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ABSTRACT

Background
Generic statins may be considered as a compelling treatment option for managing dyslipidemia, due to
their reduced cost, compared to their brand name equivalent. However, further assessment is needed to
determine whether using a particular generic statin is more cost-effective relative to other brand-name
statins.

Objective
The purpose of this study is to compare the cost-effectiveness of the most commonly prescribed statins in
Canada with respect to 1) lowering low-density lipoprotein cholesterol level (LDL-C) and 2) achieving
National Cholesterol Education Program Adult Treatment Panel III (NCEP ATP III) LDL-C goal.

Methods
The study was conducted from the perspective of Canadian payers over a 1-year time horizon. Clinical
data were obtained from the STELLAR trial (n=2268) in which patients received fixed doses of
rosuvastatin, atorvastatin, simvastatin and pravastatin. Brand and generic drug costs were based on
wholesale acquisition costs. Relative cost-effectiveness was assessed using the net monetary benefit
approach (NMB), which allows probabilistic cost-effectiveness comparison of the various treatment
options over a wide range of willingness-to-pay (WTP) values for a unit of clinical effect.

Results
Rosuvastatin 10mg was the most cost-effective statin over the largest range of WTP values. Pravastatin
10mg was cost-effective when the clinical outcomes had little or no monetary value. Rosuvastatin 20mg
was more cost-effective at the highest end of the WTP spectrum.

Conclusion
The result of this analysis provides evidence that prescribing generic statins in Canada does not
necessarily translate into the most cost-effective option for treating dyslipidemia; especially as the
monetary value of 1% decrease in LDL-C or patients achieving NCEP ATP III target increases.
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n 2003, cardiovascular diseases (CVD) were the
leading cause of all death in Canada, for which

it has been the underlying cause of about one in
three deaths.1 The economical impact of CVD in
terms of direct and indirect costs is estimated to
be about $20 billion per year.2 In the advent of the

ageing Canadian population, CVD burden on the
population and the healthcare system will only
increase over time.

Dyslipidemia is considered an important
independent risk factor for CVD, for which the
control of low-density lipoprotein cholesterol
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(LDL-C) constitutes a primary objective in its
optimal management.3-5

The efficacy and safety of 3-hydroxy-3-
methylglutaryl-coenzyme A reductase inhibitors
(statins) in reducing LDL-C and CVD-related
morbidity and mortality is well established.6-13

Furthermore, the cost-effectiveness of statins for
preventing CVD events from a Canadian
healthcare perspective is also well documented.14-

26 Nevertheless, there is currently no cost-
effectiveness analysis that takes into account
relative efficacy and relative pricing amongst
different products (be they brand name or generic)
from a Canadian perspective. Since generic drug
acquisition costs are typically lower than their
respective brand name equivalent, generic drugs
may be seen as a compelling treatment option for
treating an individual patient.27 However, further
assessment is needed to determine whether using
generics constitute a more cost-effective treatment
option within its respective drug class.

The purpose of this study was to compare the
cost-effectiveness amongst the most commonly
prescribed statins in Canada (rosuvastatin 10mg to
40mg, atorvastatin 10mg to 80mg, pravastatin
10mg to 40mg, and simvastatin 10mg to 80mg)
with respect to lowering LDL-C and to achieving
the National Cholesterol Education Program
Adult Treatment Panel III (NCEP ATP III) LDL-
C goal.28

METHODS

Costs
Acquisition costs for brand rosuvastatin, brand
atorvastatin, generic pravastatin and generic
simvastatin were included. Generic pricing for
pravastatin and simvastatin were incorporated in
the analysis to better reflect the actual acquisition
cost of these drugs in Canada. Costs related to
serious adverse events, to physician or nurse visits
and to laboratory tests (liver function and lipid)
were excluded since it was assumed that they
were similar across statins.29-31 Titration costs
(additional physician visit and laboratory tests)
were not included.

Efficacy
The statin’s efficacy was assessed according to 1)
the percent decrease in LDL-C, and 2) the
proportion of patients who achieved the NCEP

ATP III guideline LDL-C goal according to their
individual risk level.28

Pharmacoeconomic Analysis
The present pharmacoeconomic analysis is a
variant of a previously published and peer-
reviewed model developed to assess the cost-
effectiveness of various statins within the United
States context.32 The present analysis was
conducted from the perspective of health care
payers in Canada and used Canadian specific drug
acquisition costs as the key economic outcome
measure. Instead of using simple sample means,
the efficacy for each statin was determined using
bootstrap simulation (1,000 resample) on all
efficacy data to take into consideration the
uncertainty in the sample estimate and to further
characterize the sample distribution.33 The
bootstrap technique randomly selects a new
sample of the same size (with repeated
observation allowed) from the original observed
sample; this can be repeated thousands of times,
and “bootstrapped” statistics can be estimated.
Maximum LDL-C decrease and LDL-C goal
attainment were assumed to be achieved within
the first 6 weeks of treatment, considering that
maximal LDL-C reduction is usually achieved
within 4 to 6 weeks for statins.34-35 For the
purpose of this analysis, it was assumed that the
efficacy achieved after 6 weeks remained constant
over 1 year of continuous treatment.36-37 This
analysis was performed over a 1-year period, so
discounting was not applied.

Cost-effectiveness was assessed in terms of
cost per unit of clinical efficacy as defined above,
as well as in terms of net monetary benefit
(NMB). The NMB analysis has been chosen to
allow probabilistic comparison of multiple
treatment options.38 NMB may be defined as the
monetary value of the clinical effect from a
particular treatment minus the cost of that
treatment: NMB = (k) • E - C, where E is the
clinical effect, k is the value associated to the
clinical effect (in monetary terms) and C is the
cost.

In the NMB analysis, the monetary value of
the clinical effect (k-value) is typically determined
by the decision maker’s willingness-to-pay for
each unit of benefit; in this case, for each 1%
reduction in LDL-C or for each patient achieving
their respective LDL-C goal. Since the “willingness-
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to-pay” value is generally unknown and may vary
from one decision maker to another,39 the results
were presented for k-values ranging from 0 to
infinity. Individual treatment options are
considered as cost-effective when the monetary
value of the clinical effect exceeds the cost of the
treatment (i.e., NMB > 0). To determine the
relative cost-effectiveness of the different
treatments, the probability of having the highest
NMB among comparators was evaluated in the
bootstrap simulation.

The NMB results were presented graphically
to define a cost-effectiveness acceptability curve,
which illustrates the certainty of a statin being
cost-effective for different values of k. These
curves illustrate the probability, according to the
simulation, that each treatment option had the
highest NMB among other treatments included in
the analysis for each k-value. When the k-value is
close to zero, drug acquisition cost dominates the
NMB statistics; consequently, the cheapest
treatment option is more likely to be the most
cost-effective option. As the clinical effect’s
monetary value increases (increasing k-value), a
gain in the clinical effect can compensate
substantially higher drug acquisition costs, which
translates into superior cost-effectiveness in the NMB
statistics. For any k-value, the statin with the highest
NMB probability is the most cost-effective option. In
the graphical representation of the results, only the
individual drugs that were able to achieve a high
NMB in the simulation were displayed in the cost-
effectiveness acceptability curve.

Sensitivity Analyses
Sensitivity analyses were performed to assess the
robustness of the findings. For convenience, the
most cost-effective drug, defined as the most cost-
effective alternative over the widest k-value range
for a clinical effect, was used as the main
comparator. Threshold values for the price of
alternative statins, to attain a NMB equivalent to
the main comparator, were calculated according to
Cj = (k) • Ej – (k) • E i+ Ci, where C is the drug cost, E
is the clinical effect, k is the WTP per unit of clinical
effect, i is the main comparator and j is the alternative
statin treatment. The difference between the current
wholesale acquisition cost of the alternative statin and
the threshold value for a clinical effect value (k-value)
represents the price decrease required to achieve a
NMB equivalent to the main comparator statin. The

magnitude of the price decrease may vary according
to different k-values. Hence, the sensitivity analyses’
results were presented graphically over a wide range
of k-values to enable individual decision makers to
interpret the sensitivity analysis’ results according to
different willingness-to-pay values.

Data Source
Acquisition costs (2006) were calculated in Canadian
dollars and according to the PPS Pharma Buyers
Guide and Brogan iMAM Price Report.40,41 Clinical
efficacy and input patient population data were
derived from the STELLAR trial.42 This was a 6-
week, parallel-group, open-label, multicenter study
that randomized a total of 2,431 patients to a fixed
dose of rosuvastatin (10, 20, or 40mg), atorvastatin
(10, 20, 40, or 80mg), pravastatin (10, 20, or 40mg),
or simvastatin (10, 20, 40, or 80mg). Fluvastatin,
lovastatin and simvastatin 5mg were not included in
the STELLAR trial because they are not commonly
prescribed. Rosuvastatin 5mg was also not included
in the STELLAR trial since it was not marketed at the
time of the trial. Enrolled patients were men and
nonpregnant women who were ≥18 years of age and
had hypercholesterolemia (LDL-C concentration ≥
4.1 mmol/L and <6.5 mmol/L; triglyceride
concentration <4.5 mmol/L). The primary end point
was the change in plasma LDL-C concentration from
baseline to 6 weeks. The proportion of patients who
reached NCEP ATP III guideline LDL-C goals was
also assessed for each statin dose. The present
analysis assumed that LDL-C reduction achieved
after 6 weeks of statin treatment would remain the
same at one year of continuous treatment.36,37 To date,
the STELLAR trial is the most comprehensive trial
that compared the relative effectiveness of the most
widely prescribed statin in a single randomized trial.

RESULTS

In terms of milligram-equivalent doses and point
estimate mean, rosuvastatin provided the greatest
LDL-C reduction and greatest number of patients
achieving LDL-C targets. Daily and annual costs and
mean data for the two efficacy measurements for all
treatment regimens included in the STELLAR trial
are compiled in Table 1. The three most cost-effective
treatment regimens, for mean costs per 1% decrease
in LDL-C and for patients achieving target LDL-C
goal, are rosuvastatin 10mg, rosuvastatin 20mg and
generic simvastatin 80mg.
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TABLE 1 Annual Cost and Clinical Effect for Each Statin Dose

In the cost-effectiveness acceptability curves (Figure
1 and 2), rosuvastatin 10mg was the most cost-
effective statin over a wide range of k-values in
terms of a 1% decrease in LDL-C at 1 year ($5.50
to $19) and for patients reaching their LDL-C goal
($300 to $1725). Generic pravastatin 10mg was the
most cost-effective treatment option when the value
of a 1% decrease in LDL-C is less than $5.50 and
the value of patients reaching their LDL-C goal is
less than $300.

Even though generic pravastatin 10mg had the
lowest potency in reducing LDL-C among drugs
included in this analysis, its lower acquisition cost
translates into better cost-effectiveness when the
clinical effect has little or no monetary value.
Rosuvastatin 20mg was the most cost-effective
statin when the value for a 1% decrease in LDL-C at
1 year was higher than $19 and when the value of
patients reaching their LDL-C goal was higher than
$1725. At high k-values, the higher cost of
rosuvastatin 20mg was offset by an improvement in
percent LDL-C reduction potency. Since either
rosuvastatin 10mg or 20mg were closer to the cost -
effectiveness probability of 1 for much of the k-
value ranges in which clinical effect has a monetary

value, this suggests, with a high certainty, that
rosuvastatin is cost-effective.

The sensitivity analysis’ findings were reported
in Figure 3 and 4, using rosuvastatin 10mg as the
main comparator. For a particular k-value, the
difference between the wholesale acquisition cost
(plain line) and the threshold value (dotted line)
represent the price decrease required for a particular
statin to achieve a NMB equivalent to the main
comparator (rosuvastatin 10mg). For example, for a
k-value of $15 per 1% decrease in LDL-C, the price
of generic simvastatin 40mg would have to decrease
by 31% (from $1.54 to $1.07 per day) to have a
cost-effectiveness equivalent to rosuvastatin 10mg
(Figure 3). From Figure 4, for an arbitrary k-value of
$1,000 per patient who reaches their LDL-C goal,
the price of generic simvastatin 40mg would have to
decrease by 39% to be as cost-effective as
rosuvastatin 10mg. In general, the different
alternative statins included in the sensitivity analyses
necessitated a price decrease to achieve a NMB
equivalent to rosuvastatin 10mg. Furthermore, as the
WTP for both clinical effect increased, deeper price
reduction is required for most of the alternative
statins to match the NMB of rosuvastatin 10mg.

Statin

Wholesale
Acquisition

Costs
(CAD$)

Annual
Cost

(CAD$)

Mean
Percent

Decrease
in LDL-C

Proportion
of Patients
Reaching

LDL-C Goal

Mean Cost
per 1%

Decrease in
LDL-C
(CAD$)

Mean Cost
per Patient
Reaching

LDL-C Goal
(CAD$)

Rosuvastatin 10mg $1.36 $496 -45.87 82.05% $10.81 $604.51
Rosuvastatin 20mg $1.70 $621 -52.34 88.75% $11.86 $699.72
Rosuvastatin 40mg $1.99 $726 -54.96 89.17% $13.21 $814.18
Atorvastatin 10mg $1.66 $606 -36.73 68.99% $16.50 $878.39
Atorvastatin 20mg $2.08 $759 -42.57 74.68% $17.83 $1,016.34
Atorvastatin 40mg $2.24 $818 -47.79 85.26% $17.12 $959.42
Atorvastatin 80mg $2.24 $818 -51.05 82.42% $16.02 $992.48
Generic Pravastatin 10mg $0.95 $347 -20.13 31.25% $14.29 $1,110.40
Generic Pravastatin 20mg $1.12 $409 -24.29 43.90% $13.78 $931.66
Generic Pravastatin 40mg $1.35 $493 -29.68 54.66% $17.42 $901.94
Generic Simvastatin 10mg $1.25 $456 -28.3 50.91% $16.11 $895.70
Generic Simvastatin 20mg $1.54 $562 -34.98 62.96% $16.07 $832.63
Generic Simvastatin 40mg $1.54 $562 -38.81 66.46% $14.48 $845.62

Generic Simvastatin 80mg $1.54 $562 -45.78 82.21% $12.28 $683.62
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FIG. 1 Cost-Effectiveness Acceptability Curves Based on Percent Decrease in LDL-C
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DISCUSSION

The STELLAR trial findings support that
rosuvastatin is more efficacious than milligram-
equivalent doses of other statins in lowering LDL-
C levels and in enabling patients to achieve NCEP
ATP III LDL-C goals.42 This analysis, which
combines the STELLAR clinical trial data and
current Canadian acquisition costs, has demonstrated
that rosuvastatin can be a cost-effective treatment
option, even when generic pricing is taken into
consideration.

Previous pharmacoeconomic analyses in
Canada have demonstrated that the use of statins,
in general, can be cost-effective from a societal
perspective for preventing CVD.14-26 According to
recent publications, it has been suggested that the
use of generic simvastatin in a non-Canadian
healthcare market may contribute to significant
decrease in drug expenditure for statins.43,44

Among generic statins marketed in Canada, only
generic pravastatin 10mg was able to achieve a
high cost-effectiveness probability. Pravastatin
10mg dominates the NMB analysis at the lowest
monetary value range attributed to both clinical
effects. At higher monetary values associated with
a 1% decrease in LDL-C (over $5.50) or for
patients reaching their LDL-C goal (over $300),
rosuvastatin 10mg and rosuvastatin 20mg
dominate generic pravastatin 10mg, other generic
and other branded statins. Thus the present study
provides evidence that the empirical use of
generic statins does not necessarily translate into a
cost-effective treatment option from a Canadian
healthcare perspective, conditional upon the
monetary value assigned to the incremental
clinical effects.

Rosuvastatin 10mg is the only starting dose
among statins that had a high probability of cost-
effectiveness in the NMB analysis.45 Amongst
starting doses, it is more efficacious in terms of
percent LDL-C reduction and number of patients
achieving LDL-C target. When the relationship
between drug acquisition cost and efficacy is
taken into consideration it is the most cost-
effective option. The results from the sensitivity
analyses suggest that rosuvastatin 10mg’s superior
cost-effectiveness is robust to substantial price
decrease of alternative statins. As for the k-value
for either clinical efficacy parameter increases, a
greater price reduction would be required for most

of the alternative statins to be as cost-effective as
rosuvastatin 10mg.

The present study has a number of potential
limitations. First, this study used efficacy data
directly from a randomized clinical trial. Although
findings from the “real-world” setting have
indicated reduced statin effectiveness in the usual
care setting outside of clinical trials, rosuvastatin‘s
superiority over other statins in reducing LDL-C
levels and in allowing patients to achieve
cholesterol targets has been maintained in “real-
world” observational studies.46 Second, the
effectiveness of the various treatment options was
assessed according to a surrogate endpoint (1%
LDL-C reduction) rather than hard endpoint
events (such as death and cardiovascular events).
However, the use of 1% LDL-C reduction to
determine cost-effectiveness is relevant since
there is a proportional decrease in the incidence of
deaths and cardiovascular events associated to the
reduction of LDL-C levels.13 Third, the present
analysis assumed that LDL-C reduction after 6
weeks of statin treatment would remain constant
after one year of continuous treatment. There is
currently evidence that supports that tachyphylaxis
does not occur at 1 year of statin treatment.36,37

However, further studies are required to address
whether tachyphylaxis occurs over a more
extended period of statin use.

Fourth, treatment monitoring and adverse
event rates were not integrated within the present
analysis since it was assumed that they are all
consistent across statins. There is actually no
evidence that suggests that these aspects are
different between the statins.29-31,34,35 Treatment
adherence and persistence were also not included
in the model since it is unknown if they vary
across statins.

Fifth, titration was not incorporated into the
analysis since it is a fixed-dose model. Although
titration is associated with increased cost, it would
not likely change the overall ranking of the most
cost-effective alternatives in the NMB analysis
since only rosuvastatin 20mg requires titration
among these drugs. This would slightly shift its
cost-acceptability curve toward a higher k-value.
However, rosuvastatin 20mg’s superior clinical
effect would likely offset the incremental titration
cost in the highest k-value spectrum.

Other features associated to individual drug
such as HDL elevation potency, pleiotropic
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properties (e.g. effect on atherosclerosis plaques),
drug interaction profile, drug convenience
packaging or compliance programs may also
affect willingness to pay and cost-effectiveness
ratio depending on the monetary value associated
to them.42,47,48 These features were not integrated
in the analysis, but they may be of value in the
treatment decision making process. More
specifically, individual drug HDL elevation
potency may have a significant impact on the
NMB analysis result if HDL elevation is
considered as a valuable clinical effect. Since
recent evidence suggests that HDL is an
independent risk factor for cardiovascular event in
patients currently taking lipid treatment,49,50

further assessment may be required to take into
account HDL elevation profile in assessing
relative cost-effectiveness of statins.

In conclusion, a pharmacoeconomic model
has been adapted to assess the relative cost-
effectiveness of the most prescribed statins in
Canada. The findings from this study demonstrate
that prescribing generic statins may not
necessarily translate into the most cost-effective
treatment option for Canadian patients with
dyslipidemia.
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