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Abstract

Introduction: The phase Illb open-label ODYSSEY APPRISE study prospective-
ly assessed the safety and efficacy of alirocumab (a proprotein convertase
subtilisin/kexin type 9 [PCSK9] inhibitor) in a real-life setting in high car-
diovascular risk patients with heterozygous familial hypercholesterolemia
or low-density lipoprotein cholesterol (LDL-C) not at goal despite maximally
tolerated dose statins + other lipid-lowering therapies (NCT02476006). This
post-hoc analysis assessed patient adherence to statins and alirocumab,
plus alirocumab efficacy and safety, according to concomitant statin inten-
sity and prior ezetimibe usage.

Material and methods: Patients received alirocumab 75 or 150 mg (dose adjust-
ment based on physician’s judgment) every 2 weeks (for > 3 to < 30 months).

Results: Of 994 enrolled and treated patients, 58.4% received concomitant
high-intensity statins, 18.2% received moderate/low-intensity statins, and
23.4% received no statin; 55.9% received prior ezetimibe. Mean alirocumab
adherence (percent adherence defined as injections received/theoretical in-
jections x 100) was 96.6% over 72.4 weeks’ mean treatment duration. Mean
LDL-C reduction from baseline at Week 12 was similar between statin intensi-
ty subgroups (53.6-55.7%). More patients achieved LDL-C < 1.8 mmol/l and/
or > 50% reduction from baseline in the > 100% versus < 100% adherent to
alirocumab subgroup; high-intensity and low/moderate-intensity subgroups
versus no statin subgroup; and prior ezetimibe versus no prior ezetimibe
subgroup. Treatment-emergent adverse events occurred in 65.2-75.1% and
68.0-76.3% of patients across statin and ezetimibe subgroups, respectively.
Conclusions: In a real-life setting, patient adherence to alirocumab was
high. Alirocumab provided clinically significant reductions in LDL-C, with
most patients achieving LDL-C treatment targets across background statin
therapy and prior ezetimibe therapy subgroups.
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Introduction

Hypercholesterolemia is a significant risk fac-
tor for the development of atherosclerosis and
coronary heart disease [1, 2], a leading cause of
mortality worldwide [3-5]. The management of
severe hypercholesterolemia involves the modifi-
cation of cardiovascular (CV) risk factors and the
use of lipid-lowering therapies (LLTs) [1, 2, 6]. In
clinical practice, many patients with hypercholes-
terolemia at high or very-high CV risk do not reach
their low-density lipoprotein cholesterol (LDL-C)
treatment goals, remaining at high risk of athero-
sclerotic CV disease (ASCVD) [7-11].

There are multiple factors leading to pa-
tients with hypercholesterolemia not achieving
their CV risk-based LDL-C goals. Achievement of
LDL-C goals can be limited by poor adherence to
LLTs [12]. In addition, statin intolerance is an is-
sue for some patients [13-15], and discontinua-
tion of statin therapy may cause an increase in
CV events [16]. Recent European and American
guidelines recommend considering the addition
of a proprotein convertase subtilisin/kexin type 9
(PCSK9) inhibitor for patients at very-high CV risk
not achieving their risk-based LDL-C goal, or for
adult patients with heterozygous familial hyper-
cholesterolemia (HeFH) and LDL-C > 2.6 mmol/l
(100 mg/dl), while receiving maximally tolerated
statin and ezetimibe [1, 2].

The aim of this post hoc analysis was to exam-
ine: 1) patient adherence to treatment, and 2) the
efficacy and 3) safety of alirocumab according to
background statin therapy and prior ezetimibe
medication in high CV risk patients with hyper-
cholesterolemia, using data from the ODYSSEY
APPRISE study.

Material and methods
Study design

The single-arm, phase llib, open-label OD-
YSSEY APPRISE study (NCT02476006) was de-
signed with the objective of assessing the safety
and efficacy of alirocumab, a PCSK9 inhibitor, in
a real-life setting among high CV risk patients
with severe hypercholesterolemia inadequate-
ly controlled with maximally tolerated statin +
other LLTs (excluding PCSK9 inhibitors) [17]. The
study provided patients with severe hypercholes-
terolemia access to alirocumab ahead of com-
mercial avialability in Canada and 16 European
countries. Despite ODYSSEY APPRISE oversight,
including the necessary monitoring of patients,
the open-label design provided a setting similar
to real-life compared with randomized controlled
trials. The ODYSSEY APPRISE study design has
been reported previously [17]. Briefly, patients
aged > 18 years at high CV risk with severe hy-

percholesterolemia not adequately controlled by
maximally tolerated dose statins + other LLTs
were eligible to enroll in ODYSSEY APPRISE (full
inclusion criteria, as well as details of cardiovas-
cular risk groups at inclusion, can be found in
Supplementary Table SI). Following a screening
period of up to 3 weeks, patients received sub-
cutaneous alirocumab 75 mg or 150 mg every
2 weeks (Q2W) for an open-label treatment dura-
tion of > 12 weeks to < 30 months. The alirocum-
ab dose could be adjusted from 75 to 150 mg
Q2W, or vice versa, based on the physician’s
judgment and treatment response. Alirocumab
was administered on top of background stable
maximally tolerated dose statins + other LLTs.

The ODYSSEY APPRISE study was conducted
in accordance with the Declaration of Helsinki
and the International Conference on Harmoni-
zation Guidelines for Good Clinical Practice. The
study protocol was approved by the appropriate
institutional review boards or independent ethics
committee at each study center. Written informed
consent was obtained from all participating indi-
viduals prior to their involvement in study-related
activities.

Endpoints and assessments

The primary endpoint of ODYSSEY APPRISE was
to assess safety parameters throughout the study,
including treatment-emergent adverse events
(TEAEs), laboratory data, product complaints,
and vital signs. The main secondary efficacy end-
point was the percent change in calculated LDL-C
from baseline to Week 12. Key secondary effica-
cy endpoints assessed at Week 12 included the
proportion of patients achieving calculated LDL-C
< 2.6 mmol/l (100 mg/dl), calculated LDL-C
< 1.8 mmol/l (70 mg/dl), or calculated LDL-C
< 1.8 mmol/l (70 mg/dl) and/or > 50% reduction
from baseline (if LDL-C > 1.8 mmol/l [70 mg/dl]).

Adherence to alirocumab treatment was as-
sessed according to patients’ diary data over the
duration of the trial; percent adherence was de-
fined as the number of injections received divided
by the number of theoretical injections to be re-
ceived during the study period multiplied by 100,
with the number of theoretical injections defined
as the last injection date minus the first injection
date divided by 14.

LDL-C was calculated using the Friedewald
formula [18] at all analysis time points; however,
if triglyceride values were > 400 mg/dl then the
LDL-C values were excluded from the current anal-
yses. As the ODYSSEY APPRISE trial was initiated
in 2015, the Friedewald formula was an accepted
method for calculating LDL-C values at this time
and was routinely used across other clinical trials
of the ODYSSEY phase Ill program.
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Statistical analysis

The safety population included all patients who
received at least one dose or partial dose of ali-
rocumab. Safety outcomes were analyzed by de-
scriptive statistics for the total population and
according to background statin therapy.

Efficacy analyses were performed on the mod-
ified intention-to-treat (mITT) population, which
included all patients who had received at least
one dose or partial dose of alirocumab, had base-
line LDL-C data available, and had at least one
LDL-C measurement within the analysis window
associated with Week 12. Efficacy endpoints were
also analyzed by descriptive statistics for both the
overall population and according to background
statin therapy.

Adherence to treatment was described as the
mean (standard deviation [SD]) percent adherence
over the duration of the trial. The mean reduction
in LDL-C from baseline was assessed according to
treatment adherence over the duration of the trial
in patients with treatment adherence > 100% and
< 100%.

Results

A total of 994 patients were enrolled and
treated: 580 (58.4%) were receiving background
high-intensity statins, 181 (18.2%) were receiv-
ing background low/moderate-intensity statins,
and 233 (23.4%) were receiving no statins. In ad-

results from ODYSSEY APPRISE

dition, 556 (55.9%) patients had received prior
ezetimibe, which ranged from 66.0% of patients in
the high-intensity statin subgroup to 30.5% of pa-
tients in the no statin subgroup (Table ). Baseline
characteristics for the overall population and ac-
cording to background statin therapy are shown in
Table I. Patients in the no statin subgroup tended
to be older, less likely to have HeFH, and have high-
er baseline LDL-C compared with the other statin
subgroups. Baseline characteristics according to
prior ezetimibe medication are shown in Table II.
Similar to the analysis by statin subgroup, patients
in the no prior ezetimibe group were less likely to
have HeFH and more likely to have higher baseline
LDL-C compared with the prior ezetimibe group.

Patient adherence to treatment

Patients received alirocumab for a mean (SD)
duration of 72.4 (x42.5) weeks. During the trial,
17.4% (n = 160) of patients had a temporary treat-
ment interruption of one or more doses (one or
more scheduled alirocumab injections that were
not administered as decided by the physician) and
4.5% (n = 41) of patients permanently discontin-
ued alirocumab treatment. The reasons for aliro-
cumab treatment interruption included adverse
events (28 patients) or other unspecified reasons
(129 patients). No patients discontinued alirocum-
ab due to very-low (< 0.6 mmol/l[25 mg/dl]) LDL-C
levels. While receiving treatment, mean (SD) over-
all adherence to alirocumab was 96.6% (11.1%);

Table I. Baseline characteristics, both overall and according to background statin therapy* (safety population)

Parameter High-intensity Low/moderate- No statin (n = 233) All (n = 994)
statin (n = 580) intensity statin
(n = 181)
Age [years] mean (SD) 55.2 (11.6) 55.3 (12.3) 61.3 (10.4) 56.6 (11.7)
Male, n (%) 370 (63.8) 112 (61.9) 143 (61.4) 625 (62.9)
BMI [kg/m?] mean (SD) 28.4 (5.1) 27.6 (4.7) 27.3 (4.4) 28.0 (4.9)
HeFH, n (%) 436 (75.2) 119 (65.7) 81 (34.8) 636 (64.0)
LDL-C [mmol/l] mean (SD) 4.5(1.4) 4.8 (1.4) 5.2 (1.9) 4.8 (1.6)
Prior ezetimibe, n (%) 383 (66.0) 102 (56.4) 71 (30.5) 556 (55.9)

*High-intensity statin was defined as atorvastatin 40 or 80 mg, rosuvastatin 20 or 40 mg, or simvastatin 80 mg daily; low/moderate-
intensity statin was defined as all other statins and/or doses. BMI — body mass index, HeFH — heterozygous familial hypercholesterolemia,

LDL-C — low-density lipoprotein cholesterol, SD — standard deviation.

Table I1. Baseline characteristics, both overall and according to prior ezetimibe medication (safety population)

Parameter Prior ezetimibe (n = 556) No ezetimibe (n = 438) All (n = 994)
Age [years] mean (SD) 56.2 (11.6) 57.1(11.9) 56.6 (11.7)
Male, n (%) 355 (63.8) 270 (61.6) 625 (62.9)
BMI [kg/m?] mean (SD) 28.4 (4.7) 27.5 (5.1) 28.0 (4.9)
HeFH, n (%) 417 (75.0) 219 (50.0) 636 (64.0)
LDL-C [mmol/l] mean (SD) 4.6 (1.4) 4.9 (1.7) 4.7 (1.6)

BMI — body mass index, HeFH — heterozygous familial hypercholesterolemia, LDL-C — low-density lipoprotein cholesterol, SD — standard

deviation.
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328 (36%) patients were < 100% adherent and
593 (64%) patients were > 100% adherent, with
91 (10%) patients having > 100% adherence to
alirocumab (for example, possibly due to receiving
an alirocumab dose earlier than the 14-day dosing
window). Mean alirocumab adherence was simi-
lar across different subgroups based on CV risk
groups at inclusion, as well as by familial hyper-
cholesterolemia (FH) status, and was also similar
across background statin therapy subgroups and
prior ezetimibe subgroups (Table IlI).

A total of 712 (77.3%) patients were receiving
concomitant statins at baseline (mITT analysis);

126 (17.7%) patients either temporarily or perma-
nently discontinued at least one statin during the
study. As noted for alirocumab treatment above,
the proportion of patients discontinuing statins
was similar across different subgroups based on
CV risk groups at inclusion (14.4-18.7%) or by FH
status (17.6% for HeFH vs. 18.0% for non-FH).

Efficacy

Overall, mean (+ SD) LDL-C decreased by
2.6 (+1.2) mmol/1 (98.6 (+46.30 mg/dl) from base-
line to Week 12, with a mean (+ SD) percent re-
duction in LDL-C of 54.8% (+20.0%). The mean

Table Ill. Alirocumab adherence* according to CV risk groups at inclusion, FH status, background statin intensity,

and prior ezetimibe medication (safety population)

Variable CV risk group at inclusion
A B C D E
(n = 354) (n=272) (n =294) (n =226) (n = 224)
Adherence, mean (SD), % 97.5 (9.2) 97.9 (9.3) 98.2 (8.2) 94.5 (15.3) 95.8 (10.5)
FH status
HeFH Non-FH
(n = 636) (n = 358)
Adherence, mean (SD), % 97.6 (9.1) 94.9 (13.9)
Background statin intensity
High Low/moderate No statin
(n = 580) (n=181) (n = 233)
Adherence, mean (SD), % 97.2 (10.1) 96.5 (12.4) 95.4 (12.4)
Prior ezetimibe medication
Prior ezetimibe No ezetimibe
(n = 556) (n = 438)
Adherence, mean (SD), % 97.2 (10.3) 95.9 (12.1)

*Adherence to alirocumab treatment was assessed according to patients’ diary data over the duration of the trial; percent adherence
was defined as the number of injections received divided by the number of theoretical injections to be received during the study period
multiplied by 100, with the number of theoretical injections defined as the last injection date minus the first injection date divided by 14.
CV - cardiovascular, FH — familial hypercholesterolemia, HeFH — heterozygous familial hypercholesterolemia, SD — standard deviation.

Table IV. Change from baseline in LDL-C at Weeks 12, 24, and 48 according to adherence to alirocumab* (mITT

population)
Mean (SD) Adherence < 100% (n = 328) Adherence > 100% (n = 593)
Baseline:

LDL-C [mmol/l] 4.8 (1.6) 4.7 (1.5)
Week 12:

Change in LDL-C from baseline [mmol/|] -2.4(1.2) -2.6 (1.2)

Change in LDL-C from baseline (%) -52.4 (22.0) -56.1(18.8)
Week 24:

Change in LDL-C from baseline [mmol/|] -2.5(1.3) -2.6 (1.2)

Change in LDL-C from baseline (%) -51.4 (23.9) -55.8 (20.2)
Week 48:

Change in LDL-C from baseline [mmol/l] -2.5(1.4) -2.6 (1.4)

Change in LDL-C from baseline (%) —-52.5 (23.6) -55.6 (23.5)

*Adherence to alirocumab treatment was assessed according to patients’ diary data over the duration of the trial; percent adherence
was defined as the number of injections received divided by the number of theoretical injections to be received during the study period
multiplied by 100, with the number of theoretical injections defined as the last injection date minus the first injection date divided by 14.
LDL-C — low-density lipoprotein cholesterol, mITT — modified intention-to-treat, SD — standard deviation.
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reduction in LDL-C from baseline was greater in
the subgroup of patients who were > 100% ad-
herent to alirocumab compared with the sub-
group of those who were < 100% adherent to ali-
rocumab at Week 12 (-56.1% vs. =52.4%), Week
24 (-55.8% vs. —51.4%), and Week 48 (-55.6% vs.
—52.5%; Table V). When analyzed by subgroups
according to background statin therapy, the mean
LDL-C reduction from baseline to Week 12 was
similar between statin therapy subgroups, rang-
ing from 53.6% to 55.7% (Table V).

A higher proportion of patients who were
100% adherent to alirocumab treatment
achieved LDL-C goals of < 2.6 mmol/l (100 mg/dl),
< 1.8 mmol/l (70 mg/dl), and < 1.8 mmol/l
(70 mg/dl) and/or > 50% reduction from base-

>

results from ODYSSEY APPRISE

line, at Weeks 12 and 24 compared with patients
who were <100% adherent to alirocumab (Figures
1A, 2). At Week 12, a higher proportion of patients
achieved LDL-C goals of < 2.6 mmol/l (100 mg/dl)
and < 1.8 mmol/l (70 mg/dl) in the high-intensity
and low/moderate-intensity subgroups compared
with the no statin subgroup (Figure 1 B). The at-
tainment of LDL-C < 1.8 mmol/l (70 mg/dl) and/or
> 50% reduction from baseline was similar across
all background statin therapy subgroups (66.8—
70.5%). Similarly, a higher proportion of patients
who received prior ezetimibe medication achieved
LDL-C goals at Week 12 compared with patients re-
ceiving no prior ezetimibe medication (Figure 1 C),
which was also observed at Weeks 24 and 48 (Fig-
ure 3).

Table V. Change from baseline in LDL-C at Week 12, both overall and according to background statin therapy*

(mITT population)

baseline to Week 12 (%)

Mean (SD) High-intensity Low/moderate- No statin All (n = 921)
statin (n = 543) intensity statin (n = 208)
(n=170)
Change in LDL-C from baseline -2.8(1.2) -2.6 (1.3) -2.7 (1.1) -2.5(1.2)
to Week 12 [mmol/l]
Percent change in LDL-C from -55.1(21.2) -55.7 (21.2) -53.6 (15.6) -54.8 (20.0)

*High-intensity statin was defined as atorvastatin 40 or 80 mg, rosuvastatin 20 or 40 mg, or simvastatin 80 mg daily; low/moderate-

intensity statin was defined as all other statins and/or doses. LDL-

treat, SD — standard deviation.
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Figure 1. Proportion of patients achieving LDL-C
goals at Week 12 on alirocumab treatment. A — Ac-
cording to adherence to alirocumab. B — Both over-
all and according to background statin intensity*.
C - According to prior ezetimibe medication (mITT
population)

*High-intensity statin was defined as atorvastatin
40 or 80 mg, rosuvastatin 20 or 40 mg, or simvastatin
80 mg daily; low/moderate-intensity statin was defined
as all other statins and/or doses. LDL-C — low-density
lipoprotein cholesterol, mITT — modified intention-to-
treat.
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Figure 2. Proportion of patients achieving LDL-C goals. A — Week 24. B — Week 48, according to adherence to ali-

rocumab* (mITT population)

*Adherence to alirocumab treatment was assessed according to patients’ diary data over the duration of the trial; percent
adherence was defined as the number of injections received divided by the number of theoretical injections to be received during
the study period multiplied by 100, with the number of theoretical injections defined as the last injection date minus the first
injection date divided by 14. LDL-C — low-density lipoprotein cholesterol, mITT — modified intention-to-treat.
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Figure 3. Proportion of patients achieving LDL-C goals. A — Week 24. B — Week 48, according to prior ezetimibe

medication (mITT population)

LDL-C - low-density lipoprotein cholesterol, mITT — modified intention-to-treat.

Table VI. Overview of TEAEs, both overall and according to background statin therapy* (safety population) n (%)

Parameter High-intensity Low/moderate- No statin All (n = 994)

statin (n = 580) intensity statin (n = 233)

(n = 181)

Any TEAE 378 (65.2) 136 (75.1) 198 (85.0) 712 (71.6)
Treatment-emergent SAEs 85 (14.7) 21 (11.6) 55 (23.6) 161 (16.2)
TEAEs leading to death 1(0.2) 1 (0.6) 0 2 (0.2)
TEAEs leading to permanent 16 (2.8) 8 (4.4) 21 (9.0) 45 (4.5)
treatment discontinuation

*High-intensity statin was defined as atorvastatin 40 or 80 mg, rosuvastatin 20 or 40 mg, or simvastatin 80 mg daily; low/moderate-
intensity statin was defined as all other statins and/or doses. SAE — serious adverse event, TEAE — treatment-emergent adverse event.

Safety

The safety of alirocumab during ODYSSEY AP-
PRISE has been previously reported for the overall
study population [17]. TEAEs according to back-
ground statin therapy are summarized in Table VI,
with a detailed list provided in Supplementary Ta-

ble SII. TEAEs were reported in 65.2%, 75.1%, and
85.0% of patients in the high-intensity, low/moder-
ate-intensity, and no statin subgroups, respectively.
Furthermore, TEAEs were reported in 68.0% versus
76.3% of patients receiving prior ezetimibe versus
no prior ezetimibe (Supplementary Table SIII).
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Discussion

This post-hoc analysis of the ODYSSEY APPRISE
study examined patient adherence to treatment,
as well as the efficacy and safety of alirocumab
according to background statin therapy and pri-
or ezetimibe medication, in patients with severe
hypercholesterolemia at high or very-high risk of
future CV events. The results of this study are of
large importance in light of the large volume of
epidemiological data recently published, suggest-
ing inadequate cholesterol-lowering efficacy over
the last few decades, with nonadherence being
one of the most important reasons [4, 19].

The effectiveness of LLTs is influenced by a pa-
tient’s adherence to their treatment regimen [20].
Non-adherence to LLTs has been associated with
adverse outcomes in patients with ASCVD [21],
and it is suggested that strategies that improve
adherence, as well as greater use of intensive LLTs,
substantially improve CV risk [22]. In the present
ODYSSEY APPRISE trial, adherence to alirocumab
was high (96.6%) over a mean treatment duration
of 72.4 weeks. This high rate of adherence to aliro-
cumab compares with that observed for patients
with HeFH during the open-label ODYSSEY OLE
study [23].

Adherence to background statin therapy was
also high, with only 17.7% of patients discon-
tinuing statin therapy, either permanently or
temporarily, during the trial. In contrast, a pop-
ulation-based study demonstrated that, even in
patients who have experienced a CV event, adher-
ence to statin therapy was low [24]. This may re-
flect differences in treatment adherence between
clinical trials and everyday clinical practice. Over-
all, the reduction in LDL-C and the proportion of
patients achieving LDL-C treatment goals were
similar across all background statin therapy sub-
groups (66.8-70.5%). The high rate of patient
adherence to both background statin therapy
and alirocumab translates to a high proportion of
patients meeting LDL-C goals in this analysis of
ODYSSEY APPRISE.

It should be noted that, although a high rate
of adherence was observed for both background
statin therapy and alirocumab in this study,
statins are a continuing LLT whereas alirocumab
is a newly initiated LLT during ODYSSEY APPRISE.
This makes the high adherence to alirocumab
even more remarkable, as new medications typ-
ically have a lower rate of adherence compared
with existing, tolerated medications. However, it
has been observed that patients who adhere to
one treatment are more likely to adhere to other
aspects of a healthy lifestyle, for example the high
adherence to both the background statin and/or
ezetimibe medication and alirocumab observed in
this analysis [25].

results from ODYSSEY APPRISE

Additionally, in this analysis, the overall inci-
dence of TEAEs according to higher background
statin intensity or prior ezetimibe therapy was
not higher than that observed in the overall pop-
ulation [17]. Furthermore, for patients receiving
high-intensity statins or prior ezetimibe therapy,
the incidence of TEAEs leading to treatment dis-
continuation was not higher than that observed in
the overall population. This complements the re-
sults of a previous pooled analysis of phase Il and
phase llI studies including patients receiving con-
comitant statins at the maximally tolerated dose,
which showed that alirocumab treatment was not
associated with any increase in musculoskeletal
events [26].

Limitations of this analysis include the lack of
a comparative control and the possible introduc-
tion of bias due to the open-label study design. In
addition, the lack of detailed information on the
reasons for alirocumab discontinuation (defined
as unspecified), are a limitation to the interpreta-
tion of the current analyses.

In conclusion, patient adherence to alirocumab
treatment was found to be high. In addition, ali-
rocumab provided clinically significant reductions
in LDL-C and enabled the majority of patients to
achieve their LDL-C treatment targets irrespective
of background statin therapy.
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