effective.”®

It should be noted that some of the
early studies showing cost effectiveness
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of cholesterol lowering in these select
patient populations used bile acid resins
(eg, cholestyramine, colestipol), which
have a less potent LDL-C lowering ef-
fect and are not optimally tolerated.”
Similarly, niacin, although exerting a fa-
vorable influence on the entire lipid
panel [including the putative risk factor
Lp(a)].causes undesirable cutaneous ef-
fects (flushing, rash) that may compro-
mise patient compliance and adherence
to therapy. Further, niacin can cause
adverse metabolic effects such as dimin-
ished glucose disposal and gout.

With the advent of the statins, potent
lipid lowering is combined with excel-
lent safety and tolerability, resulting in
more favorable cost-effectiveness pro-
files. In an early cost-effectiveness
analysis that assessed the intermediate
outcome of cost according to percent
change in cholesterol, Schulman and co-
workers demonstrated that treatment
with HMG-CoA reductase inhibitors or
niacin was superior to therapy with the
resins, fibric-acid derivatives (eg, gem-
fibrozil), or probucol.11 Similarly, Mar-
tens’ group, using a computer CAD
model, found that treatment with an
HMG-CoA reductase inhibitor was
about four times more cost effective than
therapy with a bile-acid sequestrant.”

Subsequently, Goldman and co-
workers demonstrated that lovastatin
(20 mg/day) has a favorable cost-effec-
tiveness profile, particularly among
middle-aged men with high total cho-
lesterol (>250 mg/dL.) or with multiple
CAD risk factors such as smoking, dia-
betes, or hypertension.”* More recently,
Hamilton and colleagues, while study-
ing the effects of HMG-CoA reductase
inhibitors on both LDL-C and HDL-C,
reported favorable cost-effectiveness
profiles in Canadian men (as low as Can
$20,882/YOLS at age 50) and in women
(Can $36,627/YOLS at age 60).'* In this
study, the statin-induced rise in HDL-C
(typically 7%) translated into a cost-ef-
fectiveness ratio that was reduced by
approximately 40% when compared
with the case when HDL-C was not
included.

Many of these analyses are limited
because they use simulation models
that are based on clinical and economic
assumptions. The impact of a clinical
economic analysis can be more readily
appreciated by examining the econom-
ics of an actual secondary-prevention
trial: the 4S. The favorable cost-benefit
profile of HMG-CoA reductase inhibi-
tors in managing LDL-C can be as-
sessed in two fundamentally different
ways: cost-minimization and cost-effec-
tiveness analyses.

In the cost-minimization analysis,
prospective findings of the 4S trial
translated directly into diminished con-
sumption of healthcare resources.” Af-
ter a median follow up of 5.4 years, there
were 1403 hospitalizations for acute car-
diovascular events or revascularization
in the statin group compared with 1905
hospitalizations in the placebo cohort.
Furcher, there was a statistically signifi-
cant 34% decline in total number of hos-
pital days, from 15,089 in the placebo
cohort, to 9951 among patients onactive
treatment (P < 0.0001). These declines
would reduce the effective cost of the
HMG-CoA reductase inhibitor by 88%,
to $0.28 per day, principally by reducing
expensive hospitalization costs and
services. :

In the formal cost-effectiveness
analysis of the 4S, which was limited to
direct costs, the cost per year of life
gained ranged from $3800 for a 70-year-
old man with a total cholesterol of 309
mg/dL. to $27,400 for a 35-year-old
woman with a serum cholesterol of 213
mg/dL." In conclusion, the investiga-
tors stated that therapy with an HMG-
CoA reductase inhibitor is cost effective
among both men and women in the set-
ting of secondary prevention (ie, post-
MI or effort angina).

Insights from NHANES 11T for
Cost-Effectiveness Analysis

Insights stemming from the National
Health and Nutrition Examination Sur-
vey III (NHANES III) can be used to
formulate specific disease management
strategies and prescription practices in
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order to meet the LLDL-C goals estab-
lished by the National Cholesterol
Education Program (NCEP) Adult
Treatment Panel II.' According to
NHANES III, approximately 13 million
US adults have elevated LDL-C requir-
ing drug treatment: patients with multi-
ple CAD risk factors (6.9 million), active
CAD (4.4 million), or elevated LDL-C
alone (1.6 million). Most of these pa-

tients—75% of the women and 88% of
the men—need an LLDL-C reduction of

less than 30% to achieve goal levels es-
tablished by the NCEP. Similarly, 54%
of adults with CAD need LDL-C reduc-
tions of under 30% (Table 1). In most
cases, only a small minority of hyper-
cholesterolemic patients require LDL-
C reductions of more than 30%."""®
With the advent of fluvastatin, a syn-
thetic HMG-CoA reductase inhibitor,
lipid-lowering therapy can be accom-

Table 1. Population Data from NHANES Iil:
Moderate LDL-C Reductions Achieve NCEP Goal

Risk Category

NCEP LDL-C Goal

No. Achieving Goal with
<30% LDL-C Reduction

Uncomplicated <160 mg/dL 81%
Multiple risk factors <130 mg/dL 75%
CHD <100 mg/dL 54%

Source: Adapted from Sempos '®

plished at a much lower cost than with
lovastatin, pravastatin, simvastatin, or
atorvastatin, because acquisition costs
for these agents are nearly twofold that
for fluvastatin. At usual dosages (20
mg/day to 40 mg/day) fluvastatin effec-
tively meets the need for cholesterol
reductions of less than 30% and is ex-
ceedingly well tolerated, which tends to
optimize patient compliance. In addi-
tion, therapy with fluvastatin requires
less frequent monitoring for liver enzy-
matic profiles, thus helping to lower
costs for this treatment in the first year.

Recent Cost-Effectiveness Trials

Three recent trials have demon-
strated that fluvastatin accomplishes
needed LLDL-C reductions safely, ef-
fectively, and cost effectively compared
with other statins and therefore should
be the agent of first choice when initiat-
ing lipid-lowering therapy to manage
moderate hypercholesterolemia. Nash
studied patients satisfactorily managed
with lovastatin 20 mg/day who were
switched to fluvastatin; the synthetic
statin was administered at 20 mg/day for
4 weeks then titrated to 40 mg/day
among 68 patients over a second 4-week
interval.”® In this therapeutic-switch in-
vestigation, patients were equally well
maintained on fluvastatin as lovastatin;
approximately 85% of the patients on
fluvastatin 20 mg/day and 90% of pa-
tients on lovastatin 20 mg/day attained
NCEP goal lipid levels (2 = NS for the
comparison between the two agents).
When the fluvastatin dosage was dou-
bled, about 90% of patients achieved
the target LDL-C level.

In a retrospective chart-review study
undertaken in a managed care formulary
setting, Mauch and colleagues deter-
mined the clinical and economic impact
of a decision to include fluvastatin in a
managed care formulary. [Mauch RP Jr,
Lawrence B]J, Nissenbaum R, Dallman
J. Clinical and economic impact of flu-
vastatin on a managed care formulary.
Managed Care Medicine 1996;May/June:
28-34.] Patient records were divided
into a treatment group (n = 85) if pa-
tients had taken fluvastatin for 3 months
or longer and into a control group (n =
41) if patients were not switched to flu-
vastatin from treatment with other stat-
ins. A total of 34% of the treatment group
had been switched from simvastatin 10
mg/day to fluvastatin 40 mg/day, and
89% were switched to fluvastatin 20
mg/day, whereas the balance (11%) had
been switched to fluvastatin 40 mg/day.
Cost data were gamered by reviewing
pharmacy claims, and the clinical data
were collected by chart review. In this
study, switching to fluvastatin led to a
mean decline in reimbursement of
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$22.01 per patient-month (P < 0.0001).
"This translated into an annual savings of
$264 per patient and a total of $22,440
saved for the entire health maintenance
organization.

In a computer-model meta-analysis
using assumptions from the Framing-
ham study, Martens and coworkers dem-
onstrated a cost per YOLS ranging from
Can $38,000 for fluvastatin 40 mg/day to
Can $56,200 for pravastatin 20 mg/day.”
In an incremental analysis comparing
other statin therapies with fluvastatin 40
mg/day, fluvastatin clearly emerged as
the medication of choice when initiating
therapy in moderate primary hypercho-
lesterolemia. In particular, incremental
cost-effectiveness ratios ranged from
Can $88,200 per YOLS for simvastatin
10 mg/day, to Can $198,100 per YOL.S for
lovastatin 20 mg/day, to Can. $330,300
per YOLS for pravastatin 20 mg/day
compared with fluvastatin 40 mg/day. In
conclusion, the investigators stated that
it is more cost effective to initiate treat-
ment with fluvastatin than with prava-
statin, simvastatin, or lovastatin.’

Current Utilization Patterns and
Costs of Lipid-Lowering Therapy
with Statins

All four HMG-CoA reductase inhibi-
tors clearly provide the moderate (20%
to 30%) reductions in LDL-C needed by
most patients. Marketing data [IMS Cor-
poration. Dispensed TRX. Plymouth, PA,
1997] show there is close agreement be-
tween this conclusion and clinical prac-
tice (Figure 2)."® Fluvastatin, lovastatin,
and pravastatin are administered at their
entry-level dose of 20 mg/day in 70%,
75%, and 72% of all prescriptions for
each drug, respectively. Atorvastatin and
simvastatin are prescribed at 10 mg/day
in 75% and 41% of all prescriptions, re-
spectively. These dose levels would be
expected to produce LDL-C reductions
of 20% to 36%. Of all adults with LDL-C
of greater than 130 mg/dL, more than
two-thirds require a decrease of <30% to
achieve NCEP target for LDL-C."

Because the clinical profiles of all four
HMG-CoA reductase inhibitors are gen-

erally equivalent in terms of efficacy and
safety at their entry-level doses, other
factors, such as cost, must be considered
when weighing therapy with each of
these agents. Cost is especially impor-
tant with the statins because many pa-
tients will need lifelong therapy. For
lovastatin, pravastatin, simvastatin, and
atorvastatin, average wholesale prices of
a 30-day supply range from about $55 to
$68 (Figure 3). In contrast, fluvastatin

Figure 2. HMG-CoA Reductase Inhibitors Use by Dosage
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Figure 3. Comparative Monthly Costs of HMG-CoA Reductase
Inhibitors
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Source: Reproduced with permission from Red Book Update, January 1997 %'
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costs approximately $37 for a 30-day sup-
ply at the usual starting dose and is thus
nearly half'as expensive as the other stat-
21

ins.

Table 2. Annual Cost of Treatment with HMG-CoA Reductase

Inhibitors*
LDL-C Cost/L DL-C
Dose Cost Reduction Reduction
Statin (mg/dL) ($/yr) (%) ($/y1/1%)
Fluvastatin 20 439.20 23 19.09
40 489.60 26 18 83
Lovastatin 20 810 00 24 3375
40 1458 00 30 48.60
80 2916.00 40 72.90
Pravastatin 20 709.20 25 28 37
40 1195 20 27 4427
Simvastatin 10 730.80 28 26.10
20 1274.40 35 36 41
40 1324 80 40 33.12
Atorvastatin 10 65520 ° 36 18.20
20 1015.20 40 25.38
40 1224.00 47 26.04

*Cost of 1 year of treatment with available HMG-CoA reductase inhibitors.
Source: Adapted from Red Book Update, January 1997 '

Figure 4. Annual $ Cost Per 1% Reduction in LDL-C Levels

Fiuvastatin (20 mg/d

Lovastatin (20 mg/d)

Pravastatin (20 mg/d)
Simvastatin (10 mg/d)

Atorvastatin (10 mg/d)

)

$ Cost/1% LDL-C Reduction

Source: Reproduced with permission from Red Book Update, January 1997 '

These comparisons are even more
striking if drug costs are annualized and
indexed according to effectiveness ex-
pressed as cost per 1% reduction in
LDL-C (Table 2, Figure 4). On the basis
of this intermediate outcome, fluvastatin
and atorvastatin are substantially more
cost effective than lovastatin, prava-
statin, or simvastatin: $18 to $19 per 1%
LDL-C reduction, compared with ap-
proximately $26 to $34 per 1% reduction
for the other statins. Clearly, for the
moderate (20% to 30%) LDL-C reduc-
tions typically needed by patients with
primary hypercholesterolemia, fluvastatin
is the most cost effective option (Figure
5). For more pronounced LLDL-C lower-
ing (30% to 50%), atorvastatin is the
most cost-effective alternative due to its
greater potency in lowering LDL-C.?%
An algorithm summarizing the cost-ef-
fective management of hypercholester-
olemia is presented in Figure 6.

The Cost-Effective Value of
Statin Therapy :

A number of studies have demon-
strated the cost effectiveness of HMG-
CoA reductase inhibitors in the
treatment of hypercholesterolemia. The
Canadian trial conducted by Hamilton,
et al, evaluated the lifetime cost effec-
tiveness of lovastatin 20 mg/day for treat-
ment of high serum cholesterol in
primary prevention.'* Cost data were
added to a validated CAD-prevention
computer model to estimate the benefits
of lifelong risk factor modification. This
model also took into account interven-
tion costs due to aging and beneficial
increases in HDL-C brought about by
HMG-CoA reductase inhibitors. Al-
though the cost effectiveness of the stat-
ins varied widely with age, sex, and
ptesence of other risk factors, treatment
of hypercholesterolemia was shown to
be relatively cost effective.

"These findings corroborated data from
an earlier analysis by Goldman’s group,
which showed that a 20-mg/day dosage
of lovastatin in secondary prevention for
moderate or severe hypercholesterol-
emia exhibited a cost-effectiveness ratio
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of less than $20,000 per YOL.S in mid-
dle-aged men and women." As primary
prevention, however, lovastatin had fa-
vorable cost-effectiveness ratios only in
subgroups determined by pretreatment
cholesterol levels and other cardiovas-
cular 1isk factors. In general, 1esults of
most cost-effectiveness analyses are
similar, with more favorable cost-effec-
tiveness ratios predicted for those at
higher risk than for those at lower risk,
and for men more than for women.
Prospective clinical trial evidence
now gives added support to the predic-
tions of economic models. The costs per
YOLS in major statin-based clinical tri-
als are summarized in Table 3. In the 45
trial of 4444 patients with CAD,” treat-
ment with simvastatin led to a clinically
and statistically significant 30% decline
in all-cause mortality (P = 0.0003). In
addition, this secondary-prevention
study showed a 34% decline in major
coronary events and a 42% decrease in
coronary deaths in patients on active
treatment, compared with control sub-
jects. Unlike many cost-effectiveness

analyses, this clinical trial prospectively
collected data for a cost-minimization
analysis. In the 4S, the incremental cost
effectiveness of statins treatment rela-

Figure 5. Cost Effectiveness of Treatment with HMG-CoA Reductase
Inhibitors: Annual $ Cost of Drug vs. Expected LDL-C Reduction
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520 @540 | as
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F 20,
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The line represents the most cost-effective point (or drug) for a given level of desired
LDL-C reduction
Source: Adapted from Jacobson.””

Figure 6. Proposed Algorithm for Therapeutic Management of Patients with Hypercholesterolemla Based on

Cost-Effectiveness Analysis
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reductase inhibitor therapy
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CoA reductase inhibitor

Source: Adapted from Jacobson.?
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tive to standard dietary care ranged from
$7800 to $15,000 per YOLS, with the
variation due to assumptions regarding
survival and with costs and benefits for
time effects discounted.

Like the 4S, the pooled analysis of
two angiographic studies also estimated
cost effectiveness on the use of the
HMG-CoA reductase inhibitor, pravas-
tatin, in secondary prevention.”* The
two angiographic regression studies
were the Pravastatin Limitation of

Table 3. Cost Effectiveness Demonstrated by Major Statin Based
Clinical Trials

Trial Drug/Dosage $ Cost per YOLS

4S5 Simvastatin 5500 (3000-12,100, men)
20-40 mg/day 10,300 (4500-21,800, women)

PLAC /it Pravastatin 9400 (7124-12,665, men)

(pooled analysis) 40 mg/day

WOSCOPS Pravastatin

40 mg/day

(16,000-32,000, men)*

4S = Scandinavian Simvastatin Survival Study; PLAC | = Pravastatin Limitation of Athero-
sclerosis in the Coronary Arteries; PLAC Il = Pravastatin, Lipids and Atherosclerosis
in the Carotid Arteries; WOSCOPS = West of Scotland Coronary Prevention Study
*$1.60 US dollars to one British £

Figure 7. Impact of Drug Dosage on Cost Effectiveness—
$ Cost Per LDL-C Reduction

MW Lovastatin (L)

A Pravastatin (P)
@ Simvastatin (S)
w Atorvastatin (A)

A% LDLG & Fluvastatin (F)
yrit%e -
reduction) 20

50 F
CostLDL-C 40 ./.
reduction 30 |

‘n > w T

I

Low dose*

Higher dose!

*Usual low doses are 20 mg/day for fluvastatin, lovastatin, and pravastatin; and 10
mg/day for simvastatin and atorvastatin. Higher dose represents doubling of the low
dose

Source: Adapted from Jacobson ¥

Atherosclerosis in the Coronary Arteries
(PLACI, 1995) and the Pravastatin, Lip-
ids and Atherosclerosis in the Carotid
Arteries (PLAC 11, 1995). The pooled
PLAC data (N = 559) showed a statisti-
cally significant (P < 0.05) difference be-
tween the pravastatin and placebo
groups in the incidence of nonfatal ML
An analysis of pooled data from the
PLAC studies showed that for men with
CAD, the cost per YOL.S utilizing the
average weighted dose of pravastatin (36
mg/day) was $12,665 in patients with
one additional risk factor, $9368 with
two additional risk factors, and $7124
with three additional risk factors.” Ac-
cording to this model, monotherapy with
an HMG-CoA reductase inhibitor com-
pares favorably, in terms of cost effec-
tiveness, with widely accepted medical
interventions such as pneumococcal vac-
cination ($12,000 per YOL.S), hydro-
chlorothiazide therapy for hypertension
($16,400 per YOLS), and mammogra-
phy for breast-cancer screening ($21,700
per YOLS).”®%

Findings from other large-scale trials
of HMG-CoA reductase inhibitors in
primary prevention indicate similar re-
ductions in coronary events and life-sav-
ing benefits. In WOSCOPS, pravastatin
at 40 mg/day reduced LDL-C by 26%
and increased HDL-C by 5%.° Further,
compared to patients taking placebo, the
pravastatin-treated patients experi-
enced a statistically significant 31% de-
cline in the number of nonfatal MIs and
a 22% reduction inrisk of death from any
cause.

The WOSCOPS wrial has yet to be
analyzed completely for cost effective-
ness, and these findings are eagerly
awaited. In an abstracted interim analy-
sis, Shepherd and colleagues from the
WOSCOPS Economic Analysis Group
reported that over 5 years, treatment
with pravastatin in 10,000 men similar to
the patients in WOSCOPS would pre-
vent about 300 of them from developing
cardiovascular disease.”® The incre-
mental cost-effectiveness ratios associ-
ated with the prevention of these events
ranged from £10,000 to £20,000 per
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YOLS, and the ratio decreased further
among high-risk men such as those who
smoke, have hypertension, or are older.

Cost Effectiveness in Acquisition
and Larger Perspectives

Most cost-effectiveness analyses with
the statins support the premise that drug
acquisition costs account for the majority
of the changes in the cost-effectiveness
ratios. In a sensitivity analysis reported
by Goldman’s group, if the cost of lova-
statin were reduced by 40% in 1997 as
the result of a generic formulation, the
cost/YOL.S would decrease by 30% and
primary prevention with HMG-CoA re-
ductase inhibitors would have cost-ef-
fectiveness ratios below $40,000 per
YOL.S in men ages 45 to 74 years."> With
the substantal decrease in fluvastatin
acquisition costs, these parameters
would be expected to influence the cost
effectiveness of lipid lowering with stat-
ins.

Finally, in the more recent analysis by
Hamilton and coworkers that incorpo-
rated changes in both LDL-C and
HDL-C into their model, a 10% vari-
ation in drug cost of lovastatin was asso-
ciated with changes of 8% to 9% in the
cost per YOLS." Thus, most cost-effec-
tiveness analyses point out the impor-
tance of acquisition costs
as the dominant determi-

effectiveness generally declines. This is
not demonstrated with fluvastatin, how-
ever, because a 40-mg dose of fluvastatin
has greater efficacy than the 20-mg dose,
but the average wholesale price of 20-
and 40-mg capsules is roughly equiva-
lent. In contrast, 40 mg/day of lovastatin
and pravastatin and 20 mg/day of simva-
statin and atorvastatin cost nearly twice
as much as their usual starting doses
(Figure 7). '

Although greater efficacy is achieved
at higher doses with all the HMG-CoA
reductase inhibitors, the costs of higher-
dose lovastatin, pravastatin, simvastatin,

Table 4. 5-Year Expected Total Cost per Case

Events/Procedures

Average Cost in $

CAD Events
Acute Ml
Angina pectoris
Unstable angina
Sudden death
Procedures
PTCA
CABG

51,211
24,980
40,581

9078

26,916
32,465

CABG = coronary artery bypass graft; MI = myocardial infarction; PTCA = percu-

taneous transluminal coronary angioplasty

Source: Adapted and reproduced with permission from Wittels 2°

nant of the cost effective-
ness of the HMG-CoA
reductase inhibitors.
Such cost comparisons
gain a further dimension

Table 5. Cost Effectiveness of Various Interventions for Patients with
Coronary Atrtery Disease (in 1991 Dollars)

when the impact of dose
titration on the cost of

Intervention

Incremental Cost Effectiveness

$/YOLS or $/QALY

therapy is assessed (Fig-
ure 7). Although it is
clear that the majority of
patients achieve LDL-C
levels with the usual rec-
ommended dose of an
HMG-CoA reductase in-
hibitor, a small propor-
tion need a higher dose.

Smoking cessation program after M!

Aspirin for acute Ml

Beta-blockers after Ml

Cardiac rehabilitation after Ml

PTCA for one- or two-vessel disease

CABG after three-vessel or left-main disease

Lovastatin 20 mg/day for secondary prevention; C <250 mg/dL
Thrombolysis in elderly with suspected acute MI

Captopril after Ml (EF <0.40)

CCU admission for patients with 20% probability of acute MI

220/YOLS
2800/YOLS
3200-18,400/YOLS
6800-9200/QALY
7700-11,000/QALY
7500-16,400/QALY
17,800/YOLS
21,200-22,400/YOLS
28,400/QALY
78,000-88,700/YOLS

At higher doses of the
statins (which are twice
the entry level), the cost

C = cholesterol; CABG = coronary artery bypass graft; CCU = coronary care unit; EF = ejection fraction;
MI = acute myocardial infarction; PTCA = percutaneous transluminal coronary angioplasty.
Source: Adapted and reproduced with permission from Tsevat ®
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and atorvastatin, when indexed to a 1%
reduction in LDL-~C, are greater. This
illustrates the economic principle of di-
minishing marginal returns: smaller ad-
ditional clinical benefits (1e, LDL-C
reduction) at additional costs.

The value of lipid-lowering therapy is
placed into larger perspective when one
considers the costs of CAD events and
revascularization procedures. Table 4,
from a 1990 study, shows the average
5-year cost of acute M1, angina, unstable
angina, angioplasty, and bypass surgery
on a per-case basis.”> Table 5 shows the
cost effectiveness of various interven-
tions for patients with CAD and demon-
strates the economic value of statin
therapy compared to traditionally ac-
cepted cardiovascular intervention.

Treatment decisions concerning pa-
tients with hypercholesterolemia are
based on consideration of LDL-~C levels
and CAD risk status as established by
the NCEP Adult Treatment Panel." To
contain the cost of statin therapy for hy-
percholesterolemic patients in managed
care, clinicians may do well to consider
using a treatment algorithm based on
cost-effectiveness principles (Figure 6).

In patients who need a reduction of

LDL-C of less than or equal to 30%,
therapy should be initiated with fluva-
statin 20 mg/day. If response is inade-
quate, fluvastatin dosage should be

increased to 40 mg/day.

Fluvastatin should be continued if
there is an adequate response; other-
wise, the patient should be switched to
combination therapy or to monotherapy
with a more potent HMG-CoA reduc-
tase inhibitor such as atorvastatin or sim-
vastatin. In patients who need LDL-C
reductions of more than 30%, mono-
therapy with a higher-potency HMG-
CoA reductase inhibitor, or the
combination of a statin with a resin or
niacin, should be considered. If the re-
sponse is inadequate, a resin or niacin
should be added to the high-dose HMG-
CoA reductase inhibitor (Figure 6).

Conclusion

In the current medical environment
of increasing cost consciousness and spi-
raling expenditures for cardiovascular
interventions, it behooves primary care
physicians to make appropriate treat-
ment decisions based on an under-
standing of the efficacy, safety, and cost
effectiveness of pharmacologic agents.

- Treatment interventions that cost less

than $40,000 per YOLS are recom-
mended by a number of experts as cost
effective. Compared with other gener-
ally accepted cardiovascular interven-
tions, treatment with the HMG-CoA
reductase inhibitors is relatively cost ef-
fective, especially for patients with CAD
or who are at high risk for CAD (ie,
multiple risk factors). In managing most
patients with primary (ie, type 1a/IIb)
hypercholesterolemia, the synthetic
HMG-CoA reductase inhibitor, fluva-
statin, appears to be particularly attrac-
tive because its clinical efficacy is similar
to those of other drugs in its class, but its
acquisition costs are substantially lower,
resulting in greater cost effectiveness.
For the minority of patients who need
larger decreases in LDIL.-C, atorvastatin
or simvastatin may be the agent of
choice.
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