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Effect of alirocumab dose increase on LDL lowering and lipid
goal attainment in patients with dyslipidemia

John J.P. Kastelein? Dean J. Kereiakes®, Christopher P. Cannon®©,

Harold E. Baysd, Pascal Minini®, L. Veronica Lee®, Jaman Maroni’ and

Michel Farnier"

Objectives The objective of this study is to report the dose
response in ODYSSEY phase 3 clinical trials of proprotein
convertase subtilisin kexin type 9 inhibition with alirocumab
in patients not at prespecified lipid goals who received a
per-protocol dose increase from 75 every 2 weeks (02W) to
150 mg Q2W.

Methods Patients (n=2181) receiving statins were
enrolled in six phase 3 randomized, double-blind, double-
dummy trials (24-104 weeks): alirocumab versus placebo
or ezetimibe 10 mg/day. The 75 mg subcutaneous Q2W
dose was increased to 150 mg at week 12 if week 8 LDL
cholesterol (LDL-C) was greater than or equal to 70 mg/dl
(>100 mg/dl in OPTIONS studies for patients without
previous coronary heart disease, but with other risk factors).
LDL-C percentage reductions from baseline (on-treatment
data, n=1291) were compared at week 12 versus week 24.

Results Most patients (n=951; 73.7%) with 75 mg Q2W
dose plus background statin achieved LDL-C less than 70 or
less than 100 mg/dl at week 8. In 340 (26.3%) patients,
alirocumab dose was increased to 150 mg Q2W at week 12,
and 60.9% of these patients achieved LDL-C goals at week
24, with an additional 14.2% reduction in LDL-C from week
12 to week 24. Adverse event rates were comparable in

Introduction

Current guidelines for the management of hypercholester-
olemia acknowledge that, although most patients achieve
sufficient reduction in LDL cholesterol (LDL-C) levels
with high-dose statin therapy, a proportion of patients may
require the addition of a nonstatin lipid-lowering therapy
(LL'T) [1-4]. Such patients include those who either have
atherosclerotic cardiovascular disease (ASCVD) or are at
high risk of developing it, patients with heterozygous
familial hypercholesterolemia (HeFH), and those with high
baseline LDL-C levels, or those who cannot tolerate the
statin doses necessary to achieve treatment goals [1-4].

Alirocumab (Praluent) is a fully human monoclonal anti-
body administered by subcutaneous injection that binds
with high affinity and specificity to proprotein convertase
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patients with versus without a dose increase (72.4 vs. 71.8%
in placebo-controlled trials; 67.0 vs. 67.6% in ezetimibe-
controlled trials).

Conclusion Most patients achieved LDL-C goals with
alirocumab 75 mg Q2W plus statins. Of those (26.3%)
receiving a dose increase, 60.9% achieved LDL-C goals at
week 24 with an additional 14.2% reduction in LDL-C. Coron
Artery Dis 28:190-197 Copyright © 2017 The Author(s).
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subtilisin kexin type 9 (PCSK9), with a resultant reduc-
tion in levels of LDL-C of up to 62% [5-11]. Alirocumab
is approved by the European Medicines Agency in adults
with primary hypercholesterolemia (heterozygous familial
and nonfamilial) or mixed dyslipidemia as an adjunct to
diet in combination with a statin with or without other
LLTs in patients unable to reach LDL-C goals with the
maximum tolerated dose of a statin, or alone or in com-
bination with other LL'Ts in patients who are statin-
intolerant, or for whom a statin is contraindicated [12].
Alirocumab is also approved by the US Food and Drug
Administration as an adjunct to diet and maximally tol-
erated statin therapy for the treatment of adults with
HeFH or clinical ASCVD who require additional lowering
of LDL-C [13]. Alirocumab is available as a single 1 ml
injection in two doses (75 and 150 mg) to be administered
once every 2 weeks (Q2W). The majority of ODYSSEY
phase 3 clinical trials utilized a graduated alirocumab dose
strategy designed to individualize LDL-C lowering,
whereby the dose could be increased at week 12 based on
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achievement of prespecified LDL-C levels at week 8. In
six studies from the ODYSSEY program enrolling patients
receiving background statin therapy (at maximally toler-
ated dose in four of the six studies), the starting dose of
75mg Q2W was sufficient for the majority of patients
(56.6-92.0%) to achieve prespecified LDL-C goals. When
required, 150 mg Q2W resulted in further LDL-C
reduction [5-9]. The objective of this analysis is to
determine the effect on LDL-C in patients treated with
alirocumab when the dose was increased from 75 to
150 mg (26.3%) in those patients from the pooled six-trial
database for whom a dose increase was required based on
protocol stipulation.

Methods

Data were included from the following six ODYSSEY studies:
FH 1 (hup.ffwww.dinicaltrials.goo identifier NCT01623115),
FH 1I (NCT01709500), COMBO I (NCT01644175),
COMBO II (NCT01644188), OPTIONS I (NCT01730040),
and OPTIONS II (NCT01730053). 'Trial methods and results
have been reported previously [5-9]. All study protocols were
approved by the appropriate institutional review board and all
patients provided informed, written consent.

Overview of studies included in this analysis

Study designs

Patients were randomized to alirocumab or placebo in the
FH I, FH II, and COMBO I studies, and to alirocumab or
ezetimibe in the OPTIONS I, OPTIONS II, and
COMBO II studies. The OPTTONS studies also inclu-
ded control arms where the background statin dose was
either increased or switched to another statin; data from
these arms are not included in the present analysis.

All patients allocated to alirocumab were randomized to
receive a dose of 75mg Q2W up to week 12. The dose
was increased automatically in a blinded manner at
12-150 mg Q2W if the LDL-C level at week 8 was
greater than or equal to 70 mg/dl [or > 70 and > 100 mg/dl,
respectively, for patients with and without prior cardio-
vascular disease (CVD) in OPTIONS I and II]. The study
protocols did not allow for reduction of the 150 mg Q2W
dose to 75 mg Q2W.

Patients

These studies included patients (men and women) aged
18 years or older, with either HeFH or high cardiovascular
risk and LDL-C greater than or equal to 70 mg/dl (prior
CVD) or at least 100 mg/dl (no prior CVD, but with other
cardiovascular risk factors). Patients in the COMBO I and
IT and FH I and II studies received background maxi-
mally tolerated statin therapy (atorvastatin 40-80 mg,
rosuvastatin 20-40 mg, or simvastatin 80 mg/day, or lower
doses with an investigator-approved reason, e.g. intoler-
ance or regional practices). In OPTIONS 1, patients
received background atorvastatin 20 or 40 mg/day and in
OPTIONS II, they received rosuvastatin 10 or 20 mg/day.

Alirocumab dose increase

Study entry criteria and baseline statin use

Table 1

OPTIONS I

OPTIONS |

COMBO Il

COMBO |

FH I

FH I

Very high CVD risk + LDL-C
levels > 70 mg/di/high CVD risk

Established CHD or CHD risk
equivalents + inadequate LDL-C

HeFH + inadequate LDL-C control

Patient population

on maximally tolerated LLT

g/dl

+LDL-C >100m

control on maximally tolerated LLT

Rosuvastatin
10/20 mg/day®

Atorvastatin
20/40 mg/day®

atorvastatin 40/80 mg,

Rosuvastatin 20/40 mg,
or simvastatin 80 mg (if on this

Rosuvastatin 20-40 mg, atorvastatin
40-80 mg, or simvastatin 80 mg®

least 4 weeks before

screening)

(stable dose for at
Other LLT

Baseline statin used

+ Stable dose of other LLT >4 weeks before

dose for > 1 year)?
Other LLTs not allowed

+ Stable dose of other LLT >4 weeks before
enrollment (fenofibrate > 6 weeks; other fibrates
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enrollment; ezetimibe not allowed

not allowed)

52.5 (160)
475 (145)

52.4 (186)
47.6 (169)

68.6 (494)
21.0 (151)
10.3 (74)

63.0 (199)
25.9 (82)

72 (18)
4.4 (11)

88.0 (218)

83.5 (406)
10.5 (51)

Taking moderate-dose statin [% (n)]®

Taking high-dose statin [% (n)]°
Taking low-dose statin [% (n)]®

10.4 (33)

6.0 (29)

CHD, coronary heart disease; CVD, cardiovascular disease; HeFH, heterozygous familial hypercholesterolemia; LDL-C, LDL cholesterol; LLT, lipid-lowering treatment.

8Lower doses permitted with investigator-documented justification, for example, intolerance to higher statin doses.

PFixed statin dose; no other statins or doses allowed.

°High-dose statin: atorvastatin 40-80 mg, rosuvastatin 20-40 mg, or simvastatin 80 mg.

9Moderate-dose statin: atorvastatin 20 to less than 40 mg, rosuvastatin 10 to less than 20 mg, or simvastatin 40 to less than 80 mg.

°Low-dose statin: atorvastatin less than 20 mg, rosuvastatin less than 10 mg, simvastatin less than 40 mg.
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Table 2 Baseline demographics and medical history

Dose FH I FH I COMBO | COMBO I OPTIONS | OPTIONS 1I Pool of six studies
increase (n=311) (n=158) (n=191) (n=446) (n=93) (n=92) (n=1291)
% (n) No 56.6 (176) 61.4 (97) 83.2 (159) 81.6 (364) 86.0 (80) 81.5 (75) 73.7 (951)
Yes 43.4 (135) 38.6 (61) 16.8 (32) 18.4 (82) 14.0 (13) 18.5 (17) 26.3 (340)
Characteristics
Age [mean (SD)] No 53.9 (12.5) 54.2 (12.0) 63.3 (9.1) 62.6 (9.1) 63.1 (10.1) 60.5 (10.4) 60.1 (11.0)
(years) Yes 50.0 (12.9) 50.6 (13.6) 61.6 (10.6) 57.8 (9.8) 64.1 (7.5) 57.8 (11.3) 54.0 (12.7)
Male [% (n)]* No 60.8 (107) 56.7 (55) 67.9 (108) 77.2 (281) 68.8 (55) 60.0 (45) 68.5 (651)
Yes 496 (87) 475 (29) 43.8 (14) 74.4 (61) 385 (5) 52.9 (9) 54.4 (185)
Race (White) No 93.8 (165) 97.9 (95) 84.9 (135) 86.0 (313) 90.0 (72) 86.7 (65) 88.9 (845)
[% (n)]? Yes 91.1 (123) 100.0 (61) 75.0 (24) 81.7 (67) 84.6 (11) 76.5 (13) 87.9 (299)
BMI [mean (SD)] No 28.0 (4.0) 28.2 (4.7) 32.4 (6.3) 29.9 (5.2) 30.6 (6.0) 30.8 (6.9) 29.9 (5.6)
(kg/m2) Yes 30.4 (4.9) 29.5 (4.2) 33.2 (6.5) 30.5 (5.5) 32.3 (7.3) 31.5 (7.5) 30.6 (5.4)
Medical history
CHD® [% (n)]? No 48.9 (86) 39.2 (38) 80.5 (128) 93.1 (339) 53.8 (43) 53.3 (40) 70.9 (674)
Yes 41.5 (56) 24.6 (15) 68.8 (22) 87.8 (72) 69.2 (9) 471 (8) 53.5 (182)
HeFH [% (n)]? No 100.0 (176) 100.0 (97) 0 0 11.3 (9) 17.3 (13) 31.0 (295)
Yes 100.0 (135) 100.0 (61) 0 0 15.4 (2) 5.9 (1) 58.5 (199)

CHD, coronary heart disease; HeFH, heterozygous familial hypercholesterolemia; MI, myocardial infarction.
®Percentages calculated from the total number of patients with and without dose increase in each study.
PAcute M, silent MI, unstable angina, coronary revascularization procedure, other clinically significant CHD.

Patients were allowed to receive other background LL'T's
in addition to their statin, except in COMBO 11, in which
other LL'Ts were not permitted. Ezetimibe was not
allowed as background LL'T in OPTIONS I and IT as it
was used as a comparator (‘Table 1).

Endpoints

The present analysis focuses on percentage changes in
LDL-C from baseline to week 12 (i.e. before a possible
dose increase) and at week 24 (primary endpoint in all
studies). The analysis includes only those patients with at
least one study drug injection after week 12 to allow for an
assessment of the effect of the dose increase (which would
only be apparent from week 16 or beyond). Furthermore,
data were analyzed using an on-treatment approach, which
included only data collected while the patient was receiv-
ing study treatment. Other efficacy endpoints included the
proportion of patients achieving risk-based LDL-C goals.
Clinic visits occurred at baseline (week 0) and subse-
quently at weeks 4, 8, 12, 16, and 24 and at weeks 36 and
52 for trials lasting longer than 24 weeks (later time points
are not included from the 104-week COMBO II study and
the 78-week FH I and II studies). Patient blood samples
for lipid and safety laboratory assessments were obtained
after a 10-h overnight fast. All lipid measurements and
laboratory tests were performed using standard procedures
by a central laboratory (Medpace Reference Laboratories,
Cincinnati, Ohio, USA, Leuven, Belgium, and Singapore;
or Covance Central Laboratory, Indianapolis, Indiana, USA
and Geneva, Switzerland). Total and free PCSK9 con-
centrations in serum were quantified using a validated
enzyme-linked immunosorbent assay method (Regeneron
Pharmaceuticals Inc., Tarrytown, New York, USA). LLDL-
C was calculated using the Friedewald formula at all
sampling points, reflecting the most commonly used

method in clinical practice. LDL-C was also measured by
ultracentrifugation and precipitation (f-quantification) in
the case of triglycerides more than 400 mg/dl (4.5 mmol/l)
and at weeks 0 and 24 in all studies included in the pooled
analysis. Investigators remained blinded to laboratory data
(except clinical safety tests) throughout the study.

Safety was assessed by reporting of treatment-emergent
adverse events (TEAEs), defined as those events
occurring after the dose of study treatment administered
at week 12 (following potential up-titration to 150 mg
Q2W) and up to 70 days after the last dose.

Statistics

"This analysis presents baseline, efficacy, and safety data
according to whether patients had alirocumab dose
increase or not. No formal statistical comparison between
these two groups was performed as they were post-
randomization subgroups; hence, the statistical analyses
presented are descriptive. For assessment of the impact
of baseline parameters (LDL-C, BMI, etc.), odds ratios
and P-values were calculated from a multivariate logistic
regression. Factors were selected using a stepwise
approach with an entry/stay significance level of 0.05.

Results

Effect of dose increase on LDL-C reductions

These six trials included a total of 2181 patients; 1291
were randomized to receive alirocumab. The majority of
patients (73.7%) achieved LDL-C less than 70 or less
than 100 mg/dl (depending on cardiovascular risk) with
alirocumab 75 mg Q2W (plus background statin) by week
8 and did not require a dose increase (Table 2). Across
the six studies, alirocumab dose was increased as per
protocol in 340 of 1291 (26.3%) patients at week 12 as
they were not at the predetermined LDL-C risk-based



Table 3 Baseline calculated LDL cholesterol levels, change in LDL cholesterol after dose increase, and achievement of LDL cholesterol goals in patients receiving alirocumab

1291)

=92) Pool of six studies (n=

93) OPTIONS Il (n

446) OPTIONS | (n=

COMBO | (n=191) COMBO Il (n

FH Il (n=158)

311)

FH I (n

951)

34.2)

340)

50.8)

73.7
108.2

81.5 (75)
112.4 (29.6)

18.5 (17)

86.0 (80)
104.4 (33.8)
14.0 (13)
138.0 (46.8)

81.6 (364)
101.1 (29.7)

83.2 (159)

93.9 (23.2)

16.8 (32)
124.6 (39.8)

61.4 (97)

118.0 (30.3)

56.6 (176)
130.1 (42.5)

Patients not requiring a dose increase [% (n)]

Baseline LDL-C [mean (SD)] (mg/dl)
Patients with a dose increase [% (n)]?

26.3
151.2

18.4 (82)
140.4 (47.4)

38.6 (61)
160.4 (43.3)

43.4 (135)
164.9 (55.1)

Additional change in LDL-C from weeks 12 to 24 in patients with a dose increase®

122.1 (34.5)

Baseline LDL-C [mean (SD)] (mg/dl)

305
-14.2 (30.5)

-22.4 (41.6)

15
-11.9 (48.1)
-12.3 (52.6)

11
4.0 (64.2)
-8.2 (58.9)

72
-10.5 (32.6)
-15.7 (46.6)

29
-22.8 (27.1)
-29.3 (35.1)

54
-16.9 (26.1)
-26.6 (38.0)

124
-15.1 (23.8)

-25.4 (37.8)

Percentage of patients achieving risk-specific LDL-C goals of less than 70 or less than 100 mg/dl at week 24°

LDL-C available at weeks 12 and 24 (n)

Percentage change [mean (SD)]

Absolute change [mean (SD)] (mg/dl)

86.0

87.9 96.3 81.3

43.9

83.0

86.6

81.8

Dose not increased achieving LDL-C goal (%)
Dose increased achieving LDL-C goal (%)

60.9

64.7

69.2

56.3

77.0

63.7

CVD, cardiovascular disease; LDL-C, LDL cholesterol; Q2W, every 2 weeks.

> 100 mg/dl for patients with and without previous CVD, respectively, in the OPTIONS

or > 70 and

#Alirocumab dose was increased from 75 to 150 mg Q2W at week 12 if the patient's week 8 LDL-C level was at least 70 mg/dl (

studies).

PLDL-C goals at week 24 of less than 70 mg/di (in patients with previous CVD) or less than 100 mg/dl (in patients with no previous CVD, but with other cardiovascular risk factors).
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Fig. 1

— Patients with dose increase at week 12 (n=340)
— Patients without dose increase at week 12 (n=951)

|
N
o
1

Additional mean reduction of 14.2%
in LDL-C with dose increase

Mean percent change from
baseline in LDL-C (95% ClI)
|
IN
o

|
o
o
1

_80 T T T T T T T
0 4 8 12 16 24 36 52
Weeks
Patients (n)
Dose
increase 340 328 318 281
No dose g5 917 900 722

increase

Magnitude of LDL-C reduction in patients on background statins with or
without a dose increase. 95% Cls are presented as descriptive because
of postrandomization stratification. Cl, confidence interval; LDL-C, LDL
cholesterol.

goal at week 8. LDL-C data were available at both weeks
12 and 24 for 305 (89.7%) patients in the dose increase
group and 857 (90.1%) patients in the nondose increase
group. Data were unavailable for 35 (10.3%) patients in
the dose increase group and 94 (9.9%) patients in the
nondose increase group who had either discontinued
alirocumab treatment before week 24 or had week 24
blood samples taken outside the prespecified time
window.

Following a dose increase at week 12, an additional
14.2% L.DL-C reduction was observed from week 12 to
week 24 in these patients (Table 3 and Fig. 1), corre-
sponding to an absolute LDL-C reduction of 22.4 mg/dl
(Table 3). Of those patients who required a dose
increase, 60.9% achieved risk-based LDL-C goals at
week 24 (Table 3).

Patients with higher baseline LDL-C levels were more
likely to require a dose increase (Fig. 2). Baseline LDL-C
levels were relatively higher in patients in the FH I and
IT studies compared with the other studies and the pro-
portion of patients requiring a dose increase was also
higher (43.4% in FH I and 38.6% in FH II compared with
14.0-18.5% in the other studies) (Table 3). In a mult-
variate analysis, the difference between baseline LDL-C
level and treatment goal was the best predictor of
requiring a dose increase (P<0.0001) (Table 4). Other
predictors included higher BMI (230 kg/m*; P <0.0001),
female sex (P=0.0002), younger age (<50 vyears;
P=0.0020), and higher baseline PCSK9 levels (free
PCSK9 > 400 ng/ml) (P=0.0021) (Table 4). A summary
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Fig. 2

(a)
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Percentage of patients with dose increase

74.4
(n=67/90)

56.3
(n=54/96)

42.8
(n=98/229)
19.5
(n=78/400
20 - os
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10 4 (n=6/78) (n=37/398) I
m H
X o
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20 OPTIONS II

OPTIONS |
u

Percentage of patients with dose increase
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Baseline LDL-C (mg/dl)

(a) Percentage of patients with a dose increase by baseline LDL-C
levels (pool of six studies); (b) Percentage of patients with a dose
increase by baseline LDL-C levels (per study). Patients were included
on the basis of LDL-C more than 70 mg/dl at the screening visit, but
because of fluctuations in LDL-C levels in the 3 weeks between
screening and randomization, these patients had LDL-C less than

70 mg/dl at baseline. LDL-C, LDL cholesterol.

of the baseline characteristics of patients treated with
alirocumab who required a dose increase compared with
those who did not is shown in Table 2.

Of those patients who were continued on 75 mg Q2W
throughout, LDL-C less than 25 mg/dl was reported on
two or more consecutive occasions in 174 (13.5%) patients
compared with 23 (1.8%) patients who required a dose
increase. T'wo or more consecutive LDL-C values less
than 15 mg/dl were reported in 11 (0.9%) patients with a
dose increase and 42 (3.3%) of those without.

Safety following a dose increase

Comparable TEAE rates were observed in patients who
received a dose increase versus those who did not: 72.4
versus 71.8% in placebo-controlled trials and 67.0 versus
67.6% in ezetimibe-controlled trials, with similar rates of
TEAEs in the placebo (71.7%) and ezetimibe (62.3%)
groups (Table 5). TEAEs leading to death were also
similar in those who received a dose increase compared
with those who did not, and compared with control
groups, with the highest rate occurring in the ezetimibe
group (1.7%) (Table 5). Injection-site reactions were
reported by 4.4% of those with a dose increase versus
5.3% of those without in placebo-controlled trials (pla-
cebo group: 5.1%) and 0.9% with a dose increase versus
0.8% without in ezetimibe-controlled trials (ezetimibe
group: 0.7%).

TEAESs reported in at least 5% of patients are shown in
Table 5. TEAEs reported at a higher frequency (>5%)
among patients who received a dose increase compared
with those who did not were arthralgia (5.4 vs. 3.1%),
headache (7.1 vs. 2.7%), hypertension (8.0 vs. 4.2%), and
accidental overdose (15.2 vs. 5.4%), all in ezetimibe-
controlled trials.

Discussion

"This analysis of pooled data from six randomized controlled
trials of alirocumab, which used protocol-driven algorithms
for a dose increase (from 75 to 150 mg Q2W) after 12 weeks
on the basis of prespecified LDL-C levels, provides the
following observations: (a) alirocumab 75 mg Q2W allowed
the vast majority of patients with ASCVD and/or HeFH
(73.7%) to achieve their predefined LDL-C goal; (b) alir-
ocumab dose increase to 150 mg Q2W was associated with
an additional 14.2% reduction in LDL-C, which resulted in
60.9% of patients who had a dose increase achieving LDL-C
goals by week 24, with no difference in the overall rates of
adverse events (including injection-site reactions) versus
patients with no dose increase; (c) the impact of alirocumab
dose titration appears to exceed the magnitude of additional
LDL-C reduction usually achieved by doubling a statin dose
(~5-7%) [14]; (d) patients who required an increase in alir-
ocumab dose tended to have higher baseline LDL-C levels
compared with those who did not. In this respect, a baseline
LDL-C level further from goal was the single best predictor
for requiring a dose increase, which suggests that alirocumab
150 mg Q2W may be the most appropriate starting dose in
these patients. The European Medicines Agency allows a
starting dose of 150 mg QZW for patients who require
reductions in LDL-C more than 60% [12]. (e) In addition to
having higher baseline LDL-C, patients who required alir-
ocumab dose increase were younger (< 50 years), more often
women, and were more likely to have BMI more than 30 kg/
m?, as well as higher baseline free PCSK9 levels (>400 ng/
ml). These observations add considerably toward our
understanding of alirocumab clinical responsiveness.
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Table 4 Predictive factors of alirocumab dose increase to 150 mg every 2 weeks: multivariate analysis

Factor Category n Dose increase [% (n)] Odds ratio (95% CI) P-value
Distance between baseline LDL-C and treatment goal® (mg/dl) <30 (ref) 478 9.0 (43) - <0.0001
>30to <60 398 19.6 (78) 2.29 (1.52-3.46)
>60to <90 229 42.8 (98) 6.42 (4.16-9.89)
>90 186 65.1 (121) 18.12 (11.31-29.04)
BMI (kg/m?) <30 (ref) 727 23.0 (167) - <0.0001
>30 563 30.6 (172) 1.81 (1.34-2.43)
Sex Male (ref) 836 22.1 (185) - 0.0002
Female 455 34.1 (1565) 1.78 (1.32-2.41)
Age (years) <50 (ref) 270 43.3 (117) - 0.0020
>50to <65 599 25.4 (152) 0.56 (0.40-0.80)
>65to <75 335 18.2 (61) 0.53 (0.35-0.82)
>75 87 11.5 (10) 0.34 (0.16-0.74)
Baseline free PCSK9 (ng/ml) <200 (ref) 146 28.1 (41) - 0.0021
>200 to <300 291 25.1 (73) 1.34 (0.79-2.27)
>300 to <400 175 24.0 (42) 1.29 (0.72-2.33)
>400 117 41.9 (49) 3.29 (1.76-6.14)
Ethnicity Not Hispanic/Latino (ref) 1201 271 (325) - 0.0082
Hispanic or Latino 83 15.7 (13) 0.39 (0.20-0.79)

Odds ratios and P-values calculated from a multivariate logistic regression. Factors selected using a stepwise approach with entry/stay level =0.05.
Cl, confidence interval; LDL-C, LDL cholesterol; PCSK9, proprotein convertase subtilisin kexin type 9; ref, referent group.
#Calculated as baseline LDL-C minus risk-based LDL-C goal.

Table 5 Safety analysis in alirocumab-treated patients with and without a dose increase compared with placebo-treated and ezetimibe-
treated patients

Pool of six trials using a dose increase strategy in addition to background statin®

Placebo-controlled pool (n=996) Ezetimibe-controlled pool (n=1037)

Alirocumab: no dose Alirocumab: dose Placebo Alirocumab: no dose Alirocumab: dose Ezetimibe

Patients [% (n)] increase (n=432) increase (n=228) (n=2336) increase (n=519) increase (n=112) (n=406)
Any TEAE 71.8 (310) 72.4 (165) 71.7 (241) 67.6 (351) 67.0 (75) 62.3 (253)
Treatment-emergent SAE 11.3 (49) 9.2 (21) 11.0 (387) 18.1 (94) 15.2 (17) 15.0 (61)
TEAE leading to death 1.2 () 0.4 (1) 0.3 (1) 1.0 (5) 0.9 (1) 1.7 (7)
TEAE leading to 2.5 (11) 3.1 (7) 3.3 (11) 4.0 (21) 3.6 (4) 3.2 (13)

discontinuation
TEAE by preferred term in >5% patients

Nasopharyngitis 7.9 (34) 7.9 (18) 7.1 (24) 3.5 (18) 3.6 (4) 3.2 (13)

Injection-site reaction 5.3 (23) 4.4 (10) 4.4 (10) 0.8 (4) 0.9 (1) 0.7 (3)

Influenza 5.1 (22) 4.4 (10) 4.4 (10) 3.5 (18) 0 3.2 (13)

Upper respiratory tract 5.1 (22) 4.4 (10) 6.3 (21) 6.0 (31) 2.7 (3) 5.7 (23)

infection

Arthralgia 4.2 (18) 3.5 (8) 6.0 (20) 3.1 (16) 5.4 (6) 2.7 (11)

Headache 3.5 (15) 3.9 (9) 2.7 (9) 2.7 (14) 71 (8) 3.0 (12)

Hypertension 3.5 (15) 1.3 (3) 1.3 (3) 4.2 (22) 8.0 (9) 3.7 (15)

Accidental overdose 0.9 (4) 0.9 (2) 1.2 (4) 5.4 (28) 15.2 (17) 4.2 (17)

TEAE from first injection after week 12. TEAEs include all adverse events reported, irrespective of relationship with treatment as judged by the investigator.
Database updated for studies FH |, FH Il, and COMBO II.

SAE, serious adverse event; TEAE, treatment-emergent adverse event.

2All studies on top of statins. Placebo-controlled pools=FH I, FH Il, and COMBO |; ezetimibe-controlled pool=COMBO II, OPTIONS |, and OPTIONS II.

Previous subgroup analyses from individual trials have
lacked power to define factors associated with differences
in LDL-C lowering following alirocumab according to
BMI, age, or baseline PCSK9 levels, although a weak
heterogeneity between men and women has been
reported [8,11]. The absolute differences between
groups on the basis of requirement for dose titration were
small. For example, 30.6% of patients with BMI more
than 30 kg/m?® required a dose increase compared with
23.0% of those with BMI less than or equal to 30 kg/m? (a
difference of only 7.6%), yet BMI was a significant
determinant of dose response. In addition, because there
is an established link between BMI and increased levels

of LDL-C [15], this link may be explained by higher
baseline levels of LDL-C in patients with higher BMI.
These findings should therefore be treated with caution;
further evidence would be required to support changes in
starting dose based solely on these patient demographics,
and the underlying biological mechanisms would require
further investigation. In addition, the differences due to
age may be linked to a higher proportion of HeFH
patients in the less than 50 years age group. The mean
age of alirocumab-treated patients in the ODYSSEY FH I
and II studies, which exclusively recruited HeFH
patients, ranged from 52 to 53 years [8] compared with
59-64 years across the other four studies [5-7,9]. HeFH is
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associated with higher baseline LDL-C levels and
therefore a higher likelihood of a dose increase, as
with BMIL.

The additional 14.2% reduction in LDL-C achieved by
increasing alirocumab dose from 75 to 150 mg Q2W is
consistent with the LDL-C reductions observed across
the alirocumab phase 3 program with 75 and 150 mg
doses (44.1-54.0 and 61.0% LDL-C lowering, respec-
tively) [5-11]. However, data from the ODYSSEY
LONG TERM study of alirocumab 150 mg Q2W versus
placebo in 2341 patients with high cardiovascular risk
suggest that a longer duration of 150 mg dose treatment
results in additional LDL-C reduction. In the LONG
TERM study, 80.7% of patients had reached risk-based
LDL-C goals of less than 70 or less than 100 mg/dl at
week 24, and 79.3% were below 70 mg/dl at week 24,
irrespective of initial risk. These patients had received
150 mg alirocumab Q2W for 24 weeks rather than 12 as in
the current analysis [11].

The ongoing ODYSSEY OUTCOMES study (NCT01
663402) also uses a dose-titration strategy. In this study,
the starting dose of 75 mg Q2W can be increased to
150 mg Q2W after 8 weeks if the patient’s LDL-C level
is greater than or equal to 50 mg/dl at week 4. Unlike the
other clinical studies of Q2W dosing, this study design
allows for downward dose titration from 150 to 75 mg
Q2W in the event that a patient’s LDL-C falls below
25mg/dl. This design is intended to allow as many
patients as possible to reach LDL-C levels of less than
50 mg/dl, while minimizing the number with LDL-C less
than 15 mg/dl. The design of ODYSSEY OUTCOMES
will allow individualized treatment by selecting the most
appropriate dose for each patient, and will further inform
understanding of alirocumab dose response and its rela-
tionship with clinical outcomes.

One limitation of the current analysis is that only 26.3%
of all patients included required alirocumab dose
increase. Therefore, the potential effect of alirocumab
dose increase on 73.7% of the study population was not
evaluated. On the basis of the results discussed above,
those patients who did not have a dose increase might be
expected to have additional reductions in LDL-C with a
dose increase to 150 mg Q2W.

Conclusion

This analysis shows that when alirocumab dose was
increased from 75 to 150 mg Q2W among statin-treated
patients not achieving treatment goals, an additional
14.2% LDL-C reduction was observed. Furthermore,
60.9% of patients who required a dose increase to
150 mg/dl subsequently achieved the protocol-specified
LDL-C goals at week 24.

Patients most likely to require dose titration usually had
higher baseline LDL-C levels, were younger (age
<50 years), were more often women, with BMI more

than 30 kg/m? and had elevated baseline PCSK9 levels.
'This flexible alirocumab dosing strategy provided com-
parable safety profiles for both doses used. The benefits
of a two-dose treatment option and the impact of treat-

ment on clinical outcomes and safety are being further
examined in the ODYSSEY OUTCOMES trial.
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