DIABETICMedicine

DOI: 10.1111/dme. 13450

Research: Treatment

Efficacy and safety of alirocumab in people with
prediabetes vs those with normoglycaemia at baseline: a
pooled analysis of 10 phase Ill ODYSSEY clinical trials

L. A. Leiter'@®, D. Miller-Wieland?, M. T. Baccara-Dinet?, A. Letierce?, R. Samuel® and

B. Cariou®

'Li Ka Shing Knowledge Institute of St Michael’s Hospital, University of Toronto, Ontario, Canada, 2Department of Internal Medicine I, University Hospital RWTH
Aachen, Aachen, Germany, 3Sanofi, Montpellier, “Sanofi, Chilly-Mazarin, France, >Regeneron Pharmaceuticals Inc, Tarrytown, NY, USA and S|nstitut du Thorax,
CHU Nantes, Nantes, France

Accepted 8 August 2017

Abstract

Aim To assess the lipid-lowering efficacy and safety of alirocumab, a proprotein convertase subtilisin/kexin type 9
(PCSKD9) inhibitor, in people with hypercholesterolaemia and prediabetes at baseline vs people with normoglycaemia at
baseline in a pooled analysis of 10 ODYSSEY phase III trials.

Methods People classified as having prediabetes had baseline HbA . >39 mmol/mol (5.7%) and <48 mmol/mol (6.5%),
or two baseline fasting plasma glucose values >5.6 mmol/l (100 mg/dl) but no more than one fasting plasma glucose
value >7.0 mmol/l (126 mg/dl), or had specific terms reported in their medical history; people diagnosed with diabetes at
baseline were excluded, and the remainder were classified as having normoglycaemia. Participants received alirocumab
or control (placebo/ezetimibe) for 24-104 weeks, with maximally tolerated statin in most cases. The primary efficacy
endpoint was LDL cholesterol reductions from baseline to week 24 in the intention-to-treat population using the mixed-
effect model with a repeated measures approach.

Results Reductions in LDL cholesterol from baseline to week 24 with alirocumab were 44.0-61.8% (prediabetes
group) and 45.8-59.5% (normoglycaemia group). In both subgroups, LDL cholesterol reductions were generally similar
in those with and without baseline triglycerides >1.7 mmol/l (150 mg/dl). Alirocumab was not associated with changes in
HbA . or fasting plasma glucose over time in either subgroup (up to 24 months’ follow-up). Adverse event rates were
generally similar in those with and without prediabetes.

Conclusions Over a mean follow-up of 24-104 weeks, alirocumab treatment resulted in significant LDL cholesterol
reductions from baseline that were similar in participants with prediabetes and those with normoglycaemia at baseline,
with no effect on glycaemia and a safety profile similar to that of the control.
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. individuals also frequently have visceral obesity and hyper-
Introduction . duenty . Y P
tension, and preventative strategies to manage these risk

Prediabetes, defined as impaired fasting glucose and/or
impaired glucose tolerance, increases risk of cardiovascular
disease and Type 2 diabetes mellitus [1]. People with
prediabetes often have an abnormal lipid profile, evidenced
by elevated levels of small dense LDL particles and triglyc-
erides, and lower levels of HDL cholesterol [2]. These
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factors are recommended for them to lower their risks of
diabetes and cardiovascular disease [1].

Statins, the first-line therapy for lowering LDL cholesterol,
have been shown to reduce the incidence of cardiovascular
events in people with diabetes and prediabetes; however,
statin treatment has been associated with an increased risk of
transition to Type 2 diabetes, evidenced by increases in
fasting plasma glucose (FPG) and HbA;. especially in
individuals with risk factors for the development of diabetes
[3,4]. Nonetheless, because the benefits of statin therapy for
the reduction of cardiovascular events are considered to far
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What’s new?

» With statins being associated with an increased risk of
diabetes (especially in individuals with risk factors for
diabetes) and recent studies linking PCSK9 to glucose
homeostasis, there is much interest in whether PCSK9
inhibitors affect diabetes risk.

» We assessed the efficacy/safety of alirocumab, a PCSK9
inhibitor, vs control over a mean follow-up of 24-104
weeks in people with hypercholesterolaemia and predi-
abetes vs people with normoglycaemia at baseline from
10 ODYSSEY phase III trials.

 Our findings show alirocumab is generally well toler-
ated and significantly reduced LDL cholesterol levels to
similar extents in individuals with prediabetes and
those with normoglycaemia without any changes in
measures of glycaemic control.

outweigh the risk of new-onset diabetes [3], lipid levels in
individuals with prediabetes are recommended to be man-
aged with statins in the same manner as those with diabetes
[1,2,4,5].

Alirocumab is a fully human monoclonal antibody to
proprotein convertase subtilisin/kexin type 9 (PCSK9), a
major regulator of plasma LDL cholesterol metabolism [6].
Alirocumab is approved in many countries, including the USA
and across Europe, for the management of high-risk patients
with elevated LDL cholesterol despite maximally tolerated
doses of statins and/or ezetimibe. Alirocumab, alone and in
combination with other lipid-lowering therapies, significantly
reduced LDL cholesterol levels in phase Il ODYSSEY clinical
trials in people with hypercholesterolaemia [7-14].

Recent evidence suggests that PCSK9 genetic variants
associated with LDL cholesterol reductions are also associated
with a small increase in risk of developing new-onset diabetes
in people with impaired FPG [15], or with an increased risk of
Type 2 diabetes and higher FPG concentrations, but not
HbA . [16]. The GLAGOV study of evolocumab, another
PCSK9 inhibitor, found a small but statistically significant
increase in FPG, but no change in HbA . levels, at 78 weeks of
treatment [17], although no effect of evolocumab on gly-
caemia was observed in a pooled analysis of phase III trials
[18]. A comparison of rates of adjudicated new-onset diabetes
cases in the recent FOURIER clinical outcomes trial showed
no significant differences between evolocumab and placebo
[19]. In pooled or sub-analyses of phase III trials, alirocumab
did not affect mean HbA . and FPG levels over 52-104 weeks
of treatment in individuals with or without diabetes [20-22].
Furthermore, no evidence of increased transition from nor-
moglycaemia to prediabetes or new-onset diabetes after
alirocumab treatment was found in a pooled analysis of
~5000 individuals in 10 phase III trials of 24-104 weeks of
double-blind treatment [20].
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In the present analysis, we assessed the lipid-lowering
efficacy and safety of alirocumab in people with prediabetes
vs normoglycaemia at baseline using data from the same 10
phase III trials as used previously [20]. People with diabetes
at baseline were excluded.

Study design and participants

This post hoc analysis pooled data from 10 randomized,
double-blind, phase III trials studying alirocumab in individ-
uals with hypercholesterolaemia and moderate to very high
cardiovascular risk, with double-blind trial durations of 24—
104 weeks (Fig. 1). Methods and results for individual trials
have been published [7-14,23]. Trial protocols were
approved by appropriate institutional review boards/inde-
pendent ethics committees and trials were conducted in
accordance with the Declaration of Helsinki and applicable
amendments and International Conference on Harmoniza-
tion guidelines for Good Clinical Practice. All trial partici-
pants provided written informed consent.

For the purposes of the present analysis, efficacy data from
the trials were compared between people with prediabetes
and those with normoglycaemia at baseline in four pools
according to alirocumab dose regimen, control and back-
ground statin use (Fig. 1). Pool 1 compared alirocumab 150
mg every 2 weeks vs placebo, with background statin. The
other three pools included trials in which the alirocumab
dose of 75 mg every 2 weeks could be increased (in a blinded
fashion) to 150 mg (denoted as 75/150 mg) at week 12 if
LDL cholesterol was >1.8 mmol/l (70 mg/dl) at week 8
[except for OPTIONS I and I and ALTERNATIVE trials,
where the dose was increased if LDL cholesterol was >1.8
mmol/l or >2.6 mmol/l (100 mg/dl), depending on cardio-
vascular risk]. Pool 2 compared alirocumab 75/150 mg every
2 weeks vs placebo, with background statin. Pools 3 and 4
compared alirocumab 75/150 mg every 2 weeks vs ezetimibe;
Pool 3 used background statin, and Pool 4 included trials
performed without background statin.

Categorization of participants with prediabetes or
normoglycaemia

Participants were categorized by diabetes status (diabetes,
prediabetes or normoglycaemia) according to: (1) medical
history prior to the trial; (2) baseline HbA;. (single
measurement at baseline); and (3) FPG (two measures, one
at screening and one at randomization). Oral glucose
tolerance tests were not conducted in the trials.

Participants with diabetes at baseline, defined as (1)
diagnosis of Type 1 or 2 diabetes in the medical history;
(2) baseline HbA . >48 mmol/mol (6.5%); or (3) two FPG
values at screening or randomization >7.0 mmol/l (126 mg/
dl), were excluded from this analysis. Efficacy and safety of
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Pooled data from 10 ODYSSEY Phase lll clinical trials (n = 4983)

Individuals with diabetes were excluded from this analysis, and only individuals categorized as having
prediabetes or normoglycaemia according to set criteria at baseline were included

'
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Background statin
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Overview of ODYSSEY trials included in this analysis (randomized population). FH, familial hypercholesterolaemia; HeFH,
heterozygous familial hypercholesterolaemia; Q2W, every 2 weeks. “ITT population. The FH I, FH II and HIGH FH studies recruited only
individuals with HeFH. COMBO I and COMBO 1I recruited individuals with non-FH at high cardiovascular risk. OPTIONS I, OPTIONS II and
LONG TERM recruited both individuals with HeFH and non-FH. ALTERNATIVE recruited individuals with moderate to high cardiovascular risk
and not receiving a statin due to intolerance. Individuals recruited in the MONO study had moderate cardiovascular risk not receiving statins or
other lipid-lowering therapy. Further details of the ODYSSEY trials included in this analysis have been published previously: Clinicaltrials.gov
identifiers: ALTERNATIVE, NCT01709513 [11]; COMBO I, NCT01644175 [10]; COMBO II, NCT01644188 [13]; FH I, NCT01623115; FH II,
NCT01709500 [9]; HIGH FH, NCT01617655 [23]; LONG TERM, NCT01507831 [12]; MONO, NCT01644474 [14]; OPTIONS I,

NCT01730040 [7]; OPTIONS II, NCT01730053 [8].

alirocumab in participants with diabetes have been reported
[20-22].

Prediabetes at baseline was defined as: (1) specific terms in
the medical history (i.e. if a Custom Medical Dictionary of
Regulatory Activities (MedDRA) Query of the medical
history reported ‘impaired glucose control’, including pre-
ferred terms ‘glucose tolerance impaired’, ‘impaired fasting
glucose’, ‘insulin resistance’ and ‘insulin resistance syn-
drome’); (2) baseline HbA;. 39 to <48 mmol/mol (5.7 to
<6.5%); or (3) two FPG values at screening or randomization
>5.6 mmol/l (>100 mg/dl) but no more than one value >7.0
mmol/l (126 mg/dl). Participants who did not fulfill any of
the above criteria at baseline were classified as having
normoglycaemia.

Endpoints and assessments

Consistent with the parent trials, the primary efficacy
endpoint was the percentage reduction in LDL cholesterol
from baseline to week 24; other efficacy endpoints including
percentage reductions in non-HDL cholesterol, apolipopro-
tein (Apo) B and lipoprotein(a) [Lp(a)] from baseline to week

© 2017 The Authors.
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24. Efficacy was also assessed according to baseline triglyc-
eride and HDL cholesterol levels.

Plasma lipid levels were assessed at weeks 0 (baseline),
4, 8, 12, 24, 36, 52, 64, 78 (or 76 in COMBO 1I), 88 and
104, depending on study duration, except ApoB and Lp(a),
which were assessed at weeks 0, 12, 24, 52, 78 and 104,
depending on study duration. All lipid measurements were
conducted by a central laboratory (Medpace Reference
Laboratories, Cincinnati, OH, and Leuven, Belgium, except
for LONG TERM, which used Covance Central Labora-
tories, Indianapolis, IN, USA and Geneva, Switzerland).
LDL cholesterol levels were calculated using the Friede-
wald equation unless triglyceride levels were >4.5 mmol/l
(400 mg/dl), in which case it was determined by beta-
quantification. Non-HDL cholesterol levels were calculated
by subtracting HDL cholesterol from total cholesterol.
Serum ApoB levels were determined from immunoneph-
elometry. Serum Lp(a) was analysed as previously
described [24], using an established immunoturbidimetric
assay on a Siemens BNII (Siemens, Erlangen, Germany)
validated against International Federation of Clinical

Chemistry and WHO standards.

123



DIABETICMedicine

Baseline and safety data were compared in participants
with prediabetes and those with normoglycaemia, in two
pools according to placebo or ezetimibe control. Adverse
events were encoded using standard MedDRA terms, and
treatment-emergent adverse events (TEAEs) were defined as
events occurring from the first dose of study treatment to the
last dose plus 70 days.

Time course measurements of HbA ;. and FPG were com-
pared in participants with prediabetes and those with normo-
glycaemia in two overall pooled groups of alirocumab and
control. FPG levels were measured at screening and at weeks 0,
12, 24, 36, 52 and 64 (not in COMBO II), 78 (or 76 in
COMBO 1I), and 104, depending on study duration. HbA .
levels were measured at screening (i.e. at 3 weeks prior to
randomization; used for baseline HbA ;. assessment) and at
weeks 12 (LONG TERM, OPTIONS I, OPTIONS II and
MONO only), 24, 52, and 78 (not in COMBO II), and 104,
depending on study duration. HbA;. was measured by
Covance Central Laboratory Services [a Level I National
Glycohemoglobin Standardization Program (NGSP)-certified
laboratory) using the NGSP-certified Bio-Rad Variant I and
Variant II Turbo systems, which are traceable to the Diabetes
Control and Complications Trial Reference Method and
Values.

Statistical methods

Efficacy analyses were performed in the intention-to-treat
population, which included all randomized patients
regardless of treatment discontinuation. Analyses of
LDL cholesterol, non-HDL cholesterol and ApoB used a
mixed-effect model with a repeated measures approach,
which included fixed categorical effects of treatment
group, randomization strata, time point, treatment-by-
time point interaction, strata-by-time point interaction,
treatment-by-subgroup interaction, time point-by-sub-
group interaction and treatment-by-time point-by-sub-
group interaction as well as the continuous fixed
covariates of baseline values and baseline value-by-time
point interaction [7-14,23]. This model provided base-
line-adjusted least-squares means estimates at week 24
with their corresponding 95% CIs and st values. The
difference between these estimates are provided with
their corresponding 95% CI and interaction P values.

Analyses of Lp(a) used a multiple imputation approach for
the handling of missing values, followed by robust regres-
sion. Adjusted means and SE values were obtained by
combining adjusted means and st from robust regression
model analyses of the different imputed datasets. The robust
regression models include the fixed categorical effect of
treatment group, study, randomization strata, subgroup
(prediabetes or normoglycaemia) and subgroup-by-treatment
interaction and the continuous fixed covariate of baseline (a)
Lp value. No log transformation of Lp(a) was necessary
using this method.
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Baseline data (randomized population) were analysed
using descriptive statistics. In addition, variables were
compared between the participants with prediabetes and
those with normoglycaemia using the appropriate statistical
test as indicated in the results section below.

Safety data were analysed using descriptive statistics. The
safety population included all randomized patients who
received at least one dose or part of a dose of study
treatment.

Baseline categorization according to prediabetes status

Overall, 3341 participants were included in the analysis,
including 1860 (56%) with prediabetes and 1481 (44%)
with normoglycaemia. Baseline characteristics are shown in
Table 1. Compared with those with normoglycaemia, those
with prediabetes were slightly older, had higher BMI (both
P<0.0001, Student’s #-test), had a higher proportion with a
history of hypertension and atherosclerotic cardiovascular
disease (both P<0.0001, chi-squared test), and had slightly
higher baseline triglyceride levels (P<0.0001, Wilcoxon test)
and slightly lower baseline LDL cholesterol, HDL choles-
terol, non-HDL cholesterol and ApoB levels (all P<0.0001,
Student’s #-test). Baseline Lp(a) levels were similar in
participants with prediabetes and those with normogly-
caemia (P=0.17, Wilcoxon test). Placebo-controlled trials
had a higher proportion of participants with heterozygous
familial hypercholesterolaemia than ezetimibe-controlled
trials (Table 1) because of differences in trial inclusion
criteria (Fig. 1).

Efficacy

In all pools, alirocumab significantly reduced LDL choles-
terol levels from baseline to week 24 in both participants
with prediabetes and those with normoglycaemia (Fig. 2); all
LDL cholesterol reductions with alirocumab were significant
vs control (based on 95% CI).

As shown in Fig. 2, LDL cholesterol reductions from
baseline to week 24 with alirocumab were 44.0-61.8%
(prediabetes) and 45.8-59.5% (normoglycaemia). In each
pool, differences in LDL cholesterol reductions between
participants with prediabetes and those with normogly-
caemia were not significant (interaction P values >0.05),
except in Pool 3 (alirocumab 75/150 mg every 2 weeks vs
ezetimibe with statins), which showed a somewhat greater
reduction in the prediabetes than in the normoglycaemia
group (interaction P value = 0.0428).

Changes in lipid levels in participants with prediabetes
from baseline to week 24 in each pool according to baseline
fasting triglyceride and HDL cholesterol levels are shown in
Table S1. In all pools, LDL cholesterol reductions were
similar in participants with prediabetes with baseline

© 2017 The Authors.
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% change from baseline  Difference in % change from baseline
LS mean (SE) LS mean difference (95% Cl) Interaction
Study pool Subgroup n Control ALI ALI - control P-value
Pool 1 - ALI 150 mg Q2W vs PBO Pre-DM 876 2.1(1.6) -61.8 (1.2) g 0.1431
(with statins) NG 656  -0.1(1.9) -59.5 (1.4) ==
Pool 2 - ALI 75/150 mg Q2W vs PBO Pre-DM 396 3.3(2.4) -52.4 (1.7) e 0.8451
(with statins) NG 422 8.9(2.3) —46.1 (1.6) e
Pool 3 - ALI 75/150 mg Q2W vs EZE Pre-DM 432 -16.1 (2.6) -51.7 (2.2) —e—i 0.0428
(with statins) NG 244  -218(36) —458(2.8) i
Pool 4 -ALI 75/150 mg Q2W vs EZE  Pre-DM 135 -16.0 (2.7) —44.0 (2.9) ——i 0.4073
(without statins) NG 147  -137(26) —46.3(2.7) =i
-80 -60 40 -20 0 20
Favours ALI Favours control

Percent change from baseline in calculated LDL cholesterol at week 24 according to prediabetes status (intention-to-treat analysis). ALL
alirocumab; DM, diabetes mellitus; EZE, ezetimibe; LS, least squares; NG, normoglycaemia; PBO, placebo; Q2W, every 2 weeks; LS means and se

values taken from mixed-effect model with repeated measures analysis.

triglycerides < and >1.7 mmol/l (< and >150 mg/dl; interac-
tion P values >0.05), except in Pool 1 (alirocumab 150 mg
every 2 weeks vs placebo, with statins), which showed
slightly higher LDL cholesterol reductions in participants
with prediabetes and baseline triglycerides >1.7 vs <1.7
mmol/l (interaction P value = 0.0194). LDL cholesterol
reductions were similar in participants with prediabetes with
baseline HDL cholesterol < and >1.0 mmol/l (< and >40 mg/
dl) in all pools (interaction P values >0.05). Comparable
reductions in non-HDL cholesterol, ApoB and Lp(a) were
observed in participants with prediabetes regardless of
baseline triglyceride and HDL cholesterol levels (interaction
P values >0.05), except in Pool 4 (alirocumab 75/150 mg
every 2 weeks vs ezetimibe without statins), which showed
higher non-HDL cholesterol and ApoB reductions in partic-
ipants with prediabetes with HDL cholesterol <1.0 vs >1.0
mmol/l (interaction P values = 0.0288 for non-HDL choles-
terol and 0.0214 for ApoB).

An analysis of the proportion of participants with predi-
abetes in each of the two pools who required an alirocumab
dose increase at week 12 stratified by baseline triglyceride
and HDL cholesterol levels is shown in Fig. 3.

Safety

Alirocumab treatment was not associated with changes in
mean HbA;. and FPG levels over time, regardless of
prediabetes status (Fig. 4).

The TEAE frequencies were generally similar in partici-
pants with prediabetes and those with normoglycaemia, and
in the alirocumab vs the control group (Table 2). The most
common TEAEs in >5% of individuals varied across groups,
but tended to include nasopharyngitis, myalgia, injection-site
reaction, upper respiratory tract infection and headache. The
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alirocumab-treated groups had a slightly greater incidence of
injection-site reactions than the controls.

This analysis pooled data from 10 phase IIl ODYSSEY trials
to assess the efficacy and safety of alirocumab in people with
hypercholesterolaemia categorized as having either predia-
betes or normoglycaemia at baseline. In this analysis,
alirocumab significantly reduced LDL cholesterol levels from
baseline by a similar extent regardless of prediabetes status.
These findings are consistent with previous sub-analyses of
these phase III trials by diabetes status, which showed no
significant differences in LDL cholesterol reductions between
individuals with vs without diabetes on alirocumab vs
control (interaction P values >0.05; Table S2) [9,10,12,22].
Individuals with hyperglycaemia often have mixed dyslipi-
daemia, including elevated triglyceride and reduced HDL
cholesterol levels, and reductions in ApoB and non-HDL
cholesterol levels may have stronger associations with
cardiovascular risk than LDL cholesterol in such individuals
[2]. However, in the present analysis, improvements in LDL
cholesterol, non-HDL cholesterol, ApoB, and Lp(a) levels
with alirocumab were generally comparable in participants
with prediabetes with or without elevated triglyceride or
reduced HDL cholesterol levels. Exceptions were seen in Pool
1 (alirocumab 150 mg every 2 weeks vs placebo, with
statins), which showed slightly higher LDL cholesterol
reductions in participants with prediabetes with baseline
triglycerides >1.7 vs <1.7 mmol/l (> vs <150 mg/dl), and in
Pool 4 (alirocumab 75/150 mg every 2 weeks vs ezetimibe,
without statin), which showed higher reductions in non-HDL
cholesterol and ApoB levels in participants with prediabetes
and baseline HDL cholesterol <1.0 vs >1.0 mmol/l (< vs >40
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FIGURE 3 The proportion of individuals with prediabetes requiring dose adjustment at week 12 according to (a) fasting triglycerides and (b) HDL
cholesterol levels (intention-to-treat analysis). ALL alirocumab; DM, diabetes mellitus; EZE, ezetimibe; PBO, placebo; Q2W, every 2 weeks; TG,
triglycerides. Only individuals with at least 12 weeks of alirocumab treatment duration were included. Dose adjustment data for Pool 4 (no statin)
are not presented as there was an administrative error during the MONO study (dose adjustment threshold of 1.8 mmol/l [70 mg/dl] instead of 2.6

mmol/l [100 mg/dl] was utilized).

mg/dl); these sub-group comparisons would be interesting to
analyse further in the large clinical outcomes trial of
(ODYSSEY OUTCOMES; NCT01663402)
[25]. Alirocumab is also being studied specifically in people

alirocumab

with Type 2 diabetes and mixed dyslipidaemia in the
ODYSSEY DM-DYSLIPIDEMIA trial (NCT02642159) [26].

Recent evidence suggested a link between PCSK9 genetic
loss-of-function variants that reduce LDL cholesterol levels
and increases in FPG levels and diabetes risk [15,16].
However, one prospective study found no association
between the PCSK9 loss-of-function variant R46L and the
risk of new-onset Type 2 diabetes during a 9-year follow-up
[27]. In the present analysis, alirocumab did not appear to
affect glucose homeostasis. Although HbA . and FPG levels
were higher in participants with prediabetes than in those
with normoglycaemia (as would be expected), levels were not
significantly altered in either group over the course of
treatment with alirocumab or control for up to 78 weeks.
These results supplement findings from pooled or sub-
analyses of people with vs without diabetes [21,22] and a
recent pooled analysis of the same 10 phase IIl ODYSSEY
trials in individuals without diabetes [20], in which no

© 2017 The Authors.
Diabetic Medicine published by John Wiley & Sons Ltd on behalf of Diabetes UK

significant changes over time in HbA ;. and FPG levels were
observed with alirocumab or control. Furthermore, alirocu-
mab did not appear to increase transition from normogly-
caemia at baseline to prediabetes [hazard ratio 1.20 (95% CI
0.96-1.49) vs placebo and 0.88 (95% CI 0.59-1.32) vs
ezetimibe), nor from prediabetes at baseline to new-onset
diabetes [hazard ratio 0.90 (95% CI 0.63-1.29) vs placebo
and 1.10 (95% CI 0.57-2.12) vs ezetimibe]; note that there
were too few individuals who transitioned from normogly-
caemia to new-onset diabetes (three in total) to perform a
statistical analysis. Development of diabetes based on
adverse events related to the development or worsening of
diabetes was reported in 2.8% vs 3.8% (alirocumab vs
placebo) and 1.9% vs 1.6% (alirocumab vs ezetimibe) of
participants with prediabetes at baseline; no individuals with
normoglycaemia at baseline developed diabetes per adverse
event (transition to diabetes was also based on laboratory
data) [20]. These findings highlight that, despite the potential
link between PCSK9 genetic variants and the increase in
diabetes risk, treatment with a PCSK9 inhibitor and mono-
clonal antibodies (that reduce plasma LDL cholesterol levels
by binding extracellular PCSK9 and ultimately increasing the
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Safety analysis according to prediabetes status (safety population)

Placebo-controlled trials

Ezetimibe-controlled trials

Prediabetes

Normoglycaemia

Prediabetes Normoglycaemia

(N = 1283) (N = 1082) (N = 574) (N = 397)
Alirocumab  Placebo Alirocumab  Placebo Alirocumab  Ezetimibe ~ Alirocumab  Ezetimibe
n (%) (N = 863) (N=420) (N=717) (N=365) (N=332) (N=242) (N =223) (N =174)
TEAEs 668 (77.4) 335 (79.8) 537 (74.9) 281 (77.0) 236 (71.1) 173 (71.5) 158 (70.9) 119 (68.4)
Treatment-emergent SAEs 114 (13.2) 60 (14.3) 89 (12.4) 35 (9.6) 47 (14.2) 32 (13.2) 24 (10.8) 14 (8.0)
TEAEs leading to death 4 (0.5) 4 (1.0) 4 (0.6) 2 (0.5) 0 4 (1.7) 1(0.4) 1 (0.6)
TEAEs leading to 37 (4.3) 18 (43) 37 (5.2) 20(5.5) 27 (8.1) 22(9.1)  23(10.3) 17 (9.8)
discontinuations
TEAEs by preferred term in > 5% of individuals
Nasopharyngitis 112 (13.0) 55 (13.1) 82 (11.4) 41 (11.2) 18 (5.4) 15 (6.2) 18 (8.1) 13 (7.5)
Myalgia 39 (4.5) 19 (4.5) 42 (5.9) 14 (3.8) 19 (5.7) 17 (7.0) 24 (10.8) 18 (10.3)
Injection-site reaction 2 (7.2) 21 (5.0) 72 (10.0) 28 (7.7) 11 (3.3) 5(2.1) 7 (3.1) 3(1.7)
Upper respiratory 0 (7.0) 32 (7.6) 31 (4.3) 19 (5.2) 23 (6.9) 16 (6.6) 12 (5.4) 7 (4.0)
tract infection
Headache 39 (4.5) 19 (4.5) 46 (6.4) 27(7.4) 19 (5.7) 11 (4.5) 8 (3.6) 3(1.7)
Influenza 50 (5.8) 19 (4.5) 52 (7.3) 21 (5.8) 7 (2.1) 5(2.1) 11 (4.9) 4 (2.3)
Diarrhoea 56 (6.5) 21 (5.0) 28 (3.9) 11 (3.0) 9 (2.7) 7 (2.9) 10 (4.5) 5 (2.9)
Arthralgia 43 (5.0) 23 (5.5) 33 (4.6) 23(63) 18 (5.4) 10 (4.1) 8 (3.6) 7 (4.0)
Back pain 38 (4.4) 25 (6.0) 35 (4.9) 20 (5.5) 9 (2.7) 7 (2.9) 5(2.2) 9(5.2)
Dizziness 21 (2.4) 18 (4.3) 24 (3.3) 13 (3.6) 8 (2.4) 14 (5.8) 11 (4.9) 5(2.9)

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

extracellular density of LDL receptors) may not have the
same biological effects as life-long exposure to decreased
levels of LDL cholesterol due to PCSK9 genetic variants [15].
Indeed, PCSK9 monoclonal antibodies affect the PCSK9
extracellular pathway without altering the PCSK9 intracel-
lular pathway, which remains poorly characterized, espe-
cially in B cells [28].
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To further investigate an effect of alirocumab on glycaemic
control, an analysis with a longer follow-up and a larger
number of individuals is needed. The ongoing ODYSSEY
OUTCOMES trial will capture diabetes and prediabetes
reported by investigators, as well as by serial HbA;. and
FPG measurements in >18 000 high-risk individuals with
2-5 years of follow-up, and will allow further analyses and

© 2017 The Authors.
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provide longer-term data on whether alirocumab has any
effects on glycaemic measures and the development of
diabetes [25].

The overall safety profile was similar across all groups,
except for a slightly higher rate of injection-site reactions in
alirocumab-treated individuals. Previous data have indicated
that the majority of study participants and physicians have
considered the alirocumab pre-filled pen easy to use, and
participants have shown a willingness to self-inject [29];
furthermore, high rates of alirocumab treatment adherence
(~98%) were reported in phase III studies [10,12]. Safety was
consistent with the known profile of alirocumab [30] and no
unexpected TEAEs were identified.

Overall, the findings from this analysis suggest that
alirocumab is a generally well tolerated and effective lipid-
lowering treatment for individuals with dyslipidaemia and
prediabetes and normoglycaemia, without increased risk of
loss of glucose homeostasis, over a mean follow-up of 24—
104 weeks.
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