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BACKGROUND: Evolocumab, a fully human monoclonal antibody against proprotein convertase
subtilisin/kexin type 9, is safe and effective when dosed biweekly (Q2W) or monthly (QM) in patients
with heterozygous familial hypercholesterolemia (HeFH) as demonstrated in two 12-week trials:
Reduction of LDL-C With PCSK9 Inhibition in Heterozygous Familial Hypercholesterolemia Disorder
(RUTHERFORD; phase 2) and RUTHERFORD-2 (phase 3).

OBJECTIVE: The objective of the study was to evaluate long-term efficacy, safety, and tolerability of
evolocumab during open-label extension trials.

METHODS: Patients completing parent trials were re-randomized 2:1 to evolocumab plus standard
of care (SOC) or SOC alone for 52 weeks (Open-Label Study of Long-term Evaluation Against LDL-C
[OSLER-1]) or 48 weeks (OSLER-2). Evolocumab dosing was 420 mg QM (OSLER-1) and 140 mg
Q2Wor 420 mg QM (OSLER-2). A pooled analysis of OSLER data was performed from this subset of
HeFH patients.

RESULTS: Four hundred forty HeFH patients from RUTHERFORD (n 5 147) and
RUTHERFORD-2 (n 5 293) (mean [standard deviation] age 51 [12] years, 58% male, 90% White)
were randomized to evolocumab plus SOC (n 5 289) or SOC (n 5 151). The 48-week period was
completed by 425 patients (96.6%). Eight patients discontinued evolocumab plus SOC (2.8%) and 7
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discontinued SOC (4.6%). Compared to parent study baseline, patients receiving evolocumab plus SOC
experienced a mean 53.6% reduction in low-density lipoprotein cholesterol after 48 weeks. No patient
experienced an adverse event leading to permanent evolocumab discontinuation during the 1-year
SOC-controlled period. Serious adverse event rates were similar between groups (evolocumab plus
SOC, 7.3%; SOC, 8.6%).

CONCLUSION: Continued use of evolocumab added to SOC in patients with HeFH yields persistent
and marked low-density lipoprotein cholesterol reductions during 48 weeks of follow-up. Long-term
dosing of evolocumab with SOC was safe and well tolerated.
� 2017 National Lipid Association. All rights reserved.
Introduction

Heterozygous familial hypercholesterolemia (HeFH) is a
common inherited disorder, characterized by elevated plasma
low-density lipoprotein cholesterol (LDL-C) concentrations.
A pathogenic mutation in the LDL receptor gene (LDLR) is
identified in more than 90% of the genetically confirmed
HeFH cases,1 followed by mutations in the apolipoprotein B
gene (APOB; 5%) and the proprotein convertase subtilisin/
kexin type 9 gene (PCSK9; 1%), as well as rare mutations
in other genes such as the apolipoprotein E gene and the
signal transducing adaptor family member 1 gene.2–5

The prevalence of HeFH varies in different populations;
however, large studies conducted in the United States and
different countries in Europe have shown that approxi-
mately 1 in 200 to 300 people has HeFH. This prevalence
translates to a worldwide estimated total of approximately
34 million HeFH patients.6,7

Patients with HeFH are at increased risk for premature
cardiovascular disease, and lipid-lowering therapies are
therefore the cornerstone of treatment for HeFH. However,
most HeFH patients are either not treated at all or do not
reach their guideline recommended LDL-C target levels
even when treated with intensive statin therapy and
ezetimibe.7–11 Statin treatment results in an almost 50%
reduction of cardiovascular disease morbidity and mortality
in this population8–12; however, even among statin-treated
patients, a considerable residual cardiovascular disease
risk remains, which underlines the need for additional ther-
apies to lower LDL-C levels.13–16

Evolocumab, a monoclonal antibody against PCSK9, is
a relatively novel lipid-lowering agent. In 12-week inter-
vention studies, evolocumab has been shown to safely
lower LDL-C levels by 56% to 61% compared with placebo
when dosed 140 mg biweekly (Q2W) or 420 mg monthly
(QM). This LDL-C lowering was observed in different
patient categories, including HeFH patients who were
receiving background lipid-lowering therapy, as demon-
strated in 2 randomized, double-blind, placebo-controlled
trials (ie, Reduction of LDL-C With PCSK9 Inhibition in
Heterozygous Familial Hypercholesterolemia Disorder
[RUTHERFORD], a phase 2 study, and RUTHERFORD-
2, a phase 3 study).17,18

To evaluate the long-term effects of evolocumab,
patients completing the RUTHERFORD or
RUTHERFORD-2 studies were eligible to enter the
evolocumab open-label extension (OLE) trial program,
which comprised 2 trials: Open-Label Study of Long-
term Evaluation Against LDL-C (OSLER)-1, in which
patients completing evolocumab phase 2 trials were
enrolled, and OSLER-2, in which patients completing
evolocumab phase 3 trials were enrolled.

We evaluated the long-term efficacy, safety, and toler-
ability of evolocumab during the 1-year SOC-controlled
period of OSLER-1 and OSLER-2 in patients with HeFH
from RUTHERFORD and RUTHERFORD-2.
Methods

A pooled analysis was performed using the data
obtained from patients who entered the OSLER program
after completing RUTHERFORD or RUTHERFORD-
2.17,18 Patients were diagnosed with HeFH based on
Simon Broome criteria,19 and/or with a genetic confirma-
tion (defined as the presence of a pathogenic mutation in
either LDLR, APOB, or PCSK9). Among patients
entering the OSLER program, a total of 351 of 440 pa-
tients (79.8%) were diagnosed with definite HeFH
(n 5 234 [81.0%], evolocumab plus SOC and n 5 117
[77.5%], SOC alone), based on Simon Broome criteria.
Possible HeFH was diagnosed in the remaining 55 and
34 patients, respectively. Genetic confirmation was ulti-
mately obtained in 304 of the total of 368 patients
(83%) who underwent genetic testing in RUTHER-
FORD, RUTHERFORD-2, or the OSLER program. Ge-
netic testing was performed by Progenika Inc
(Medford, MA); samples were sequenced for mutations
in the whole LDLR gene, including large deletions or re-
arrangements, exon 26 of the APOB gene, and for all 12
exons and promoter region of the PCSK9 gene. Ten of
these patients were found to have compound HeFH, char-
acterized by a more severe form of hypercholesterolemia
and clinical sequelae.20–22 Inclusion criteria for entry
into the parent study included an LDL-C serum concen-
tration of $2.6 mmol/L (100 mg/dL) at baseline despite
statin therapy with or without ezetimibe. In RUTHER-
FORD, patients received evolocumab doses of 350 or
420 mg QM.17 In RUTHERFORD-2, patients received
evolocumab doses of 140 mg Q2W or 420 mg QM.18



Figure 1 Patient disposition in the parent RUTHERFORD trials
and the open-label extension OSLER trials. *Of the 59 patients
who did not enter the OSLER program, 40 (67%) cited personal
reasons unrelated to the study, or the level of commitment
required as the reason for not entering. †Cut-off dates for the 1-
year SOC-controlled period were October 2014 (OSLER-1) and
April 2015 (OSLER-2). SOC, standard of care.
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Lipid and apolipoprotein measurements conducted dur-
ing each parent trial and during the OSLER program were
analyzed at a central laboratory that met applicable stan-
dards according to the Centers for Disease Control and the
National Heart, Lung, and Blood Institute.23 In RUTHER-
FORD, LDL-C levels were measured using preparative ul-
tracentrifugation and calculated with the Friedewald
formula.17 In RUTHERFORD-2, LDL-C levels were calcu-
lated using the Friedewald formula; if the calculated LDL-C
was #1.0 mmol/L (40 mg/dL), or triglyceride levels were
$4.5 mmol/L (400 mg/dL), additional testing via prepara-
tive ultracentrifugation was performed.18 For the current
analysis of data from the OSLER program, LDL-C levels
were calculated using the Friedewald formula.

In OSLER, patients were rerandomized 2:1 to receive
evolocumab plus standard of care (SOC) or SOC alone for
52 weeks in OSLER-1 or 48 weeks in OSLER-2. (After the
1-year SOC-controlled period currently reported, all pa-
tients continuing in OSLER-1 or OLSER-2 received
evolocumab therapy.) After enrollment, patients random-
ized to evolocumab plus SOC were followed in the clinic,
whereas patients randomized to SOC alone were followed
with a combination of clinic visits and phone calls. In
OSLER-1 and OLSER-2, patients receiving evolocumab
plus SOC were scheduled to visit the clinic 13 and 8 times,
respectively, whereas patients receiving SOC alone were
scheduled to visit the clinic 6 and 4 times, respectively. The
present analysis includes data from HeFH patients who
completed up to 48 weeks of OSLER-1 and OSLER-2. The
median (min, max) durations of study exposure in the
evolocumab plus SOC and SOC alone arms were 48.2
(14.4, 57.1) and 48.5 (30.9, 57.1) weeks, respectively.
Evolocumab dosing was 420 mg QM in OSLER-1 and
140 mg Q2W or 420 mg QM in OSLER-2. Because the
dosing regimens are considered clinically equivalent18 and
to accommodate patient preference, patients were allowed
to select which dosing regimen they wanted to administer
(Q2W or QM). Written informed consent was provided
by each patient, and the individual study protocols were
approved by each respective institutional review board.

Efficacy and safety endpoints

In this pooled analysis, mean percent changes in lipid
parameters from parent study baseline to week 48 of the
OLE trials were evaluated as the primary efficacy outcome.
Overall adverse event (AE) rates, serious AE rates, rates of
discontinuation for AE, laboratory assessments, and AEs of
interest associated with lipid-lowering therapies (diabetes,
muscle events, and neurocognitive events) were analyzed as
safety outcomes. Potential diabetes-related events were
identified using the hyperglycemia/new-onset diabetes
mellitus narrow search Standard Medical Dictionary of
Regulatory Activities (MedDRA) Query. Potential muscle-
related events were identified using the rhabdomyolysis–
myopathy broad search Standard MedDRA Query.
Neurocognitive events were identified using the following
high-level group terms: deliria (including confusion),
cognitive and attention disorders and disturbances, demen-
tia and amnestic conditions, disturbances in thinking and
perception, and mental impairment disorders. Safety data
were collected through the end of the 1-year SOC-
controlled treatment period for both OSLER trials. AEs
were coded according to the MedDRA version current at
the time of database lock for RUTHERFORD or
RUTHERFORD-2. The immunogenicity of evolocumab
was evaluated in all patients by means of an electro-
chemiluminescent bridging immunoassay for the detection
of binding anti-drug antibodies. For patients whose sera
tested positive in the immunoassay, an in vitro biological
assay was performed to detect neutralizing antibodies.

Statistical analysis

All analyses conducted were descriptive in nature and
included all subjects who completed RUTHERFORD or
RUTHERFORD-2 and were randomized in the OLE
studies. No imputation was performed for missing data.
Continuous data were summarized at the baseline mea-
surement in the parent studies using mean and standard
deviation (SD; or median and quartiles) and was summa-
rized during the OLE study using mean and standard error.
Categorical data were summarized using the absolute
number and percentage. Mean percent change from parent
study baseline to week 48 of the OLE study was summa-
rized by randomized treatment group.
Results

A total of 440 patients from RUTHERFORD and
RUTHERFORD-2 entered the OSLER program (Fig. 1).
These patients included 147 of 168 patients (87.5%) ran-
domized in RUTHERFORD and 293 of 331 patients
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(88.5%) randomized in RUTHERFORD-2. In the OSLER
program, 289 patients were randomized to receive evolocu-
mab plus SOC and 151 patients were randomized to SOC
alone. As of October 2014 (OSLER-1) and April 2015
(OSLER-2), 425 patients (96.6%) completed the 1-year
SOC-controlled period. Fifteen patients (3.4%) discontin-
ued the OLE because of consent withdrawal (n 5 8) or
other reasons (n 5 7). In the evolocumab plus SOC arm,
other reasons were patient desire to discontinue participa-
tion (n 5 1), moving out of country (n 5 1), and desire
to stop receiving injections (n 5 1). In the SOC arm, other
reasons were patient desire to discontinue participation in
all patients (n 5 4). No deaths were recorded among pa-
tients not completing the study. Eight patients who discon-
tinued (2.8%) were receiving evolocumab plus SOC and 7
patients (4.6%) were receiving SOC alone.

Baseline characteristics are summarized in Table 1. In
the pooled population, 57.5% of patients were men,
Table 1 Baseline characteristics*

Characteristic
Evolocumab
(N 5 289)

Mean age (SD), y 50.2 (12.4)
Sex, n (%)
Male 165 (57.1)
Female 124 (42.9)

Race or ethnicity, n (%)
White 261 (90.3)
Black 6 (2.1)
Asian 16 (5.5)
Hispanic 3 (1.0)

Cardiovascular disease, n (%) 99 (34.3)
Coronary artery disease 79 (27.3)
Cerebrovascular or peripheral arterial disease 38 (13.1)

Lipid parameters†

LDL-C, mmol/L, calculated 4.0 (1.2)
Lp(a), nmol/L, median (Q1, Q3) 63.0 (23.0, 1
ApoB, g/L 1.2 (0.3)‡

HDL-C, mmol/L 1.3 (0.4)
Non-HDL-C, mmol/L 4.7 (1.4)
TG, mmol/L 1.4 (0.7)
PCSK9, nmol/L 7.0 (2.4)

Statin treatment intensity,x n (%)
High 234 (81.0)
Moderate 50 (17.3)
Low 4 (1.4)
Unknown 1 (0.3)

Ezetimibe, n (%) 187 (64.7)

ApoB, apolipoprotein B; HDL-C, high-density lipoprotein cholesterol

PCSK9, proprotein convertase subtilisin/kexin type 9; SOC, standard of care; T

*At the start of the parent study for the pooled population evaluated in t

†Mean (standard deviation) unless otherwise noted.

‡n 5 286.

xPer American College of Cardiology/American Heart Association guidelin

moderate intensity, atorvastatin 10–20 mg, rosuvastatin 5–10 mg, simvastat

80 mg, fluvastatin 40 mg twice daily, pitavastatin 2–4 mg; low intensity, si

20–40 mg, pitavastatin 1 mg.
90.2% were White, and the mean (SD) age of partici-
pants was 50.8 (12.4) years. Coronary artery disease
was present in 28.0% of patients and cerebrovascular or
peripheral arterial disease was present in 13.9% of pa-
tients. Mean (SD) baseline LDL-C was 4.0 (1.2) mmol/
L, with 78.9% of patients receiving high-intensity statin
therapy (atorvastatin 40–80 mg or rosuvastatin 20–
40 mg) and 64.3% of patients receiving ezetimibe in
addition to statin therapy.

Efficacy

Compared with parent study baseline, patients
receiving evolocumab plus SOC during the OLE expe-
rienced a mean (standard error [SE]) 53.6 (1.6)%
reduction in calculated LDL-C after 48 weeks, compared
with a mean (SE) increase of 2.1 (2.1)% in the SOC alone
arm (Fig. 2).
1 SOC
SOC (N 5 151) Total (N 5 440)

52.0 (12.2) 50.8 (12.4)

88 (58.3) 253 (57.5)
63 (41.7) 187 (42.5)

136 (90.1) 397 (90.2)
1 (0.7) 7 (1.6)
8 (5.3) 24 (5.5)
3 (2.0) 6 (1.4)
51 (33.8) 150 (34.1)
44 (29.1) 123 (28.0)
23 (15.2) 61 (13.9)

3.9 (1.0) 4.0 (1.2)
96.0)‡ 44.0 (17.0, 194.0) 58.0 (21.0, 195.0)

1.2 (0.3) 1.2 (0.3)
1.3 (0.4) 1.3 (0.4)
4.5 (1.1) 4.6 (1.3)
1.4 (0.8) 1.4 (0.8)
6.9 (2.4) 7.0 (2.4)

113 (74.8) 347 (78.9)
31 (20.5) 81 (18.4)
7 (4.6) 11 (2.5)
0 1 (0.2)

96 (63.6) 283 (64.3)

; LDL-C, low-density lipoprotein cholesterol; Lp(a), lipoprotein(a);

G, triglycerides.

he current analysis.

es24: high intensity, atorvastatin 40–80 mg, rosuvastatin 20–40 mg;

in 20–40 mg, pravastatin 40–80 mg, lovastatin 40 mg, fluvastatin XL

mvastatin 10 mg, pravastatin 10–20 mg, lovastatin 20 mg, fluvastatin



Figure 2 Mean percent change in lipid parameters from parent study baseline to week 48 of the OLE trials. *Mean (standard error)
changes from baseline in LDL-C levels were 22.1 (0.07) mmol/L in the evolocumab plus SOC arm and 0.03 (0.09) mmol/L in the
SOC alone arm. ApoB, apolipoprotein B; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol;
Lp(a), lipoprotein(a); SOC, standard of care.
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Mean (SE) 48-week LDL-C levels were 1.9 (0.07)
mmol/L in the evolocumab plus SOC arm and 3.9 (0.11)
mmol/L in the SOC alone arm. Mean (SE) changes from
baseline in LDL-C levels were 22.1 (0.07) mmol/L in the
evolocumab plus SOC arm and 0.03 (0.09) mmol/L in the
SOC alone arm. Reductions in ApoB, non-high-density
lipoprotein cholesterol (non-HDL-C), triglycerides, and
lipoprotein(a) were also observed in the evolocumab plus
SOC arm, along with an increase in HDL-C (Fig. 2).

The pattern of LDL-C serum levels over time are
presented in Figure 3. Among patients who had received
evolocumab during the parent trials, continuing on evolocu-
mab plus SOC in the OLE trials led to sustained reductions
in LDL-C. Among patients who received control treatment



Figure 3 Mean percent change from baseline in calculated
LDL-C by scheduled visit and treatment group. Data at each
time point represent all evolocumab doses combined (140 mg
every 2 weeks [Q2W], 350 mg monthly [QM], and 420 mg QM
at parent study baseline and week 12; and 140 mg Q2W and
420 mg QM at OLE weeks 12–48). At week 36, lipid parameters
were only assessed in OSLER-1. Vertical lines represent the stan-
dard error around the mean. Plot is based on observed data and no
imputation is used for missing values. LDL-C, low-density lipo-
protein cholesterol; OLE, open-label extension; SOC, standard
of care.
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during the parent trials, the addition of evolocumab to SOC
in the OLE trials led to reductions in LDL-C that were
consistent with sustained reductions in patients who had
received evolocumab during the parent trials. In patients
who received evolocumab in the parent trials and SOC in
the OLE, LDL-C returned to, and did not exceed, baseline
levels during the OLE.

Safety

No patient experienced an AE leading to permanent
discontinuation of evolocumab treatment during the 1-year
SOC-controlled period of the OLE trials. Overall AE rates
reported for evolocumab plus SOC and SOC alone were
79.9% of patients and 66.9% of patients, respectively
(Table 2).

AEs, categorized by system–organ–class that occurred
with a $5% absolute frequency in the evolocumab plus
SOC arm compared with the SOC alone arm and reported
here as the percentage of patients who experienced 1 or
more of these events, were infections and infestations
(47.8% vs 37.1%); musculoskeletal and connective tissue
disorders (33.2% vs 21.9%); general disorders and admin-
istration site conditions (25.3% vs 7.3%); gastrointestinal
disorders (19.7% vs 12.6%); and nervous system disorders
(14.5% vs 7.9%). Individual AEs occurring in $5% of
patients in either arm are detailed in Table 2. Serious AEs
were well balanced in both treatment arms (7.3%, evolocu-
mab plus SOC and 8.6%, SOC alone).

Hyperglycemia/new-onset diabetes mellitus events and
neurocognitive events were also balanced between arms
(Table 2). The incidence of muscle-related events was more
frequently observed in patients randomized to evolocumab
plus SOC, compared with SOC alone (10.0% vs 4.6%). All
events were of grade 1 or 2 severity, except one grade 3
event of myalgia, which began as a grade 1 event starting
2 days after evolocumab dosing was initiated and worsened
to a grade 3 event over the subsequent 4 months; this event
was ongoing at the final AE evaluation. Evolocumab was
withheld for 1 dose based on this change in AE severity
and then resumed. Of the 29 patients who experienced a po-
tential muscle-related AE while receiving evolocumab, 9
patients (31%) experienced a creatine kinase (CK) eleva-
tion of .1 times the upper limit of normal (! ULN) that
was temporally associated with the muscle-related event,
including 1 patient who experienced a CK elevation of
.10 ! ULN at 1 visit. This patient continued evolocumab
after the event and the CK level returned to normal. No CK
elevations of .5 ! ULN occurred in patients receiving
SOC alone. Most muscle-related events had resolved while
patients remained on study. At the time of data cut-off, of
37 events occurring in 29 evolocumab plus SOC-treated pa-
tients, 20 events (54%) had resolved; of 7 events occurring
in 7 SOC-treated patients, 5 events (71%) had resolved.

Liver enzyme elevations of .3 ! ULN occurred in 9
patients receiving evolocumab plus SOC (3.1%) and in no
patients receiving SOC alone (Table 2). Total bilirubin ele-
vations of.2! ULN occurred in 2 patients receiving evo-
locumab plus SOC (0.7%) and no patients receiving SOC
alone. All elevations resolved by the end of the OLE while
the patients continued receiving evolocumab; no patient
had evolocumab dosing withheld temporarily or perma-
nently because of these elevations. No patient had concom-
itant liver enzyme and bilirubin elevation.

During the OLE trials, no neutralizing antibodies were
detected. Binding antibodies were detected at 1 visit (OLE
week 4) in 1 patient who was receiving SOC alone (0.7%).
This patient had received evolocumab during the parent
study and the binding antibodies were detected 8 weeks
after the last evolocumab dose. No AEs were recorded for
this patient at the time of binding antibody detection.
Discussion

Long-term dosing of evolocumab in addition to SOC
provided sustained LDL-C lowering consistent with re-
ductions observed during the randomized controlled phase
2 and 3 clinical trials and was well tolerated.

Reductions in lipid levels were stable over 48 weeks and
discontinuation of evolocumab resulted in a return to
baseline levels. The mean LDL-C reduction from baseline
demonstrated at this 48-week time point (53.6%) is lower



Table 2 Adverse events and laboratory investigations

Adverse events, n (%) Evolocumab 1 SOC (N 5 289) SOC (N 5 151)

Any 231 (79.9) 101 (66.9)
Serious 21 (7.3) 13 (8.6)
Leading to study drug discontinuation 0 NA
Adverse events of interest
Hyperglycemia/new-onset diabetes mellitus events* 3 (1.0) 3 (2.0)
Muscle events† 29 (10.0) 7 (4.6)
Myalgia 16 (5.5) 6 (4.0)
Muscular weakness 1 (0.3) 0
Muscle rupture 2 (0.7) 0
Musculoskeletal pain 9 (3.1) 1 (0.7)
Renal impairment 1 (0.3) 0
Blood CK increased 1 (0.3) 0

Neurocognitive events‡ 1 (0.3) 0
Adverse events occurring in $5% of patients in either treatment arm
Nasopharyngitis 49 (17.0) 9 (6.0)
Influenza 30 (10.4) 10 (6.6)
Arthralgia 26 (9.0) 6 (4.0)
Upper respiratory tract infection 25 (8.7) 15 (9.9)
Back pain 21 (7.3) 4 (2.6)
Headache 19 (6.6) 6 (4.0)
Myalgia 16 (5.5) 6 (4.0)
Fatigue 16 (5.5) 0

Muscle or liver enzyme elevations at any post-baseline visit
CK .5 ! ULN and #10 ! ULN 0 0
CK .10 ! ULN 1 (0.3) 0
ALT or AST .3 ! ULN and #5 ! ULN 8 (2.8) 0
ALT or AST .5 ! ULN 1 (0.3) 0
Total bilirubin .2 ! ULN 2 (0.7) 0

ALT, alanine aminotransferase; AST, aspartate aminotransferase; CK, creatine kinase; NA, not applicable, patients were not receiving study drug;

SOC, standard of care; ULN, upper limit of normal.

*Potential diabetes-related events were identified using the hyperglycemia/new-onset diabetes mellitus narrow search Standard MedDRA Query.

†Potential muscle-related events were identified using the rhabdomyolysis–myopathy broad search Standard MedDRA Query.

‡Neurocognitive events were identified using the deliria (including confusion), cognitive and attention disorders and disturbances, dementia and

amnestic conditions, disturbances in thinking and perception, and mental impairment disorders high-level group terms.
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compared with the reduction demonstrated in
RUTHERFORD-2, where a 61.2% reduction was observed
at weeks 10 and 12 in patients randomized to 140 mg Q2W
evolocumab and 63.3% for 420 QM evolocumab.18 This
difference arises from the averaging of week 10 and 12
data in RUTHERFORD-2, which captures the time aver-
aged LDL-C reduction over the dosing interval for both
the Q2W and QM dosing regimens; in the present analysis,
efficacy was assessed only at a single time point (reflecting
4-week postdose in the evolocumab 420 QM–treated pa-
tients and 2-week postdose in the 140 mg Q2W–treated pa-
tients). Approximately, two-thirds of patients in OSLER (-1
and -2 combined) received monthly evolocumab dosing.

The incidence of serious AEs were balanced between
the evolocumab plus SOC and SOC alone arms, occurring
in 7.3% of evolocumab-treated patients and 8.6% of the
control group. Overall AE rates were numerically higher in
the evolocumab-treated group than the control group
(79.9% and 66.9%, respectively). This difference may be
because of potential reporting biases associated with an
open-label trial design.25 In addition, in OSLER, patients
receiving SOC alone had fewer in-clinic visits than patients
receiving evolocumab. Most importantly, no patients in the
evolocumab-treated group permanently discontinued drug
because of an AE during the 1-year SOC-controlled period.

Several AEs are of interest in patients receiving lipid-
lowering therapy, including diabetes, neurocognitive
events, and muscle-related symptoms. Statins have been
shown to increase the risk for the development of
diabetes.26–28 Recently, Mendelian randomization studies
have shown a positive association between PCSK9 loss of
function gene variants and increased risk of diabetes.29

Although the clinical implications of this observation
need further confirmation, we did not observe such an ef-
fect of evolocumab. However, rates of potential diabetes-
related AEs were low in this relatively small study (1.0%
and 2.0% in the evolocumab plus SOC and SOC alone
groups, respectively). Whether evolocumab treatment
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results in the development of new-onset diabetes is 1 of the
points of interest evaluated in the large-scale Further Car-
diovascular Outcomes Research With PCSK9 Inhibition
in Subjects with Elevated Risk trial (FOURIER).30 In
FOURIER, 27,564 patients aged 40 to 85 years with clini-
cally evident cardiovascular disease and high-risk charac-
teristics were randomized to receive evolocumab (either
140 mg Q2W or 420 mg QM per patient preference) or pla-
cebo. With a median follow-up of 26 months, rates of adju-
dicated cases of new-onset diabetes did not differ
significantly between the 2 groups.

In the 1-year SOC-controlled period of the present study,
only 1 neurocognitive event was reported—occurring in a
patient in the evolocumab plus SOC arm, precluding the
ability to perform a clinically meaningful comparison
between groups. However, the potential effect of evolocu-
mab on neurocognitive functioning was investigated in
FOURIER patients who enrolled in the Evaluating PCSK9
Binding antibody Influence oN coGnitive HeAlth in High
cardiovascular Risk Subjects (EBBINGHAUS
[NCT02207634]) trial, a dedicated cognition study of
more than 1900 patients.31 With a median follow-up of
approximately 19 months in EBBINGHAUS, the addition
of evolocumab to statin therapy did not affect cognitive
function over time.

Muscle symptoms are a well-described side effect of
statin therapy. In the present study, potential muscle
events were reported in 10.0% of patients treated with
evolocumab plus SOC and 4.6% of patients receiving
SOC alone. Reasons for the numerically higher incidence
in the evolocumab group are uncertain. An integrated
analysis of 6026 patients randomized in phase 2 and 3
clinical trials of the evolocumab clinical trial program
(Program to Reduce LDL-C and Cardiovascular Out-
comes Following Inhibition of PCSK9 In Different
POpulations) across various patient populations and
administered as monotherapy or in combination with
background lipid-lowering therapy did not demonstrate a
clinically meaningful increase in muscle-related AEs
associated with evolocumab. In that integrated analysis,
the incidence of any musculoskeletal or connective tissue
disorder was 13.7% in the integrated control arm and
14.7% in the integrated evolocumab arm.32 Patients with
HeFH are generally younger than other hypercholesterol-
emic populations and typically have low rates of muscle
symptoms when treated with statins or ezetimibe.33,34

Conversely, these patients are also more physically
active, which may contribute to mild asymptomatic ele-
vations in CK and muscle symptoms. Approximately
one-third of patients who had muscle events also experi-
enced a CK elevation of .1 ! ULN that was temporally
associated with the muscle-related event, including 1 pa-
tient who experienced a CK elevation of .10 ! ULN.
These findings may indicate muscle symptoms related
to physical activity. An alternative potential explanation
is unknown baseline imbalances; patients with a prepon-
derance to muscle symptoms may have been more
frequently enrolled in the cohort treated with evolocu-
mab by chance.

This study was conducted in patients with clinical and/or
genetically confirmed FH. Among patients who agreed to
genotyping, 83% were found to have a mutation underlying
their HeFH diagnosis. This identification rate is high
compared with a previous study conducted in clinical FH
patients in the United Kingdom35 and a recent study of
the prevalence of mutations in patients selected for high
LDL-C levels.12 The yield was similar to the rate identified
in a large Netherlands study36 and the differences between
the studies are most likely related to the differences in the
criteria used for the identification of clinical FH.

Strengths of this analysis are the 48-week duration and
the high study completion rate. A total of 425 patients
(85%) of the 499 initially randomized in RUTHERFORD
and RUTHERFORD-2 enrolled in the OLE studies and
completed 48 weeks of the OSLER program. A potential
limitation of the analysis is the open-label design for
assessing long-term tolerability issues. In addition, the
sample size is not sufficient to allow for subgroup analyses.
Conclusions

This pooled analysis provides clinicians with important
long-term data from 1 year of evolocumab treatment in
OLE trials for 440 patients with HeFH, a homogenous
population at high risk for cardiovascular disease who
required additional aggressive LDL-C reduction. This study
demonstrates that long-term treatment with evolocumab is
safe and well tolerated, allowing for sustained long-term
LDL-C reduction.
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