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ABSTRACT
Background: The 2021 Canadian Cardiovascular Society guidelines
recommend proprotein convertase subtilisin-kexin type 9 (PCSK9) in-
hibitor therapy in patients with atherosclerotic cardiovascular disease
whose low-density lipoprotein cholesterol (LDL-C) concentration re-
mains � 1.8 mmol/L despite maximally tolerated statin therapy. This
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R�ESUM�E
Introduction : Les lignes directrices de la Soci�et�e canadienne de car-
diologie de 2021 recommandent un traitement par les inhibiteurs de
proprot�eine convertase subtilisine-kexine de type 9 (PCSK9) aux pa-
tients atteints de la maladie cardiovasculaire ath�eroscl�erotique chez
lesquels les concentrations de cholest�erol à lipoprot�eines de faible

Cardiovascular disease (CVD) is the global leading cause of
morbidity and mortality,1 representing an estimated 32% of
all deaths in 2019,2 largely due to atherosclerotic CVD
(ASCVD), including myocardial infarction (MI) and
stroke.2 Despite this clinical burden, many ASCVD
events are preventable. Low-density lipoprotein cholesterol
n Cardiovascular Society. This is an open access article under the CC BY-NC-
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retrospective and prospective observational study characterizes Ca-
nadian patients treated with evolocumab and describes its effective-
ness and safety.
Methods: Between August 2017 and July 2019, a total of 131 pa-
tients initiated on evolocumab therapy were enrolled at 15 sites in
Canada. Data were extracted from medical records every 3 months
between 6 months prior to, and for 12 months following evolocumab
therapy initiation, until July 6, 2020. Baseline and prospectively
collected data are reported as available.
Results: A total of 131 patients were enrolled (59.5% male; mean age
[standard deviation (SD)] 64.7 � 10.6 years), most with a diagnosis of
atherosclerotic cardiovascular disease and/or familial hypercholes-
terolemia (93.4%). Mean (� SD) LDL-C concentration at baseline was
3.7 (� 1.7) mmol/L (n ¼ 119), with 58.0% of patients receiving a
statin (36.6% high intensity). Mean (� SD) LDL-C concentration after
evolocumab treatment was 1.6 (� 1.0) mmol/L (n ¼ 120), repre-
senting a 58.7% decrease from baseline (n ¼ 109). This level
remained stable over 12 months. An LDL-C concentration < 1.8
mmol/L was achieved by 77.5% of patients. Persistence was 92%, and
no serious treatment-emergent adverse events were reported.
Conclusions: These findings provide real-world evidence of guideline-
recommended initiation of evolocumab therapy, as well as confirma-
tion of its effectiveness and safety in a Canadian population.
Evolocumab therapy can address a healthcare gap in the management
of dyslipidemia, by increasing the proportion of patients achieving
LDL-C goals recommended to lower cardiovascular risk.

densit�e (cholest�erol LDL) demeurent � 1,8 mmol/l malgr�e le traite-
ment maximalement tol�er�e par statines. La pr�esente �etude observa-
tionnelle r�etrospective et prospective donne les caract�eristiques des
patients canadiens trait�es par �evolocumab, et d�ecrit l’efficacit�e et
l’innocuit�e de ce m�edicament.
M�ethodes : Entre août 2017 et juillet 2019, nous avons inscrit un total
de 131 patients qui avaient amorc�e le traitement d’�evolocumab dans
15 �etablissements du Canada. Nous avons extrait les donn�ees des
dossiers m�edicaux tous les trois mois de six mois avant et jusqu’à 12
mois après le d�ebut du traitement par �evolocumab, et ce, jusqu’au 6
juillet 2020. Les donn�ees initiales et les donn�ees collect�ees de façon
prospective sont d�eclar�ees selon leur disponibilit�e.
R�esultats : Nous avons inscrit un total de 131 patients (59,5 %
d’hommes; âge moyen [�ecart type (ET)] 64,7 � 10,6 ans); la plupart
avaient un diagnostic de maladie cardiovasculaire ath�eroscl�erotique
et/ou d’hypercholest�erol�emie familiale (93,4 %). Les concentrations
initiales moyennes (� ET) de cholest�erol LDL �etaient de 3,7 (� 1,7)
mmol/l (n ¼ 119), et 58,0 % des patients recevaient une statine
(36,6 % d’intensit�e �elev�ee). Les concentrations moyennes (� ET) de
cholest�erol LDL après le traitement par �evolocumab �etaient de
1,6 (� 1,0) mmol/l (n ¼ 120), soit une diminution de 58,7 % par
rapport aux concentrations initiales (n ¼ 109). Ces concentrations sont
demeur�ees stables durant 12 mois. Des concentrations de cholest�erol
LDL < 1,8 mmol/l ont �et�e atteintes par 77,5 % des patients. La per-
sistance a �et�e de 92 %, et aucun �ev�enement d�efavorable s�erieux
associ�e au traitement n’a �et�e d�eclar�e.
Conclusions : Ces r�esultats fournissent des donn�ees probantes du
monde r�eel sur l’amorce du traitement par �evolocumab conform�ement
aux recommandations des lignes directrices, ainsi qu’une confirmation
de son efficacit�e et de son innocuit�e au sein d’une population cana-
dienne. Le traitement par �evolocumab peut permettre de rem�edier aux
lacunes des soins de sant�e dans la prise en charge de la dyslipid�emie
par l’augmentation de la proportion de patients atteignant les objectifs
recommand�es en matière de cholest�erol LDL pour r�eduire le risque de
maladies cardiovasculaires.
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(LDL-C) is one of the most modifiable cardiovascular risk
factors amenable to widely available and well-tolerated
pharmacologic therapies.2 Robust evidence from mecha-
nistic, observational, and intervention studies of
lipid-lowering therapies (LLTs) demonstrates a causal rela-
tionship between lowering of LDL-C concentration and
reduction of ASCVD events.3-5

In Canada, statins are the recommended first-line LLT for
cardiovascular risk reduction,6 yet real-world evidence
consistently suggests that patients at high risk of, or with
established ASCVD, do not achieve clinically sufficient LDL-
C reductions despite treatment.7-10 One-third of patients
aged � 65 years with ASCVD in Alberta, and one-quarter in
Ontario, treated with LLT did not achieve 2016 Canadian
guideline-recommended LDL-C goals (< 2.0 mmol/L or >
50% reduction)11 within 1 year of an ASCVD diagnosis.7,8

Within a similar patient population in Alberta, about 1 in
3 patients did not achieve LDL-C goals despite receiving
LLT following an MI.9 Finally, only 50% of patients in
Ontario had their LDL-C concentration measured within 6
months following percutaneous coronary interventions
(PCIs). Of those, 43% did not achieve LDL-C goals.10

These results point to significant care gaps in ASCVD
management in Canada and suggest that further intensive
efforts are needed to achieve optimal LDL-C concentrations
in vulnerable patients.

The updated, 2021 Canadian Cardiovascular Society
Guidelines for the Management of Dyslipidemia for the
Prevention of Cardiovascular Disease in Adults recommend
intensification of therapy for persons with an LDL-C con-
centration of � 1.8 mmol/L who are already on maximally
tolerated statin therapy in the setting of secondary prevention
of ASCVD.6 Recommended agents include the addition of a
cholesterol-absorption inhibitor (ezetimibe), or proprotein
convertase subtilisin-kexin type 9 (PCSK9) inhibitors (the
monoclonal antibodies, evolocumab or alirocumab).6 Evolo-
cumab was approved in Canada in 2015 and is indicated to
prevent cardiovascular events in patients with ASCVD and/or
to reduce LDL-C concentration in patients with familial hy-
percholesterolemia (FH) who are already on a maximally
tolerated statin and require additional LDL-C lowering.12 The
large cardiovascular outcome trial Further Cardiovascular
Outcomes Research With PCSK9 Inhibition in Subjects
With Elevated Risk (FOURIER)13 assessed the impact of
evolocumab therapy in patients with established ASCVD and
demonstrated a 59% reduction in LDL-C, concomitant with
a 20% reduction in cardiovascular death, MI, and stroke, with
no significant adverse events compared to placebo. These
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randomized data are reinforced by the international Open-
Label Study of Long Term Evaluation Against LDL-C
(OSLER-1) trial, which revealed a sustained 56% LDL-C
reduction over 5 years of follow-up in a diverse hypercholes-
terolemic patient population on evolocumab therapy.14

However, to date, only limited real-world evidence exists on
the clinical characteristics of Canadian patients prescribed
evolocumab and the ensuing impact on dyslipidemia man-
agement, to inform clinical practice and guide treatment
decisions.

The Multizonal Observational Study Conducted by
Clinical Practitioners on Repatha (Evolocumab) Use in
Subjects With Hyperlipidemia (ZERBINI) study is a retro-
spective and prospective observational chart review study
conducted in Canada, Mexico, Columbia, Saudi Arabia, and
Kuwait. The purpose of the study was to report data specif-
ically from the Canadian subset of patients. The primary
objective was to characterize the clinical characteristics of
Canadian patients upon initiation of evolocumab therapy.
Secondary and exploratory objectives were to evaluate the
effectiveness, safety, and persistence of therapy with evolo-
cumab over time.
Methods

Study design and setting

This was a retrospective and prospective observational
study of patients from 15 sites across Canada of those pa-
tients who were initiated on evolocumab therapy between
August 1, 2017 and July 9, 2019. Data were collected from
patient medical records up to 6 months prior to evolocu-
mab therapy initiation and 12 months post-initiation,
regardless of continuation or discontinuation of evolocu-
mab therapy, with data collection ending on July 6, 2020
(Supplemental Fig. S1). Chart extraction occurred every 3
months during the 12-month follow-up period. Enrollment
in the study was closely monitored as part of study man-
agement. The study protocol was reviewed and approved by
each site’s institutional review board/institutional ethics
committee.

Study participants

Patients were eligible if they met the following criteria: (i)
were male or female � 18 years of age; (ii) initiated evolo-
cumab therapy at a physician’s direction between August 1,
2017 and July 9, 2019; (iii) received at least 1 dose of evo-
locumab; and (iv) had � 6 months of exposure to evolocumab
therapy prior to study enrollment. Patients were excluded if
they had used a PCSK9 inhibitor within 6 months prior to
evolocumab therapy initiation.

Variables of interest and outcome measures

Available data were collected from patient medical records
using a case report form (CRF). Variables of interest
included the following patient demographic and clinical
characteristics upon evolocumab initiation: age; sex; race;
smoking status; cardiovascular history; FH status, including
subtype (heterozygous or homozygous) and method of
diagnosis; diabetes status; and LDL-C concentrations, with
the last measurement within 6 months prior to evolocumab
therapy initiation regarded as the baseline value. Using the
CRF, CVD history could be captured as diagnoses of coro-
nary artery disease, peripheral arterial disease, intermittent
claudication, stroke, transient ischemic attack, congestive
heart failure, atrial fibrillation, hypertension, MI, deep vein
thrombosis, and/or pulmonary embolism. The CRF also had
a free-text field to specify “other” components of cardiovas-
cular history as judged by the investigator. Additional vari-
ables of interest included evolocumab usage (dose, frequency,
switching to another PCSK9 inhibitor) and other LLT usage
(type, dose, and frequency of therapy) at baseline, and
changes to these over the 12-month follow-up period. Statin
intensity was defined according to the 2013 American Col-
lege of Cardiology/American Heart Association guidelines
and grouped into low-, moderate-, and high-intensity cate-
gories.15 Other variables of interest included the incidence of
LDL-C concentration < 1.8 mmol/L, and change from
baseline in LDL-C concentration during the 12-month
follow-up period after evolocumab therapy initiation. LDL-
C concentrations measured as part of usual care were
assessed from patients with available data. The last LDL-C
measurement was used for patients with multiple measure-
ments taken within the presented timeframes. The in-
cidences of adverse events and hospitalizations (reason for
admission and duration of stay), and the persistence to
evolocumab therapy, were also assessed. Data on missed
evolocumab doses were captured in the CRF for each month
on a quarterly basis, including whether a dose was missed
and how many doses were missed per month. Study
completion was also captured. Persistence was then assessed
as the proportion of patients remaining on evolocumab
therapy for the entire follow-up period after initiation
without missing doses for more than 56 consecutive days, the
allowable gap based on the evolocumab dosing instructions.
This assessment was subsequently reported as either persis-
tent or nonpersistent.12,16 Those who did not complete the
study for reasons deemed unrelated to evolocumab (reim-
bursement, administrative decision, patient request, lost to
follow-up) were not included in the persistence calculations
(n ¼ 16). Additionally, those who discontinued study
participation due to an adverse event, death, or unknown
reasons were captured as nonpersistent.

Data synthesis and analysis

Descriptive statistics were used to summarize study out-
comes. Using the available data reported on the CRF, patients
with any of the following conditions were classified as having
ASCVD, based on the definition included in the current
Canadian guidelines6: angina; abdominal aortic aneurysm;
carotid or coronary artery disease; coronary revascularization
procedures including coronary artery bypass grafting; percu-
taneous transluminal coronary angioplasty; peripheral artery
disease; intermittent claudication; MI; stroke; and transient
ischemic attack.6 Patients were then stratified according to a
diagnosis of ASCVD only, FH only, concomitant ASCVD
and FH, or unknown ASCVD and FH status. Further, in
patients with available data, LDL-C measurement character-
istics were calculated, including frequency and time to first
and last measurement.



Table 1. Baseline demographics and clinical characteristics of the full
patient cohort

Clinical characteristic N ¼ 131

Sex
Female 53 (40.5)
Male 78 (59.5)

Age, y
Mean � SD 64.7 � 10.6
Median (IQR) 66.0 (58.0e72.0)

Age group, y
< 65 57 (43.5)
� 65 74 (56.5)
� 75 22 (16.8)

Province*
Ontario 71 (54.2)
British Columbia 35 (26.7)
Qu�ebec 25 (19.1)

Race
White 108 (82.4)
Asian 10 (7.6)
Other 10 (7.6)
Black or African American 3 (2.3)

Smoker status
Current 9 (6.9)
Former 57 (43.5)
Never 65 (49.6)

LDL-C, mmol/L (N ¼ 119)y

Mean � SD 3.7 � 1.7
Median (IQR) 3.5 (2.5e4.6)

FH onlyz (without ASCVDx) 30 (22.9)
ASCVD only (without/unknown FH) 51 (38.9)
FHz and ASCVDx 42 (32.1)
No FH or ASCVDk 8 (6.1)
Number of ASCVDx conditions
0 38 (29.0)
1 38 (29.0)
2 42 (32.1)
� 3 13 (9.9)

Type of ASCVDx condition
Coronary artery disease 81 (61.8)
Myocardial infarction 34 (26.0)
Coronary revascularization procedures{ 5 (3.8)
Angina 2 (1.5)
Peripheral artery disease 19 (14.5)
Intermittent claudication 5 (3.8)
Stroke 9 (6.9)
Carotid artery disease 4 (3.1)
Transient ischemic attack 4 (3.1)
Abdominal aortic aneurysm 1 (0.8)

Atrial fibrillation 8 (6.1)
Congestive heart failure 5 (3.8)
Hypertension 79 (60.3)
Diabetes** 31 (23.7)

Values are n (%), unless otherwise indicated.
ASCVD, atherosclerotic cardiovascular disease; CRF, case report form;

FH, familial hypercholesterolemia; IQR, interquartile range; LDL-C, low-
density lipoprotein cholesterol; SD, standard deviation.

* Based on investigator location.
yThe last LDL-C concentration measured within 6 months prior to

initiation of evolocumab in 119 patients with available data was regarded as
the baseline LDL-C concentration. Twelve patients did not have a baseline
LDL-C concentration reported.

zAll patients were diagnosed with heterozygous FH. Twelve (9.2%) pa-
tients had unknown familial hypercholesteremia status.

xData collected do not capture all ASCVD components as defined by the
Canadian Cardiovascular Society.6

kThe definition of ASCVD6 outlined on theCRFwas not complete. As such,
it cannot be confirmed whether these patients had a history of FH or ASCVD.

{Three patients had undergone coronary artery bypass grafting, one pa-
tient had undergone a percutaneous transluminal coronary angioplasty, and
one patient had a 2-vessel bypass.

**One patient was diagnosed with type 1 diabetes, and 30 patients with
type 2 diabetes.
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Results

Baseline patient demographic and clinical characteristics

The cohort consisted of 131 patients prescribed evolocu-
mab as part of usual care. Baseline demographic and clinical
characteristics are provided in Table 1. The majority of pa-
tients were male (59.5%) and were enrolled from Ontario
(54.2%,), British Columbia (26.7%), or Quebec (19.1%).
The mean age (� standard deviation [SD]) was 64.7 (� 10.6)
years, with a median age (interquartile range [IQR]) of 66.0
(58.0-72.0) years. The mean baseline LDL-C (� SD) con-
centration was 3.7 (� 1.7) mmol/L, with a median LDL-C
concentration (IQR) of 3.5 (2.5-4.6) mmol/L. Twelve pa-
tients (9.2%) did not have a baseline LDL-C concentration
reported. Of the 131 patients, 38.9% had ASCVD, 32.1%
had ASCVD and FH, and 22.9% had FH only. Eight patients
(6.1%) had neither an FH nor an ASCVD diagnosis. Among
patients with ASCVD, the majority (59.1%) had � 2 con-
ditions, with coronary artery disease (87.1%) and MI (36.6%)
being the most common. Finally, 23.7% of patients had
diabetes, and other comorbid conditions, as outlined in
Table 1. The methods used to diagnose FH are presented in
Supplemental Table S1, with most patients (61.1%) diag-
nosed using the Simon Broome and/or Dutch Lipid Clinic
Network methods.

LLT usage at baseline

LLT usage data, including evolocumab dosing at baseline,
are presented in Table 2. Of the 131 patients in this cohort,
background statin use was reported in 58.0%, with 36.6% on
a high-intensity statin.6 The second most common back-
ground LLT was ezetimibe (53.4%) with 40.5% of patients
on combined statin and ezetimibe therapy. Intolerance to � 2
statins was reported in 41.2% of patients. Evolocumab was
prescribed at a dose of 140 mg every 2 weeks (vs 420 mg every
4 weeks) in 94.7% of patients. Finally, 25.2% of patients were
not on any other LLT upon evolocumab initiation.

LDL-C concentrations and measurement characteristics
over time

LDL-C concentrations and measurement characteristics
over time are presented in Table 3. In patients with available
data, the mean (� SD) LDL-C concentration after evolo-
cumab therapy initiation was 1.6 (� 1.0) mmol/L, with a
median (IQR) LDL-C concentration of 1.2 (0.8-2.1) mmol/
L. The majority of patients (67.9%) had � 2 LDL-C
measurements post-evolocumab therapy initiation, with a
median (IQR) time to first and last test of 55 (33-106) days
and 247 (162-315) days, respectively. For patients with both
an LDL-C measurement at baseline and � 1 follow-up
measurement post-evolocumab therapy initiation, LDL-C
was reduced by 58.7% between baseline and the last
LDL-C measurement post-evolocumab therapy initiation
(from 3.8 [ � 1.6] mmol/L to 1.6 [ � 1.1] mmol/L; Fig. 1).
LDL-C reductions were similar between patients on evolo-
cumab monotherapy and those on evolocumab therapy plus
other LLT (56.5% vs 56.9%). LDL-C was reduced from
baseline in 97.2% of patients post-evolocumab therapy
initiation, with 71.6% achieving a > 50% reduction
(Fig. 2). Five patients were nonresponders or had a



Table 2. Evolocumab dose and lipid-lowering therapy usage at
baseline

Lipid-lowering therapy N ¼ 131 n (%)

Statins* 76 (58.0)
Low-intensityy 12 (9.2)
Moderate-intensityz 16 (12.2)
High-intensityx 48 (36.6)
No statin use 55 (42.0)

Reported statin intolerance 81 (61.8)
Number of statins reported

intolerant to:
1 27 (20.6)
2 21 (16.0)
3 23 (17.6)
� 4 10 (7.6)

Ezetimibe 70 (53.4)
Ezetimibe and statin 53 (40.5)

Colesevelam 7 (5.3)
Niacink 3 (2.3)
Evolocumab dose

140 mg every 2 wk 124 (94.7)
420 mg once monthly 7 (5.3)

Evolocumab monotherapy 33 (25.2)

* Statin intensity was defined based on the 2013 American College of
Cardiology/American Heart Association Guideline on the Treatment of Blood
Cholesterol to Reduce Atherosclerotic Cardiovascular Risk in Adults.15

y Low-intensity statins include atorvastatin (5 mg), lovastatin (20 mg),
pravastatin (8.57 mg, 10 mg, and 20 mg), rosuvastatin (0.36 mg, 0.71 mg,
1.07 mg, 1.25 mg, 1.43 mg, and 2.50 mg) and simvastatin (10 mg);

zModerate-intensity statins include atorvastatin (10 mg and 20 mg),
pravastatin (40 mg), rosuvastatin (5 mg, 10 mg, and 15mg) and simvastatin
(20 mg and 40 mg).

xHigh-intensity statins include atorvastatin (40 mg and 80 mg) and
rosuvastatin (20 mg and 40 mg).

kOne patient was on each of short-acting, intermediate-release, and
extended-release niacin.

Table 3. Low-density lipoprotein cholesterol (LDL-C) concentrations
and measurement characteristics at baseline and post-evolocumab
therapy initiation

Outcome Value

Baseline LDL-C concentration, mmol/
L (N ¼ 119)*

Mean � SD 3.7 � 1.7
Median (IQR) 3.5 (2.5e4.6)

Average number of LDL-C tests post-
evolocumab initiation (N ¼ 131)

Mean � SD 2 � 1
Frequency of LDL-C measurements

(N ¼ 131)
0 11 (8.4)
1 31 (23.7)
2 48 (36.6)
> 2 41 (31.3)

Time from evolocumab therapy
initiation to LDL-C
measurement, d, median (IQR;
N ¼ 120)y

First measurement 55 (33-106)
Last measurement 247 (162-315)

Overall LDL-C concentration post-
evolocumab therapy (N ¼ 120)y

Mean � SD, mmol/L 1.6 � 1.0
Median (IQR) 1.20 (0.75e2.14)

Incidence of LDL-C < 1.8 mmol/L
(N ¼ 120)y

93 (77.5)

In FH patients (N ¼ 66) 47 (71.2)
In non-FH patients (N ¼ 54) 46 (85.2)

Incidence of LDL-C reduction � 50%
(N ¼ 109)

78 (71.6)

Values are n (%), unless otherwise indicated.
FH, familial hypercholesterolemia; HDL, high-density lipoprotein; IQR,

interquartile range; SD, standard deviation; TC, total cholesterol; TG,
triglyceride.

* The last LDL-C concentration measured within 6 months prior to
initiation of evolocumab therapy in 119 patients with available data was
regarded as the baseline LDL-C concentration. Twelve patients did not have a
baseline LDL-C concentration reported.

yEleven patients did not have an LDL-C measurement post-evolocumab
therapy initiation, of which 3 patients had other lipid measures taken (total
cholesterol, HDL, non-HDL, and triglyceride; data not reported), and 8
patients had no lipid tests.
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suboptimal response (� 10% decrease in LDL-C) to treat-
ment; they also had discontinued treatment within 3 months
and were therefore unlikely to be on evolocumab therapy at
the time of their post-treatment LDL-C measurement.
Furthermore, 77.5% of patients achieved an LDL-C con-
centration < 1.8 mmol/L after initiation of evolocumab
therapy, including 71.2% of patients with FH, and 85.2%
of patients without a diagnosis of FH (Table 3). Among
patients who had a baseline and follow-up LDL-C concen-
tration measured during months 1-6 and 7-12 post-
evolocumab therapy initiation, the mean reduction in
LDL-C from baseline to months 1-6 was 57.9%, and to
months 7-12, it was 48.1% (Fig. 3).

LLT usage over time

LLT usage over time is presented in Figure 4 and remained
relatively stable over the 12-month study period. Among
statin-treated patients at baseline, 7 (9.2%) discontinued
statins after initiation of evolocumab therapy, whereas 3
(3.9%) up-titrated and 1 (1.3%) down-titrated the statin
dose. Of the 7 patients (10.0%) who discontinued ezetimibe
during the study follow-up period, 5 were on a background
statin that was not discontinued. Monotherapy with evolo-
cumab was initially noted in 25.2% of patients, and this
percentage decreased by approximately 5% as patients
received other LLT over the study period.
Reasons for discontinuation and persistence of
evolocumab therapy

Self-reported reasons for discontinuation and patient
persistence to evolocumab therapy are presented in Table 4. A
total of 22 patients (16.8%) discontinued evolocumab therapy
over the 12-month study period, with the most common
reason being lack of reimbursement (5.3%, n ¼ 7). Evolo-
cumab therapy persistence was 92.2%.

Adverse events and hospitalizations

A complete list of adverse events and results regarding
hospitalizations are presented in Table 5. The majority of
patients (93.1%) did not experience an adverse event, and no
injection-site reactions were reported. Of the 9 patients
(6.9%) with an adverse event reported, 3 had non-serious
reactions leading to discontinuation of evolocumab. Eight
patients contributed to 9 reasons for a cardiovascular-related
hospitalization, including ischemic cardiomyopathy with
moderate-to-severe left ventricular dysfunction, unstable
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angina, percutaneous coronary intervention with stent, stent
implantation, and abdominal aortic aneurysm. Reasons for
non-ASCVD-related cardiovascular hospitalizations included
atypical thoracic pain, thoracic pain of undetermined etiology,
heart catheterization, and chronic heart failure secondary to
atrial fibrillation.
Discussion

This analysis of the ZERBINI study observed real-world
baseline clinical characteristics, as well as the effectiveness,
safety, and persistence on evolocumab therapy in Canadian
patients. Current Canadian guidelines recommend LLT
intensification with a PCSK9 inhibitor in patients with
ASCVD, and those with FH, whose LDL-C concentration
remains above clinical threshold values despite maximally
tolerated statin therapy.6 In this study population with
ASCVD, FH, or both, 75% of patients had an LDL-C con-
centration � 2.5 mmol/L at the time of initiation of evolo-
cumab therapy. The intensification of LLT in this population
indicates that clinic practice in Canada was aligned with the
recommendations. These characteristics are aligned with the
approved Canadian indications for use of evolocumab, in
patients with ASCVD and FH.12 However, only 58% of
patients were treated with background statin and/or ezeti-
mibe, which highlights a common care gap in the prevention
of cardiovascular disease, particularly as a result of statin
intolerance. The reported statin intolerance of 62% in this
patient population was not apparent in the larger evolocumab
clinical trial, in which background statin use was a require-
ment.13,17 This finding demonstrates a potential difference in
real-world use and real-world challenges in achieving appro-
priate LDL-C reduction. Moreover, the profile of patients
initiated on evolocumab therapy herein is consistent with that
observed in the larger, real-world HEYMANS study con-
ducted in 10 European countries, wherein 60% of patients
reported statin intolerance.18 Interestingly, however, 75.0% of
HEYMANS study patients had an LDL-C concentration �
3.16 mmol/L, yet only 43% were treated with background
statin and/or ezetimibe.18 Thus, the current findings add a
Canadian perspective to the growing body of real-world evi-
dence of appropriate patient identification for evolocumab
therapy initiation, as well as the contribution of statin intol-
erance to the existing ASCVD care gap.

The 59% reduction in LDL-C observed over 12 months
post-evolocumab therapy initiation in the current study is
consistent with the 59% reduction reported in the FOURIER
trial cardiovascular outcomes (ASCVD patients)13 and the
Reduction of LDL-C with PCSK9 Inhibition in Heterozy-
gous Familial Hypercholesterolemia Disorder (RUTH-
ERFORD-2; FH patients)17 randomized controlled trials.
From a real-world perspective, these data are consistent with
the those from the HEYMANS European study, in which a
58% reduction in LDL-C was demonstrated within 3 months
of evolocumab therapy initiation, and sustained for 18
months of follow-up.18 The observed LDL-C reduction
herein is also consistent with other Canadian real-world data,
including a 48% LDL-C reduction in patients with ASCVD
in Alberta,19 a 55% reduction in patients with FH in British
Columbia,20 and a 51% reduction in high-risk patients in
Ontario.21 Hence, this study advances the current under-
standing of evolocumab use and effectiveness in Canadian
clinical practice by providing a more recent cross-country
perspective, with more than twice the sample size compared
to previous Canadian studies.

Although a slight increase in mean LDL-C concentration
was observed between months 1-6 and months 7-12 post-
evolocumab therapy initiation in the subset of patients with
available data at all timepoints, this finding may be due to a
small sample size, changes in background LLT, variability in
patient physiology (eg, diet or weight changes), and other
aspects related to real-world clinical practice, and it does not
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mab therapy) and their last LDL-C measurement post-evolocumab
therapy initiation.
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necessarily imply reduced effectiveness of evolocumab.
Indeed, mean LDL-C concentration was reduced by 57% in
patients on evolocumab monotherapy, and to some extent in
almost all patients (97%) regardless of background LLT, with
72% achieving a reduction of > 50% from baseline. This
LDL-C response pattern is consistent with that observed in
the Monoclonal Antibody Against PCSK9 to Reduce Elevated
LDL-C in Subjects Currently Not Receiving Drug Therapy
for Easing Lipid Levels-2 (MENDEL-2; hypercholesterolemic
patients) randomized controlled trial, in which LDL-C was
reduced to some extent in all patients on evolocumab mon-
otherapy, on average by 55%-57%, and 72%-77% of patients
achieved an LDL-C reduction of > 50% from baseline.22

Likewise, in the FOURIER cardiovascular outcomes trial,
LDL-C was reduced in 98% of patients on evolocumab
therapy, and 80% achieved a reduction of > 50% from
baseline.23 Further, in the current study, 78% of patients still
achieved below the new guideline-recommended LDL-C
threshold of < 1.8 mmol/L,6 which is comparable to the 87%
reported in the FOURIER cardiovascular outcomes trial in
patients strictly with ASCVD.13 This finding is especially
impressive considering the heterogeneity of the patient pop-
ulation of the current study, including patients with ASCVD,
and a substantial proportion with an FH diagnosis (55%),
among whom 71% achieved an LDL-C concentration < 1.8
mmol/L. Hence, these findings provide real-world evidence of
the effectiveness of evolocumab therapy in achieving
guideline-recommended LDL-C goals in Canada, to inform
decision-making in optimizing dyslipidemia management in
clinical practice.

The current findings also highlight an important gap in
LDL-C testing in Canadian clinical practice that continues to
be identified.19,24 Infrequent LDL-C monitoring appears to
be pervasive and may partly explain the Canadian real-world
data showing that more than 1 in 4 patients with ASCVD
do not achieve guideline-recommended LDL-C goals
following diagnosis, despite LLT.7-10 For instance, in a
real-world Alberta study, 28% of patients with a new diag-
nosis of ASCVD did not have an LDL-C measurement at
LLT initiation, and only 33% had both a baseline and follow-
up measurement.19 In another real-world Alberta study, 11%
of patients did not have lipid testing in-hospital or within 90
days following acute coronary syndrome, and of those tested,
29% did not have a follow-up test within 12 months.24

Whether this finding is a reflection of a therapeutic compla-
cency or a “fire and forget” practice pattern is not known.
However, as expected, lipid testing was associated with higher
rates of not only initiation but also intensification of statin
therapy and identification of evolocumab eligibility in 37% of
patients.24 The results of the current study are somewhat
reassuring in that 91% of patients had an LDL-C measure-
ment at evolocumab initiation, and 92% had a follow-up
measurement over 12 months thereafter. This finding may
be explained partly by the requirements for access and pre-
scription renewal. Further, most patients had their first follow-
up LDL-C measurement within 33-106 days, compared with
an average of 276 days in Alberta.19 Overall, these data point
to potential provincial differences in hyperlipidemia manage-
ment that warrant further study. Further, these findings
highlight the continued need for guidance and implementa-
tion of routine LDL-C measurements in high-risk patients, to
identify candidates for LLT intensification or modification.

Aligned with current Canadian guidelines,6 a low LLT
discontinuation rate was observed in the current study, with
stable statin use and low rates of ezetimibe discontinuation
over 12 months. These findings are reassuring in the real-
world context considering, anecdotally, that many patients
advocate to reduce their number of treatments and associated
burden. Although physicians may aim to accommodate pa-
tient preferences in other therapeutic scenarios, the clinical
benefit of statin therapy and LLT intensification, which are
the gold standard of care in ASCVD and FH patients with an
LDL-C concentration above clinical threshold values, appears
to have been prioritized in the current sample of Canadian
practice.

The current findings also add to the growing body of ev-
idence that patients persist with evolocumab therapy. The
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observed 92% persistence rate over 12 months is consistent
with that in the 5-year international OSLER-1 open-label
extension study, wherein the overall annualized rate of pa-
tients remaining on evolocumab was 93%,14 as well as with
the Getting to an Improved Understanding of Low-Density
Lipoprotein-Cholesterol and Dyslipedemia Management
(GOULD) US real-world study, wherein 92% of patients
were still taking a PCSK9 inhibitor at 2 years.25 Lack of
persistence to cardiovascular medications is associated with
poor clinical outcomes, including hospitalization and mor-
tality, especially in high-risk patients. International real-world
evidence shows a lack of persistence to statin therapy, even
among patients who undergo an ASCVD event,26-28 which
may be attributed to intolerance and fear of known side
Table 4. Evolocumab discontinuation and persistence over study
period

Outcome n (%)

Evolocumab discontinuation
(N ¼ 131)

22 (16.8)

Reason for evolocumab
discontinuation (N ¼ 131)

Adverse drug reaction 4 (3.0)
Death 1 (0.8)
Unknown 1 (0.8)
Administrative decision* 3 (2.3)
Patient request* 4 (3.1)
Reimbursement* 7 (5.3)
Lost to follow-up* 2 (1.5)

Evolocumab persistence (N ¼ 115)*
Yes 106 (92.2)
No 9 (7.8)

* Persistence was assessed as the proportion of patients remaining on
evolocumab for the entire follow-up period after initiation without missing
doses for more than 56 consecutive days, the allowable gap based on the
evolocumab dosing instructions. Additionally, those who discontinued study
participation for an adverse event, death, or unknown reasons were captured
as nonpersistent. Patients who did not complete the study for reasons deemed
unrelated to the evolocumab therapy (reimbursement, administrative decision,
patient request, and lost to follow-up) were not included in the persistence
calculations (N ¼ 16).
effects.29,30 Hence, the current results re-emphasize the po-
tential for evolocumab therapy to help close the dyslipidemia
care gap and improve patient outcomes in Canada.

Underlying persistence to evolocumab therapy may be its
favourable safety profile, which was observed in the current
study to be consistent with that in the evolocumab clinical
trial program12 and other randomized trials.13,14 One excep-
tion is that no injection-site reactions were reported in the
current real-world study, which is fewer than the approxi-
mately 2%-3% consistently reported.13,31 In the OSLER-1
open-label extension study, the annualized rate of injection-
site reactions decreased from 4% in the first year of evolo-
cumab exposure to 0.2% in year 4 and beyond,14 perhaps
reflecting improved patient counselling and administration
skills over time. Further, despite the observed 8
cardiovascular-related hospitalizations in the current study,
none were deemed by investigators to be related to use of
evolocumab. However, other top reported reasons for evolo-
cumab therapy discontinuation, including reimbursement,
patient request, and administrative decision, deserve further
consideration to identify barriers to continued LLT intensi-
fication in vulnerable patients.

This retrospective and prospective chart review study
provides insights into the real-world Canadian patient profile
for evolucumab therapy, as well as the effectiveness and safety
of evolocumab therapy over 12 months of follow-up. Cana-
dian patients initiated on evolocumab therapy represented
various demographics, pathologies, and indications for PCSK9
inhibition. However, important limitations must be
addressed. The patient cohort represented a small sample size,
with incomplete data collection, owing to the nature of a
chart-review study design, which may limit the generalizability
of the results. Specifically, the CRF used for data collection
lacked sufficient detail to understand the true ethnic, ASCVD,
and FH representativeness of the patient population. The
CRF did not capture a complete definition of ASCVD as
defined by current Canadian guidelines,6 and patients could
not be stratified appropriately into categories of ASCVD event
risk, which are important considerations when understanding
the effectiveness of evolocumab therapy in vulnerable patient



Table 5. Adverse events and hospitalizations over study period

Outcome N ¼ 131

All treatment-emergent adverse drug
reactions

9 (6.9)

Serious* 0 (0)
Nonserious reactions leading to

discontinuation of evolocumaby
3 (2.3)

Injection-site reactions 0 (0)
Musculoskeletal and connective tissue

disorders
5 (3.8)

Myalgia 2 (1.5)
Arthralgia 1 (0.8)
Back pain 1 (0.8)
Muscle discomfort 1 (0.8)

Nervous system disordersz 2 (1.5)
Headache 2 (1.5)
Balance disorder 1 (0.8)
Dizziness 1 (0.8)

Respiratory, thoracic, and mediastinal
disorders

2 (1.5)

Sinus congestion 1 (0.8)
Throat irritation 1 (0.8)

Gastrointestinal disorders 1 (0.8)
Nausea 1 (0.8)

Infections and infestations 1 (0.8)
Sinusitis 1 (0.8)

Reason for hospitalizationx

Cardiovascular 8 (6.1)
Non-cardiovascular 15 (11.5)

Duration of hospitalization, d, median
(IQR)k

Cardiovascular 4.5 (1.5e8.5)
Noncardiovascular 8.0 (4.0e36.0)

Values represent n (%), unless otherwise indicated.
IQR: interquartile range.
* Criteria for serious adverse event included fatal, immediately life-

threatening, required or prolonged hospitalization, persistent or significant
disability/incapacity, congenital anomaly/birth defect, or other medically
important serious event.

yThe date of adverse reaction was missing for 1 of the 4 patients who
discontinued evolocumab following an adverse event, and therefore it is not
defined as a treatment-emergent adverse reaction.

zThese adverse events are not mutually exclusive; 2 patients contributed
to these 3 conditions.

xN ¼ 15 hospitalizations; 14 patients were hospitalized once, and 1 pa-
tient was hospitalized twice.

kHospitalization (d) ¼ discharge date e admission date þ 1.
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populations. Also, the reason for evolocumab initiation re-
mains unknown for the 6% of patients initiated on evolocu-
mab without a documented diagnosis of ASCVD or FH.

Additionally, this observational study was not sized to
detect clinical outcomes, but rather focused on the LDL-C
response. However, since the frequency of LDL-C moni-
toring post-evolocumab initiation was not structured as it was
in clinical trials, conclusions about evolocumab efficacy may
be limited. Related to this issue, a small amount of data
collection occurred during the COVID-19 pandemic, which
may have affected access and availability of laboratory testing.
Further, persistence was self-reported by patients, which may
limit the validity of this measurement. Finally, the nature of
the study does not allow for causal inferences to be made.
Future studies should aim to overcome these data collection
limitations to advance understanding of the real-world use of
evolocumab and the potential to address the LDL-C reduction
management care gap in high-risk patients.
Conclusions
These findings provide insights into the initiation of evo-

locumab therapy in routine clinical practice in Canada, which
was demonstrated to be in accordance with the approved
indication and Canadian guidelines recommending LLT
intensification at LDL-C levels above clinically significant
thresholds in patients with ASCVD/FH.6,11 Interestingly, the
high rate of reported statin intolerance was unexpected and
differs from that found in the context of larger, randomized
evolocumab clinical trials wherein all patients were required to
be on background statin therapy,13,17 pointing to a potential
difference in real-world evolocumab use. Nonetheless, this
observational chart-review study demonstrated robust LDL-C
reductions associated with evolocumab use, alongside a
favourable safety profile, similar to clinical trial results.13,17

Further, background LLT was relatively consistent following
evolocumab therapy initiation, and although reimbursement
challenges exist, real-world persistence on evolocumab was
92%. In the context of dyslipidemia care gaps, these results
demonstrate appropriate patient identification and evolocu-
mab therapy initiation, strong evolocumab persistence,
excellent efficacy, and successful achievement of guideline-
endorsed LLT in a real-world Canadian setting.
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