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Cardiovascular disease (CVD), including coronary artery and cerebrovascular disease, is the second
most common cause of death in Canada, responsible for 25% of mortality in 2013. An additional
2.4 million Canadian adults live with the sequelae of CVD. Among known CVD risk factors estab-
lished by a wealth of clinical trial and real-world data, and multiple meta-analyses, is hypercholes-
terolemia, most notably, elevated levels of low-density lipoprotein cholesterol (LDL-C). This body
of evidence has also been definitive in demonstrating that reducing levels of LDL-C with the use of
3-hydroxy-3-methylglutaryl coenzyme A reductase inhibitors, otherwise known as statins, can result
in a reduction of CV events and mortality. However, the use of statins is associated with substantial
residual CV risk, even at maximally tolerated doses, and a small but important percentage of patients
exhibit statin intolerance. Among the non-statin therapeutic options, the recent approval by Health
Canada for use in certain patients of two proprotein convertase subtilisin / kexin type 9 (PCSK9)
inhibitors provides a potent and safe new therapy to further lower LDL-C significantly. In this issue
of Cardiology Rounds, we will examine the emerging role of PCSK9 inhibitors, recently presented
outcomes evidence from the FOURIER trial, as well as the high-risk CV patient who might benefit
from this new therapeutic option.  

Despite decades of advances in pharmacotherapy and surgical management, cardiovascular disease
(CVD) remains a leading cause of morbidity and mortality in Canada. In 2013, CVD was the cause of
more than one-quarter of all deaths in Canada.1 Approximately 2.4 million Canadians aged ≥20 years
live with heart disease, including 490 300 who have experienced at least 1 myocardial infarction (MI)
and 426 000 who have had a stroke.2,3 An analysis of the Canadian Health Measures Survey estimated
an overall mean 10-year risk of a CVD event of 8.9% among Canadians aged 20-79 years, and 19.7%
were classified as being at high CVD risk according to Canadian Cardiovascular Society guidelines (ie,
having a high-risk condition or a Framingham Risk Score ≥20%).4,5 Heart disease is the number one
cause of death in women over the age of 55, killing more women than men. Women are more likely to
die from heart disease than any other disease.2

CVD also represents a significant pharmacoeconomic burden on the Canadian healthcare system,
costing an estimated $20.9 billion annually in 2005 and projected to rise to $28.3 billion in 2020
 (estimates in constant 2008 dollars).6

Management of Dyslipidemia with Statins
It is well established that CVD develops as a result of a combination of genetic and environmental

factors (Table 1).7,8 The primary causative process of CVD is atherosclerosis, characterized by the accu-
mulation of lipids, inflammatory molecules, and other cellular debris in the arterial walls. A high level
of serum cholesterol was described by Glass et al as being a unique CV risk factor because it is sufficient
to initiate the development of atherosclerosis in the absence of other risk factors.7 Intracellular choles-
terol levels are controlled by sterol regulatory element-binding protein (SREBP) transcription factors,
which stimulate several genes that initiate cholesterol biosynthesis, including increased expression of
3-hydroxy-3-methylglutaryl coenzyme A reductase (HMG-R), the rate-limiting enzyme that induces
endogenous cholesterol biosynthesis and is the target of statin drugs.7,9

Statins inhibit the activity of HMG-R, which activates SREBP, increases low-density lipoprotein
(LDL) receptors, and produces greater hepatic clearance of LDL.7 There are currently 6 approved
statins in Canada: lovastatin, simvastatin, pravastatin, fluvastatin, atorvastatin, and rosuvastatin. These
agents have been studied in multiple landmark trials, involving patients with established CVD and those
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at risk. The 2010 meta-analysis of the Cholesterol Treatment
Trialists’ (CTT) Collaboration concluded that for each
1-mmol/L reduction in LDL cholesterol (LDL-C) with statin
treatment there was a 22% reduction in the risk of major CV
events.10 Similar benefit was observed across all baseline LDL-
C levels, even for those with LDL-C <2 mmol/L, and the rela-
tionship between LDL-C and CV event risk remained constant
irrespective of patient clinical characteristics or baseline prog-
nostic factors. Subsequent analyses show this benefit was
observed no matter what method of LDL-C lowering was
employed (Robinson meta regression analysis). 

The Canadian Cardiovascular Society (CCS) recommends
statins as standard first-line therapy for most patients at
moderate to high CV event risk.11 The American Heart
Association / American College of Cardiology (AHA/ACC)
guidelines recommend treatment based upon the findings of
clinical trials which do not consider cholesterol targets.12 For
high-risk patients the guidelines recommend intensive statin
therapy without a focus on achieving LDL targets. In contrast
the CCS and European Guidelines13 consider treating to target
to be the standard of care.

The Canadian Health Measures Survey found that 39% of
Canadians aged 6–79 years have high total cholesterol levels,
including 57% of individuals aged 40–59 years; LDL-C was
≥3.5 mmol/L in 40% of the 40–59 year age group.14 Statins
were prescribed for 2.8 million Canadians aged 20–79 years,
representing 11.6% of this population, and another 3.7 million
met the 2012 CCS guideline recommendations for statin
therapy.4

Limitations to statin effectiveness

Despite the substantial benefits of statin therapy, limitations
remain. Residual CV event risk persists even with maximum
LDL-C reduction using statins. The CTT determined an annual
rate of major CV events of 3.2% despite statin therapy.10 As
noted by Sampson et al,15 3 studies that evaluated the additional
benefit of high-intensity statin in the reduction of CV events -
the PROVE IT-TIMI 22, IDEAL, and TNT studies - had major

CV event rates of 22.4%, 12.0%, and 8.7%, respectively, in the
patient groups receiving atorvastatin 80 mg.16-18

Statin intolerance is another important consideration in
the management of patients at high CV risk. A number of
adverse effects have been reported with statin use (Table 2).19

Despite a relatively low incidence of serious adverse effects in
clinical trials, a Canadian Working Group Consensus
Conference emphasized the large number of statin-intolerant
patients, given the high prevalence of statin prescriptions.20 In
their study of the clinical and economic consequences of statin
intolerance, Graham et al determined a 5% rate among all
statin users.21 A health system database analysis determined
that 14.3% of patients with a high-risk indication for statins
had discontinued their treatment due to intolerance, including
3.0% with a statin allergy.22

The Canadian Working Group recognised muscular
complaints as the principal limitation to statin usage.20

Approximately 7%–29% of patients reported statin-associated
muscle symptoms, according to the findings of a European
Atherosclerosis Society Consensus Panel from clinical trials,
patient registries, and clinical experience.23 However, many of
these patients do not have true intolerance and suffer from a
nocebo effect stimulated by ill-informed press and inadequate
information provided by healthcare professionals.

Non-statin Lipid-modifying Therapies (LMTs)
The need for other cholesterol lowering strategies in addi-

tion to or replacing statins includes treatment to further lower
LDL levels in an attempt to reduce the residual risk, the reduc-
tion of LDL in patients who do not achieve LDL targets
despite the use of a maximally tolerated dose of a statin, and in
patients who are intolerant to statins. Options for non-statin
reductions in LDL-C include ezetimibe, bile acid sequestrants
and PCSK9 inhibitors. Fibrates do not have much of an impact
on LDL reduction and are largely used in patients with high
triglycerides and low HDL-C. Niacin is no longer recom-
mended for lipid control based on the negative results of clin-
ical trials.11,24,25

Bile acid sequestrants were shown to significantly reduce
CV events, though the key study was performed before the
advent of statins.26 The CCS guidelines state that it may be
reasonable, despite the absence of trial data, to consider a bile
acid sequestrant in high-risk patients who cannot achieve
LDL-C goals on a maximally tolerated statin.11

Ezetimibe was approved by Health Canada in 2003 for the
management, alone or as combination therapy, of primary
hypercholesterolemia, homozygous familial hypercholes-

Table 1: Genetic and environmental risk factors for
cardiovascular disease7,8

• Age
• Sex
• Family history
• Genetic factors
• Diabetes mellitus / insulin resistance
• Smoking
• Sedentary lifestyle
• Obesity / dietary habits
• Hypertension
• Dyslipidemia

– High levels of low- and very low-density lipopro-
tein (LDL and VLDL)
– Low levels of high-density lipoprotein (HDL) 
– Small LDL particles
– Elevated serum lipoprotein (a)

• Elevated serum homocysteine
• Prothrombotic factors
• Inflammatory markers

Table 2: Reported adverse effects of statins19

• Muscle-related symptoms
• Elevated hepatocellular enzymes
• Cancer
• New diabetes
• Hemorrhagic stroke
• Fatigue
• Neuro-psychiatric effects and insomnia
• Proteinuria / hematuria 
• Erectile dysfunction
• Alopecia



ezetimibe group was 16.7% from baseline to Week 24;
evolocumab reduced LDL-C from baseline by 52.8% at
24 weeks (P<0.001). In terms of safety, the ezetimibe group
reported more muscle symptoms than those taking
evolocumab (28.8% versus 20.7%) and more ezetimibe
patients than evolocumab patients discontinued their treat-
ment further to muscle symptoms (6.8% versus 0.7%). 

In the ODYSSEY ALTERNATIVE trial, 361 patients at
moderate to high CV risk who discontinued statins due to
muscle symptoms were randomized to alirocumab 75 mg
q2w, ezetimibe 10 mg daily, or atorvastatin 20 mg daily
(rechallenge) for 24 weeks.40 Alirocumab could be uptitrated
to 150 mg q2w at Week 12. The primary endpoint – mean
percent change in LDL-C from baseline to week 24 – was
14.6% for ezetimibe and 45.0% for alirocumab (P<0.0001).
There were fewer musculoskeletal complaints (32.5% versus
41.1%) and  musculo skeletal complaints leading to discontin-
uation (15.9% versus 20.2%) associated with alirocumab
versus ezetimibe. 

Heterozygous familial hypercholesterolemia

In the 12-week RUTHERFORD-2 study, 329 HeFH
patients were randomized to evolocumab 140 mg q2w or 420
mg monthly or to placebo.34 Patients were taking statins with
or without other LMTs, with 87% on high-intensity statin
therapy. The baseline average LDL-C was 4.0 mmol/L.
Compared with controls, the mean LDL-C reductions with
evolocumab 140 mg q2w and 420 mg monthly were 61% and
60%, respectively (P<0.0001 for each). 

The ODYSSEY FH I and FH II trials randomized a total
of 735 HeFH patients taking maximally tolerated statin with
or without other LMTs to alirocumab 75 mg q2w or placebo.35

This initial dose was uptitrated to 150 mg q2w in patients with
LDL-C ≥1.8 mmol/L at Week 12, which occurred in 43.4%
and 38.6% of FH I and FH II patients, respectively. Baseline
mean LDL-C levels were 3.74 mmol/L in FH I and 3.48
mmol/L in FH II. Mean LDL-C reductions relative to placebo
at Week 24 were 56.3% (FH I) and 50.2% (FH II) among
patients who had been uptitrated and 48.4% and 47.6%,
respectively, for patients who remained on the initial
alirocumab dose (P<0.0001 for all differences).

Homozygous familial hypercholesterolemia

In TESLA Part B,41 49 HoFH patients were randomized to
evolocumab 420 mg monthly or placebo, in combination with
other LMTs (all on statins and 92% on ezetimibe). Ten
patients were aged 13-17 years, 7 of whom received
evolocumab. The mean LDL-C at baseline was 9.0 mmol/L. At
Week 12, the mean reduction in LDL-C with evolocumab was
30.9% versus placebo (P<0.0001). 

Clinical ASCVD

Evolocumab was investigated in clinical ASCVD patients
in the LAPLACE-2 combination therapy study and the
DESCARTES long-term efficacy study.36,37 In LAPLACE-2,
296 with clinical ASCVD were randomized to different statin
regimens in an open-label format and then randomized to
evolocumab 140 mg q2 or 420 mg monthly or to placebo for
12 weeks.36 The mean baseline LDL-C after 4 weeks of statin
therapy was 2.8 mmol/L. At Week 12, LDL-C was reduced
versus placebo by 74% for the 140 mg q2w dose and by 63%

terolemia, and homozygous sitosterolemia.27 On the basis of
the results of IMPROVE-IT,28 the CCS guidelines recommend
ezetimibe in combination with maximally tolerated statin as an
option in the treat-to-target management of dyslipidemia
(LDL-C <2.0 mmol/L or >50% reduction) as well as for the
reduction of CVD events in adults ≥50 years with chronic
kidney disease not treated with dialysis or kidney transplant.11

Proprotein convertase subtilisin / kexin 
type 9 (PCSK9) inhibitors 

More recently, 2 members of a new class of LMT have
been approved by Health Canada. Evolocumab and alirocumab
are fully human monoclonal antibodies that target PCSK9, a
serine protease that regulates cell surface receptors, including
the LDL receptor, and is principally expressed by the liver.29,30

PCSK9 promotes lysosomal degradation of LDL receptors,
which inhibits the recycling of the LDL receptor and thus
impairs clearance of LDL-C. The inhibition of PCSK9 repre-
sents a novel mechanism of LDL-C reduction that is additive to
that of statins, as well as providing a potent LMT option for
patients who are intolerant or unresponsive to statins.
Development of a third PCSK9 inhibitor, bococizumab, was
discontinued further to the gradual loss of LDL-C lowering,
high levels of immunogenicity, and injection-site reactions.31

Evolocumab and alirocumab are indicated as combination
therapy with maximally tolerated statins for the reduction of
LDL-C in patients with heterozygous familial hypercholes-
terolemia (HeFH) or clinical atherosclerotic (AS) CVD.32,33

Evolocumab is also indicated as part of LDL-C-lowering
combination therapy in adults or adolescents (≥12 years) with
homozygous familial hypercholesterolemia (HoFH). The CCS
guidelines suggest that PCSK9 inhibitors be considered to
lower LDL-C level for patients with atherosclerotic CVD in
those not at LDL-C goal despite maximally tolerated statin
doses with or without ezetimibe therapy.11 However, for
patients whose LDL-C is >20% away from target, no add-on
drug other than a PCSK9 inhibitor is likely to get the LDL-C
to target.

Evolocumab and alirocumab are administered with
prefilled autoinjectors. The dose for evolocumab in patients
with HeFH or ASCVD is either 140 mg every 2 weeks (q2w)
or 420 mg once monthly.32 For patients with HoFH, the initial
dose of evolocumab is 420 mg monthly; the dose can be
increased after 12 weeks to 420 mg q2w if the patient has an
inadequate response. The starting dose of alirocumab is 75 mg
q2w; it may be increased to a maximum dose of 150 mg q2w.33

Clinical studies demonstrated that PCSK9 inhibitors, in
combination with statins ± other lipid-lowering agents,
produce a 40%-60% reduction in LDL-C beyond what is
achieved with statin therapy.34-38 The very low LDL-C levels
that result are not associated with significant increases in
adverse effects. 

PCSK9 inhibitors in statin-intolerant patients

Both evolocumab and alirocumab have been tested against
ezetimibe in cohorts of patients with intolerance to statins. 

The GAUSS-3 trial identified patients with uncontrolled
LDL-C (mean baseline LDL 5.7mmol/L) and intolerance to
statins confirmed by blinded, placebo-controlled statin chal-
lenge; and randomized 218 of these patients to evolocumab or
ezetimibe.39 The mean percent reduction in LDL-C in the



for the 420 mg monthly dose (P<0.0001 for each). In
DESCARTES, patients were initiated on 1 of 4 back-
ground LMTs for a run-in period of 4-12 weeks: diet
alone, diet + atorvastatin 10 mg daily, atorvastatin 80 mg
daily, or atorvastatin 80 mg daily + ezetimibe 10 mg
daily.37 Those with an LDL-C of ≥1.9 mmol/L after this
run-in treatment were randomized to evolocumab 420
mg monthly or placebo. The mean baseline LDL-C on
background therapy was 2.7 mmol/L. The overall mean
reduction in LDL-C versus placebo was 57.0%
(P<0.001), and was significant (P<0.001) for all baseline
treatment groups. 

COMBO I and COMBO II studied alirocumab in
patients with hypercholesterolemia at very high CV
risk.38 All COMBO I patients were taking maximally
tolerated statins with or without other LMTs, while
COMBO II employed ezetimibe 10 mg daily on top of
existing statin therapy as the control. Patients were
randomized to alirocumab 75 mg q2w or control, with
the option of dose uptitration (150 mg q2w) in line with
other studies. The mean baseline LDL-C was 2.6 mmol/L
for COMBO I, and was 2.8 for the alirocumab group and
2.7 for the control (ezetimibe) group for COMBO II;
16.8% of alirocumab patients were uptitrated in COMBO
I and 18.4% in COMBO II. At 24 weeks, the reduction in
LDL-C compared with placebo was 42.7% in those who
were uptitrated and 46.0% in those who remained on the
initial dose (P<0.0001 for each) in COMBO I. In
COMBO II, the mean difference in LDL-C reduction for
alirocumab versus ezetimibe was 27.7% (47.8% versus
20.1%; P<0.0001).  

Effect on CV mortality and morbidity: 
FOURIER trial

More recently, the ‘Further Cardiovascular
Outcomes Research with PCSK9 Inhibition in Subjects
with Elevated Risk’ (FOURIER) trial evaluated the impact
of evolocumab on composites of major CV events
(primary outcome: CV death, MI, stroke, hospitalization
for unstable angina, or coronary revascularization;
secondary outcome: CV death, MI, or stroke) in 27 564
ASCVD patients with LDL-C ≥1.8 mmol/L.42 All
patients were on an effective dose of statin, 69.3% at
high intensity. Patients were randomized to the previ-
ously studied evolocumab doses (140 mg q2w or 420 mg
monthly) or to placebo. The median baseline LDL-C
was 2.4 mmol/L and 69.3% of patients were taking high-
intensity statins. The majority of patients had a high CV
risk condition:

81.1% with a previous MI•
19.4% with a history of nonhemorrhagic stroke•
13.2% with peripheral artery disease•
36.6% with diabetes mellitus (DM)•
The median duration of follow-up was 2.2 years. 
The mean LDL-C reduction at 48 weeks for

evolocumab versus placebo was 59% (P<0.001).
Significant reductions were observed in the primary
and secondary endpoints with evolocumab versus
placebo. The primary endpoint occurred in 9.8% of
evolocumab patients and in 11.3% of controls, repre-
senting a 15% reduction in risk (hazard ratio 0.85; 95%

CI 0.79-0.92; P<0.001) (Figure 1). Occurrence of the
key secondary endpoint was reduced by 20% with
evolocumab (5.9% versus 7.4%; HR 0.80; 95% CI 0.73-
0.88; P<0.001). The incidence of fatal and nonfatal
cardiac events was reduced, with relative reductions of
26.1% for MI (3.4% with evolocumab versus 4.6% for
placebo; P<0.001), 21.1% for stroke (1.5% versus
1.9%; P=0.01), and 21.4% for coronary revasculariza-
tion (5.5% versus 7.0%; P<0.001); there were no signif-
icant reductions in CV or all-cause mortality or hospi-
talization for unstable angina. These effects of
evolocumab were consistent across different patient
groups (eg, age, sex, type of atherosclerotic vascular
disease), baseline LDL-C levels, and statin intensities. 

The investigators noted that these reductions in CV
risk tended to increase over time. For the primary endpoint,
the benefit was 12% in the first year and 19% thereafter;
the first-year and beyond benefits for the secondary
endpoint were 16% and 25%, respectively. A similar
phenomenon has been observed with statin treatment.43

No significant differences were observed between the
evolocumab and control groups in terms of adverse
effects, including new-onset DM and neurocognitive
events; the sole exception was injection-site reactions,
which were more frequent in the evolocumab group
(2.1% versus 1.6%; P<0.001).

Potential adverse effects 

Despite the overall safety profile of evolocumab and
alirocumab in clinical studies, some concerns have been
raised about potential adverse effects. The United States
Food and Drug Administration requested in early 2014
that patients receiving PCSK9 inhibitors be monitored
for neurocognitive adverse effects.43 Because of the high
concentration of total cholesterol in the brain, significant
reductions were believed to have the potential to
adversely affect neurological function. However, no study
to date has established a causal relationship between
cholesterol reduction in the central nervous system and
functional impairment.44

Effect on cognitive function: EBBINGHAUS study

The ‘Evaluating PCSK9 Binding Antibody Influence
On Cognitive Health in High Cardiovascular Risk
Subjects’ (EBBINGHAUS) study investigated the effect of
evolocumab on cognitive function using the Cambridge
Neuropsychological Test Automated Battery (CANTAB)
Assessments.45 In this study, 1974 patients were recruited
from the FOURIER trial, with a primary endpoint of
spatial working memory strategy index of executive func-
tion. As presented at the 2017 ACC meeting, mean
change in the primary outcome was -0.21 for evolocumab
and -0.29 for placebo (P for noninferiority <0.0001).46

Furthermore, no differences between evolocumab and
placebo were seen for any of the secondary endpoints nor
in patient questionnaire and detailed analysis of adverse
events, and no evidence of differences in cognitive tests
by achieved nadir LDL-C, even <0.65 mmol/L.

Concern has been expressed regarding the potential
increase in new-onset DM among patients treated with
PCSK9 inhibitors. The study evidence to date does not

CARDIOLOGYRounds
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support this hypothesis; a pooled analysis of 10
ODYSSEY Phase III studies demonstrated no evidence of
an increased incidence of DM in 3448 patients who did
not have DM at baseline.47

Conclusion
As CV-related morbidity and mortality remain at a

high level in the Canadian population, research continues
to expand the clinician’s therapeutic options. Elevation of
LDL-C is an established causative factor and treatment
target in the development and prevention of major CV
events. While statins are the current first-line agents,
residual risk and statin intolerance are important consid-
erations in the management of the patient at high CV
risk. PCSK9 inhibitors represent an important new ther-
apeutic option for significantly reducing LDL-C. Of
particular importance to clinicians, the 2-year FOURIER
trial now provides evidence of significant benefit with the
use of evolocumab in the reduction of CV event risk
without a marked increase in adverse effects.

Dr. Fitchett is an Associate Professor of Medicine at the University of
Toronto and a Staff Cardiologist at St. Michael’s Hospital, Toronto,
Ontario. 
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