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RESULTS: The relative risk reduction of 0.58 and 0.78 were projected to
result in an ICER of $50,000 and $100,000 per QALY, respectively. The
results were sensitive to NT cost, health state utilities, and the discount rate.

OBJECTIVES: To estimate the relative risk reduction threshold for adding
a novel expensive lipid-lowering therapy (NT) to standard therapy, in a
secondary prevention population intolerant to high doses of statins, using a
cost-effectiveness analysis from the Canadian Provincial Ministries of Health
perspective (single-payer system).

CONCLUSIONS: An expensive and novel secondary prevention therapy
based on LDL-C reduction would have to demonstrate moderate to high
relative risk reduction to be considered cost-effective. These results and the
theoretical model can be used as a framework for the economic evaluation
of novel secondary prevention therapies in patients intolerant to high doses
of statins.

METHODS: A lifetime Markov cohort model was developed to compare the
reference treatment (RT) alone, a low-dose statin, to a hypothetical NT (cost
set at $7,000) added to the RT. Myocardial infarction and stroke were the
clinical events considered in the model. Events probabilities were obtained
from randomized controlled studies. Hospitalization costs as well as RT and
NT costs were estimated from available Canadian data in Canadian dollars.
Health utilities and mortality rates were obtained from the literature. Two
incremental cost-effectiveness ratio (ICER) thresholds were considered
in this analysis ($50,000 and $100,000 per QALY). The main outcome
was the relative risk reduction required to remain below each threshold.
Deterministic and probabilistic sensitivity analyses were performed.

INTRODUCTION

D

espite medical advances, cardiovascular disease (CVD) remains one
of the leading causes of death in Canada (1). An estimated 80% of
these cardiovascular deaths are caused by heart attacks or stroke (2). Statin
lipid-lowering agents are considered the standard of care in both primary
and secondary prevention (3-5). Statins decrease low-density lipoprotein
cholesterol (LDL-C) (6), and each reduction of 1 mmol/L (39 mg/dL) has
been associated with a 20-25% reduction of non-fatal myocardial infarction
(MI) and cardiovascular death (7). In Canada, CVD carries a large economic
burden with an estimated total cost of CAD$12.1 billion (8). Allocation of
limited healthcare resources must be constantly optimized to ensure the
sustainability of the system and timely access to costeffective care. Economic
evaluation of health technologies provides “value for money” information
that is critical to policy-makers (9).
The efficacy (10) and cost-effectiveness (11) of statins have been well
documented. While generally well-tolerated, cases of intolerance due to
myalgias may lead to statin discontinuation, nonadherence (12) or suboptimal dosages (13). Approximately 20% of patients treated with the maximal
tolerated dose of statins do not reach the recommended LDL-C target (14).
Moreover, when patients cannot tolerate high doses of statins necessary
to reach target LDL-C levels, lower doses of statins are recommended (3).
Other classes of lipid-lowering medication have long been available, either as
add-on therapy or as an alternative to statins, such as cholesterol absorption
inhibitors (ezetimibe), fibrates, niacin-based preparations, and bile acid
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sequestrants (15), but they are less effective in reducing LDL-C and do not
provide comparable benefit in terms of clinical outcomes (16). Novel classes
of medication for the prevention of CVD through LDL-C reduction have
been developed and some have recently become commercially available, such
as the proprotein convertase subtilisin/kexin type 9 (PCSK9) inhibitors,
alirocumab and evolocumab. However, the cost-effectiveness of such novel
agents in the Canadian context is not well established.
We therefore performed a theoretical pharmacoeconomic evaluation of
a novel add-on lipid-lowering therapy (NT) for a secondary prevention
population intolerant to high-doses of statins to determine the threshold
costs and effectiveness at two different incremental cost-effectiveness ratios
(ICER) that could be considered for reimbursement within the Canadian
healthcare context. The objective of this study was to establish a paradigm for
the rapid evaluation of the cost-effectiveness of new lipid-lowering therapies
recently approved or currently under clinical evaluation.

METHODS
Model structure
A Markov cohort model (Figure 1) was developed using TreeAge Pro software
2016 (TreeAge Software, Williamstown, MA, USA) to assess the relative risk
reduction of the NT added to RT compared to RT alone when fixing two
different cost-effectiveness thresholds from the perspective of a Canadian
single-payer provincial health system. The population considered consisted
of patients with established CVD (ECVD) intolerant to high doses of statins
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with a baseline age of 60 years old. The model had a lifetime horizon (up
to a maximum of 100 years old) and evaluated the impact of the novel
therapy on acute cardiovascular events (CVE): myocardial infarction (MI)
and stroke, and death. Post-CVE health states were also created to capture
higher cardiovascular risk profiles, higher costs, and reduced quality of life
for the patients experiencing adverse outcomes. The model included five
health states: ECVD, post-MI, post-stroke, postMI/stroke and death. The
cohort entered the model in the ECVD health state and patients were
assumed to stay in their respective health state for the entire 1-year cycle.
After each cycle, patients could either stay in the same ECVD state or suffer
an acute CVE, MI or stroke, allowing the transition to a post-CVE state on
the following cycle. In the post-CVE states, patients could either stay in this
state or develop an acute CVE and transition into any other post-acute state.
All patients were at risk of all-cause mortality in every cycle.

Novel lipid-lowering therapy relative risk reduction
The NT relative risk reduction was defined as the degree of cardiovascular
protection provided by the NT when added to the RT compared to the RT
alone for a composite outcome of MI, stroke or death. The NT relative risk
reduction ranging from 0.40 to 0.90 was considered.
Mortality
Statistics Canada life tables were used to estimate all-cause mortality rates
(29). The mortality rates for patients who did not suffer from an acute CVE
in the model, the ECVD state, were calculated based on Canadian general
population, minus the MI and stroke mortality. Acute CVE mortality
probabilities were obtained from cardiovascular trials. Mortality multipliers
were used to reflect the higher probability of death when compared to general
population given their past cardiovascular condition (Table 2) (30,31).
For post-MI/stroke followed by a MI or a stroke, the mortality probability
attributed was the worst case scenario.
Sensitivity analyses

Figure 1) Markov model structure. The cohort starts at ECVD state and
patients were assumed to stay in their respective health states for the entire
1-year. After each cycle, patients can stay in the same ECVD state or suffer
an acute MI or acute stroke or death. Then, patients may transition into their
respective post-CVE state on the following cycle. In the post-CVE state, patients
can either stay in this state or develop an acute CVE. If they develop a different
CVE, i.e. MI and stroke or stroke and MI, they will transition to the post-MI/
stroke state. All patients are at risk of all-cause mortality in every cycle. Arrows
pointing towards the same health state represent patients remaining in that
particular state. One-way arrows represent the transition only in one direction
and two-way arrows represent the possible transition to previous states. The
squares represent the acute CVE allowing the transition to other states. ECVD
Established Cardiovascular Disease; MI: Myocardial Infarction

Both deterministic and probabilistic sensitivity analyses were performed. The
deterministic sensitivity analyses included variations in all costs (± 25%),
utilities (± 15%), CVE probabilities (± 10%) and mortality multipliers (± 2
SD). In addition, variations were considered in the relative risk reductions
and the annual cost of the NT was varied from $1,000 to $11,000. The
discount rate, set at 1.5% in the base case analysis, was varied from 0% to
3%. The probabilistic sensitivity analyses were addressed through second
order analyses using 10,000 iterations, gamma distributions for nontherapy
costs and mortality multipliers, RT and NT costs and beta distributions for
utilities.
A

Reference treatment
The RT chosen for this model was atorvastatin 10 mg (A10), a low-dose, highpotency statin proven to be efficacious in reducing CVE (17).
Model inputs
Transition probabilities

B

(A)

The transition probabilities were obtained from the TNT Study (17,18) for
the first year. For the subsequent years, annual transition probabilities were
obtained from well-known randomized control trials, IMPROVE-IT (19),
PEGASUS (20) and SPARCL (21) (Table 1).
Costs and utilities
All costs are presented in Table 2. Acute event costs included the cost of
hospitalization for each CVE considered in the model. All costs were
obtained from the literature.
The acquisition cost of the RT, defined by generic A10, was obtained from
the List of Medications (22) of the Régie de l’assurance maladie du Québec.
This List provides the acquisition cost of all medications covered by the
basic prescription drug insurance plan in the province of Quebec (23). The
acquisition cost of the NT was set at $7,000 per patient per year in the base
case analysis. NT cost was established within the same order of magnitude
of PCSK9 inhibitors therapies cost (24,25) currently available in Canada,
but not reimbursed by the provincial health insurance plans. All cost are
presented in Canadian dollars.
Health state-specific utilities were defined based on two studies performed
by Ara et al. (26) and Sullivan et al. (27), where a utility of 1 indicates full
health and a utility of 0 is assigned to the death health state (Table 2). As all
patients in this model began in the ECVD state, the baseline utility upon
entering the model was determined at 0.872. As recommended by the 2017
Canadian Agency for Drugs and Technologies in Health guidelines, all costs
and utilities were discounted at 1.5% (28).
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Figure 2) Relationship between the ICER, NT cost and NT relative risk
reduction. (A) Different efficacies of the NT were entered in the model (0.40
to 0.90) to assess the corresponding ICER by fixing the NT cost at $7,000.
The rectangles show the NT relative risk reductions for two different ICERs
thresholds of $50,000/QALY, and $100,000/QALY respectively. (B) NT
cost variation from $1,000 to $11,000 in relation to their respective relative
risk reductions by fixing the two ICERs mentioned above. ICER Incremental
Cost-Effectiveness Ratio; QALY Quality-adjusted life years; NT Novel Therapy
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TABLE 1
Model input parameters: Annual event probabilities
Range for DSA

Base Case

Low

Source

High
Initial Events (First Year)

Acute MI

0.012

0.011

0.014

La Rosa, 2005 (17); Wagner, 2009 (18)

Acute stroke

0.006

0.005

0.006

La Rosa, 2005 (17); Wagner, 2009 (18)

Subsequent Events
Post MI Followed By
Acute MI

0.026

0.023

0.028

Cannon, 2015 (19)

Acute stroke

0.007

0.006

0.008

Cannon, 2015 (19)

Acute MI

0.007

0.006

0.008

Amarenco, 2006 (21)

Acute stroke

0.024

0.022

0.026

Amarenco, 2006 (21)

Acute MI

0.018

0.016

0.020

Bonaca, 2015 (20)

Acute stroke

0.024

0.022

0.026

Amarenco, 2006 (21)

Post Stroke Followed By

Post MI / Stroke Followed By

DSA: Deterministic Sensitivity Analysis; MI: Myocardial Infarction.

TABLE 2
Model input parameters: Annual costs, utilities, mortality and mortality multipliers
Costs

Base Case

Range for DSA
Low

High

Standard Deviation

Distribution

Source

RT (generic A10)

$115

$86

$143

$17

Gamma

RAMQ (22)

NT

$7,000

$5,250

$8,750

$1,089

Gamma

Assumption

MI

$23,400

$17,550

$29,250

$3,510

Gamma

Cohen, 2014 (40)

Stroke

$62,422

$46,817

$78,028

$9,363

Gamma

Mittman, 2012 (41)

Post-MI

$1,491

$1,118

$1,864

$224

Gamma

Cohen, 2014 (40); RAMQ (42)

Post stroke

$2,000

$1,500

$2,500

$300

Gamma

Assumption

ECVD

0.778

0.661

0.895

0.117

Beta

Sullivan, 2005 (27)

MI

0.651

0.553

0.749

0.098

Beta

Sullivan, 2005 (27)

Stroke

0.512

0.435

0.589

0.077

Beta

Sullivan, 2005 (27)

Post-MI

0.685

0.582

0.788

0.024

Beta

Ara, 2010 (26)

Utilities

Post-stroke

0.641

0.545

0.737

0.037

Beta

Ara, 2010 (26)

Post-MI/stroke

0.612

0.520

0.704

0.092

Beta

Sullivan, 2005 (27)

Non-CV

Non-CV * 2.0

NA

NA

NA

NA

Statistics Canada (29)

1st MI

Age-specific

NA

NA

NA

NA

Johansen, 2002 (43)

Post MI

Non-CV * 3.7

NA

NA

NA

NA

Statistics Canada (29)

1st Stroke

Age-specific

NA

NA

NA

NA

Holroyd-Leduc.2000 (44)

Post Stroke

Non-CV * 2.1

NA

NA

NA

NA

Statistics Canada (29)

Post MI-Stroke

Non-CV * 3.7

NA

NA

NA

NA

Statistics Canada (29)

Mortality Rates

Mortality Multiplier
ECVD

2.0

1.39

2.61

0.306

Gamma

Lampe, 2000 (30)

MI

3.7

2.68

4.72

0.250

Gamma

Lampe, 2000 (30)

Stroke

2.1

1.45

2.75

0.326

Gamma

Dennis, 1993 (31)

Discount rate

0.015

0

0.03

NA

NA

CADTH (28)

A10: atorvastatin 10 mg; CADTH: Canadian Agency for Drugs and Technologies in Health; DSA: deterministic sensitivity analysis; ECVD: established cardiovascular
disease; MI: myocardial infarction; NA: not applicable; NT: novel therapy; OCCI: Ontario Case Costing Initiative; RAMQ: Régie de l’assurance maladie du Québec; RT:
reference treatment.

TABLE 3
Theoretical costs and benefits of add-on NT based on an acquisition cost of $7,000 and a minimal relative risk reduction for costeffectiveness at each of three predefined WTP thresholds
Strategy

WTP ($/QALY)

Relative risk reduction

Total Cost ($)

Incremental Cost ($)

Total QALY

Incremental QALY

RT

50,000

0.58

8,615

68,476

6.06

1.37

RT + NT
RT

77,091
100,000

0.78

RT + NT

8,615

7.43
62,990

71,605

6.06

0.63

6.69

NT: novel therapy; QALY: quality-adjusted life years; RT: reference treatment; WTP: willingness to pay.
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trial estimated a hazard ratio of 0.52 (0.31-0.90) when comparing alirocumab
versus placebo (33). The composite endpoint considered was a combination
of death from coronary heart disease, nonfatal MI, fatal or nonfatal ischemic
stroke, or unstable angina requiring hospitalization. The OSLER trials
estimated a hazard ratio of 0.47 (0.28-0.78) when comparing evolocumab
versus standard-therapy group (34). This study considered a composite
outcome of major adverse CVE, such as death (cardiovascular and noncardiovascular); coronary events (MI, UA and coronary revascularization);
cerebrovascular events (stroke, transient ischemic attack) and heart failure
requiring hospitalization as cardiovascular endpoint. However, these posthoc studies are now confirmed by the FOURIER study, a long-term phase 3
randomized control trial (35). Evolocumab showed a hazard ratio of 0.85 for
the primary endpoint (cardiovascular death, MI, stroke, hospitalization for
unstable angina, or coronary revascularization) and 0.80 for the secondary
end point (cardiovascular death, MI and stroke) when compared to placebo.

Figure 3) Results from deterministic sensitivity analysis presenting the 15 most
influenceable parameters in the model by fixing the ICER at $50,000/QALY.
ECVD Established Cardiovascular Disease; MI Myocardial Infarction; NT
Novel Therapy; RT Reference Treatment; SD Standard Deviation. Black rectangles
represent an increase (higher cost, discount rate, probabilities, mortality multipliers
and better utility), while grey ones a decrease on the parameter value

RESULTS
The baseline model results, considering a baseline NT acquisition cost of
$7,000 per patient per year and two willingness to pay (WTP) thresholds, are
presented in Figure 2A. The NT minimal relative risk reduction required to
satisfy a payer WTP threshold of $50,000/quality-adjusted life years (QALY)
is projected to be 0.58, but 0.78 for a WTP of $100,000/QALY. The NT
relative risk reductions in relation to the ICER show a positive exponential
relationship, which approximates a critical minimal relative risk reduction
of 0.80 above which the ICER increases dramatically. The NT relative risk
reductions as well as the NT costs were varied to establish their relationship
by fixing two different ICER thresholds (Figure 2B). There is a clear negative
linear relationship between NT relative risk reduction and NT costs at each
of the WTP thresholds.
At a WTP of $50,000/QALY, assuming minimal relative risk reduction of
an add-on NT and keeping the acquisition cost fixed a baseline values, the
total cost for the RT arm alone is $8,615 for 6.06 QALY gained and $77,091
for the NT added to RT for a gain of 7.43 QALY. The equivalent calculations
were also made for WTP threshold of $100,000/QALY, resulting in a total
cost of $71,605 for 6.69 QALY (Table 3). Deterministic sensitivity analyses
results are presented in the Tornado Diagram (Figure 3).
This diagram displays the impact on the ICER of the 15 most important
parameters at a WTP fixed at $50,000/QALY. The three most important
parameters affecting the model are the NT cost ($5,250 to $8,750), the ECVD
utility (0.741 to 1.0) and the discount rate (0% to 3%). The probabilistic
sensitivity analysis was performed, but the results are not presented, as the
scatter plots were all essentially symmetrically distributed around the WTP
threshold line due to the nature of the analysis.

DISCUSSION
Our model allowed the estimation of two relative risk ratios that a NT,
efficacious in lowering CVE but expensive, would need to have by fixing two
different cost-effective WTP thresholds in a population intolerant to high
doses of statins in secondary prevention of CVD. The relative risk ratios
obtained were 0.58 for an ICER of $50,000/QALY and 0.78 for an ICER of
$100,000/QALY. Our cost-effectiveness model showed to be sensitive to the
cost of the NT, the utility of ECVD and the discount rate.
In a previous study done by our group, we estimated the maximal clinical benefit
predicted using cardiovascular risk assessment models (32). The risk ratio of
a novel agent was assumed to vary between 0.46 and 0.66. We have estimated
a relative risk reduction for a novel efficacious, but costly therapy at 0.58 for
a WTP of $50,000/QALY, which falls within the range previously estimated.
Several post-hoc studies showed a reduction on composite cardiovascular
endpoints. The Long-term Safety and Tolerability of Alirocumab in High
Cardiovascular Risk Patients with Hypercholesterolemia Not Adequately
Controlled with Their Lipid Modifying Therapy (ODYSSEY LONG TERM)
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We have chosen two different WTP thresholds to label an intervention as
cost-effective. It could be argued that a fixed threshold might not represent
our reality considering that, a WTP of $50,000/QALY, for example, is an
arbitrary estimate derived from the cost-effectiveness ratio for dialysis in the
1970s (36). Even though it is hard to find a threshold that could represent
the WTP of a society, fixing a threshold is a powerful tool when informing
decisions (37). Therefore, we chose to set two ICER values at $50,000/
QALY representing the lower bound of a cost-effective threshold value, and
$100,000/QALY representing an intermediate threshold value. According to
the American College of Cardiology/American Heart Association (38) and
the World Health Organization (39) reports, an ICER set at <US$ 50,000
(CAD$ 62,925; Bank of Canada exchange rate of 1.2585 on July 20th 2017)
per QALY gained represent a threshold value of an option identified as
highly cost-effective.
Our study allowed the estimation of theoretical relative risk reductions for
two WTP thresholds, allowing different scenarios to be considered. Our
study has several limitations. First, the Markov cohort approach is useful
to assess different options for a given scenario in a stochastic manner, but
it lacks of memory (phenomenon also referred as Markovian assumption
or Markov property) and assumes risk is constant over time. Therefore,
our results should be interpreted considering this limitation as well as the
following model assumptions. Second, we have supposed that the maximal
tolerate dose of statins was the equivalent of A10. However, statins are
nowadays generic, and their cost by type and dosage do not differ significantly
in Canada. Third, the NT cost was assumed to approximate the cost of
PCSK9 inhibitors, an available costly add-on therapy for patients who do not
reach target LDL-C levels recommended by the Canadian Cardiovascular
Society Guidelines (3). The NT cost was the parameter influencing the
most the model, increasing the ICER considerably in the two fixed-WTP
scenarios. Fourth, we chose several studies to populate the probabilities of all
cardiovascular events. Nevertheless, the population studied in all the chosen
trials were similar. Fifth, we have assumed utilities from an English and US
population to be the same as for Canadians. However, sensitivity analyses for
all utilities were performed, and the ECVD utility was the second parameter
influencing the most the model. Utilities from other health states did not
impacted the model significantly. Lastly, we have assumed different mortality
multipliers for each event (ECVD, acute MI and stroke). Nonetheless, the
mortality multipliers have been used by others in another cost-effectiveness
study, and sensitivity analysis were performed for all mortality multipliers
(18).
In summary, we have estimated a relative risk reduction of 0.58 and 0.78 for
a WTP of $50,000/QALY and $100,000/QALY respectively. We assessed
a composite outcome of acute MI, stroke and death for a novel efficacious
but costly therapy in patients intolerant to high doses of statins in secondary
prevention of CVD. Currently, there is an unmet need in lowering LDL-C.
Considering the high cost of new available therapies, their cost-effectiveness
relies on a high degree of efficacy. Long-term clinical studies as well as
economic evaluations are needed for the new arising therapies to draw
concise decisions about their efficacies, costs and potential reimbursement
by healthcare plans. The present study could be used as a template for further
exploratory analyses.
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