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Aims To describe the characteristics of patients receiving evolocumab in clinical practice across 12 European countries and
simulate the association between low-density lipoprotein cholesterol (LDL-C) reduction and cardiovascular (CV) risk
reduction.
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Methods and
results

The characteristics of hyperlipidaemic patients at initiation of evolocumab and treatment patterns study—HEYMANS
(n = 1952) is a prospective registry of patients ≥18 years old who initiated evolocumab from 1 August 2015 onwards.
Mean (standard deviation) age was 60 (10.8), 85% had a prior CV event, 45% were diagnosed with familial hypercholes-
terolaemia (FH), and 60% had statin intolerance. At evolocumab initiation, 43% were receiving any statin, 16% were
receiving ezetimibe without statin, and 41% received no background lipid-lowering therapy (LLT), with LDL-C levels
reflecting local proprotein convertase subtilisin/kexin type 9 inhibitor (PCSK9i) reimbursement criteria. Median LDL-C
decreased from 3.98 to 1.63 mmol/L within 3 months of evolocumab initiation and was maintained over 24 months.
Overall, 58% achieved risk-based 2019 European Society of Cardiology/European Atherosclerosis Society LDL-C goals
but that proportion was higher (68%) in patients receiving background LLT compared with those not receiving back-
ground LLT (44%). In patients with atherosclerotic cardiovascular disease without FH, the simulated relative CV risk
reduction associated with evolocumab treatment was 34% (25–44%).
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Conclusion Across Europe, LDL-C levels at evolocumab initiation were three times higher than recommended thresholds for
PCSK9i initiation, reflecting disparities between implementation and guidelines. More patients attained risk-based LDL-
C goals when receiving evolocumab in combination with LLT vs. those not receiving combination therapy. Population
health could be improved and LDL-C goals better attained if LDL-C thresholds for PCSK9i reimbursement were
lowered, enabling more patients to receive combination therapy when needed.
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Graphical Abstract In a large registry study across Europe, low-density lipoprotein cholesterol levels at evolocumab initiation were
three times higher than recommended thresholds for proprotein convertase subtilisin/kexin type 9 inhibitor initiation, reflecting disparities
between reimbursement criteria and guidelines.
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Introduction
Cardiovascular disease (CVD) remains the leading cause of death
and disability in the world, contributing to more than 30% of the
total global burden of disease.1,2 Controlling lipid levels, in particular
low-density lipoprotein cholesterol (LDL-C), is a proven therapeutic
approach to reducing cardiovascular (CV) risk.3 The European So-
ciety of Cardiology (ESC)/European Atherosclerosis Society (EAS)
2019 guidelines recommend the use of a risk-based approach, advo-
cating that those at greatest CV risk should aim to attain the lowest
LDL-C levels.4 Greater use of combination lipid-lowering therapies
(LLTs) may be required to achieve the lower LDL-C goals recom-
mended by the guidelines. The guidelines initially recommend a 50%
lowering in LDL-C level from baseline and the use of proprotein
convertase subtilisin/kexin type 9 inhibitors (PCSK9is) for patients at
very high CV risk when LDL-C goals of <1.4 mmol/L (<55 mg/dL)
are not met despite patients receiving maximally tolerated statins
and ezetimibe therapy.4 For patients experiencing a second CV
event within 2 years while receiving maximally tolerated statin-based
therapy, an LDL-C goal of<1.0 mmol/L (<40 mg/dL) may be consid-
ered.4 These guidelines largely reflect the outcomes of large clinical
trials and meta-analysis, which have consistently demonstrated that
PCSK9is reduce LDL-C levels by at least an additional 50% when
added to statin therapy or no background therapy and that lower-
ing LDL-C levels reduces CV risk.5–7

In clinical practice, however, the LDL-C thresholds at which
PCSK9is are reimbursed may be much higher than the LDL-C
thresholds for initiation recommended by the guidelines.4 The im-
pact of this on guideline-recommended LDL-C goal attainment and
residual CV risk has not been clearly characterized. Limited system-
atic data exist on how PCSK9is are used in routine clinical practice.
A recent registry assessing the safety and efficacy of alirocumab
in 944 patients at high CV risk from 16 European countries and
Canada demonstrated that the addition of alirocumab to maximally
tolerated LLT led to substantial reductions of LDL-C levels, which
were sustained for over the duration of treatment and over half
of the patients achieved the 2016 ESC/EAS LDL-C goals.8 Yet, use
of PCSK9is remains suboptimal in patients at very high CV risk. In
the recent DA VINCI study, which included patients enrolled be-
fore publication of the 2019 ESC/EAS guidelines, ∼80% of primary
or secondary prevention patients treated with LLT were receiving
either moderate- or high-intensity statin monotherapy regimens in
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Europe.9 However, only 10% of patients receiving LLT were treated
with combination therapy: 9% with both statins and ezetimibe and
1% received PCSK9is with an oral LLT.9

A better understanding of the characteristics of patients re-
ceiving PCSK9is in Europe could offer the medical community an
opportunity to redefine existing care pathways to better imple-
ment evidence-based European guidelines, thus potentially reduc-
ing modifiable residual CV risk further. We sought to address gaps
in our knowledge by conducting the characteristics of hyperlipi-
daemic patients at initiation of evolocumab and treatment patterns
(HEYMANS) study (NCT02770131), which, to date, is the largest
multicountry systematic registry of European PCSK9i use. Here, we
describe the clinical characteristics and treatment patterns of those
receiving evolocumab and assess the effect of this treatment on LDL-
C reduction and goal attainment and simulate the potential CV risk
reduction.

Methods
Study population and design
HEYMANS is a multicountry, multicentre, observational registry of Eu-
ropean patients initiating evolocumab as part of their routine clini-
cal management, based on local reimbursement criteria (Table 1). The
planned sample size for the study was 2000 patients across 15 countries:
Austria, Belgium, Bulgaria, Czech Republic, France, Germany, Greece,
Italy, Poland, Portugal, Slovakia, Spain, Sweden, Switzerland, and the UK.
Of the 2000 planned patients, 1952 were enrolled from 12 countries.
France, Poland, and the UK were excluded from the study owing to lo-
gistical limitations and expected low recruitment rates. Patients were
included in the study if they were 18 years or older; with a first pre-
scription of evolocumab after 1 August 2015; received at least one dose
of evolocumab; and provided informed consent (if applicable accord-
ing to local requirements). Patients who were enrolled in an interven-
tional study of PCSK9i within 12 weeks prior to initiation of evolocumab
or patients who received a PCSK9i within 12 weeks prior to initiation
of evolocumab were excluded from the study. The baseline period of
the study was defined as the period 6 months before the first dose
of evolocumab through to the date of administration of the first dose of
evolocumab. Patients were followed up for 30 months after evolocumab
initiation, death, withdrawal of consent, or loss to follow-up, whichever
occurred first. The first patient initiated evolocumab therapy on 4 May
2016 and the present interim report includes baseline and follow-up data
collected up to 31 July 2020.
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Table 1 Reimbursement criteria for evolocumab per country included in HEYMANS

Country Reimbursement in primary prevention patients (FH)
Reimbursement in secondary prevention patients
(established ASCVD)

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Austria � FH � LDL-C > 100 mg/dL (2.6 mmol/L)
� Statin-intolerant patients with
LDL-C > 100 mg/dL (2.6 mmol/L)

Belgium � HeFH: DLCN score > 8 and LDL-C ≥ 130 mg/dL
(3.4 mmol/L) after treatment with statins and ezetimibe, or
treatment with ezetimibe only if statin intolerant

� HeFH: DLCN score > 8 and LDL-C ≥ 100 mg/dL
(2.6 mmol/L) after treatment with statins and ezetimibe, or
ezetimibe only if statin intolerant

� HoFH: LDL-C ≥ 130 mg/dL (3.4 mmol/L) after treatment
with statins and ezetimibe, or treatment with ezetimibe only
if statin intolerant

� HoFH: LDL-C ≥ 100 mg/dL (2.6 mmol/L) after treatment
with statins and ezetimibe, or ezetimibe only if statin
intolerant

Bulgaria � HeFH: DLCN score ≥ 6 and LDL-C > 5 mmol/L after
treatment with statins for 6 months

� HeFH: DLCN score ≥ 6

AND
� LDL-C > 3.6 mmol/L after treatment with statins for 6
months for patients with one CV event
OR
� LDL-C > 2.6 mmol/L after treatment with statins for 6
months for patients with more than one CV event

Czech Republic � FH: LDL-C > 150 mg/dL (3.1 mmol/L) � LDL-C > 115 mg/dL (2.6 mmol/L)
Francea � HoFH � LDL-C > 70 mg/dL (1.8 mmol/L) after maximally tolerated

doses of statins
� HeFH and HoFH: patients needing LDL apheresis

Germany � HoFH patients receiving dietary therapy and max. LLT � HoFH patients receiving dietary therapy and max. LLT
� Confirmed HeFH patients with respect to the overall familial
risk, if the following conditions are met:

� HeFH, non-FH, or mixed dyslipidaemia patients with
confirmed vascular disease and additional risk factors, if the
following conditions are met:

◦ Therapy refractory course of disease defined by insufficient
LDL-C lowering

◦ Therapy refractory course of disease defined by insufficient
LDL-C lowering

◦ Max. tolerable LLT documented over 12 months
◦ Indication for lipid apheresis

◦ Max. tolerable LLT documented over 12 months

◦ Indication for lipid apheresis
Greece � HeFH � After MI or CABG, coronary angioplasty bypass, IS:

LDL-C > 100 mg/dL (2.6 mmol/L) after maximally tolerated
doses of statins and ezetimibe

� HoFH
Italy � HoFH: aged ≤ 80 years � LDL-C ≥ 100 mg/dL (2.6 mmol/L) after at least 6 months of

treatment with high-intensity statins and ezetimibe or
patients with statin intolerance

� HeFH: LDL-C ≥ 130 mg/dL (3.4 mmol/L) after at least 6
months of treatment with high-intensity statins and ezetimibe
or patients with statin intolerance

� Patients ≤ 80 years with familial or non-FH or with mixed
dyslipidaemia

Polanda � FH: LDL-C > 160 mg/dL (4.1 mmol/L) � Age ≥ 18 years
AND
� Two MIs, including one MI within the past year + MVCAD
(defined by the presence of ≥50% diameter stenosis of two
or more epicardial coronary arteries)
OR
� MI within past year + IS
OR
� MI within past year + PAD, defined as: intermittent
claudication with ankle-brachial index <0.85; peripheral
artery revascularization; or limb amputation due to
atherosclerotic disease
OR
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Table 1 Continued

Country Reimbursement in primary prevention patients (FH)
Reimbursement in secondary prevention patients
(established ASCVD)

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
� MI within last year + TIA
AND
� LDL-C level > 100 mg/dL (2.6 mmol/L) despite diet and
intensive statin treatment in maximally tolerated doses, and
then with ezetimibe, used for 3 months, including minimum 1
month of combined treatment.

Portugal � FH: LDL-C > 130 mg/dL (3.4 mmol/L) � LDL-C > 190 mg/dL (4.9 mmol/L)
� DM: LDL-C > 160 mg/dL (4.1 mmol/L)

Slovakia � HeFH: LDL-C > 5 mmol/L after 6 months of treatment with
statins plus 1 month of treatment with ezetimibe, or 1 month
of treatment with ezetimibe only if statin intolerant

� After 6 months of treatment with statins plus 1 month of
treatment with ezetimibe, or 1 month of treatment with
ezetimibe only if statin intolerant
◦ LDL-C > 4 mmol/L in patients with one CV event
◦ LDL-C > 3.5 mmol/L in patients with more than one CV

event
� HeFH: LDL-C > 3.5 mmol/L

Spain � HoFH: patients not controlled on maximally tolerated doses
of statins or statin intolerant, with LDL-C > 100 mg/dL
(2.6 mmol/L)
� HeFH: patients not controlled on maximally tolerated
doses of statins or statin intolerant, with
LDL-C > 100 mg/dL (2.6 mmol/L)

� Patients not controlled on maximally tolerated doses of
statins or statin intolerant, with LDL-C > 100 mg/dL
(2.6 mmol/L)

Sweden � Updated in 2019—FH: LDL-C > 3.0 mmol/L despite
treatment with statins and ezetimibe

� Initially: FH and post-MI only, with LDL-C > 155 mg/dL
(4 mmol/L)
� Updated in 2019—LDL-C > 2.5 mmol/L for patients not
controlled on maximally tolerated doses of statins and
ezetimibe

Switzerland � HeFH: LDL-C > 5 mmol/L, with additional risk factors � LDL-C > 3.5 mmol/L (or 2.6 mmol/L for rapid progression)
� HoFH: LDL-C > 5 mmol/L
� Updated in 2019—After maximally tolerated doses of statins
and ezetimibe, or treatment with ezetimibe only if statin
intolerant:
◦ HeFH: LDL-C > 5 mmol/L (LDL-C 4.5 mmol/L, with

additional risk factors)
◦ HoFH: LDL-C > 5 mmol/L

� Updated in 2019–After maximally tolerated doses of statins
and ezetimibe, or treatment with ezetimibe only if statin
intolerant: LDL-C > 2.6 mmol/L

UKa � HeFH: LDL-C persistently ≥5.0 mmol/L � Primary non-FH or mixed dyslipidaemia
� HoFH (only in Wales) ◦ with at least one CV event: LDL-C

persistently ≥4.0 mmol/L
◦ with recurrent CV events/polyvascular disease: LDL-C

persistently ≥3.5 mmol/L
� HeFH with CVD: LDL-C persistently ≥3.5 mmol/L

ASCVD, atherosclerotic cardiovascular disease; CABG, coronary artery bypass graft; CVD, cardiovascular disease; DLCN, Dutch Lipid Clinic Network; DM, diabetes mellitus;
FH, familial hypercholesterolaemia; HeFH, heterozygous familial hypercholesterolaemia; HoFH, homozygous familial hypercholesterolaemia; IS, ischaemic stroke; LDL-C,
low-density lipoprotein cholesterol; LLT, lipid lowering therapy; MI, myocardial infarction; MVCAD, multivessel coronary artery disease; PAD, peripheral artery disease; and
TIA, transient ischaemic attack.
aFrance, Poland, and the UK were excluded from the study owing to logistical limitations and expected low recruitment rates.

Outcomes
For this study, results are presented for the overall population and fur-
ther stratified by clinically relevant subgroups: ‘atherosclerotic cardio-
vascular disease (ASCVD) without familial hypercholesterolaemia (FH)’;
‘ASCVD with FH’; ‘FH without ASCVD’; and ‘neither FH nor ASCVD’.
Clinical characteristics of patients at initiation of evolocumab included
demographics (e.g. age, gender, and country), CV risk factors (e.g. body
mass index, hypertension, chronic kidney disease, smoking status, and
vascular bed involvement), laboratory values (e.g. LDL-C, lipid param-

.............................

eters, and haemoglobin A1C), comorbidities (e.g. hypertension and
diabetes), and other LLTs (e.g. statins and ezetimibe). The characteri-
zation of comorbidities was defined by national criteria among sites that
primarily follow the ESC/EAS guidelines.10 Statin intolerance was deter-
mined primarily through patient-reported symptoms, at the discretion
of the investigator. LDL-C measurements were collected as per clinical
practice, and changes in LLT were recorded. LDL-C levels were sum-
marized during each 3-month window and evolocumab and LLT use at
the end of each 3-month period was summarized. The proportion of
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Figure 1 Proportion of patients in each subgroup by country. Data do not sum to 100% due to rounding. ASCVD, atherosclerotic cardiovascular
disease; and FH, familial hypercholesterolaemia.

patients achieving their risk-based LDL-C goal at least once during the
entire follow-up, determined according to the 2019 ESC/EAS guidelines,
was calculated. All patients with ASCVD were categorized as very high
risk (with an LDL-C goal of <1.4 mmol/L) and patients with FH were
categorized as either high risk (with an LDL-C goal of <1.8 mmol/L) or
very high risk (with an LDL-C goal of <1.4 mmol/L), in the presence
of ASCVD or other significant risk factors. No formal analysis of safety
data was planned for this study. Adverse drug reactions (ADRs) were
categorized as treatment emergent, serious, fatal, or device related. All
fatal adverse events were recorded.

For patients in the ‘ASCVD without FH’ group, the 10-year CV risk
before evolocumab treatment was predicted or simulated using three
different methods (and adjusting by age and baseline LDL-C): (1) predic-
tion using the REduction of Atherothrombosis for Continued Health
(REACH) equation11 (the 20-month risk estimated from the equa-
tion was converted to a 10-year risk assuming an exponential survival
function); (2) Monte Carlo simulation (assuming a beta distribution)
based on the further cardiovascular outcomes research with PCSK9 in-
hibition in subjects with elevated risk (FOURIER) trial (placebo arm)
risk;12 and (3) Monte Carlo simulation (assuming a beta distribution)
based on FOURIER-like observational data (standard of care) risk.13 For
patients in the ‘FH without ASCVD’ group, the predicted 10-year CV
risk before evolocumab was estimated using the Spanish Familial Hyper-
cholesterolemia Cohort Study (SAFEHEART) algorithm.14

The potential CV risk reduction after evolocumab treatment was
only simulated in the ‘ASCVD without FH’ group, given the potential
challenges and underestimation of baseline risk in the ‘FH without AS-
CVD’ group using the SAFEHEART algorithm.15,16 First, the absolute
LDL-C reduction on evolocumab (in mmol/L) was calculated for each
patient and assumed to be constant over time. Second, the relative risk
reduction (RRR) was calculated by performing Monte Carlo simulation
(assuming a log-normal distribution) on the rate ratio per 1 mmol/L from
the FOURIER clinical trial key secondary endpoint landmark analysis.5

Finally, the 10-year absolute risk reduction (ARR) and number needed
to treat (NNT) were calculated. All simulations were performed using
Microsoft Excel 2021.

.....................................................................................................

Statistical analysis
Data are presented descriptively, using summary statistics, displaying fre-
quency, percentage and 95% confidence interval (CI, where appropriate)
for categorical data, and mean with standard deviation or median [in-
terquartile range (Q1–Q3)] for continuous data.

Summaries are based on observed data, with no imputation applied
for patients who did not have data at specific time points.

For assessment of LDL-C goal attainment, patients were included in
the analysis if they had at least one post-baseline LDL-C value and were
classified as high or very high risk according to the ESC/EAS guideline.

All analyses were performed using SAS version 9.4 (SAS Institute,
Cary, NC, USA).

Ethical conduct of the study
The study was performed in accordance with ethical principles that had
their origin in the Declaration of Helsinki and were consistent with the
International Council for Harmonisation. The study was reviewed by
an independent ethics committee in each country. Written informed
consent was provided by all patients.

Results
Patient characteristics
In total, 1952 patients from 12 countries were included, with the
majority enrolled in Germany (n = 380), Austria (n = 364), Italy
(n = 311), and Spain (n = 201), as shown in the Supplementary ma-
terial online, Figure S1. Of the 1952 patients enrolled, 1009 (52%)
were categorized as ‘ASCVD without FH’, 642 (33%) were cate-
gorized as ‘ASCVD with FH’, 232 (12%) were categorized as ‘FH
without ASCVD’, and 69 (4%) were categorized as ‘neither FH nor
ASCVD’ (Figure 1). In the overall population, the mean (standard
deviation) age was 60 years (11); 37% of patients were aged 65 years
or older, and the majority were male (62%) (Table 2). Most patients
(85%) had experienced a prior CV event, 65% had hypertension,
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Table 2 Baseline characteristics and cardiovascular risk factors

Overall
(N = 1952)

ASCVD
without FH
(n = 1009)

ASCVD with
FH (n = 642)

FH without
ASCVD
(n = 232)

Neither FH nor
ASCVD
(n = 69)

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Female 733 (38) 309 (31) 243 (38) 138 (60) 43 (62)
Age (years), mean (SD) 60 (11) 63 (10) 59 (10) 52 (13) 59 (10)
LDL-C (mmol/L), median (Q1–Q3) 3.98 (3.17–5.07) 3.68 (2.97–4.60) 4.00 (3.24–5.09) 5.22 (4.11–6.48) 5.17 (4.11–6.20)
Non-HDL-C (mmol/L), median (Q1–Q3) 4.58 (3.70–5.82) 4.22 (3.52–5.40) 4.40 (3.75–5.52) 5.49 (4.63–7.53) 3.79 (3.05–5.00)
Hypertension 1271 (65) 742 (74) 427 (67) 56 (24) 46 (67)
Current smoker 275 (14) 133 (13) 92 (14) 37 (16) 13 (19)
Body mass index

<20 53 (3) 25 (3) 18 (3) 8 (3) 2 (3)
≥20 and <30 1380 (71) 690 (68) 463 (72) 183 (79) 44 (64)
≥30 486 (25) 273 (27) 153 (24) 39 (17) 21 (30)

Type 2 diabetes mellitus 376 (19) 235 (23) 100 (16) 18 (8) 23 (33)
Chronic kidney disease 137 (7) 85 (8) 46 (7) 2 (1) 4 (6)
Statin intolerance 1176 (60) 681 (68) 310 (48) 131 (57) 54 (78)
FH diagnosed 874 (45) 0 (0) 642 (100) 232 (100) 0 (0)

High risk 91 (11) 0 (0) 0 (0) 91 (41) 0 (0)
Very high risk 783 (89) 1009 (100) 642 (100) 141 (59) 0 (0)

Prior CV event 1660 (85) 1009 (100) 642 (100) 5 (2) 4 (6)
Previous ACSa 828 (42) 553 (55) 275 (43) 0 (0) 0 (0)
CAD or anginab 1139 (58) 736(73) 403 (63) 0 (0) 0 (0)
PAD 229 (12) 154 (15) 75 (12) 0 (0) 0 (0)
Ischaemic stroke 122 (6) 84 (8) 38 (6) 0 (0) 0 (0)
Critical limb ischaemia 24 (1) 18 (2) 6 (1) 0 (0) 0 (0)
Carotid artery disease 438 (22) 245 (24) 193 (30) 0 (0) 0 (0)
TIA 52 (3) 39 (4) 13 (2) 0 (0) 0 (0)
Coronary thrombosisc 328 (17) 203 (20) 125 (14) 0 (0) 0 (0)

Data are all n (%) unless otherwise specified.
ACS, acute coronary syndrome; ASCVD, atherosclerotic cardiovascular disease; CAD, coronary artery disease; CV, cardiovascular; FH, familial hypercholesterolaemia;
HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; PAD, peripheral artery disease; SD, standard deviation; STEMI, ST-elevation
myocardial infarction; and TIA, transient ischaemic attack.
a‘Previous ACS’ is a history of acute coronary syndrome, ST-elevation myocardial infarction, or non-ST-segment-elevation myocardial infarction.
b‘CAD or angina’ is a history of coronary artery disease or stable angina.
cCoronary thrombosis (acute or non-acute) is counted as one prior cardiovascular event.

51% were current or former smokers, and 60% were statin intoler-
ant (Table 2 and Supplementary material online, Table S1). Overall,
45% (n = 874) of patients had a diagnosis of FH (Table 2 and Sup-
plementary material online, Table S2).
Patients in the ‘FH without ASCVD’ subgroup were more likely

to be female than patients in the ‘ASCVD without FH’ and ‘ASCVD
with FH’ subgroups (60% vs. 31% and 38%, respectively). Patients in
the ‘FH without ASCVD’ subgroup were also likely to be younger
than patients in the ‘ASCVD without FH’ and ‘ASCVD with FH’
subgroups, with a higher baseline median LDL-C (Table 2 and Sup-
plementary material online, Table S1).

Evolocumab and other lipid-lowering
therapy use at baseline and during
follow-up
LLT use before and after evolocumab initiation is depicted in Figure
2.

..................................................

In general, LLT use remained stable; use of any statin without
ezetimibe ranged from 12% to 14% and use of ezetimibe without
a statin ranged from 13% to 17% across countries. At evolocumab
initiation, approximately one-third of patients (31%) were receiving
a statin with ezetimibe and 16% were on ezetimibe alone. Overall,
41% were not receiving any background therapy, primarily owing to
statin intolerance which was investigator reported, and this varied
according to subgroup and country. The proportion of patients not
receiving background therapy in the ‘ASCVD without FH’, ‘ASCVD
with FH’, and ‘FH without ASCVD’ groups was 46%, 33%, and 32%,
respectively. Belgium had the lowest proportion of patients without
background LLT at initiation of evolocumab in all three subgroups:
27% in the ‘ASCVD without FH’ group; 6% in the ‘ASCVD with FH’
group; and 8% in the ‘FH without ASCVD’ group. In the ‘ASCVD
without FH’ group, Sweden had the highest proportion of patients
without background LLT (85%), whereas in the ‘ASCVD with FH’
group, Czech Republic had the highest proportion of patients
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Figure 2 Lipid-lowering therapy use before and after evolocumab initiation.

without background LLT (63%) (Supplementary material online,
Figure S2).
The proportion of patients on evolocumab at each 3-month

follow-up window up to 24 months ranged from 92% to 98%,
of which most patients received evolocumab 140 mg subcuta-
neously every 2 weeks. The proportion of patients who re-
ported missing any evolocumab dose each month was min-
imal (0.12–0.98%). At the time of this interim analysis, 128
patients (7%) had documented that they permanently discontinued
evolocumab.
Overall patient-reported ADRs and ADRs related to discontin-

uation of evolocumab are described in the Supplementary material
(Supplementary material online, Tables S3 and S4).

Lipid-lowering therapy-stabilized
low-density lipoprotein cholesterol
levels at baseline and during follow-up
Overall, median (Q1, Q3) LDL-C at baseline was 3.98 (3.17, 5.07)
mmol/L but varied across patient groups; median (Q1, Q3) LDL-
C at baseline was 3.68 (2.97, 4.60) mmol/L for patients with ‘AS-
CVD without FH’, 4.00 (3.24, 5.09) mmol/L for ‘ASCVD with FH’,
5.22 (4.11, 6.48) mmol/L for ‘FH without ASCVD’, and 5.17 (4.11,
6.20) mmol/L for those in the ‘neither FH nor ASCVD’ group
(Figure 3). At a country level, median (Q1, Q3) LDL-C levels at
baseline ranged from 3.59 (2.98, 4.50) mmol/L in Switzerland to
5.20 (4.02, 6.61) mmol/L in Bulgaria (Figure 4). In most countries,
LDL-C levels at evolocumab initiation were several-fold higher than
guideline-recommended treatment thresholds for PCSK9i initiation
(Table 1).
In the overall population, the median on-treatment LDL-C level

decreased by 58.1% (95% CI 41.4–70.9), with a corresponding
absolute LDL-C reduction of 2.22 mmol/L (1.56–2.94) within 3
months of evolocumab initiation; this reduction was maintained over
24 months. At a country level, within 3 months of evolocumab

.......................................................................................................

initiation, the decrease in median LDL-C levels ranged from 53%
(Germany) to 68% (Belgium) (Figure 4), with corresponding abso-
lute LDL-C reductions of 1.91–2.99 mmol/L (Supplementary mate-
rial online, Figure S3). Median LDL-C levels at 3 months were closer
to guideline-recommended treatment thresholds in those countries
with lower reimbursement criteria (Supplementary material online,
Figure S4).

European Society of
Cardiology/European Atherosclerosis
Society low-density lipoprotein
cholesterol goal attainment
In the overall population, 1753 patients with data available for as-
sessment of LDL-C goal attainment at data cut-off for this interim
analysis (31 July 2020) were stratified based on individual CV risk.
Of these, 1626 (93%) were classified as very high risk and 127 (7%)
were classified as high risk with at least one post-baseline LDL-C
measurement. Overall, 58% (95% CI 56.1–60.7) of patients achieved
their risk-based LDL-C goal at least once during follow-up. The re-
spective numbers for very high-risk and high-risk patients were 59%
(95% CI 56.3–61.0) and 55% (95% CI 46.4–63.5) (Figure 5A). For
both groups, goal attainment was higher for those receiving back-
ground LLT at evolocumab initiation: 68% (95% CI 65.2–71.0) and
72% (95% CI 61.0–80.9) for very high risk and high risk, respectively,
vs. corresponding figures of 45% (95% CI 40.8–48.4) and 31% (95%
CI 19.9–44.3) for those without background LLT. A similar pattern
was observed in all subgroups whereby goal attainment was higher
in patients who received background LLT than those who did not,
in both the high-risk and very high-risk groups. Goal attainment was
the lowest in the ‘FH without ASCVD’ group at very high risk com-
pared with the other two groups; however, this group had a higher
baseline LDL-C (Figure 5A).
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Figure 3 Low-density lipoprotein cholesterol levels at baseline and up to 24 months after evolocumab initiation in (A) the overall population and
patients in the (B) ‘ASCVD without FH’, (C) ‘ASCVD with FH’, (D) ‘FH without ASCVD’, and (E) ‘neither FH nor ASCVD’ groups. The numbers
of patients at baseline are lower than the overall/total subgroup populations because baseline low-density lipoprotein cholesterol measurements
were not available for all patients. ASCVD, atherosclerotic cardiovascular disease; FH, familial hypercholesterolaemia; NA, not applicable and
LDL-C, low-density lipoprotein cholesterol.
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Figure 4 Low-density lipoprotein cholesterol levels at baseline and at 3 months after evolocumab initiation by country. LDL-C, low-density
lipoprotein cholesterol.

Risk-based goal attainment by country is shown in Figure 5B; this
ranged from 35% (95% CI 22.4–49.8) in Sweden to 71% (95% CI
60.0–80.3) in Belgium.

Simulated cardiovascular risk reduction
Of the 1009 patients in the ‘ASCVD without FH’ group, the po-
tential CV risk reduction after evolocumab treatment could only
be simulated in 730 patients owing to missing data. The predicted
and simulated 10-year CV risk before evolocumab treatment in this
group ranged from a median (Q1, Q3) of 34% (24–46%) to 40%
(32–50%) across all three methods, with simulated RRR of 34%
(24–44%). The calculated ARR ranged from 9% (6–14%) to 11%
(7–16%), with NNT between 9 and 11 to prevent one additional
CV event over 10 years (Supplementary material online, Table S5).
The simulated probability distributions of 10–year CV risk before
and after evolocumab treatment, using the three different meth-
ods for predicting and simulating CV risk before evolocumab treat-
ment, are shown in Figure 6A. Probability distributions for 10-year
ARR using the three different methods for predicting and simulat-
ing 10-year CV risk before evolocumab treatment are presented
in Figure 6B.
Of the 232 patients in the ‘FH without ASCVD’ group, the 10-

year CV risk before evolocumab using SAFEHEART could only be
predicted in 203 patients owing to missing data. The median (IQR)
baseline 10-year CV risk was 3% (2–4%). Given uncertainties re-
garding the low estimated baseline risk in an otherwise high-risk
population, CV risk reduction simulations were not performed in
this group.

Discussion
This study represents the largest multicountry registry of PCSK9i
use in routine clinical care settings to date. It provides a unique op-
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portunity to systematically assess the characteristics of those receiv-
ing evolocumab, the patient populations in which PCSK9is are used,
and potential benefits of LDL-C lowering on CV risk through simula-
tion. Our findings demonstrate that evolocumab was used predom-
inantly in those with ASCVD or patients with FH who are treated
as a primary prevention patient. Patients categorized as ‘neither FH
nor ASCVD’ reported high LDL-C levels (>5 mmol/L), indicating
that these patients may have had FH, polygenic hypercholestero-
laemia, or mixed dyslipidaemia. The patients in this study reflect the
clinical characteristics of those identified in dyslipidaemia guidelines
(i.e. individuals with a high unmet need, at high risk, and in whom
PCSK9i therapy may be effective despite maximally tolerated oral
LLT). However, the median baseline LDL-C levels at evolocumab
initiation were about triple the guideline recommendations and var-
ied from country to country, in part reflecting the different LDL-C
thresholds mandated for reimbursement of PCSK9is. In this real-
world study, evolocumab therapy was associated with a reduction in
LDL-C of ∼60% and this reduction was maintained over 24 months,
providing real-world validation of prior observations from random-
ized trials.5,17 Evolocumab was well tolerated, with effectiveness and
safety comparable with previously reported randomized controlled
trials.5,17

The HEYMANS study offers potential solutions to the imple-
mentation gaps highlighted in the EU-Wide Cross-Sectional Ob-
servational Study of Lipid-Modifying Therapy Use in Secondary and
Primary Care (DA VINCI) study, which described the contempo-
rary use of LLT and goal attainment in patients across 18 European
countries.9 In the DA VINCI study, most patients received statin-
based monotherapy (84%) with little use of combination therapy,
9% of patients received statins and ezetimibe, and 1% received a
PCSK9i in conjunction with an oral LLT. In DA VINCI, it was demon-
strated that even when statin intensity was optimized, only ∼20%
of those on high-intensity statins alone achieved an LDL-C level
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Figure 5 Risk-based low-density lipoprotein cholesterol goal attainment (A) by subgroup and (B) by country. In (A), n represents the total
number of patients and in (B) n represents the number of patients achieving their low-density lipoprotein cholesterol goal. At data cut-off for this
interim analysis (31 July 2020), 1753 patients had data available for assessment of low-density lipoprotein cholesterol goal attainment. Patients
were included in the analysis if they had at least one post-baseline low-density lipoprotein cholesterol value and were classified as high or very
high risk according to the European Society of Cardiology/European Atherosclerosis Society guidelines. aPatients at very high cardiovascular risk
had a low-density lipoprotein cholesterol goal of <1.4 mmol/L (patients in the ‘ASCVD without FH’ group and ‘ASCVD with FH’ group were all
considered by definition to be at very high cardiovascular risk). bPatients at high cardiovascular risk had a low-density lipoprotein cholesterol goal
of <1.8 mmol/L as per the 2019 European Society of Cardiology/European Atherosclerosis Society guidelines. cBackground lipid-lowering therapy
was defined as the use of statins and/or ezetimibe at the time of initiation of evolocumab. dThe sum of the three subgroups is not equal to the
total number evaluable for low-density lipoprotein cholesterol goal attainment (n = 1753) because patients without familial hypercholesterolaemia
or atherosclerotic cardiovascular disease were included in the overall numbers but not in the subgroups. ASCVD, atherosclerotic cardiovascular
disease; CV, cardiovascular; FH, familial hypercholesterolaemia; LDL-C, low-density lipoprotein cholesterol; and LLT, lipid-lowering therapy.
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Figure 6 Simulated probability distributions for 10-year cardiovascular risk before and after evolocumab treatment (A) and 10-year absolute risk
reduction (B) using three different methods for predicting and simulating 10-year cardiovascular risk in patients with atherosclerotic cardiovascular
disease without familial hypercholesterolaemia. ARR, absolute risk reduction; CV, cardiovascular; FOURIER, Further cardiovascular Outcomes
Research with PCSK9 Inhibition in subjects with Elevated Risk; and REACH, REduction of Atherothrombosis for Continued Health.

of <1.4 mmol/L.9 A slightly higher proportion of patients achieved
an LDL-C <1.4 mmol/L when statins and ezetimibe were combined.
However, 67% of patients who received a PCSK9i with an oral LLT
achieved an LDL-C level <1.4 mmol/L. Taken together, these data
suggest that, in order to achieve the 2019 ESC/EAS goals for those
at very high risk, increased use of combination therapy is required.

.................

These findings are consistent with findings from the SWEDEHEART
post-myocardial infarction (MI) registry, a simulation study based on
current practice in Sweden, which demonstrated that maximized
statin therapy resulted in ∼30% of patients who have previously ex-
perienced an MI attaining an LDL-C reduction of 50% or more.18

Simulations suggested that it was likely that the majority of the re-
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maining patients in SWEDEHEART would achieve their LDL-C goals
if PCSK9is were added as a combination therapy.18

In our study, LDL-C goal attainment was higher among patients
receiving evolocumab and background LLT (either statins or ezetim-
ibe or both) compared with those not receiving background LLT.
In the patients receiving background LLT, 68% and 72% of patients
at very high risk and high risk, respectively, achieved their LDL-C
goals. In comparison, among those not receiving background LLT at
evolocumab initiation, only 45% and 31% of patients at very high risk
and high risk, respectively, achieved their LDL-C goals. In line with
DA VINCI, data from HEYMANS therefore demonstrate that the
likelihood of achieving the 2019 LDL-C goals for those at very high
risk (LDL-C <1.4 mmol/L) is increased when PCSK9is are used in
combination with oral LLT.
In our study, patients who received evolocumab as part of rou-

tine clinical care reported baseline LDL-C levels almost three times
higher than the present threshold recommended for the initiation of
PCSK9is in current clinical guidelines.4 The likely determining LDL-
C level at which evolocumab is initiated is the threshold for reim-
bursement set by the state/insurers in individual countries. Our find-
ings reflect the fact that reimbursement thresholds for PCSK9is in
most countries are much higher than those recommended in clinical
guidelines, highlighting the large disparity between current local re-
imbursement criteria and European guidelines. Furthermore, there
were differences between countries in the reimbursement threshold
for PCSK9i use, which impacts the type of patients offered therapy.
This is supported by our observation of variations in LDL-C levels
at evolocumab initiation between countries and differences in the
proportion of patients who were not receiving any oral LLT prior
to evolocumab initiation. Finally, in most countries, LDL-C levels at
evolocumab initiation were even higher than the national LDL-C
level required for reimbursement. Taken together, these findings in-
dicate that a major barrier to effective implementation of ESC/EAS
recommendations and thus control of LDL-C for many patients re-
sides within the current healthcare system/care pathway structure
itself.
HEYMANS is an observational study, and collection of CV out-

comes was not part of the study design. Nevertheless, it is pos-
sible to assess the potential CV benefits for those who received
evolocumab using risk prediction and simulation techniques to as-
sess absolute risk prior to evolocumab initiation, and treatment ben-
efit from the observed reductions in LDL-C through simulation anal-
yses. In HEYMANS, the predicted absolute risk prior to evolocumab
initiation was higher than the risk observed in the placebo group of
the FOURIER trial.5 This could be driven in part by the fact that, in
our study, patients were enrolled who had baseline LDL-C levels al-
most two-fold higher than patients enrolled in the FOURIER trial.5

Additionally, as often observed in registries or real-world studies,
patients receiving treatments outside of the setting of trials have sig-
nificantly more comorbidities and risk factors, which contribute to
a higher CV risk. The predicted absolute benefit from our modelling
of the HEYMANS population was larger than the observed absolute
benefits in the FOURIER trial,5 suggesting that when used in clini-
cal practice, PCSK9is offer substantial health benefits. As the rela-
tive reduction in risk is proportional to absolute lowering of LDL-C,
irrespective of how it is achieved, it follows that greater RRR benefits
would be derived from combination therapy rather than monother-
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apy. For those at highest risk, an indirect effect of recommending
a lower LDL-C goal is to provide greater absolute LDL-C lowering.
However, the current large gap that exists between patients eligible
for PCSK9is and those who ultimately receive them in clinical prac-
tice suggests that the potential of these potent therapies to impact
the burden of CV disease in Europe is not being optimized.
The current limited use of PCSK9is reflects uncertainties among

clinicians regarding reimbursement, particularly those not working in
a specialized lipid setting. Facilitating access to PCSK9is requires less
complicated local regulations than the existing criteria. Our findings
suggest that a re-evaluation of the present reimbursement criteria
for PCSK9is is required in Europe. Lowering the LDL-C threshold
for PCSK9i reimbursement could have important benefits for popu-
lation health. It would result in additional patients who are receiving
oral LLT therapies being eligible for PCSK9is, thus affording them
the opportunity to benefit from combination and not evolocumab
monotherapy. As recently recommended by the EAS,19 increased
and immediate use of fixed-combination therapy in very high-risk pa-
tients, together with facilitated access to PCSK9is, would ultimately
result in increased achievement of the current ESC/EAS guidelines.
What is certain, however, is that, based on the current reimburse-
ment criteria and LDL-C levels in Europe, there will continue to
be a significant gap between guideline recommendations and their
implementation into clinical practice if countries continue to rely
on a statin monotherapy-based approach. As doubling the statin
dose results in∼6–8% further LDL-C lowering, an approach of high-
intensity statins for all will not abolish this gap.20 Thus, the clinical
approach to LLT use should follow the lessons of the hyperten-
sion field and its approach to blood pressure lowering, which does
not rely on a single therapy but rather combinations of different
treatments.21

Our study has several limitations, which merit consideration. Due
to the observational nature of the study, potential misclassifica-
tions of data may have occurred. In addition, data were not col-
lected regarding the proportion of patients who were poor respon-
ders, the proportion of patients who needed LLT after initiation of
evolocumab, or the proportion of patients who tolerated statins af-
ter being categorized as statin intolerant. Furthermore, physicians’
choice of LLT and local prescribing restrictions may have affected
observations regarding risk-based LDL-C goal attainment by coun-
try. Participating sites may reflect enthusiastic and more interested
healthcare professionals, so it is possible that the observations out-
side of the current participating sites could be worse or better. Fi-
nally, a simulation approach was used to infer potential CV risk re-
duction benefits of evolocumab, and collection of CV outcome data
would have strengthened our study.

Conclusions
In European clinical practice, evolocumab therapy was associated
with a reduction in LDL-C levels of ∼60%; this reduction was main-
tained over 24 months, potentially reducing CV risk. More patients
attained risk-based LDL-C goals when receiving evolocumab in
combination with LLT vs. those not receiving combination therapy.
Overall, patients initiated on evolocumab had baseline LDL-C levels
three times higher than the present threshold for PCSK9i use



LDL-C levels exceed recommended threshold for PCSK9i initiation 459

recommended in the ESC/EAS guidelines, largely reflecting dispar-
ities between implementation and guidelines. Lowering the LDL-C
threshold for PCSK9i reimbursement would allow more patients to
receive combination therapy, increasing the likelihood of patients at
highest CV risk achieving their recommended ESC/EAS LDL-C goals.

Supplementary material
Supplementary material is available at European Heart Journal—
Quality of Care and Clinical Outcomes online.
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JL, Stock JK, Tokgözoğlu LS, Catapano AL. Practical guidance for combination
lipid-modifying therapy in high- and very-high-risk patients: a statement from
a European Atherosclerosis Society Task Force. Atherosclerosis 2021;325:99–
109.

20. Nicholls SJ, Brandrup-Wognsen G, Palmer M, Barter PJ. Meta-analysis of compar-
ative efficacy of increasing dose of atorvastatin versus rosuvastatin versus sim-

............

vastatin on lowering levels of atherogenic lipids (from VOYAGER). Am J Cardiol
2010;105:69–76.

21. Unger T, Borghi C, Charchar F, Khan NA, Poulter NR, Prabhakaran D, Ramirez A,
Schlaich M, Stergiou GS, Tomaszewski M, Wainford RD, Williams B, Schutte AE.
2020 International Society of Hypertension Global Hypertension Practice Guide-
lines. Hypertension 2020;75:1334–1357.


