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ABSTRACT

Introduction: Clinicians, payers, guideline
committees, and policymakers support the use
of high-intensity statins in patients at high risk
for complications of cardiovascular disease
(CVD). Guidelines and recommendations pro-
vide guidance on next steps for patients with
inadequate low-density lipoprotein cholesterol
(LDL-C) control on maximally tolerated statin
or for those who are statin-intolerant. Ezetimibe
and evolocumab improve CV outcomes when
added to statins in high-CV-risk populations.

The aim of the study was to compare evolocu-
mab and ezetimibe for lipid-lowering efficacy
and safety.
Methods: We summarized data from 1427
patients from three phase 3 evolocumab studies
comparing double-blinded evolocumab vs. eze-
timibe. These studies evaluated four distinct
populations: those free of CVD receiving each
agent as monotherapy, patients with CVD
receiving add-on therapy to low- or high-in-
tensity statin, and statin-intolerant patients.
Lipid efficacy and safety were reported at week
12.
Results: Across the studies, evolocumab
reduced LDL-C by a mean 55–61% from base-
line to week 12; ezetimibe lowered LDL-C by
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18–20% from baseline (mean differ-
ence = 38–43% favoring evolocumab;
p\0.0001). This corresponded to absolute
reductions in LDL-C of 60–104 mg/dL with
evolocumab vs. 17–35 mg/dL with ezetimibe.
Evolocumab also significantly improved other
lipids and led to a higher percentage of patients
achieving LDL-C goals vs. ezetimibe. Adverse
events and discontinuation rates (oral and par-
enteral therapy) were balanced across groups,
suggesting good tolerance and acceptance of
both treatments.
Conclusions: Evolocumab outperformed eze-
timibe in efficacy and lipid goal attainment.
Both products demonstrated good safety/toler-
ability. These data may help guide access deci-
sions for high-risk patients with inadequate
treatment response or intolerance to statin
therapy.

PLAIN LANGUAGE SUMMARY

• A statin is a type of medication that is used,
with diet and exercise, to lower cholesterol
levels and help prevent a heart attack or
stroke caused by atherosclerosis. Atheroscle-
rosis is the hardening and narrowing of
blood vessels known as arteries from a
buildup of plaque, usually made up of
cholesterol and other fatty substances.

• LDL cholesterol, also known as ‘‘bad’’ choles-
terol, is one of the most important risk
factors for having a heart attack, and can
be lowered.

• Patients with a high risk of heart disease may
benefit from the additional lowering of LDL
cholesterol beyond that achieved by statins
alone.

• The medication evolocumab reduced LDL
cholesterol levels and improved other risk
factors more than the medication ezetimibe
in four studies. These studies included
patients who were receiving statins and
those who were not, including those who
did not receive statins because of statin-

related side effects. Both evolocumab and
ezetimibe had good safety profiles.

Keyword: Dyslipidemia; Evolocumab; Ezeti-
mibe; Lipid-lowering therapy; PCSK9 inhibition

Key Summary Points

High-risk patients may benefit from
additional LDL-C lowering beyond that
achieved by statins alone.

Evolocumab outperformed ezetimibe in
lipid goal attainment in four patient
populations analyzed (patients receiving
each agent as monotherapy, patients on
low-intensity statin or high-intensity
statin, and with statin intolerance).

Both evolocumab and ezetimibe showed
good safety and tolerability profiles.

These data may guide management of
high-risk patients with inadequate
response or intolerance to initial lipid-
lowering therapies.

INTRODUCTION

For many years, clinicians worldwide have used
low-density lipoprotein cholesterol (LDL-C)
lowering as a cornerstone in their prevention
strategy for patients with cardiovascular disease
(CVD), with statins as the first-line agents
[1–13].

Two classes of lipid-lowering therapies have
shown clinical outcomes benefits when used in
addition to statins: ezetimibe, an inhibitor of
cholesterol absorption [14], and PCSK9 inhibi-
tors, which include evolocumab, a monoclonal
antibody directed against proprotein convertase
subtilisin/kexin type 9 (PCSK9) [15].

Considering these outcomes studies, clini-
cians who treat CVD now have a choice of two
prognostically proven drug classes for high-risk
patients who may benefit from additional LDL-
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C lowering beyond that achievable with statins
alone. To help understand the therapeutic and
tolerability differences between these therapies
in patients who require additional lipid-lower-
ing therapy, we summarized data that com-
pared the incremental lipid effects, safety, and
tolerability of ezetimibe and evolocumab in
controlled clinical trials from the PROFICIO
development program for evolocumab.

METHODS

Study Selection

The PROFICIO program involved 20 clinical
trials conducted to evaluate and support the
approval of evolocumab. The selection criteria
for the inclusion of studies in this summary
were as follows: (1) randomized allocation to at
least one ezetimibe and one evolocumab treat-
ment arm; (2) double-blinding of the ezetimibe
and evolocumab treatment groups; and (3) a
planned lipid assessment at week 12. Three
previously published studies met these criteria
[16–18]. These studies compared the two treat-
ments in four different patient populations:
patients on no background statin (as
monotherapy), patients on low-intensity statin,
patients on high-intensity statin, and statin-in-
tolerant patients (Table 1).

Monotherapy patients included in this
summary participated in the MENDEL-2 study
(ClinicalTrials.gov, NCT01763827), a phase 3
study of evolocumab as monotherapy compared

with placebo or ezetimibe in 615 patients with
hypercholesterolemia [16]. This study random-
ized patients to daily oral placebo and biweekly
subcutaneous (SC) placebo; daily oral placebo
and monthly SC placebo; daily oral ezetimibe
and biweekly SC placebo; daily oral ezetimibe
and monthly SC placebo; daily oral placebo and
biweekly SC evolocumab 140 mg; or daily oral
placebo and monthly SC evolocumab 420 mg.
MENDEL-2 contributed 460 patients to this
summary from the ezetimibe and evolocumab
treatment groups.

Patients on background statin therapy in this
summary participated in the LAPLACE-2 study
(ClinicalTrials.gov, NCT01763866), a phase 3
trial of evolocumab in combination with statin
therapy [17]. The overall study included 1896
patients who were first randomized to one of
five moderate- or high-intensity statin regimens
(atorvastatin 10 or 80 mg, rosuvastatin 5 or
40 mg, or simvastatin 40 mg daily). Patients
completed a lipid-stabilization period, after
which they were randomized to evolocumab,
ezetimibe (for patients receiving atorvastatin 10
or 80 mg only), or placebo. The current report
includes patients from the atorvastatin 10 or
80 mg groups (660 patients in total) who
received evolocumab or ezetimibe, because only
these groups used ezetimibe as a comparator.

Statin-intolerant patients included in this
summary participated in the GAUSS-2 study
(ClinicalTrials.gov, NCT01763905), a phase 3
trial of evolocumab in patients unable to toler-
ate statin therapy [18]. The study randomized
patients to receive daily oral ezetimibe and

Table 1 Studies summarized

Study Population Ezetimibe QD Evolocumab Q2W or QM
No. of patients No. of patients

MENDEL-2 Monotherapy 154 306

LAPLACE-2 Combined with low-intensity statin 111 220

LAPLACE-2 Combined with high-intensity statin 110 219

GAUSS-2 Statin-intolerant 102 205

Total 477 950

No. number, Q2W biweekly, QD daily, QM monthly
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biweekly SC placebo; daily oral ezetimibe and
monthly SC placebo; daily oral placebo and
biweekly SC evolocumab; or daily oral placebo
and monthly SC evolocumab. All patients from
GAUSS-2 received either evolocumab or eze-
timibe. The study contributed 307 patients to
this report.

All procedures performed in studies involv-
ing human participants were in accordance
with the ethical standards of the institutional
and/or national research committee and with
the 1964 Helsinki declaration and its later
amendments or comparable ethical standards.
Informed consent was obtained from all indi-
vidual participants included in the study.

Efficacy and Safety Evaluations

Efficacy endpoints for the studies included here
were the absolute value at week 12 and the
percent change from baseline to week 12 for the
following parameters: LDL-C, high-density
lipoprotein cholesterol (HDL-C), non–HDL-C,
very-low-density lipoprotein cholesterol (VLDL-
C), lipoprotein(a) (Lp(a)), apolipoprotein B
(ApoB), triglycerides, and PCSK9. This summary
also reports the achievement of LDL-C levels\
70 and\ 100 mg/dL at week 12, and the
achievement of non–HDL-C levels\100
and\ 130 mg/dL at week 12 in each of the four
patient populations examined. Safety endpoints
included the incidence of any adverse event
(AE), AEs occurring in[1% of patients in any
treatment group and in five or more evolocu-
mab-treated patients in at least one study,
potential muscle AEs, and study discontinua-
tion due to AEs or potential muscle reasons.

Statistical Analyses

Data were analyzed by patient population:
monotherapy (MENDEL-2 patients), combina-
tion therapy with a low-intensity statin
(LAPLACE-2 patients randomized to atorvas-
tatin 10 mg), combination therapy with a high-
intensity statin (LAPLACE-2 patients random-
ized to atorvastatin 80 mg), and statin-intoler-
ant patients (GAUSS-2). Within each patient
population, biweekly and monthly evolocumab

or placebo dose frequency groups were com-
bined into a single treatment group, due to the
known clinical equivalence of the two doses
[19]. Efficacy and safety analyses were con-
ducted in all randomized patients who received
at least one dose of evolocumab or ezetimibe. A
repeated-measures linear-effects model, which
included the study’s stratification factors of
treatment, visit, and treatment by visit terms,
compared the ezetimibe and evolocumab
groups for the percent change from baseline in
the efficacy endpoints. Analyses did not impute
missing data points, because the repeated-mea-
sures model accounts for the missing data. For
achievement-based endpoints, a Cochran-Man-
tel–Haenszel test accounted for the stratification
factor(s) to make treatment group comparisons
and calculated percentages achieving such
endpoints based on patients with an available
week 12 measurement. All statistical analyses
used SAS version 9.3 software (SAS Institute,
Cary, NC, USA).

RESULTS

Baseline Characteristics

The summary included 1427 patients: 477
treated with ezetimibe and 950 with evolocu-
mab. Each study that contributed to this anal-
ysis randomized patients in a 1:2 ratio to
ezetimibe and evolocumab—154 ezetimibe and
306 evolocumab in monotherapy patients, 111
ezetimibe and 220 evolocumab in low-intensity
statin patients, 110 ezetimibe and 219 evolo-
cumab in high-intensity statin patients, and
102 ezetimibe and 205 evolocumab in the sta-
tin-intolerant population (Table 1).

Within each patient population, baseline
demographics (age, sex, and body mass index),
CV risk factors (smoking, peripheral arterial
disease, coronary artery disease, and others),
and baseline lipids (LDL-C, non–HDL-C, HDL-
C, VLDL-C, and others) were well matched
between the ezetimibe and evolocumab treat-
ment groups (Table 2). Overall, 53% of patients
were female, and 90% were Caucasian. All
patients in the low- and high-intensity statin
populations received statins at baseline. One-
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third of the patients in the statin-intolerant
population used lipid-lowering therapy at
baseline. Of the latter, 18% received a low-dose
statin [18].

Effects of Ezetimibe and Evolocumab
on LDL-C and Non–HDL-C

Table 3 shows lipid efficacy results for evolocu-
mab and ezetimibe. Across the four patient
populations evaluated, evolocumab reduced
LDL-C by a mean 55–61% from baseline to week
12, and ezetimibe lowered LDL-C by 18–20%
from baseline, resulting in a mean difference of
38–43% favoring evolocumab compared with
ezetimibe (p\0.0001). These percentage
reductions corresponded to lower achieved
LDL-C levels at week 12 in evolocumab- vs.
ezetimibe-treated patients in all groups studied
(Fig. 1), with absolute reductions in LDL-C fol-
lowing evolocumab treatment of 59.9–104 mg/
dL. These were greater than the absolute
reductions in LDL-C seen with ezetimibe
(16.5–35.3 mg/dL). Evolocumab also reduced
non–HDL-C from baseline by a mean of 48–53%
across the four populations, and ezetimibe
reduced non–HDL-C from baseline by a mean of
16–17%, resulting in a mean difference between
groups of 33–37% favoring evolocumab
(p\ 0.0001).

The greater reduction in LDL-C achieved
with evolocumab vs. ezetimibe led to higher
proportions of patients on evolocumab achiev-
ing LDL-C and non–HDL-C treatment goals
(Table 3). In the monotherapy treatment
groups, 69% of evolocumab- and 1% of eze-
timibe-treated patients achieved an LDL-C
level\70 mg/dL. In patients on low-intensity
background statin therapy, 85% (evolocumab)
and 21% (ezetimibe) achieved an LDL-C
level\70 mg/dL. In patients on high-intensity
background statin therapy, 92% (evolocumab)
and 54% (ezetimibe) achieved an LDL-C
level\70 mg/dL. In the statin-intolerant
patient population, 44% (evolocumab) and 1%
(ezetimibe) achieved an LDL-C level\ 70 mg/
dL. All these comparisons favored evolocumab
(p\ 0.0001). Achievement of an LDL-
C\70 mg/dL goal was more likely to occur in

patients with lower baseline LDL-C levels than
in those with higher baseline LDL-C levels
(Fig. 2). Similarly, for LDL-C\100 mg/dL, evo-
locumab led to significantly higher proportions
of patients achieving LDL-C goals across all
patient populations, with the greatest treatment
differences seen in the statin-intolerant (67%
evolocumab vs. ezetimibe) and monotherapy
groups (67% evolocumab vs. ezetimibe;
p\0.0001 for both).

Achievement of non–HDL-C\ 100 mg/dL
occurred significantly more often with evolo-
cumab compared with ezetimibe across each
population—80% and 6% in monotherapy
patients, 87% and 34% in low-intensity statin
patients, 93% and 63% in high-intensity statin
patients, and 44% and 0% in statin-intolerant
patients (all p\0.0001). For the less stringent
goal for non–HDL-C\130 mg/dL, 72–97% of
evolocumab-treated patients and 11%–81% of
ezetimibe-treated patients achieved the goal
(evolocumab vs. ezetimibe; p\0.0001 for all
patient populations).

Changes in Other Lipids Following
Treatment with Ezetimibe or Evolocumab

Evolocumab compared with ezetimibe also had
favorable effects on other atherogenic lipopro-
teins (Table 3). For example, patients treated
with ezetimibe had a mean percent change
from baseline in Lp(a) of 1.9% (monotherapy),
5.2% (low-intensity statin), 9.4% (high-inten-
sity statin), and 2.0% (statin intolerance). In
contrast, patients treated with evolocumab had
a mean percent change from baseline in
Lp(a) of -22% (monotherapy) and -24% (low-
intensity statin, high-intensity statin, and statin
intolerance), resulting in mean treatment dif-
ferences vs. ezetimibe of -23%, -28%, -34%,
and -26% in the monotherapy, low-intensity
statin, high-intensity statin, and statin-intoler-
ant populations, respectively (p\0.0001
favoring evolocumab in all groups). Addition-
ally, the mean treatment difference between
groups in the reduction in ApoB (evolocumab
vs. ezetimibe) was 33–36% across the patient
populations (p\ 0.0001 favoring evolocumab
in all groups).
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Ezetimibe treatment resulted in a mean per-
cent change from baseline in triglycerides
of -4.9 to 3.3% across patient populations.
Evolocumab treatment resulted in a mean per-
cent change from baseline in triglycerides
of -3.4 to -8.3%. The treatment difference

between ezetimibe and evolocumab was -0.3
to -11%, a difference that reached significance
for the monotherapy and low-intensity statin
populations (p\0.05 in favor of evolocumab
for both) but not for the high-intensity statin or
statin-intolerant populations. Treatment with

Fig. 1 Baseline and week 12 achieved LDL-C. When
calculated LDL-C was\ 40 mg/dL or triglycerides
were[ 400 mg/dL, ultracentrifugation-determined LDL-
C replaced calculated LDL-C from the same blood sample,

if available. Diamond indicates mean; center line, median;
top and bottom of box, 1st and 3rd quartiles; ends of
whiskers, 5th and 95th percentiles. LDL-C low-density
lipoprotein cholesterol
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ezetimibe resulted in a mean percent change
from baseline in HDL-C of -1.2 to 2.2%. In
contrast, evolocumab treatment increased levels
of HDL-C by a mean percent change from
baseline of 4.8% in the monotherapy patient

population, 7.4% in the low-intensity statin
patient population, 8.5% in the high-intensity
statin patient population, and 6.2% in the sta-
tin-intolerant patient population. Treatment
differences for HDL-C for evolocumab vs.

Fig. 2 Percentage of patients achieving LDL-C B 70 mg/
dL by baseline LDL-C. When calculated LDL-C
was\ 40 mg/dL or triglycerides were[ 400 mg/dL,

ultracentrifugation-determined LDL-C replaced calculated
LDL-C from the same blood sample, if available. LDL-C
low-density lipoprotein cholesterol
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ezetimibe ranged from 4.3 to 8.6% across
patient populations (p\0.05 in all groups;
Table 3).

Twelve weeks of evolocumab treatment sig-
nificantly reduced PCSK9 levels from baseline
by a mean of 54% in the monotherapy patient
population, 45% in the low-intensity statin
patient population, 32% in the high-intensity
statin patient population, and 45% in the sta-
tin-intolerant patient population. In contrast,
mean percent changes in PCSK9 levels in eze-
timibe-treated patients were 16%, 13%, 17%,
and 0.9% across the above populations, result-
ing in significant treatment differences
of -64%, -57%, -49%, and -44% (p\0.0001
favoring evolocumab in all groups),
respectively.

Safety and Tolerability

Table 4 shows AE rates across the groups
examined in this report. Overall, AEs appear
balanced between evolocumab- and ezetimibe-
treated patients. Statin-intolerant patients
reported AEs more frequently than other pop-
ulations. Serious AEs occurred in 0–3.9% of
patients across the patient populations receiv-
ing ezetimibe, and in 1.3–2.9% across the
patient populations receiving evolocumab.
Calculations of the incidence of potential
muscle events used Standardised MedDRA
(Medical Dictionary for Regulatory Activities)
Queries terms. These events occurred at rates of
(ezetimibe vs. evolocumab) 3.2% vs. 2.6%, 4.5%
vs. 0.9%, 2.7% vs. 1.8%, and 22.5% vs. 12.2% in
the monotherapy, low-intensity statin, high-
intensity statin, and statin-intolerant popula-
tions, respectively.

The decision to discontinue SC treatment by
patients and/or physicians occurred at rates
comparable to the discontinuation rates for oral
treatment in the high-intensity statin and
monotherapy treatment groups. In the statin-
intolerant group, discontinuation occurred in
13.7% (ezetimibe) and 8.3% (evolocumab) of
patients receiving blinded oral drug and 5.9%
(ezetimibe) and 3.9% (evolocumab) of patients
receiving blinded SC drug. In the low-intensity
statin group, discontinuation occurred in 6.3%

(ezetimibe) and 3.2% (evolocumab) of patients
receiving oral drug and 8.1% (ezetimibe) and
4.1% (evolocumab) of patients receiving SC
drug. Rates of drug discontinuation due to
muscle events were\ 1% in each group except
for statin-intolerant patients. In the statin-in-
tolerant population, 5.9% vs. 2.4% of patients
in the ezetimibe- vs. evolocumab-treated groups
stopped oral drug treatment due to muscle
symptoms. In the same population, 2.9% vs.
0.5% of patients in the ezetimibe- vs. evolocu-
mab-treated groups discontinued parenteral
drug treatment due to muscle symptoms.

DISCUSSION

Our summary of phase 3 patients in the PRO-
FICIO program randomized to either ezetimibe
or evolocumab provides a direct comparison of
the lipid efficacy and safety effects of two ther-
apies with proven incremental CV outcome
benefits when used in addition to statins in CV
outcomes trials. We demonstrate that evolocu-
mab treatment led to a significantly greater
reduction in LDL-C, non–HDL-C, and ApoB
than ezetimibe, regardless of the background
statin regimen, across four distinct patient
populations. This greater efficacy occurred
without an apparent safety or tolerability trade-
off.

When choosing among lipid therapies, clin-
icians and patients with CVD may need to
navigate trade-offs of efficacy, safety, tolerance,
and access. Current cholesterol/dyslipidemia
guidelines and recommendations advocate the
use of high-intensity statin regimens for high-
risk patients, which clinicians and payers
strongly support. However, for patients with
statin intolerance or for those with less than
optimal atherogenic lipid levels while receiving
maximally tolerated statin therapy and still at
high cardiovascular risk, many factors might
influence the choice of lipid treatment in these
groups. These factors include the absolute CVD
risk of the patients, LDL-C achieved on maxi-
mally tolerated statin therapy, magnitude of the
lipid effects of the agent, safety and tolerability
of the agent, and specific pathophysiology of
the patients in need of treatment, such as
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Table 4 Adverse events

n (%) Monotherapy With low-intensity
statin

With high-intensity
statin

Statin intolerance

Ezetimibe
(N = 154)

EvoMab
(N = 306)

Ezetimibe
(N = 111)

EvoMab
(N = 220)

Ezetimibe
(N = 110)

EvoMab
(N = 219)

Ezetimibe
(N = 102)

EvoMab
(N = 205)

Any AE 70 (45.5) 134 (43.8) 47 (42.3) 78 (35.5) 42 (38.2) 84 (38.4) 74 (72.5) 135 (65.9)

Serious AEs 1 (0.6) 4 (1.3) 0 (0.0) 6 (2.7) 2 (1.8) 4 (1.8) 4 (3.9) 6 (2.9)

Most common AEsa

Myalgia 3 (1.9) 3 (1.0) 2 (1.8) 1 (0.5) 2 (1.8) 3 (1.4) 18 (17.6) 16 (7.8)

Fatigue 3 (1.9) 4 (1.3) 1 (0.9) 5 (2.3) 1 (0.9) 5 (2.3) 10 (9.8) 9 (4.4)

Headache 5 (3.2) 10 (3.3) 5 (4.5) 1 (0.5) 0 (0.0) 4 (1.8) 9 (8.8) 16 (7.8)

Diarrhea 3 (1.9) 9 (2.9) 1 (0.9) 2 (0.9) 1 (0.9) 6 (2.7) 7 (6.9) 5 (2.4)

Nausea 3 (1.9) 8 (2.6) 1 (0.9) 2 (0.9) 0 (0.0) 4 (1.8) 7 (6.9) 9 (4.4)

Pain in

extremity

1 (0.6) 3 (1.0) 2 (1.8) 2 (0.9) 1 (0.9) 2 (0.9) 1 (1.0) 14 (6.8)

Muscle spasms 1 (0.6) 2 (0.7) 3 (2.7) 7 (3.2) 3 (2.7) 3 (1.4) 4 (3.9) 13 (6.3)

Back pain 1 (0.6) 5 (1.6) 4 (3.6) 3 (1.4) 3 (2.7) 3 (1.4) 3 (2.9) 9 (4.4)

Arthralgia 3 (1.9) 4 (1.3) 1 (0.9) 3 (1.4) 3 (2.7) 8 (3.7) 4 (3.9) 8 (3.9)

Nasopharyngitis 6 (3.9) 6 (2.0) 3 (2.7) 2 (0.9) 1 (0.9) 1 (0.5) 3 (2.9) 7 (3.4)

Upper

respiratory

tract

infection

5 (3.2) 5 (1.6) 2 (1.8) 2 (0.9) 1 (0.9) 4 (1.8) 0 (0.0) 3 (1.5)

Abdominal

distension

2 (1.3) 1 (0.3) NR NR NR NR 1 (1.0) 6 (2.9)

Constipation 1 (0.6) 6 (2.0) 0 (0.0) 0 (0.0) 1 (0.9) 0 (0.0) 0 (0.0) 6 (2.9)

Urinary tract

infection

3 (1.9) 7 (2.3) 1 (0.9) 3 (1.4) 1 (0.9) 4 (1.8) 2 (2.0) 3 (1.5)

Injection site

erythema

2 (1.3) 5 (1.6) NR NR NR NR 3 (2.9) 4 (2.0)

Injection site

pain

1 (0.6) 5 (1.6) NR NR NR NR 0 (0.0) 3 (1.5)

Edema

peripheral

1 (0.6) 5 (1.6) NR NR NR NR 3 (2.9) 2 (1.0)

Potential

muscle events

5 (3.2) 8 (2.6) 5 (4.5) 2 (0.9) 3 (2.7) 4 (1.8) 23 (22.5) 25 (12.2)
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familial hypercholesterolemia or Lp(a) elevation
[20].

Ezetimibe inhibits cholesterol absorption by
blocking uptake at the jejunal enterocyte brush
border. Its primary site of action is the choles-
terol transport protein Niemann-Pick C1-like 1
protein. Ezetimibe, an oral agent approved in
the USA and in many other countries, lowers
LDL-C modestly, with a good safety and toler-
ability record. Based on this record, ezetimibe
has become the most commonly used drug for
additional LDL-C lowering as an add-on to sta-
tins or alone in statin-intolerant patients.

Two monoclonal antibodies (alirocumab and
evolocumab) that inhibit the effects of PCSK9
received regulatory approval in the USA in 2015
for the treatment of hypercholesterolemia.

These drugs offer an alternative as second-line
agents for LDL-C reduction. Evolocumab
showed significant CV outcome benefits in
high-risk patients with CVD on optimal statin
therapy [15] and has received regulatory
approval for the prevention of myocardial
infarction, stroke, and coronary revasculariza-
tion [21]. PCSK9 inhibitors appear safe and have
high lipid efficacy.

Recent guidance from both US and European
lipid and cardiology organizations regarding the
use of non-statin therapies offers a number of
factors to consider when deciding upon the
next line of therapy on top of a maximally tol-
erated dose of statin [22–24]. These factors
include the potential to benefit from added
therapy based on patient risk and the additional

Table 4 continued

n (%) Monotherapy With low-intensity
statin

With high-intensity
statin

Statin intolerance

Ezetimibe
(N = 154)

EvoMab
(N = 306)

Ezetimibe
(N = 111)

EvoMab
(N = 220)

Ezetimibe
(N = 110)

EvoMab
(N = 219)

Ezetimibe
(N = 102)

EvoMab
(N = 205)

Discontinued

blinded oral

treatment

12 (7.8) 17 (5.6) 7 (6.3) 7 (3.2) 7 (6.4) 11 (5.0) 14 (13.7) 17 (8.3)

Discontinued

blinded SC

treatment

9 (5.8) 15 (4.9) 9 (8.1) 9 (4.1) 5 (4.5) 11 (5.0) 6 (5.9) 8 (3.9)

Discontinued

statin

N/A N/A 6 (5.4) 7 (3.2) 4 (3.6) 9 (4.1) N/A N/A

Discontinued

treatment due

to muscle

symptoms

0 (0.0) 2 (0.7) 0 (0.0) 1 (0.5) 1 (0.9) 1 (0.5) 6 (5.9) 5 (2.4)

Discontinued

oral

treatment

0 (0.0) 2 (0.7) 0 (0.0) 1 (0.5) 1 (0.9) 1 (0.5) 6 (5.9) 5 (2.4)

Discontinued

SC treatment

0 (0.0) 2 (0.7) 0 (0.0) 1 (0.5) 0 (0.0) 0 (0.0) 3 (2.9) 1 (0.5)

a AEs occurring in[ 1% of patients in any treatment group and in five or more EvoMab-treated patients in at least one
study
AE adverse event, EvoMab evolocumab, N/A not applicable, NR not reported, SC subcutaneous
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lowering needed to reach a goal, such as an
LDL-C/non–HDL-C level or a percentage
reduction in LDL-C. Previously, in the 2017
Focused Update of the 2016 American College
of Cardiology Expert Consensus Decision Path-
way on the Role of Non-Statin Therapies, the
authors suggested that when treating patients
with clinical atherosclerotic cardiovascular dis-
ease (ASCVD) and comorbidities who
require[25% additional lowering of LDL-C, a
PCSK9 inhibitor such as evolocumab may be
preferred as the initial non-statin agent [22].
However, in patients who require\25% addi-
tional lowering of LDL-C, the update suggests
that one may consider ezetimibe as an initial
choice [22]. The 2018 AHA/ACC Multisociety
Guideline [27] on the Management of Blood
Cholesterol and the 2019 ESC/EAS Guidelines
for the management of dyslipidemias recom-
mend additional therapy if the goals are not
achieved [25]. In a real-world setting, in patients
with clinical ASCVD or probable heterozygous
familial hypercholesterolemia, adding ezetim-
ibe therapy to statins resulted in a small per-
centage of patients achieving LDL-C goals [26].
This was also seen in our analysis, where there
was a significantly higher proportion of patients
on evolocumab achieving LDL-C and
non–HDL-C treatment goals.

Our summary of the effects of evolocumab
and ezetimibe across four specific patient pop-
ulations provides specific and comparable data
on the efficacy and safety of evolocumab vs.
ezetimibe, which can inform clinical decisions.
Our analysis also addresses various patient
types, including those with and without estab-
lished coronary heart disease and those on dif-
ferent background doses of statin therapy.
These data also confirm previous observations
that patients with hypercholesterolemia toler-
ate treatment with a parenteral agent well [27],
including statin-intolerant patients who dis-
continued blinded oral medications at a higher
rate than blinded parenteral treatments [28].

As a post hoc summary of data, this report
has intrinsic limitations. The relatively short
duration of the analysis represents a limitation,
because hypercholesterolemia requires chronic
treatment. We also did not include other agents
that lower LDL-C that have not shown

outcomes benefits in addition to statins, such as
cholesterol resins or nicotinic acid. Nonethe-
less, these data confirm other, independent
studies of the comparative effects of evolocu-
mab and ezetimibe, including studies of much
longer duration.

CONCLUSIONS

Evolocumab provided substantive atherogenic
lipid improvements across a broad range of
patient populations. Compared to ezetimibe,
evolocumab treatment led to greater reductions
in LDL-C and non–HDL-C levels and a higher
likelihood of lipid goal attainment. Patients
tolerated both therapies well. Consideration of
these findings may help guide treatment deci-
sions, particularly for statin-intolerant patients.
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11. Sever PS, Dahlöf B, Poulter NR, et al. Prevention of
coronary and stroke events with atorvastatin in
hypertensive patients who have average or lower-
than-average cholesterol concentrations, in the
Anglo-Scandinavian Cardiac Outcomes Trial-Lipid
Lowering Arm (ASCOT-LLA): a multicentre ran-
domised controlled trial. Drugs. 2004;64(Suppl 2):
43–60.

12. Shepherd J, Cobbe SM, Ford I, et al. Prevention of
coronary heart disease with pravastatin in men
with hypercholesterolemia. West of Scotland Cor-
onary Prevention Study Group. N Engl J Med.
1995;333:1301–7.

13. Wadhera RK, Steen DL, Khan I, Giugliano RP,
Foody JM. A review of low-density lipoprotein
cholesterol, treatment strategies, and its impact on
cardiovascular disease morbidity and mortality.
J Clin Lipidol. 2016;10:472–89.

14. Cannon CP, Blazing MA, Giugliano RP, et al. Eze-
timibe added to statin therapy after acute coronary
syndromes. N Engl J Med. 2015;372:2387–97.

15. Sabatine MS, Giugliano RP, Keech AC, et al. Evolo-
cumab and clinical outcomes in patients with car-
diovascular disease. N Engl J Med. 2017;376:
1713–22.

16. Koren MJ, Lundqvist P, Bolognese M, et al. Anti-
PCSK9 monotherapy for hypercholesterolemia: the
MENDEL-2 randomized, controlled phase III clini-
cal trial of evolocumab. J Am Coll Cardiol. 2014;63:
2531–40.

17. Robinson JG, Nedergaard BS, Rogers WJ, et al. Effect
of evolocumab or ezetimibe added to moderate- or
high-intensity statin therapy on LDL-C lowering in
patients with hypercholesterolemia: the LAPLACE-
2 randomized clinical trial. JAMA. 2014;311:
1870–82.

18. Stroes E, Colquhoun D, Sullivan D, et al. Anti-
PCSK9 antibody effectively lowers cholesterol in
patients with statin intolerance: the GAUSS-2 ran-
domized, placebo-controlled phase 3 clinical trial of
evolocumab. J Am Coll Cardiol. 2014;63:2541–8.

19. Stroes E, Robinson JG, Raal FJ, et al. Clinical
equivalence of evolocumab among patient sub-
groups in PROFICIO: a pooled analysis of 3146
patients from phase 3 studies. Presented at: Euro-
pean Society of Cardiology Congress; August
29–September 2, 2015; London, United Kingdom.

20. Robinson JG, Huijgen R, Ray K, Persons J, Kastelein
JJ, Pencina MJ. Determining when to add nonstatin
therapy: a quantitative approach. J Am Coll Car-
diol. 2016;68:2412–21.

21. Repatha� (evolocumab) prescribing information,
Amgen.

22. Lloyd-Jones DM, Morris PB, Ballantyne CM, et al.
2017 focused update of the 2016 ACC expert con-
sensus decision pathway on the role of non-statin
therapies for LDL-cholesterol lowering in the man-
agement of atherosclerotic cardiovascular disease
risk: a report of the American College of cardiology
task force on expert consensus decision Pathways.
J Am Coll Cardiol. 2017;70:1785–822.

23. Orringer CE, Jacobson TA, Saseen JJ, et al. Update
on the use of PCSK9 inhibitors in adults: recom-
mendations from an Expert Panel of the National
Lipid Association. J Clin Lipidol. 2017;11:880–90.

24. Landmesser U, Chapman MJ, Farnier M, et al.
European Society of Cardiology/European
Atherosclerosis Society Task Force consensus state-
ment on proprotein convertase subtilisin/kexin
type 9 inhibitors: practical guidance for use in

464 Cardiol Ther (2020) 9:447–465



patients at very high cardiovascular risk. Eur Heart
J. 2017;38:2245–55.

25. Mach F, Baigent C, Catapano AL, et al. 2019 ESC/
EAS Guidelines for the management of dyslipi-
daemias: lipid modification to reduce cardiovascu-
lar risk. Eur Heart J. 2020;41(1):111–88.

26. Menzin J, Aggarwal J, Boatman B, et al. Ezetimibe
use and LDL-C goal achievement: a retrospective
database analysis of patients with clinical
atherosclerotic cardiovascular disease or probable
heterozygous familial hypercholesterolemia.
J Manag Care Spec Pharm. 2017;23:1270–6.

27. Koren MJ, Sabatine MS, Giugliano RP, et al. Long-
term low-density lipoprotein cholesterol-lowering
efficacy, persistence, and safety of evolocumab in
treatment of hypercholesterolemia: results up to 4
years from the open-label OSLER-1 extension study.
JAMA Cardiol. 2017;2:598–607.

28. Nissen SE, Stroes E, Dent-Acosta RE, et al. Efficacy
and tolerability of evolocumab vs ezetimibe in
patients with muscle-related statin intolerance: the
GAUSS-3 randomized clinical trial. JAMA.
2016;315:1580–90.

Cardiol Ther (2020) 9:447–465 465


	A Comparison of Ezetimibe and Evolocumab for Atherogenic Lipid Reduction in Four Patient Populations: A Pooled Efficacy and Safety Analysis of Three Phase 3 Studies
	Abstract
	Introduction
	Methods
	Results
	Conclusions

	Plain language summary
	Introduction
	Methods
	Study Selection
	Efficacy and Safety Evaluations
	Statistical Analyses

	Results
	Baseline Characteristics
	Effects of Ezetimibe and Evolocumab on LDL-C and Non--HDL-C
	Changes in Other Lipids Following Treatment with Ezetimibe or Evolocumab
	Safety and Tolerability

	Discussion
	Conclusions
	Acknowledgements
	References




