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I schemic heart disease is common, with an estimated 1 in 
12 Canadians older than age 20 years affected and more 
than 150 000 new cases in Canada in 2012–2013.1 There 

have been tremendous improvements in the care of patients 
with cardiovascular disease brought about by therapeutic 
advances in risk factor modification including cholesterol 
lowering with statins and technical advances in cardiac criti-
cal care. Consequently, since 2000, the rate of death from 
ischemic heart disease has fallen in Canada by 23%.1 Given 
these improvements in care, it has become increasingly chal-
lenging for newer therapies to have as large an impact on 
mortality as seen with previous innovations.

Nevertheless, there remains great interest in new therapies 
to further decrease attributable morbidity and mortality. Fol-
lowing the success of the statins, several other medications 
that lower low-density lipoprotein (LDL) levels have been 
investigated for their ability to affect cardiovascular outcomes. 
The proprotein convertase subtilisin–kexin type 9 (PCSK9) 
inhibitors, including evolocumab, have garnered interest 
owing to their ability to lower LDL levels by up to 60%.2 

This LDL lowering comes at an estimated cost approaching 
$7500 per year. Until recently, the impact of these drugs on 
hard outcomes remained unclear.

With the publication of the Further Cardiovascular Out-
comes Research With PCSK9 Inhibition in Subjects With 
Elevated Risk (FOURIER) trial,2 in March 2017, we now 
have evidence that these agents can reduce some cardiovascu-
lar outcomes in secondary prevention in patients who are 
already taking a statin. In this randomized double-blind 
placebo-controlled trial involving 27 564 patients with pre-
existing atherosclerotic cardiovascular heart disease, the addi-
tion of evolocumab reduced the risk of the primary outcome 
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Background: Evolocumab, a proprotein convertase subtilisin–kexin type 9 (PCSK9) inhibitor, has been shown to reduce low-density 
lipoprotein levels by up to 60%. Despite the absence of a reduction in overall or cardiovascular mortality in the Further Cardiovascular 
Outcomes Research With PCSK9 Inhibition in Subjects With Elevated Risk (FOURIER) trial, some believe that, with longer treat-
ment, such a benefit might eventually be realized. Our aim was to estimate the potential mortality benefit over a patient’s lifetime and 
the cost per year of life saved (YOLS) for an average Canadian with established coronary artery disease. We also sought to estimate 
the price threshold at which evolocumab might be considered cost-effective for secondary prevention in Canada.

Methods: We calibrated the Cardio-metabolic Model, a well-validated tool for predicting cardiovascular events and life expectancy, to 
the reduction in nonfatal events seen in the FOURIER trial. Assuming that long-term treatment will eventually result in mortality bene-
fits, we estimated YOLSs and cost per YOLS with evolocumab treatment plus a statin compared to a statin alone. We then estimated 
the annual drug costs that would provide a 50% chance of being cost-effective at willingness-to-pay values of $50 000 and $100 000.

Results: In secondary prevention in patients similar to those in the FOURIER study, evolocumab treatment would save an average 
of 0.34 (95% confidence interval [CI] 0.27–0.41)  life-years at a cost of $101 899 (95% CI $97 325–$106 473), yielding a cost per 
YOLS of $299 482. We estimate that to have a 50% probability of achieving a cost per YOLS below $50 000 and $100 000 would 
require annual drug costs below $1200 and $2300, respectively.

Interpretation: At current pricing, the use of evolocumab for secondary prevention is unlikely to be cost-effective in Canada.
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(composite of cardiovascular death, myocardial infarction, 
stroke, hospital admission for unstable angina or coronary 
revascularization) from 11.3% to 9.8% after a median of 
2.2 years. Despite the absence of a reduction in overall or car-
diovascular mortality in this trial, some believe that, with lon-
ger treatment, such a benefit might eventually be realized.3 
This would also provide the primary justification for prescrib-
ing this additional treatment to patients who already have car-
diovascular disease. We therefore sought to estimate the 
potential mortality benefit over a patient’s lifetime using an 
existing well-validated disease-simulation approach that incor-
porates the Cardiovascular Disease Life Expectancy Model4 
and furthermore to estimate the cost per year of life saved 
(YOLS) for an average Canadian with established coronary 
artery disease. We also sought to estimate the price threshold 
at which evolocumab might be considered cost-effective for 
secondary prevention in Canada.

Methods

Model overview
The Cardio-metabolic Model was designed to estimate the 
clinical impact of multiple risk factors for diabetes and car-
diovascular disease on life expectancy.5 These risk factors 
include age, sex, blood pressure, total cholesterol level, level 
of high-density lipoprotein cholesterol and other important 
factors.5 These cardiovascular risk factors in turn increase 
the risk of dying from coronary disease or cerebrovascular 
disease. The Cardio-metabolic Model includes the Cardio-
vascular Life Expectancy Model to estimate the risk of 
development of fatal or nonfatal coronary disease or cere-
brovascular disease, and/or the risk of dying from a noncar-
diovascular cause. Further details of the Cardio-metabolic 
Model can be found in previously published supplementary 
material.5

Cardiovascular Life Expectancy Model
This Markov model has been described in detail previously.4–9 
Briefly, the model is based on data from the 15% random 
sample of the Lipid Research Clinics cohort.4 The model esti-
mates the annual probability of dying from coronary heart 
disease, stroke or other causes. Initially, the model was vali-
dated on the fatal outcomes observed in published lipid and 
hypertension clinical trials.4 Similarly, the cardiovascular out-
comes for people with diabetes were validated from trial 
results.9 The life expectancy estimates generated by the model 
have also been validated against published life tables for 
Americans and Canadians.6,7 The model was developed with 
the use of SAS version 9.3 (SAS Institute). Patients are fol-
lowed until they die or reach the age of 102 years, at which 
time they are assumed to have died.

Once we originally validated the model estimates on fatal 
outcomes, we estimated the risk of nonfatal cardiovascular 
disease outcomes as follows. We estimated the probabilities of 
coronary insufficiency, nonfatal myocardial infarction, a tran-
sient ischemic attack or a nonfatal stroke by the ratios of non-
fatal to fatal events predicted by the results of several studies 

providing primary or secondary cardiovascular disease out-
comes.10–15 We subsequently also estimated the probability of 
various vascular procedures using data on hospital admissions 
and use of health care services from Canada and the United 
States.8

Calibration of model to estimate results of FOURIER 
study
For this study, we calibrated the Cardio-metabolic Model so 
that its results would approximate those observed in the 
FOURIER trial in terms of the hazard ratio for the combined 
outcome (cardiovascular death, myocardial infarction or 
stroke) over a 2-year follow-up period. We identified lower 
and upper bounds on our LDL coefficients that produced 
hazard ratios similar to the confidence intervals (CIs) for the 
hazard ratio in the FOURIER trial. We then incorporated 
uncertainty about the LDL coefficients by eliciting normal 
distributions with standard deviations equal to one-quarter 
the difference between the upper and lower bounds.

Cardiovascular mortality and total mortality were similar 
between the treatment and control groups in the FOURIER 
study despite the observed reduction in nonfatal cardiovascu-
lar events. This may have been because evolocumab has no 
effect on mortality in this population, in which case it would 
be impossible to show the cost-effectiveness for preventing 
death. We therefore assumed, given the reduction of nonfatal 
cardiovascular events by about 20%–25% with evolocumab, a 
proportional reduction in fatal events that would follow that 
seen for statins.8

Estimation of years of life saved and 
cost-effectiveness of lipid modification
Our modelling approach has been described in detail else-
where.4 When comparing treatments having a differential 
effect on risk factors, the benefits associated with 1 treatment 
over the other are calculated as the YOLS due to the “first” 
treatment over the “second” treatment. This value is com-
puted as YOLS = LEfirst – LEsecond, where LE indicates life 
expectancy. In the current study, the first treatment was 
receipt of evolocumab in addition to a statin, and the second 
treatment was receipt of a statin alone.

The methods used to assign unit cost to acute events and 
long-term treatments have also been previously described.8 In 
the current analysis, we inflated previously estimated treat-
ment costs to 2017 costs using the Canadian Health Care 
Inflation Index published by Statistics Canada. The cost of 
evolocumab was based on the expected Canadian market 
price16 rounded up to $7500 annually to account for unmea-
sured costs of distribution and administration. Uncertainty 
about our estimated costs was expressed by eliciting uniform 
distributions on a range of values (point estimates ± 20%).

We calculated the incremental costs of treatment per 
YOLS by calculating the difference between lifetime medi-
cal costs with and without evolocumab, divided by the differ-
ence in the forecasted life expectancies. Because the costs 
and the health outcomes occur at different times, we dis-
counted both by 3% annually so as to be comparable to the 
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literature.17 We also performed a sensitivity analysis at a dis-
counting rate of 1.5%, in keeping with recent Canadian 
recommendations.18

Simultaneously adjusting for uncertainty in costs and 
model coefficients involved simulating 1000 sets of values for 
these coefficients and costs from their respective distributions. 
For each simulated set of values, we obtained an estimate of 
YOLSs and lifetime incremental costs. Using these results of 
YOLSs and incremental costs, we constructed CIs around our 
estimates. We then generated cost-effectiveness acceptability 
curves showing, as a function of the annual drug cost, the pro-
portion of the 1000  simulated results that would give, for a 
specified willingness-to-pay amount, a positive incremental 
net benefit.

Results

The estimated numbers of events prevented with therapy are 
presented in Table 1, and the estimated costs of cardiovascu-
lar or other events are included in Supplementary Table S1, 
Appendix 1 (available at www.cmajopen.ca/content/6/2/E162/
suppl/DC1). Despite no reduction in cardiovascular deaths 
observed in the FOURIER trial, the model assumes that, over 
a patient’s lifetime, the positive impact on LDL level and 
nonfatal myocardial infarction would eventually prevent 
52.2 events per 1000 patients treated.

The estimated cost per YOLS, using a discount rate of 3%, 
for male and female patients based on various ages at initia-
tion of evolocumab treatment are presented in Table 2. For a 
population like that seen in the FOURIER study, treatment 
would save an average of 0.34 (95% CI 0.27–0.41) life-years at 
a cost of $101 899 (95% CI $97 325–$106 473), yielding a 
cost per YOLS of $299 482. In the sensitivity analysis using 
1.5% discounting, the estimate was $261 637 per YOLS, still 
well above established thresholds.

With advancing age, the benefits of treatment would 
decline (from 0.45 to 0.27 YOLSs for men and from 0.29 to 
0.17 YOLSs for women) owing to the increasing risk of death 
from noncardiovascular causes and the smaller estimated 
remaining life expectancy. On the other hand, the cost-
effectiveness of treatment in terms of dollars per YOLS  
remained relatively stable across age groups ($243 414– 
$318 335 for men and $382 796–$528 009 for women), as 
older patients would receive fewer years of treatment.

Our probabilistic sensitivity analysis (Figure 1) estimated 
that to have a 50% probability of achieving a cost per YOLS 
below $50 000 and $100 000 would require annual drug costs 
below $1200 and $2300, respectively, assuming 3% discount-
ing. With a drug cost above $1800 and $3000, the probability 
of cost-effectiveness at thresholds of $50 000 and $100 000, 
respectively, was zero. In the sensitivity analysis using 1.5% 
discounting, the annual price of the drug would need to be 

Table 1: Estimated frequency of events per 1000 eligible patients over lifetime among 
patients treated or not treated with evolocumab in addition to a statin

Event

No. of events

Untreated 
patients

Treated 
patients

Events 
prevented

Recurrent myocardial infarction 460.8 404.9 56.0

Cardiovascular death 416.7 361.5 55.2

New or recurrent myocardial 
infarction

484.2 429.9 54.3

Cardiovascular death, myocardial 
infarction (new or recurrent) or stroke

752.7 700.7 51.9

Stroke or transient ischemic attack 354.2 324.9 29.3

Fatal myocardial infarction 149.2 120.1 29.2

Stroke 293.8 266.3 27.5

Sudden death 87.5 70.1 17.3

Stroke death 96.4 83.8 12.5

Transient ischemic attack 92.8 85.5 7.3

Newly diagnosed diabetes 332.5 327.3 5.2

New myocardial infarction 52.1 49.2 2.9

Angina pectoris 41.5 38.7 2.8

Coronary insufficiency 9.7 9.1 0.6

Congestive heart failure death 84.9 88.5 −3.6

Congestive heart failure 107.5 111.2 −3.7

Other death 579.2 634.6 −55.4

http://www.cmajopen.ca/content/6/2/E162/suppl/DC1
http://www.cmajopen.ca/content/6/2/E162/suppl/DC1
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Figure 1: Cost-effectiveness acceptability curves showing, as a function of the annual drug cost, the proportion of 1000 simulated results that 
would give, for a specified willingness-to-pay amount, a positive incremental net benefit.

Table 2: Average estimated years of life saved and associated costs by sex and age, discounted

Sex; age at initiation 
of evolocumab 
treatment, yr

Years of treatment

YOLSs (95% CI)
Difference in lifetime cost 

(95% CI)*
Cost per 
YOLS, $Untreated Treated

Male

    45 18.6 19.1 0.45 (0.37–0.53) 144 110 (115 628–172 593) 318 335

    55 15.6 16.0 0.42 (0.34–0.51) 120 574 (97 031–144 117) 284 306

    65 12.1 12.5 0.36 (0.29–0.44) 93 083 (76 276–109 890) 257 348

    75 8.6 8.8 0.27 (0.23–0.31) 65 357 (54 354–76 359) 243 414

Female

    45 20.0 20.3 0.29 (0.20–0.37) 151 539 (120 778–182 299) 528 009

    55 16.9 17.2 0.29 (0.20–0.37) 128 236 (102 937–153 535) 448 221

    65 13.3 13.6 0.26 (0.20–0.33) 99 871 (82 313–117 430) 382 796

    75 9.7 9.9 0.17 (0.12–0.21) 71 607 (60 198–83 016) 422 710

Overall† 13.3 13.6 0.34 (0.27–0.41) 101 899 (97 325–106 473) 299 482

Note: CI = confidence interval, YOLS = year of life saved.
*In current Canadian dollars (see Methods).
†Weighted for the age and sex distributions seen in the FOURIER trial.2
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below $1408 and $2847 to have any chance at being cost-
effective at thresholds of $50 000 and $100 000, respectively.

Interpretation

No cardiovascular or total mortality benefit was seen in the 
FOURIER trial; nonetheless, there is a possibility that lower-
ing of LDL levels by PCSK9 inhibitors such as evolocumab 
may reduce mortality over time. However, despite this critical 
assumption, evolocumab is unlikely to be cost-effective for 
secondary prevention at current Canadian prices.

In contrast, in a similar analysis for secondary prevention 
with statins in patients at high risk performed nearly 
20 years ago,8 the cost per YOLS  was estimated at $6522–
$12 402 in 2017 Canadian dollars. This statin analysis was 
based on a lower-potency statin that was still patented; 
hence, a similar analysis performed today with high-potency 
generic statins would give even more favourable results. In a 
similar analysis involving the subsequent addition of ezeti-
mibe to a statin, Kazi and colleagues19 estimated a cost of 
US$199 000 per quality-adjusted life-year (QALY) com-
pared to a statin alone. These results underscore the chal-
lenges associated with identifying cost-effective lipid thera-
pies when compared with the low cost and demonstrated 
effectiveness of statins.

Our results differ from those of other recently published 
analyses of the FOURIER study in that they involve Cana-
dian cost estimates for both the drug and medical costs asso-
ciated with cardiovascular disease and in that we present 
YOLSs, which provide a lower cost estimate than QALYs. 
Arrieta and colleagues20 published an updated model esti-
mating a cost of US$337 729 per QALY and requiring a dis-
count to $5459 per year to reach US$100 000 per QALY. 
Similarly, Kazi and colleagues19 updated earlier estimates to 
US$339 000 per QALY, requiring a discount to US$4215 to 
achieve US$100 000 per QALY when comparing to the 
addition of ezetimibe. Importantly, those authors also con-
firmed that the estimated cost per life-year saved was lower 
than the cost per QALY. Furthermore, they showed that, if 
no mortality benefit were realized, the cost per QALY would 
correspondingly increase to US$1 795 000. Fonarow and 
colleagues21 estimated US$268 637 per QALY gained, with a 
threshold of US$150 000 per QALY being met at an annual 
price of US$9669. Thus, including our study, all the major 
studies conducted after the results of the FOURIER trial 
became available have shown that evolocumab is not cost-
effective for secondary prevention at current pricing in 
either the US or the Canadian context.

Limitations
The principal limitation of our study is that the results are 
based on a model not specifically developed for PCSK9 inhib-
itors. The assumption that cardiovascular and all-cause mor-
tality will be lowered by PCSK9 inhibitors in a manner simi-
lar to the results observed for statins remains theoretical. 
There are several important examples of drugs that lower 
LDL levels but have not been shown to reduce mortality.22–24 

Thus, our results likely represent a best-case scenario given 
the data currently available. In addition, we modelled a sec-
ondary prevention population like that seen in the FOURIER 
trial. It is possible that a more highly selected population 
could be identified for whom the drug might offer more 
incremental benefit to offset the costs. Finally, our approach is 
also limited by not including the potential cost of adverse 
effects that may be recognized only after a new medication 
has been used over the longer term. For instance, cognitive 
impairment remains a concern with extremely low LDL lev-
els, and a 2-year trial may be insufficient to address this 
issue.25

These analyses focused only on evolocumab as observed in 
the FOURIER trial. We cannot generalize about the use of 
evolocumab for other clinical indications or the entire class in 
terms of cost-effectiveness. Finally, we also assume that the 
drug will maintain efficacy over the duration of treatment; 
however, development of another member of the class has 
been stopped because of immune reactions against the mono-
clonal antibody,26 and antidrug antibodies to others within the 
class have been reported.27

Conclusion
Using a well-validated model calibrated specifically for the 
cardiovascular event reduction observed in the FOURIER 
study, we found that, at current pricing, evolocumab is 
unlikely to be cost-effective in Canada for preventing death in 
secondary prevention as per the published results of the 
FOURIER trial. With evolving clinical trial data, future anal-
yses will need to reevaluate whether these medications are suf-
ficiently effective and cost-effective to become the standard of 
care for specific groups of Canadian patients.
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