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Background-—The FOURIER (Further Cardiovascular Outcomes Research With PCSK9i [Proprotein Convertase Subtilisin-Kexin Type
9 Inhibitors] in Subjects With Elevated Risk) trial found a reduction in cardiovascular events in patients with atherosclerotic
cardiovascular disease (ASCVD). Our objective was to estimate the eligibility, clinical outcomes, and budget impact of adopting
PCSK9i in a large healthcare system.

Methods and Results-—Ontario, Canada, residents alive in 2011, aged 40 to 85 years, were eligible for inclusion. PCSK9i eligibility
was determined on the basis of FOURIER trial definition. Hazard ratios observed in the FOURIER trial were applied to assess the
number of events that could be avoided. Budget impact was calculated as the difference between projected costs of treatment
adoption and events avoided if PCSK9i were used. Of the 2.4 million included individuals, 5.3% had a history of ASCVD. We
estimated that 2.7% of the general population and 51.9% of the patients with ASCVD would be eligible for PCSK9i. Adoption of
PCSK9i in all eligible patients with ASCVD was projected to reduce primary events rates by 1.8% after 3 years. Despite cost
reduction of $44 million in events, PCSK9i adoption would have a net budget impact of $1.5 billion over 3 years. Potential benefits
of PCSK9i varied widely across subgroups, with the largest absolute risk reduction estimated to be 4.3% at 3 years in peripheral
artery disease. In this subgroup of 5601 patients, the budget impact of treatment adoption was $116 million.

Conclusions-—We estimated that �1 in 2 patients with ASCVD would be eligible for PCSK9i. The budget impact of adopting
PCSK9i for all patients with ASCVD is substantial. Selective adoption to high-risk patients will lessen the overall budgetary impact
of PCSK9i treatment. ( J Am Heart Assoc. 2018;7:e010007. DOI: 10.1161/JAHA.118.010007)
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L owering low-density lipoprotein (LDL) cholesterol levels
with statins has been a mainstay therapy for patients with

established atherosclerotic cardiovascular disease (ASCVD).1

Despite treatment, patients continue to be at significantly
increased risk for adverse cardiac events in the long term.2 The
ability of PCSK9i (proprotein convertase subtilisin-kexin type 9
inhibitors) to substantially reduce LDL cholesterol has ushered
in a new era of managing patients with ASCVD.3,4 In the
FOURIER (Further Cardiovascular Outcomes Research With
PCSK9i in Subjects With Elevated Risk) trial, 27 564 patients

with ASCVD, who were already receiving statin therapy with
LDL cholesterol levels of ≥70 mg/dL, were randomized to
receive evolocumab or placebo.4 Over a median follow-up of
2.2 years, the study found a significant 15% relative hazard
reduction and a 1.4% absolute risk reduction in major
cardiovascular events associated with evolocumab.4

Given the high costs of PCSK9i, however, healthcare
systems are grappling with its potential impact in clinical
practice.5 Several major gaps in knowledge currently exist.
First, it is uncertain howmany patients in the general population
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may be eligible for treatment. Second, because patients
enrolled in randomized controlled trials typically differ from
thosemanaged in routine clinical practice, it is possible that the
baseline cardiovascular event rates of patientswith ASCVDmay
differ substantially from those observed in clinical trials.6,7

Third, eligibility and event rates associated with PCSK9i have
largely been derived from a selected sample or from simulation
models, and none has access to real-world data from the entire
healthcare system.8–10 Real-world data are important because
they can provide accurate projections on the baseline rate of
the general population, which would allow estimation of the
avoidable number of events and the subsequent budget impact
associated with widespread therapy adoption. Accordingly, our
first objective was to estimate the proportion of individuals who
would be eligible for PCSK9i. Second, we examined real-world
event rates in patients with ASCVD eligible for therapy using
population-based longitudinal data. Finally, to assess afford-
ability, we estimated the budget impact to Ontario, Canada, if
PCSK9i were fully adopted among eligible patients.

Methods

System Context
The Canadian health insurance system provides universal
coverage for all medically necessary ambulatory and labora-
tory testing for all its citizens. National practice guidelines
currently recommend screening with full fasting lipid profile
every 1 to 3 years for men who are aged >40 years and
women who are postmenopausal or aged >50 years.11 Lipid
testing is also recommended for individuals with cardiovas-
cular risk factors, renal insufficiency, or evidence of
atherosclerosis at any age.11 The Ontario Drug Benefit
program is a government-funded drug benefit program that

covers outpatient drug costs, including statins and ezetimibe,
for all Ontario residents aged ≥65 years.12

Data Sources
The CANHEART (Cardiovascular Health in Ambulatory Care
Research Team) study cohort was created by merging 17
different longitudinal individual-level data sources.13,14 These
data sets were linked using unique encoded identifiers and
analyzed at the Institute for Clinical Evaluative Sciences to
protect patient confidentiality. Additional detail on the
construction of this big-data cohort is detailed elsewhere
(http://www.canheart.ca).13,14 Specific data sources essen-
tial to this current study included the following: (1) the Ontario
Registered Persons Database, which is a registry of all Ontario
residents with health insurance coverage; (2) the Canadian
Institute for Health Information Discharge Abstract Database,
the Ontario Diabetes Database, the Ontario Hypertension
Database, and the Ontario Cancer Registry, which were used
to identify cardiac risk factors and medical conditions; (3) the
Drug Benefit database, used to determine outpatient pre-
scription drug use for patients aged ≥65 years; (4) the Ontario
Laboratory Information System, which captures >90% of all
outpatient laboratory testing in Ontario and currently contains
>2 billion laboratory tests results, and was used to determine
cholesterol levels; (5) the Registrar General of Ontario Vital
Statistics Database, which was used to determine cause of
death of all patients; and (6) the Canadian Community Health
Survey, an ongoing Canada-wide population-based survey that
collected information on self-reported health status, health
determinants, and healthcare use. The data, analytic methods,
and study materials will not be made available to other
researchers for purposes of reproducing the results or
replicating the procedure.

Study Sample
Ontario residents who were alive on January 1, 2011, were
aged 40 to 85 years, had a complete lipid panel in the
previous year, and had a valid Ontario Health Insurance Plan
number were eligible for inclusion in the study cohort. The
inception year 2011 was chosen to allow for at least 3 years
of follow-up on every individual. We excluded individuals who
had lived in Ontario for <5 years before the inception date
because they may represent temporary residents of the
province. We also excluded individuals who were residents of
long-term care facilities.

Determination of PCSK9i Eligibility
To construct a cohort of patients who may be eligible for
PCSK9i, we first identified patients with ASCVD by

Clinical Perspective

What Is New?

• Using actual population-based data to estimate the impact
of proprotein convertase subtilisin-kexin type 9 inhibitors in
Ontario, Canada, we found that �1 in 2 patients with prior
cardiovascular disease could be eligible for therapy.

• The potential budget impact to adopt proprotein convertase
subtilisin-kexin type 9 inhibitors is large if the medication
was used in the entire population.

What Are the Clinical Implications?

• Our findings suggest that adopting proprotein convertase
subtilisin-kexin type 9 inhibitors for patients at the highest
risk of future adverse events would lessen the potential
budget impact of therapy adoption.
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determining the presence of prior hospitalization of myocar-
dial infarction, nonhemorrhagic stroke, or peripheral artery
disease (PAD) in the past 20 years using the Canadian
Institute for Health Information Discharge Abstract Database.
The International Classification of Diseases, Ninth and Tenth
Revisions (ICD-9 and ICD-10, respectively), codes used to
define these conditions are shown elsewhere.13 Patients
receiving statin therapy who had LDL cholesterol levels
≥70 mg/dL, non–high-density lipoprotein cholesterol levels
≥100 mg/dL, and triglycerides <400 mg/dL were considered
as eligible for PCSK9i. Because of the lack of medication
information for patients aged <65 years, we initially assumed
statins were prescribed in all subjects in this age group.
Cholesterol measurements were considered if they were
performed in the outpatient setting within 1 year before the
cohort inception. For patients who had multiple measure-
ments, the cholesterol level closest to January 1, 2011, was
chosen to determine the cholesterol eligibility criteria.
Patients diagnosed as having metastatic cancer within
5 years and those with end-stage renal disease who were
receiving hemodialysis were considered ineligible for PCSK9i.
Although the FOURIER trial had more extensive exclusion
criteria, we chose a more simplistic approach because many
exclusions in the trial were not absolute contraindications to
treatment and were relatively uncommon.4,15

Cholesterol Measurement and Statin Intensity
LDL cholesterol levels were calculated by the Friedewald
equation.16 High-density lipoprotein cholesterol levels were
determined by homogeneous assay. Nineteen statin dosages
were classified in accordance to the practice guidelines into
low, medium, or high intensity, which took into account the
specific statin prescription.17 Determination of medication
use and its intensity was made in the 100 days before the
cohort inception and using information from the last filled
prescription.

Definition of Primary and Secondary Outcomes
We used the FOURIER trial outcome definitions and defined
the primary outcome as a composite of cardiovascular death,
myocardial infarction, unstable angina, stroke, or coronary
revascularization.4 The secondary outcome was defined as the
composite of cardiovascular death, myocardial infarction, or
stroke.4

Statistical Analysis
First, we determined the number of individuals in Ontario who
would be eligible for PCSK9i. Second, we obtained their event
rates at different time points, with complete follow-up

available for all patients through December 31, 2013. The
Kaplan-Meier method was used to estimate the survival
probability and survival function of the study cohort. To
generate a survival function as it would have been observed
for patients treated with PCSK9i, we applied the hazard ratios
observed in the FOURIER trial to our estimated survival
function using the following formula: SðtjXÞ ¼ S0ðtÞe

b

, where
S0(t) denotes the estimated survival function in our study
population under control (no PCSK9 exposure) at a given time,
and b denotes the logarithm of the estimated hazard ratio of
treatment from the FOURIER trial (eb denotes the estimated
hazard ratio from the FOURIER trial). The difference between
the observed empirical survival function under no treatment
and the expected survival function under PCSK9i use was
used to estimate the number of events that could be
avoided by treatment. Number needed to treat over
3 years was estimated by the inverse of the absolute rate
reduction of PCSK9i.

We were able to determine the cost of illness by directly
following the encounter of each patient with ASCVD eligible
for PCSK9i because Ontario has a single-payer system and
the availability of linked population-based data captures all
direct costs related to health status.18–20 A bottom-up
approach was used that identified costs for hospitalizations,
emergency department visits, same-day surgeries, outpatient
visits, complex continuing care services, home care services,
and long-term care; costs were determined using resource
intensity weights and case-mix method.18–20 To determine
the budget impact of PCSK9i, we estimated the mean costs
for PCSK9i-eligible patients with and without clinical out-
comes during the follow-up period to calculate the mean
cost saved by each avoided clinical event. Then, we
determined the total number of events that could be
avoided on the basis of the differences in the survival
functions, as previously described, and multiplied it by the
mean cost averted to determine the total cost offset. Third,
we subtracted cost averted from reduction of clinical events
from the cost of PCSK9i to allow us to estimate the budget
impact of adopting PCSK9i in Ontario. We took a perspective
of the health system in Ontario and, therefore, included all
health-related direct costs. The analyses were reported in
Canadian dollars. The annual PCSK9i costs were assumed to
be the Canadian wholesale price of Can $8000 (Can $1 �
US $0.78).

We repeated these analyses in prespecified subgroups
(sex, diabetes mellitus status, ASCVD types [myocardial
infarction, nonhemorrhagic stroke, and PAD], and LDL
cholesterol levels). We also altered the adoption rate of
PCK9i from full adoption to 60% adoption as a sensitivity
analysis. Similar to the primary analyses, hazard ratios from
the FOURIER trial were used to generate r estimated survival
function in the subgroups. To assess the change in the
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PCSK9-eligible population and its 95% confidence interval,
assuming lower use of statins in patients aged <65 years, we
applied the bootstrapping techniques to 1000 random
samples without replacement. Two-tailed P<0.05 was consid-
ered significant. Analyses were performed with the use of SAS
software, version 9.3 (SAS Institute Inc, Cary, NC). The use of
data in this project was authorized under section 45 of
Ontario’s Personal Health Information Protection Act, which
does not require review by a Research Ethics Board, and the
informed consent requirement was waived.

Results

Determination of PCSK9i Eligibility
A total of 2.4 million individuals, aged 40 to 85 years, had a
complete lipid panel in the year before January 1, 2011.
Figure 1 shows the steps used to determine patients who
would be eligible for PCSK9i. We first identified 130 033
patients (5.3% of all individuals) with a history of myocardial
infarction, nonhemorrhagic stroke, or PAD. We then excluded
2106 patients who had a history of metastatic cancer in the
past 5 years or were receiving hemodialysis and 13 064
patients aged >65 years who were not receiving statin
therapy. The most common reason for exclusion was not
meeting the lipid criteria, in which 47 359 patients (36.4% of
those with ASCVD) had a fasting LDL cholesterol level of
≤70 mg/dL, a non–high-density lipoprotein cholesterol level
of ≤100 mg/dL, or a triglycerides level of ≥400 mg/dL. After
applying the inclusion and exclusion criteria, a total of 67 504
patients, representing 2.7% of the population of similar age
with cholesterol testing, would be eligible for PCSK9i. For
patients who had a history of ASCVD, we estimated that
51.9% would be eligible for PCSK9i.

Baseline Characteristics of Patients Eligible for
PCSK9i and Enrolled in the FOURIER Trial
The mean age of our study cohort was 66.1 years, 30.5%
were women, 40.6% had diabetes mellitus, 79.7% had a
history of myocardial infarction, 14% had nonhemorrhagic
stroke, and 11.7% had PAD (Table 1). Among the 34 144
eligible patients aged >65 years and eligible for the Ontario
Drug Benefit Plan, 42.9% were prescribed high-intensity
statins, 52.5% were prescribed medium-intensity statins,
and 10.3% were prescribed ezetimibe. The median LDL
cholesterol level was 85 mg/dL, and the median total
cholesterol level was 159 mg/dL.

In comparison to patients enrolled in the FOURIER trial, our
study cohort was older (66.1 versus 62.2 years), had a higher
proportion of women (30.5% versus 24.6%), and had more
ezetimibe prescriptions (10.2% versus 5.2%). Conversely,

patients enrolled in the FOURIER trial had slightly higher
cholesterol levels (LDL, 92 mg/dL; total cholesterol,
167 mg/dL) and were more likely to be taking high-intensity
statins (69.3%).

Clinical Outcomes of Patients Eligible for PCSK9i
and Enrolled in the FOURIER Trial
Clinical outcomes in our cohort compared with the outcomes
observed in the treatment and the placebo arms of the
FOURIER trial are shown in Table 2. Rates of primary outcome
were 4.7% after the first year, 9.1% after the second year, and
13.2% after the third year in PCSK9i-eligible patents.
Secondary outcome event rates were 2.8%, 5.6%, and 8.5%
after 1, 2, and 3 years, respectively. Event rates of our cohort
were lower than the placebo group of the FOURIER trial but
higher than the treatment arm. For example, at 3 years,
primary event rates were 12.6% in the treatment arm of the
FOURIER trial, 14.6% in the placebo arm, and 13.2% in our
cohort (Table 2).

Figures 2 and 3 show the cumulative incidence of the
primary and secondary outcomes observed in the PCSK9i-
eligible patients and the projected event rates by applying
the hazard ratios observed in the FOURIER trial associated
with evolocumab. The absolute risk reduction increased over
time. Notably, the risk reduction was 0.7% in the first year,
increased to 1.3% in the second year, and 1.8% in the third
year (Figure 2). A similar trend was also observed for the
secondary outcome, in that the absolute risk reduction
increased over time from 0.6% after the first year to 1.1%
after the second year, and 1.6% after the third year
(Figure 3).

The magnitude of the absolute risk reduction calculated
using the hazard projection method for primary and secondary
events was slightly smaller in our study when compared with
the FOURIER trial. For the primary outcome, the FOURIER trial
observed a reduction of 1.6% after 2 years (versus 1.3% in our
study) and 2% (versus 1.8%) after 3 years.

Budget Impact Associated With PCSK9i Adoption
to All Eligible Patients
Table 3 shows the calculation of the budget impact of fully
adopting PCSK9i to all eligible patients in Ontario for 3 years.
The mean cost for patients who experienced a primary
outcome was $57 329 as opposed to $22 330 for those who
did not have an event. At 3 years, we estimated PCSK9i would
avoid 1255 primary events and save $43.9 million from event
reduction. Balanced against this reduction is the cost of the
medication itself in all eligible patients, resulting in an
estimated budget impact of $1.5 billion over 3 years in
Ontario (Table 3).

DOI: 10.1161/JAHA.118.010007 Journal of the American Heart Association 4

CANHEART PCSK9 Inhibitors Ko et al
O
R
IG

IN
A
L
R
E
S
E
A
R
C
H



Figure 1. Determination of PCSK9i (proprotein convertase subtilisin-kexin type 9 inhibitor)
eligibility in study cohort. ASCVD indicates atherosclerotic cardiovascular disease; HDL, high-
density lipoprotein; LDL, low-density lipoprotein.
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Clinical Outcomes and Budget Impact in
Subgroups of Patients With ASCVD
Table 4 summarizes the number of eligible patients by
prespecified subgroups, their observed and projected treat-
ment event rates, absolute risk reduction, number needed to
treat, and the potential budget impact at 3 years. Patients
with ASCVD with diabetes mellitus (n=27 407) had an event
rate of 16.9% for the primary outcome, the absolute risk
reduction was estimated at 2.7% at 3 years with PCSK9i, the
number needed to treat was 38, and the budget impact was
estimated at $597 million. Patients who had PAD (n=5601)
had the highest absolute risk reduction of the primary event

rate with PCSK9i: 4.3% at 3 years and a number needed to
treat of 23. The budget impact of adopting PCSK9i to this
cohort was estimated to cost $116 million.

The impact of PCSK9i on patients with different baseline
LDL cholesterol is also shown in Table 4. The absolute event
rate associated with PCSK9i was higher in patients with the
lowest quartile of cholesterol levels, at 2.5% compared with
the highest quartile at 1.5%, because the hazard ratio
observed with PCSK9i was slightly lower among patients with
very-low LDL cholesterol levels. However, the overall budget
impact was similar across different LDL cholesterol levels.

Clinical Outcomes and Budget Impact With
Varying Adoption Rate of PCSK9i
Table 5 summarizes the potential clinical and budget impact if
PCSK9i adoption rates were altered. For example, if PCSK9i
were adopted in 60% of the eligible patients, we estimated
that we would observe 752 avoidable events and the budget
impact would be $905 864 994 at 3 years.

Discussion
The availability of a “big-data” contemporary cardiovascular
cohort afforded a unique opportunity to generate new
insights on the implications of adopting PCSK9i in a large
healthcare system. First, we estimated that 2.7% of all adults
and �1 in 2 patients with ASCVD would be eligible for
PCSK9i on the basis of clinical trial criteria. Second, we
estimated a large budget impact of adopting PCSK9i for all

Table 1. Comparison of Baseline Characteristics of PCSK9i-
Eligible Patients in Ontario, Canada, With Patients Enrolled in
the FOURIER Trial

Characteristics

PCSK9i-Eligible
Patients
(N=67 504)

Patients Enrolled
in the FOURIER
Trial (N=27 564)

Patient demographics

Age, mean�SD, y 66.1�10.4 62.5�9

Women, n (%) 20 618 (30.5) 6769 (24.6)

Type of atherosclerosis, n (%)

Myocardial infarction 53 802 (79.7) 22 351 (81.1)

Nonhemorrhagic stroke 9453 (14.0) 5337 (19.4)

Peripheral artery disease 7927 (11.7) 3642 (13.2)

Cardiovascular risk factors, n (%)

Hypertension 53 918 (79.9) 22 084 (80.1)

Diabetes mellitus 27 407 (40.6) 10 081 (36.6)

Current smoker* 468 (26.3) 7777 (28.2)

Statin use, n (%)†

High intensity 14 645 (42.9) 19 103 (69.3)

Medium intensity 17 922 (52.5) 8392 (30.5)

Low intensity 1577 (4.6) 69 (0.25)

Ezetimibe use† 3511 (10.3) 1440 (5.2)

Lipid measures, median (IQR), mg/dL

LDL cholesterol 85 (75–102) 92 (80–109)

Total cholesterol 159 (144–181) 167 (151–188)

HDL cholesterol 44 (37–53) 44 (37–53)

Triglycerides 125 (90–179) 133 (100–181)

Non-HDL cholesterol 112 (100–133) NA

FOURIER indicates Further Cardiovascular Outcomes Research With PCSK9i in Subjects
With Elevated Risk; HDL, high-density lipoprotein; IQR, interquartile range; LDL, low-
density lipoprotein; NA, not available; PCSK9i, proprotein convertase subtilisin-kexin type
9 inhibitors.
*Smoking information was available on 1777 individuals who had completed the
Canadian Community Health Survey.
†Medication information was available among 34 144 individuals who were eligible for
the Ontario Drug Benefit Program.

Table 2. Outcomes of PCSK9i-Eligible Patients and Patients
in the FOURIER Trial

Outcomes

PCSK9i-Eligible
Patients
(n=67 504)

FOURIER
Placebo
Patients
(n=13 780)

FOURIER
Treated Patients
(n=13 784)

Primary outcomes, %

1 y 4.7 6 5.3

2 y 9.1 10.7 9.1

3 y 13.2 14.6 12.6

Secondary outcomes, %

1 y 2.8 3.7 3.1

2 y 5.6 6.8 5.5

3 y 8.5 9.9 7.9

Outcomes were assessed on the basis of the Kaplan-Meier survival method. Primary
outcome was defined as the composite of cardiovascular death, myocardial infarction,
stroke, hospitalization for unstable angina, and coronary revascularization. Secondary
outcome was defined as the composite of cardiovascular death, myocardial infarction,
and stroke. FOURIER indicates Further Cardiovascular Outcomes Research With PCSK9i
in Subjects With Elevated Risk; PCSK9i, proprotein convertase subtilisin-kexin type 9
inhibitors.
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patients with ASCVD. This was because of the relatively low
rates of clinical events in routine clinical practice and the
large number of patients meeting eligibility criteria. In
contrast, the projected absolute risk reduction associated
with PCSK9i for restricted subgroups of patients with
diabetes mellitus, stroke, and PAD was substantially higher.
Compounded with the smaller number of patients in these
subgroups, the budget impact was substantially lower.
Accordingly, selective adoption to high-risk patients will

lessen the budgetary impact of PCSK9i treatment, but
because we did not perform a formal cost-effectiveness
analysis, we were unable to weigh these added costs against
the corresponding reductions in ASCVD events.

Our findings are in contrast to those of Kazi and
colleagues, who used the National Health and Nutrition
Examination Survey to estimate the eligibility of PCSK9i in the
United States.8 They found that �6.4% of the adult population
(8.8 million individuals) would be eligible for PCSK9i and
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Figure 2. Cumulative incidence of primary outcome events in PCSK9i (proprotein convertase subtilisin-
kexin type 9 inhibitor)–eligible patients and treated patients. The y axis shows cumulative incidence of
primary outcome event rate rates, and the x axis shows time in months. Blue line depicts event rates for
PCSK9-eligible patients, and red line depicts event rates for PCSK9-eligible and treated patients.
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Figure 3. Cumulative incidence of secondary outcome events in PCSK9i (proprotein convertase subtilisin-
kexin type 9 inhibitor)–eligible patients and treated patients. The y axis shows cumulative incidence of
secondary outcome event rate rates, and the x axis shows time in months. Blue line depicts event rates for
PCSK9-eligible patients, and red line depicts event rates for PCSK9-eligible and treated patients.
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estimated a budget impact of $125 billion per year for full
adoption.8 In contrast, we estimated that only 2.7% of the
adult population would be eligible for PCSK9, which would
alter the budget impact of PCSK9 adoption in the United
States drastically. We do not believe this discrepancy is
attributable to a difference in ASCVD characteristics and
treatment between the United States and Canada, because
we have previously demonstrated similarity of patients with
coronary artery disease in the 2 countries.21,22 Instead, it is
possible that the discordance of eligibility estimates could be

related to higher prevalence of baseline ASCVD in the
simulation model given a reducing trend of cardiovascular
disease. It is also possibly related to the difference in method
used to define ASCVD. In our study, we defined ASCVD on the
basis of the FOURIER trial, which included prior hospitaliza-
tions of myocardial infarction, nonhemorrhagic stroke, and
PAD, whereas Kazi et al used a broader definition of ASCVD,
which also encompassed angina and cardiac arrest.8

Other recent studies assessing the proportion of patients
with ASCVD who could be eligible for PCSK9i have also varied
significantly.10,23 Although our study demonstrated that �1 in
2 patients with ASCVD could be eligible, Cannon et al
estimated, through a simulated cohort modeled from US
medical and pharmacy claims, that 75% of patients with
ASCVD would have an LDL cholesterol level ≥70 mg/dL and
may subsequently be eligible for PCSK9i.10 In contrast, Virani
et al estimated that only 25% of patients with ASCVD in
the Veterans Affairs population would be eligible for
evolocumab.23 Despite these differences, a consistent obser-
vation across all studies is that a substantial proportion of
patients who are currently eligible for PCSK9i could further
lower their LDL cholesterol levels by more aggressive
treatment with conventional therapy before initiation of
PCSK9i therapy.8,10,23 In our cohort, we observed that

Table 3. Budget Impact Associated With PCSK9i Adoption to
All Eligible in Ontario, Canada, at 3 Years

Characteristics Costs, $

Mean cost for patients with primary outcome 57 329

Mean cost for patients without primary outcome 22 330

Cost offset

Costs for PCSK9i 1 553 647 600

Costs averted from clinical event reduction 43 909 697

Budget impact to adopt therapy in
all eligible patients for 3 y

1 509 737 903

Costs for PCSK9i per year were assumed to be the Canadian wholesale price at Can
$8000. PCSK9i indicates proprotein convertase subtilisin-kexin type 9 inhibitors.

Table 4. Observed Event Rates and Projected Risk Reduction in All PCSK9i-Eligible Patients and Subgroups Over 3 Years

Variable
No. of
Patients

Event Rates
Absolute
Risk
Reduction

No.
Needed
to Treat

Avoidable
Events Budget Impact, $

PCSK9i
Eligible

PCSK9
Treatment

Hazard
Ratio

Primary outcomes

All patients 67 504 13.1 11.3 0.85 1.9 54 1254 1 509 737 903

Sex

Men 46 886 13.6 11.8 0.86 1.8 56 837 1 051 382 515

Women 20 618 12.2 10.0 0.81 2.2 46 452 352 361 058

Diabetes mellitus status

Yes 27 407 16.9 14.3 0.83 2.7 38 729 593 718 538

No 40 097 10.6 9.3 0.87 1.3 76 527 914 672 880

ASCVD type

Myocardial infarction 50 566 12.9 11.4 0.88 1.5 69 735 1 148 134 735

Nonhemorrhagic stroke 7816 10.1 7.2 0.70 2.9 34 228 171 443 092

Peripheral artery disease 5601 13.6 9.3 0.67 4.3 23 239 115 618 664

LDL cholesterol levels, mg/dL

<75 16 481 13.1 10.6 0.8 2.5 41 407 364 019 720

75–84 17 057 12.2 10.1 0.82 2.1 48 355 379 563 341

>84–102 17 154 12.8 11.5 0.89 1.3 75 228 387 007 650

>102 16 812 14.6 13.1 0.89 1.5 67 251 379 249 638

Hazard ratios used to estimate treatment effect were obtained from the FOURIER (Further Cardiovascular Outcomes Research With PCSK9i in Subjects With Elevated Risk) trial. ASCVD
indicates atherosclerotic cardiovascular disease; LDL, low-density lipoprotein; PCSK9i, proprotein convertase subtilisin-kexin type 9 inhibitors.
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�20% of PCSK9i-eligible patients with ASCVD aged >65 years
were not prescribed statins, and only 43% of those prescribed
statins were receiving a high-intensity dose. Although Virani
et al assumed that eligibility of PCSK9i could change 20% to
60% on the basis of increasing aggressiveness of existing
lipid-lowering therapy,23 it is difficult to know whether this is
actually feasible because of the lower tolerability and
compliance of statin therapy in the real world. It is also
possible that many patients are already receiving maximally
tolerated dosages. We were unable to perform a modeling
analysis to estimate the budget impact of varying statin
aggressiveness because our study was based on actual
clinical outcomes observed in our cohort.

It is traditionally known that patients enrolled in random-
ized controlled trials have lower risk profiles than patients
cared for in clinical practice because of the frequent
exclusion of women, elderly patients, and those with
comorbidities from clinical trials.6,24,25 If this were the case
for PCSK9i, then the published cost-effectiveness estimates
that were reliant on the clinical trial event rates would be
substantially different than anticipated. In examining real-
world event rates in our PCSK9-eligible cohort, although
patients in our cohort were older, we found that adverse
cardiovascular outcomes in our population were actually in
line with the placebo group in the FOURIER trial, suggesting
patients enrolled in the trial were highly representative of
those in clinical practice.

We conducted a budget impact analysis using real-world
data to assess the affordability of PCSK9i for patients with
ASCVD. This is of particular importance because PCSK9 costs
in Canada are substantially lower than in the United States
(Can $8000 versus US $14 000 per year). Despite this, we

estimated that it would cost >$500 million per year to adopt
this therapy in Ontario, which has a population of 13.6 million
people. To place this expenditure into context, Ontario spent
$12.4 billion on all prescribed medications in 2015.26 The
uptake of PCSK9i among all eligible patients with ASCVD
would increase the total medication budget by 4.1% alone in
Ontario. This estimate was almost identical with the budget
impact of PCSK9i adoption in the United States of 4%.8,9

Although we did not perform an analysis to examine the
optimal price of PCSK9i for cost effectiveness in Ontario, a
study performed in the Canadian setting found that PCSK9i
price needs to decrease to $1200 to satisfy the $50 000 cost
per year of life saved ratio.27

In assessing the impact of PCCK9i in subgroups, we
observed much larger absolute risk reductions in subgroups,
such as those with diabetes mellitus, stroke, and PAD, than in
the overall cohort. This is not unexpected because the impact
of any cardiovascular evidence-based therapy in the popula-
tion is predominantly dependent on patients’ baseline risk of
future adverse cardiovascular events.28 Furthermore, the
hazard ratio reduction associated with evolocumab was larger
in patients with PAD and stroke.4 Given that these subgroups
had higher hazard reductions and a substantially smaller
number of eligible patients, the budget impact of adopting
treatment among these subgroups was substantially lower
than in the overall cohort.

The present study should be interpreted in the context of
several limitations that merit further discussion. First, we
assumed all patients aged <65 years were prescribed statins
because we did not have prescription medication data for this
group of patients. Thus, it is possible that we might have
overestimated the eligibility proportion of PCSK9i. To evalu-
ate the potential impact of our estimate, we performed
additional simulation on this younger cohort if statin was
used among 80% and 90% of patients. We chose these
targets because we observed a statin use rate of 83% for
patients with ASCVD aged >65 years. We found that the
eligibility estimate would have been altered to 2.5% of the
overall population, 46.8% of patients with ASCVD for 80%
use; and 2.6% of the overall population, 49.3% of patients
with ASCVD for 90% use. Second, we used the Kaplan-Meier
method to estimate incidence of the clinical outcomes.
Because the outcomes of interest had competing risks of
death, a cumulative incidence function should be ideally used
to generate a survival function for the hypothetically treated
cohort. We were unable to do so because the FOURIER trial
only provided hazard ratios for treatment derived from a Cox
model and not a subdistribution hazard model. Accordingly, it
is possible that we have overestimated the incidence of the
outcome compared with the competing risk method. We also
assumed that all patients included in our cohort would be
eligible for PCSK9i and have similar benefit as in the clinical

Table 5. Observed Event Rates and Projected Risk Reduction
in All PCSK9i-Eligible Patients According to Different Adoption
Rates at 3 Years

Variable

No. of
Patients
Treated
With
PCSK9i

Avoidable
Events

Reduction
of Events
Relative to
the Entire
Population, %

Budget
Impact, $

Primary outcomes

Adoption rate of PCSK9i

Full adoption
(100%)

67 504 1254 1.9 1 509 774 990

90% 60 754 1128 1.7 1 358 797 491

80% 54 003 1003 1.5 1 207 819 992

70% 47 253 878 1.3 1 056 842 493

60% 40 502 752 1.1 905 864 994

Hazard ratiosused to estimate treatment effect were obtained from the FOURIER
(Further Cardiovascular Outcomes Research With PCSK9i in Subjects With Elevated Risk)
trial. PCSK9i indicates proprotein convertase subtilisin-kexin type 9 inhibitors.
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trials, and we did not make adjustment or use matching to
compare these patients. Finally, we were only able to
examine PCSK9i adoptions among patients who had lipid
testing in our population. Despite this, our initial cohort of
>2 million individuals is likely representative of the entire
population.

In summary, our study uses data from routine clinical
practice to provide the real-world implication of adopting
PCSK9i. Given the relatively low baseline risk of an average
patient with ASCVD, adoption of PCSK9i is unlikely to be
feasible for many healthcare systems. Selective adoption of
PCSK9i to those at highest baseline risk may be a reasonable
initial approach for many health systems.
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