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ABSTRACT

Introduction: This study characterizes patients
receiving evolocumab in clinical practice and
assesses treatment effectiveness, safety and per-
sistence outcomes across five countries.
Methods: This retrospective and prospective
observational study enrolled patients initiated

on evolocumab during August 2017 to July
2019 at 49 sites across Canada, Mexico,
Colombia, Saudi Arabia and Kuwait. Medical
records data were extracted within 6 months
prior to (baseline) and every 3 months for
12 months post evolocumab initiation and
reported as available.
Results: A total of 578 patients were enrolled
(40.1% female, median age 60 [interquartile
range (IQR) 51–68] years); 83.7% had
atherosclerotic cardiovascular disease and/or
familial hypercholesterolemia. Median low-
density lipoprotein cholesterol (LDL-C) at
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baseline was 3.4 (IQR 2.7–4.2) mmol/L (131.5
[IQR 104.4–162.4] mg/dL), with 75.6% of
patients receiving a statin (59.2% high inten-
sity). Compared to baseline, the median lowest
LDL-C was reduced by 70.2% and remained
stable over 12 months of treatment. Guideline-
recommended LDL-C thresholds\ 1.8,\ 1.4
and\ 1.0 mmol/L (\70,\ 55 and\40 mg/dL)
were achieved by 75.3%, 63.6% and 47.4% of
patients. LDL-C outcomes were consistent
across high- and very high-risk patients. Back-
ground lipid-lowering therapy remained rela-
tively stable. No serious treatment-emergent

adverse events were reported, and persistence to
evolocumab was 90.2% at 12 months.
Conclusion: These findings provide real-world
evidence that evolocumab use is in accordance
with its international guideline-recommended
place in dyslipidemia therapy, as well as con-
firmation of its effectiveness and safety in a
heterogeneous population. Evolocumab 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.
Graphical Abstract:

Keywords: Atherosclerotic cardiovascular dis-
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Key Summary Points

The ZERBINI Study is the first
intercontinental real-world evaluation of
evolocumab use, effect on low-density
lipoprotein cholesterol (LDL-C) reduction,
safety and persistence to therapy over
time, conducted in patients with
atherosclerotic cardiovascular disease
(ASCVD) and/or familial
hypercholesterolemia (FH) in countries in
North America, South America and the
Middle East.

Compared to baseline, median LDL-C was
reduced by 70.2% and remained
stable over 12 months of treatment with
evolocumab.

Most patients achieved below
international guideline-recommended
LDL-C thresholds and outcomes remained
consistent across high-risk and very high-
risk patients.

No serious treatment-emergent adverse
events were reported and persistence to
evolocumab was 90.2% at 12 months.

The ZERBINI Study provides real-world
confirmation of the effectiveness and
safety of evolocumab in a heterogeneous
population, thereby supporting a role for
evolocumab to address a healthcare gap in
the management of dyslipidemia by
increasing the proportion of patients
achieving LDL-C goals recommended to
lower cardiovascular risk.

DIGITAL FEATURES

This article is published with digital features,
including a graphical abstract, to facilitate
understanding of the article. To view digital
features for this article, go to https://doi.org/10.
6084/m9.figshare.24174990.

INTRODUCTION

Atherosclerotic cardiovascular disease (ASCVD)
remains the leading cause of mortality respon-
sible for approximately one-third of all deaths
worldwide, with most (85%) attributed to
myocardial infarction (MI) and stroke [1]. Low-
ering low-density lipoprotein cholesterol (LDL-
C) levels is a well-established approach to pri-
mary and secondary prevention of ASCVD [2].
Indeed, robust randomized clinical data on the
use of several available pharmacologic lipid-
lowering therapies (LLT) consistently support a
causal and cumulative reduction in the risk of
ASCVD, estimated up to 20–25% for every
1 mmol/L (40 mg/dL) reduction in LDL-C over
5 years, regardless of the type of LLT used [3].

International guidelines for dyslipidemia
management from the American College of
Cardiology and American Heart Association
(ACC/AHA) in 2018, European Society of Car-
diology and European Atherosclerosis Society
(ESC/EAS) in 2019, and Canadian Cardiovascu-
lar Society (CCS) in 2021 recommend LLT to
achieve target LDL-C thresholds in patients at
high and very high cardiovascular (CV) risk,
with some nuances between guidelines in the
criteria for these categories [4–6]. For primary
prevention in patients with severe hyperc-
holesterolemia without ASCVD, such as with
familial hypercholesterolemia (FH), the CCS
and ACC/AHA recommend respective LDL-C
thresholds of\ 2.5 mmol/L (\96.7 mg/dL) and
\2.6 mmol/L (\100.5 mg/dL), and/or a C 50%
reduction from baseline, whereas the ESC/EAS
recommend\1.8 mmol/L (\ 70 mg/dL) and a
C 50% reduction [4–6]. For secondary preven-
tion in patients with established ASCVD with/
without FH or other comorbid risk factors, the
CCS and ACC/AHA recommend a LDL-C of
\1.8 mmol/L, whereas the ESC/EAS now rec-
ommend\1.4 mmol/L (\55 mg/dL), and both
the ACC/AHA and ESC/EAS recommend a con-
comitant C 50% reduction [4–6]. Lastly, specif-
ically for patients with ASCVD who experience
a second vascular event within 2 years, the ESC/
EAS now recommend a LDL-C of\1.0 mmol/L
(\40 mg/dL) [5].
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International guidelines agree high-intensity
statins are the recommended first-line LLT for
CV risk reduction owing to their low cost and
proven efficacy [4–6], with an expected LDL-C
reduction of approximately 50% [7]. However,
real-world evidence consistently reveals that a
substantial proportion of patients at high risk of
ASCVD, or with established ASCVD, do not
achieve guideline-recommended LDL-C thresh-
olds despite treatment [8–10]. In patients where
maximally tolerated statin therapy alone is not
sufficient to reach guideline-recommended
LDL-C thresholds, LLT intensification via the
addition of ezetimibe is recommended for an
expected incremental 20% reduction in LDL-C
[4–6, 11, 12]. In addition, or as an alternative, to
ezetimibe in patients still above recommended
LDL-C levels, a proprotein convertase subtilisin-
kexin type 9 (PCSK9) inhibitor (monoclonal
antibody) is recommended [4–6]. Inhibition of
PCSK9 has been shown to prevent PCSK9-me-
diated LDL receptor degradation and thereby
lower serum LDL-C [13]. Still, in the Getting to
an Improved Understanding of Low-Density
Lipoprotein Cholesterol and Dyslipidemia
Management (GOULD-2) registry of 2651 US
patients with ASCVD and a LDL-C C 1.8 mmol/
L, only 14.4% had LLT intensification after
2 years, with only 2.2% initiated on a PCSK9
inhibitor [14]. As an adjunct to statin therapy in
patients with FH or established ASCVD, a sys-
tematic review and network meta-analysis of
randomized controlled trials showed that the
PCSK9 inhibitor evolocumab may reduce LDL-C
up to 74.1% in combination with statin therapy
[15]. These data are reinforced by a growing
body of real-world evidence of evolocumab
effectiveness within specific countries or conti-
nents [14, 16–19]. This includes the CHar-
actEristics of HYperlipidaeMic PAtieNts at
Initiation of Evolocumab and Treatment Pat-
ternS (HEYMANS) study, which characterized
real-world evolocumab use across 12 European
countries; however, there remains an unmet
need for a systematic analysis of real-world and
routine evolocumab use and outcomes across
diverse populations, healthcare settings and
reimbursement landscapes, and according to
current international lipid guidelines.

The multiZonal obsERvational study con-
ducted By clinIcal practitioners on Repatha�

(Evolocumab) use iN subjects with hyper-
lipIdemia (ZERBINI) is the first intercontinental
real-world evaluation of evolocumab use in
countries in North America, South America and
the Middle East. The primary objective was to
characterize the patient profile receiving evolo-
cumab in each country, including disease status
and background LLT usage. Secondary and
exploratory objectives were to evaluate the
effect of evolocumab on LDL-C reduction and
international guideline-recommended LDL-C
achievement according to CV risk status, as well
as safety and persistence to therapy over time.

METHODS

Study Design, Setting and Participants

This was a retrospective and prospective obser-
vational study of patients C 18 years of age
from 49 sites across five countries (Canada,
Mexico, Colombia, Saudi Arabia and Kuwait;
investigators listed in Table S1), wherein
patients were initiated on evolocumab as part of
routine clinical care (based on local reimburse-
ment criteria, Table S2). The selected countries
were included to characterize evolocumab use
across diverse populations, healthcare settings
and reimbursement landscapes to expand on
what has been previously reported. Addition-
ally, the selected sites were among first potential
prescribers of evolocumab and had experience
with this new molecule in the clinical setting.
Patients were eligible if they (i) were male or
female C 18 years of age at the time of signing
the informed consent form, (ii) initiated evolo-
cumab at a physician’s discretion between
August 1, 2017 and July 9, 2019, (iii) received at
least one dose of evolocumab, and (iv)
had B 6 months exposure to evolocumab prior
to study enrollment. Patients were excluded if
they had used a PCSK9 inhibitor within
6 months prior to evolocumab initiation. Six
hundred and ten patients were assessed for eli-
gibility and 578 were included in the final
cohort (Fig. S1). Thirty-two patients were
excluded from the full analysis set because of
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failure to meet the inclusion criteria. Examples
include inability to access commercial drug, or
the primary investigator could not confirm if
the patient received at least one dose of evolo-
cumab before into the study. Data were col-
lected from patient medical records up to
6 months prior to evolocumab initiation (base-
line) and every 3 months for 12 months post
initiation, regardless of continuation or dis-
continuation of evolocumab, with data collec-
tion ending on July 6, 2020 (Fig. S2). The study
was conducted in accordance with the Decla-
ration of Helsinki and the study protocol was
reviewed and approved by each site’s institu-
tional review board/institutional ethics com-
mittee. Participants were required to sign an
informed consent form for inclusion in the
study.

Variables of Interest, Data Collection
and Analyses

Available data were collected from patient
medical records using a case report form (CRF).
Given the possibility of differences in data
capture between sites, training was provided
using study-specific eCRFs on methods for data
extraction from the subject’s medical record.
Descriptive statistics were used to summarize
study outcomes for the subsets of patients with
available data for each endpoint (Fig. S1). The
RECORD statement was used to guide this
report [20].

Patient Demographic and Clinical
Characteristics
Variables of interest were chosen to reflect
parameters used in routine clinical manage-
ment of ASCVD and are expected to provide
data which are of interest to physicians and
health authorities and relevant in the context of
current clinical practice. These variables of
interest included the following patient demo-
graphic and clinical characteristics at baseline
upon evolocumab initiation: age; sex; race;
smoking status; ASCVD status, including num-
ber of ASCVD conditions; FH status, including
subtype (heterozygous or homozygous); dia-
betes status; and LDL-C concentration, with the

last measure within 6 months prior to evolocu-
mab initiation regarded as the baseline value.
Notably, patients with any of the following
conditions were classified as having ASCVD
based on the definition included in current
international guidelines [4–6], as previously
described [18]: angina; abdominal aortic
aneurysm; carotid or coronary artery disease
(CAD); coronary revascularization procedures,
including coronary artery bypass grafting; per-
cutaneous transluminal coronary angioplasty;
peripheral artery disease; intermittent claudica-
tion; MI; stroke; and transient ischemic attack.
Patients were then stratified by clinically rele-
vant subgroups: ASCVD without FH, ASCVD
with FH, FH without ASCVD, and neither FH
nor ASCVD, as previously described.

Evolocumab and LLT Usage
Additional variables of interest included evolo-
cumab dosage and background LLT usage (type,
dosage) at baseline and changes over the
12-month follow-up period. The statin name
and dose were reported by the investigator and
statin intensity was grouped into low, moderate
and high intensity according to the 2013 ACC/
AHA guideline categorizations [7]. Statin intol-
erance (SI) was determined at investigators’
discretion, with the number of statins patients
were intolerant to also reported.

Evolocumab Effectiveness and LDL-C
Measurement Characteristics
Evolocumab effectiveness was assessed as the
change in LDL-C from baseline as well as
achievement of the ACC/AHA, ESC/EAS and
CCS LDL-C recommended values of\ 1.8,\1.4
and\1.0 mmol/L (\70,\55 and\40 mg/dL,
respectively, and presented henceforth in
mmol/L) during the 12-month follow-up period
[4–6]. These endpoints were assessed for the full
study cohort as well as for patient subgroups of
clinical interest based on the evolocumab indi-
cation [21] and patients expected to gain the
greatest benefit from LLT intensification with a
PCSK9 inhibitor, namely those at high (ASCVD
without FH, FH without ASCVD) and very high
(ASCVD with FH; C 2 ASCVD conditions, with
or without FH; ASCVD with diabetes, with or
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without FH) CV risk according to international
guidelines [4–6]. The lowest LDL-C measure was
used for patients with multiple measures within
the presented timeframes, as previously descri-
bed [19]. To account for the real-world nature of
the study design wherein not all patients were
guaranteed to be on evolocumab at the time of
their LDL-C measurement(s), a sensitivity anal-
ysis of LDL-C outcomes using patients’ mean
LDL-C over the 12-month follow-up period was
conducted in up to 409 patients who remained
on evolocumab at the end of the study (‘com-
pleters’), to generate an accurate representation
of the real-world impact of evolocumab use on
dyslipidemia. Ultimately, LDL-C outcomes were
consistent between the full cohort and com-
pleters (Table S3). Lastly, LDL-C measurement
characteristics at baseline and follow-up were
also assessed, including the incidence, fre-
quency and time to first and last measurement.

Evolocumab Safety and Persistence
Other variables of interest over the 12-month
follow-up period included safety, assessed as the
incidence of adverse events (AEs); study partic-
ipation (completed or discontinued); and per-
sistence to evolocumab. Data on missed
evolocumab doses (incidence and number) were
captured in the CRF on a weekly basis. Persis-
tence was then calculated as previously descri-
bed [18], as the proportion of patients
remaining on evolocumab for the entire follow-
up period without missing doses for C 56 con-
secutive days, the allowable gap based on the
evolocumab dosing instructions [21]. Patients
who discontinued study participation for an AE,
death, requirement for an alternative therapy,
or unknown reasons were captured as non-per-
sistent. Those who discontinued study partici-
pation for reasons deemed unrelated to
evolocumab (reimbursement, study enrollment
deviation, patient request, clinician decision
and lost to follow-up) were not included in the
persistence calculation (N = 117).

RESULTS

Patient Baseline Demographic
and Clinical Characteristics

The cohort consisted of 578 patients prescribed
evolocumab as part of routine care. Patient
demographics and clinical characteristics at
baseline are provided in Table 1. The median
(interquartile range [IQR]) age was 60 (51–68)
years, 33.4% of patients were\ 55 years old,
and 40.1% were female. A diversity of races was
represented with 62.8% of patients being Mid-
dle Eastern, Latino, Asian, Mixed/Biracial,
American Indian or Alaska Native, Black or
African American, South Asian or of unknown
race. The median (IQR) LDL-C concentration at
baseline prior to evolocumab initiation was 3.4
(2.7–4.2) mmol/L (131.5 [104.4–162.4] mg/dL)
(N = 539), which was relatively consistent
across the five countries, with the exception of
Kuwait having a lower baseline LDL-C (2.8
[2.3–3.6] mmol/L; 108.3 [88.9–139.2] mg/dL).
Median (IQR) baseline LDL-C concentration in
women (N = 216) was 3.8 (3.0–4.7) mmol/L
(145.5 [116.7–181.2] mg/dL), and in men
(N = 323) was 3.2 (2.5–4.0) mmol/L (125.3
[96.7–155.8] mg/dL) (data not shown). Of the
full cohort, 62.1% had ASCVD without docu-
mented FH, 12.8% had ASCVD with FH, and
8.8% had FH without ASCVD. Ninety-four
(16.3%) patients had neither FH nor ASCVD
diagnosis. Of note, Canada had proportionately
more patients with FH (55.0%) compared to the
other countries (B 16.1%). The median (IQR)
age of patients with ASCVD with or without FH
was 62 (53–69) years, and that of patients with
FH without ASCVD was 60 (49–66) years (data
not shown). Among patients with ASCVD with
or without FH, the majority (71.6%) had C 2
conditions, with CAD (68.2%) and MI (46.9%)
being the most common conditions. Among
the comorbid conditions analyzed, 39.1% of
patients had diabetes, with the greatest preva-
lence occurring in the Middle East
(58.6–61.9%). Notably, there was no change in
hemoglobin A1C over the study period, in
patients with and without diabetes (data not
shown).
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Background Lipid-Lowering Therapies
and Evolocumab Usage Over Study Period

Background LLT usage (type, dosage) and the
dosage of evolocumab initiated at baseline are
presented in Table 2 and Fig. 1 (breakdown by
country in Table S4). Of the 578 patients in this
cohort, background statin use was reported in
75.6% at baseline, with 59.2% receiving a high
intensity statin. Reported SI varied considerably
by country (7.7% in Kuwait to 61.8% in
Canada) with most patients (57.8%) deemed
intolerant to only one statin. Of note, Mexico
had 43.5% of patients with neither FH nor
ASCVD but only 40.4% of them had SI, which
was consistent with other countries (31.3% in
Kuwait to 62.5% in Canada). Further, 35.8% of
patients were receiving ezetimibe at baseline,
with 29.1% of patients receiving combined sta-
tin and ezetimibe therapy. Evolocumab was
prescribed at a dose of 140 mg every 2 weeks in
most (98.8%) patients (vs. 420 mg every
4 weeks, which is not available in all studied
countries) and as monotherapy in 15.4% of
patients at baseline.

Lipid-lowering therapy usage over time is
presented in Fig. 1 and remained relatively
stable over the 12-month follow-up period post
evolocumab initiation. Among all patients on a
statin at baseline (N = 437), 2.5% had modifi-
cations to their statin dosage, including 2.1%
who downtitrated and 0.5% who uptitrated
statins. Among all patients on a background
statin and/or ezetimibe at baseline (N = 476),
6.3% discontinued their background therapies
during follow-up. Seven (1.5%) patients on
background statin ? ezetimibe discontinued
ezetimibe during follow-up. Lastly, among all
patients on evolocumab monotherapy at base-
line (N = 89), 3.6% started additional LLT dur-
ing follow-up (data not shown).

LDL-C Measurements and Characteristics
Over Study Period

The incidence and characteristics of LDL-C
measurements over time are presented in
Table S5. Thirty-nine (6.7%) patients did not
have a LDL-C measure reported within
6 months prior to evolocumab initiation. Most
patients (77.0%) had C 1 LDL-C measurement
post evolocumab initiation, with a median
(IQR) time to first and last test of 87 (46–148)
days and 247 (153–315) days, respectively.

Changes in LDL-C Concentrations
from Baseline During Follow-up

In the 445 patients with available data, the
median (IQR) LDL-C concentration during the
12-month follow-up post evolocumab initiation
was 1.0 (0.6–1.8) mmol/L (38.7 [23.2–69.6] mg/
dL) (data not shown). Baseline and corre-
sponding follow-up LDL-C concentrations are
shown in Fig. 2. In patients with available data
at both baseline and over the 12-month follow-
up period (N = 417), LDL-C was reduced by a
median (IQR) 70.2% (- 51.3% to - 81.5%),
which was consistent between men vs. women
(- 71.3%, N = 248 vs. - 67.3%, N = 169; data
not shown). This was achieved during months
1–6 post evolocumab initiation and maintained
during months 7–12 in patients with LDL-C
measurements at both timepoints (N = 215)

Table 2 Lipid-lowering therapy usage at baseline

Lipid-lowering therapy N = 578
n (%)

Statina 437 (75.6)

Ezetimibe (without statin) 39 (6.7)

Ezetimibe ? statin 168 (29.1)

Bile acid sequestrant 16 (2.8)

Other LLTb 25 (4.3)

Reported statin intolerance 206 (35.6)

Number of statins reported intolerant to (N = 206)

1 119 (57.8)

2 39 (18.9)

3 35 (17.0)

C 4 13 (6.3)

LLT lipid-lowering therapy
aAny patient on a statin
bOther LLT included Epacor, fibrates, and niacin
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(Fig. S3). Similar LDL-C reductions were
achieved by subgroups of clinical interest over
the 12-month follow-up period post evolocu-
mab initiation, including those at high CV risk
(ASCVD without FH, - 71.0%, N = 247; FH
without ASCVD, - 65.8%, N = 43) and very
high CV risk (ASCVD with FH, - 70.4%,
N = 61; C 2 ASCVD conditions with or without
FH, - 71.6%, N = 221; ASCVD with diabetes
with or without FH, - 70.3%, N = 120) (Fig. 2).
Finally, patients on evolocumab monotherapy
achieved a median (IQR) 62.5% (45.5–74.3)
LDL-C reduction from baseline (Fig. S4).

Changes in LDL-C from baseline over the
12-month follow-up period in each individual
patient with available data at both timepoints
(N = 417) are shown in Fig. 3. LDL-C was
reduced in 97.4% of patients post evolocumab
initiation, with 89.2% achieving a C 30%
reduction, 76.0% achieving a C 50% reduction,
and 27.6% achieving a C 80% reduction
(Table S6). Of 11 patients who had no apparent
reduction in LDL-C over 12 months post evo-
locumab initiation, three had discontinued
evolocumab and one had missed two consecu-
tive doses (28 days of no drug). Six of the 11
patients had unknown FH status. Notably, a

C 50% LDL-C reduction from baseline was
achieved by 75% of patients with FH
(± ASCVD) (data not shown), as recommended
by international guidelines [4–6].

Achievement of Guideline-Recommended
LDL-C Thresholds During Follow-up

The proportions of patients in the full cohort
and subgroups of clinical interest with C 1 LDL-
C measure during the 12-month follow-up per-
iod post evolocumab initiation who achieved
guideline recommended LDL-C thresholds dur-
ing follow-up are shown in Fig. 4. In the full
cohort with available data (N = 445), 75.3%,
63.6% and 47.4% patients achieved guideline-
recommended LDL-C values of\1.8,\1.4 and
\1.0 mmol/L, respectively [4–6]. These pro-
portions were consistent among patients at
high and very high CV risk. Namely, 81.2% of
patients with ASCVD without FH (N = 260)
achieved below the CCS and ACC/AHA-recom-
mended threshold of 1.8 mmol/L [4, 6], and
71.5% achieved below the ESC/EAS-recom-
mended threshold of 1.4 mmol/L [5]. Similar
proportions of patients with C 2 ASCVD con-
ditions and ASCVD with diabetes (with or

Fig. 1 Background lipid-lowering therapies during study
period. *The definition of statin intensity was 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. The highest intensity was considered if statins

with multiple intensities were used at the same time. If
there was a change of dose over the reporting interval, the
dose closest to the end of the interval was used. The statin
intensity was unknown in 2 patients at baseline, and 1
patient throughout months 1–12 of follow-up. LLT lipid-
lowering therapy
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without FH) achieved the same LDL-C thresh-
olds. In patients with FH, 65.2% of those with-
out ASCVD (N = 46) and 69.2% with ASCVD
(N = 65) achieved a LDL-C\ 1.8 mmol/L, and

54.4% and 56.9% achieved\1.4 mmol/L,
respectively. Notably, approximately half of the
full cohort as well as all patient subgroups
achieved the ESC/EAS-recommended LDL-C
goal of\1.0 mmol/L for patients with a second
vascular event within 2 years, including 56.3%
of patients with C 2 ASCVD conditions [5].

Adverse Events During Follow-up

A summary of AEs is presented in Table 3 and
the full list of AEs is presented in Table S7. Most
patients (96.7%) did not have any AEs reported
and no serious AEs were reported. The most
common AEs were balance disorder/dizziness
(0.9%), myalgia (0.5%) and headache (0.5%),
with 1 (0.2%) puncture site ecchymosis repor-
ted. CV-related hospitalizations were reported
in 5.0% of patients, although the cause (i.e. CV
event or scheduled procedure) is unknown (data
not shown). AEs leading to discontinuation of
evolocumab (0.9%) were non-serious. Reasons
for study discontinuation over the 12-month
follow-up period are presented in Table 4. Of
the 20.2% of patients who discontinued the
study, being lost to follow-up was the most
common reason (22.0%).

Fig. 2 Median LDL-C concentrations at baseline and
follow-up in the full study cohort* and subgroups of
clinical interest. *Data represent patients with a LDL-C
measure at baseline (measured within 6 months prior to
initiation of evolocumab) and their minimum LDL-C

measure during the 12-month study follow-up period; �
With or without FH. ASCVD atherosclerotic cardiovas-
cular disease, FH familial hypercholesterolemia, IQR
interquartile range, LDL-C low-density lipoprotein
cholesterol

Fig. 3 Distribution of LDL-C reductions from baseline
during study period in the full study cohort (N = 417).
**Data represent patients with a LDL-C measure at
baseline (measured within 6 months prior to initiation of
evolocumab) and their minimum LDL-C measure during
the 12-month study follow-up period. LDL-C low-density
lipoprotein cholesterol
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Evolocumab Persistence During Follow-up

Evolocumab persistence was assessed in the
remaining 461 patients and was 90.2%, as pre-
sented in Table 5. The most reported reason for
non-persistence was ‘missed doses for C 56
consecutive days’ (3.3%). Additionally,

persistence was similar between patients on
evolocumab monotherapy (89.1%, N = 55) and
those on background LLT (90.4%, N = 406).

DISCUSSION

This analysis of the full ZERBINI study popula-
tion is the first systematic intercontinental
evaluation of real-world evolocumab use and
outcomes for dyslipidemia management. The
current findings from this international study
are largely consistent with the approved indi-
cations [21], international guideline recom-
mendations [4–6] and local reimbursement
criteria (Table S2) for evolocumab, in that evo-
locumab was predominantly used in patients
with ASCVD, FH or both (representing 83.7% of
patients), with a significant proportion having
multiple ASCVD and/or comorbid conditions.
Further, 75% of patients had a LDL-
C C 2.7 mmol/L (C 104.4 mg/dL), and 82.4%
were receiving a background statin and/or eze-
timibe at the time of evolocumab initiation.
The patient profile initiated on evolocumab in
North America, South America and the Middle
East reported herein and in recent continental
sub-analyses [18], Roncancio et al. (submitted
for publication), and [22] provides important
additional diversified and global perspectives to
that observed in the HEYMANS study, the

Fig. 4 Proportion of patients who achieved guideline-
recommended LDL-C thresholds at follow-up: full study
cohort and subgroups of clinical interest*. *Data represent
patients’ minimum LDL-C measure during the 12-month

study follow-up period; �With or without FH. ASCVD
atherosclerotic cardiovascular disease; FH familial hyperc-
holesterolemia, LDL-C low-density lipoprotein cholesterol

Table 3 Adverse events during study period

AE outcome N = 578
n (%)

All treatment emergent adverse drug reactions 19 (3.3)

Seriousa 0 (0.0)

Non-serious reactions leading to

discontinuation of evolocumab

5 (0.9)

Most common AEs reportedb

Balance disorder/dizziness 5 (0.9)

Myalgia 3 (0.5)

Headache 3 (0.5)

AE adverse event
aCriteria for serious AE included fatal, immediately life-
threatening, required or prolonged hospitalization, persis-
tent or significant disability/incapacity, congenital anom-
aly/birth defect, or other medically important serious event
bThough not among the most common AEs, 1 (0.2%)
puncture site ecchymosis was reported
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largest real-world European study of evolocu-
mab use to date [16]. Within the 1952 patients
across the 12 countries studied in HEYMANS,
97% had ASCVD, FH or both, with 75% having
a LDL-C of C 3.17 mmol/L (C 122.6 mg/dL), yet
only 59% were receiving a background statin
and/or ezetimibe at evolocumab initiation [16],
perhaps reflecting differences in local dyslipi-
demia management practices and/or evolocu-
mab reimbursement criteria across countries
and continents. Notably, the prevalence of MI/
acute coronary syndrome was consistent
between the current ZERBINI (46.9%) and
HEYMANS (42%) studies [16]. Accordingly, the
clinical characteristics of most patients in this
study cohort are aligned with the approved
indication [21] and guideline recommendations
for evolocumab usage [4–6], with it being pri-
marily prescribed for patients at high and very
high CV risk whose LDL-C remains elevated
despite maximally tolerated statin and/or eze-
timibe therapy.

Differences in local practice patterns and
evolocumab reimbursement criteria (Table S2)
may underscore differences in the specific evo-
locumab patient profile observed in each
country herein. For instance, Canada had a
higher proportion of patients with FH (55.0%)
compared to the other countries (B 16.1%)
even though evolocumab is publicly reimbursed
for FH in all of them, suggesting Canadian
patients with FH may be prioritized for evolo-
cumab initiation. Also noteworthy, the preva-
lence of patients with C 2 ASCVD conditions as
defined in the current study was higher in the
Middle East (Saudi Arabia, 71.0% and Kuwait,
54.3%) and Colombia (71.1%) compared to
North America (B 42.0%). In the Middle East in
particular, public access to evolocumab for
ASCVD is restricted to patients with a LDL-C
well above the ESC/EAS-recommended target
for LLT intensification with a PCSK9 inhibitor
in patients with ASCVD ([ 1.4 mmol/L) [5],
being[2.6 mmol/L ([100 mg/dL) in Saudi
Arabia and [1.8 mmol/L ([70 mg/dL) in
Kuwait. Further, the prevalence of diabetes was
higher in the Middle East (C 58.6%) than the
other countries (B 32.4%), resulting in a higher
prevalence of diabetes in the full ZERBINI study
cohort (39.1%) compared to that in HEYMANS

Table 4 Incidence and reasons for study discontinuation

Study participation outcome N = 578
n (%)

Completed 461 (79.8)

Discontinued 117 (20.2)

Reasons for study discontinuation N = 117

n (%)

Lost to follow-up 26 (22.2)

Clinician’s decision 23 (19.7)

Patient request 23 (19.7)

Reimbursement changes 23 (19.7)

Study enrollment deviation 22 (18.8)

Table 5 Evolocumab persistence during study period

Persistence outcome N = 461
n (%)

Evolocumab persistence

Yes 416 (90.2)

No 45 (9.8)

Reasons for evolocumab non-persistence

Missed doses for C 56 consecutive days 15 (3.3)

Other unknown reasons 14 (3.0)

Adverse drug reaction 9 (2.0)

Death 3 (0.7)

Requirement for an alternative therapy 4 (0.9)

Persistence was assessed as the proportion of patients
remaining on evolocumab for the entire follow-up period
without missing doses for C 56 consecutive days, the
allowable gap based on the evolocumab dosing instructions
[21]. Patients who discontinued study participation for an
AE, death, requirement for an alternative therapy, or
unknown reasons were captured as non-persistent. Those
who discontinued study participation for reasons deemed
unrelated to evolocumab (reimbursement, study enroll-
ment deviation, patient request, clinician decision, and lost
to follow-up) were not included in the persistence calcu-
lation (N = 117)
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(19%) [16]. This is consistent with estimates
showing the Middle East has the highest
prevalence of diabetes worldwide [23] and col-
lectively suggests patients at very high CV risk
are prioritized for evolocumab use in this
region. Finally, reported SI was highest in
Canada (61.8%) compared to the other coun-
tries studied (7.7–44.4%), yet in line with that
reported in the HEYMANS study (60%) [16],
which may reflect the requirement to document
SI for evolocumab reimbursement in Canada
and many European countries, and/or a lack of
consensus on the definition and diagnosis of SI
across countries.

Upon evolocumab initiation, at least half of
all patients in each of the studied countries had
LDL-C concentrations at least double those
recommended for LLT intensification in inter-
national guidelines [4–6], yet almost 25% were
not receiving recommended first-line statin
therapy. While these data are reassuring com-
pared to the 57% of European patients not
receiving a background statin at evolocumab
initiation in the HEYMANS study [16], it points
to significant worldwide care gaps in dyslipi-
demia management. One contributing factor
may be infrequent LDL-C monitoring, despite
the ESC/EAS recommendation to measure lipids
within 1–3 months following LLT initiation [5].
In the current study, while only 6.7% of
patients did not have a LDL-C measurement
within 6 months prior to evolocumab initia-
tion, 23.0% did not have a follow-up LDL-C
measurement within 12 months post evolocu-
mab initiation. Whether this reflects therapeu-
tic complacency or a ‘‘fire and forget’’ practice
pattern is not known, but it highlights the
continued need for guidance and implementa-
tion of routine LDL-C measurements in vul-
nerable patients to identify candidates for LLT
intensification and optimization. Reassuringly,
in patients with C 1 follow-up LDL-C measure-
ment, most (60.9%) had C 2 measurements
over 12 months and half had their first mea-
surement within 3 months, which may reflect
local reimbursement requirements and/or sug-
gest lipid monitoring is prompt and thorough
when prioritized in clinical practice.

The 70.2% reduction in LDL-C observed over
12 months post evolocumab initiation in this

real-world analysis validates the 65.0–67.6%
reduction averaged over the dosing interval as
reported in randomized clinical trials [24]. In
the current study, a clinically significant
reduction in LDL-C was observed during
months 1–6 post evolocumab initiation, and
maintained during months 7–12. Likewise, in
the HEYMANS study, LDL-C was reduced by
58.1% within 3 months post evolocumab initi-
ation and maintained for 2 years [16]. A similar
LDL-C reduction of 58.4% was maintained for a
median of 7 years post evolocumab initiation in
3355 European and US patients in the Open
Label Extension of the Further Cardiovascular
Outcomes Research With PCSK9 Inhibition in
Subjects With Elevated Risk trial (FOURIER-
OLE) [25]. Interestingly, patients originally
randomized to receive evolocumab during the
parent FOURIER trial had a 15–20% lower risk of
major adverse CV events and 23% lower risk of
CV death compared to those originally ran-
domized to placebo, despite both groups
receiving evolocumab during the OLE [25].
Hence, the current findings reinforce the real-
world effectiveness of evolocumab for prompt,
significant and sustained LDL-C clearance in a
heterogenous patient population. Indeed, LDL-
C was reduced to some extent in almost all
(97.4%) patients and by C 30% in 89.2% and
by C 50% in 76.0% of patients over 12 months.
These data reassure clinically significant LDL-C
reductions in the real-world setting consistent
with that in the FOURIER trial wherein LDL-C
was reduced by C 50% in 94.7% of patients
within the same duration [26]. The biological
basis for suboptimal response to PCSK9 inhibi-
tion in the remaining 2.6% of patients in the
current real-world study warrants further
investigation but may be explained by factors
relevant to routine clinical practice, including a
lack of adherence to LLT, dietary or lifestyle
changes, and/or human error or technical faults
during sample handling or analyses, among
others.

LDL-C reductions post evolocumab initia-
tion were consistent across patients at high and
very high CV risk. Particularly among patients
with ASCVD without FH in the current study,
81.2% achieved a LDL-C\ 1.8 mmol/L. These
real-world data are comparable to the FOURIER
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trial wherein 87% of patients achieved a LDL-
C\1.8 mmol/L versus only 18% of patients in
the placebo arm on statin monotherapy [27],
reinforcing the clinical benefit of LLT intensifi-
cation with evolocumab. Among patients with
FH in the current study, 67.6% achieved a LDL-
C\1.8, and 75% achieved a C 50% LDL-C
reduction as recommended as an alternative in
these patients with severe dyslipidemia [4–6].
The ESC/EAS also recommend an alternative
LDL-C goal of \1.0 mmol/L to help prevent
subsequent CV outcomes in very high-risk
patients [5], which almost half of the full cohort
achieved, including 56.3% of very high-risk
patients with C 2 ASCVD conditions. These
impressively low LDL-C levels in very high-risk
patients in the real-world setting were associ-
ated with a 19–21% reduction in subsequent CV
event risk in evolocumab patients with higher
baseline CV risk in the FOURIER trial, without
increased AEs [28, 29]. Collectively, these find-
ings accentuate CCS recommendations on the
patient types expected to derive the greatest
benefit from LLT intensification with a PCSK9
inhibitor [6].

While evolocumab is indicated in addition
to maximally tolerated background LLT,
patients initiated on evolocumab monotherapy
achieved a 62.5% LDL-C reduction. This is
consistent with a trial in patients with hyper-
lipidemia and SI wherein evolocumab
monotherapy reduced LDL-C by 52.8% after
6 months, which was 36.1% more than that
achieved by ezetimibe monotherapy [30].
Hence, the current real-world data are reassur-
ing for the significant SI patient population
(61.8% of evolocumab patients in Canada [18])
and 60% in Europe [16] in that international
LDL-C guideline recommendations are achiev-
able with evolocumab alone when indicated
and clinically appropriate. Still, the difference
in LDL-C reductions post evolocumab initiation
between the full cohort (75.6% of whom were
on a background statin) and patients on
monotherapy is consistent with the science
showing the impact of PCSK9 inhibition on
LDL-C clearance is enhanced when used in
combination with a statin [31]. Aligned with
current international guidelines [4–6], a low
background LLT discontinuation rate for

patients on evolocumab was observed in the
current study, with stable statin use and low
rates of ezetimibe discontinuation over
12 months. Hence, when tolerable, the clinical
benefit of statin therapy and LLT intensification
with a PCSK9 inhibitor and ezetimibe, being the
gold standard of care in high- and very high-risk
patients with LDL-C above recommended val-
ues, appears to be prioritized across the five
intercontinental countries studied.

The current findings also add to the growing
body of real-world evidence that patients persist
on evolocumab, recognizing potential differ-
ences between studies in the methodology used
[16, 17, 32]. The observed 90.2% evolocumab
persistence rate over 12 months is consistent
with that reported over 2 years in the European
HEYMANS study (92–98%) [16] and in the US
GOULD-2 study (92%) [14]. If patients continue
to take their medication, as indicated in the
current and other real-world studies, the sub-
stantial reductions in LDL-C observed over the
course of the study are more likely to result in
reduced clinical manifestations in routine care
[16]. Nevertheless, international real-world evi-
dence shows a lack of persistence to statin
therapy, even among most vulnerable patients
following an ASCVD event [33–35], which may
be attributed to intolerance and fear of known
side effects [36, 37]. Meanwhile, underlying
persistence to evolocumab may be owing to its
favourable safety profile, which was observed in
the current real-world study to be consistent
with that in the evolocumab clinical trial pro-
gram [21], FOURIER-OLE [25] and other real-
world studies [14, 16–18]. Notably, only 1
(0.2%) puncture site ecchymosis was reported in
the current study, which is lower than the
approximately 3–4% of injection site reactions
consistently reported in past randomized and
OLE trials. This may be reflective of improved
patient counselling and administration skills
over time. The low incidence of myalgia (0.5%)
in the current study is also reassuring, especially
considering 35.6% of patients had reported SI,
suggesting evolocumab did not exacerbate
myalgia.

This retrospective and prospective chart re-
view study is the first intercontinental real-
world evaluation of the patient profile initiated
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on evolocumab, as well as its effectiveness and
safety. The study cohort included a representa-
tive sample of patients from five countries with
varying disease states and indications for PCSK9
inhibition, resulting in a heterogenous popula-
tion reflective of the real-world dyslipidemia
population. A diversity of races was represented
with 62.8% of patients being non-White, thus
providing data on evolocumab effectiveness
and safety in patients who were previously
underrepresented in randomized clinical trials
[27]. This analysis also included consideration
of factors known to impact the effectiveness of
evolocumab (e.g. background LLT, persistence),
with a robust follow-up of 12 months and
60.9% of patients having C 2 LDL-C measure-
ments post evolocumab initiation. However,
important limitations must be addressed, many
due to the nature of the chart review study
design and the fact data analysis was limited to
that collected in the CRF. For one, as the sites
selected in the study were anticipated to be
specialist sites, they were more used to seeing
high/very high CV risk and were more likely to
have clinical experience with evolocumab.
Hence, our results may be more indicative of
clinical experience with evolocumab than is
true for sites that do not see as many patients
with high/very high CV risk. Furthermore, the
possibility of bias resulting from inaccurate
chart entry by physicians or staff at the clinical
site cannot be ruled out as well. Additionally,
the heterogeneity of the population of the five
countries and the variability of risk factors on a
small sample of patients could be considered a
bias. Moreover, though patients were stratified
on the basis of CV event risk, an important
consideration when understanding the effec-
tiveness of evolocumab in vulnerable patient
populations, the CRF did not capture the com-
plete definition of ASCVD according to inter-
national guidelines [4–6], nor the timing of
patients’ past MI or other CV events; hence,
some patients may not have been appropriately
stratified. Related to this, the limited baseline
demographic and clinical data available for
analysis may affect the generalizability of the
findings. Further, clinical outcomes were not
captured as part of this study, which rather
focused on the LDL-C response. Still, causal

inferences cannot be made, especially consid-
ering the frequency of LDL-C monitoring post
evolocumab initiation was not structured as in
clinical trials. In fact, the COVID-19 pandemic
may have affected access and availability of
laboratory testing for a small number of
patients. Finally, persistence was self-reported
by patients, which may limit its validity but the
results were compatible with documented per-
sistence of measured LDL-C lowering. Future
studies should aim to overcome these data col-
lection limitations to advance understanding of
the real-world use and impact of evolocumab
on dyslipidemia management in high- and very
high-risk patients.

CONCLUSION

These findings provide insights into evolocu-
mab initiation in routine clinical practice in five
countries (Canada, Mexico, Colombia, Saudi
Arabia, Kuwait) across three continents, which
was demonstrated to be in accordance with its
approved indications [21] and international
guideline recommendations [4–6]. In this
heterogeneous population, evolocumab use
over 12 months was associated with robust
reductions in LDL-C, which were consistent
among patients at high and very high CV risk.
Overall, the effectiveness and favourable safety
profile of evolocumab were similar to random-
ized clinical trial results [27]. Further, persis-
tence on evolocumab was 90.2%, with relatively
stable background LLT. These real-world results
signify the potential of evolocumab to help
close global dyslipidemia care gaps and reduce
modifiable residual CV risk further to improve
patient outcomes.
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