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Abstract

Background Alirocumab is a fully human monoclonal antibody to proprotein convertase subtilisin kexin type 9 used for the
reduction of low-density lipoprotein cholesterol (LDL-C) in high-risk patients not reaching their LDL-C target. Recently,
a 2-mL prefilled autoinjector has been developed to support the monthly 300-mg dosing regimen with a single-injection
administration.

Methods and Objectives Monthly application of 300 mg AlirRocumab (Praluent®) using the 2-mL SYDNEY Device (MARS)
is a non-interventional, open, prospective, multi-center cohort study conducted in Germany between 2021 and 2023 with
an observational period of 12 weeks. Patients included had primary hypercholesterolemia (heterozygous familial or non-
familial) or mixed dyslipidemia and confirmed vascular disease and other risk factors or confirmed familial heterozygous
hypercholesterolemia. Primary objectives were to assess the effectiveness of the 2-mL SYDNEY autoinjector measured by
the lipid-lowering effect of alirocumab and to document therapy satisfaction, patient adherence, and persistence. Secondary
objectives were to assess safety (adverse events) and tolerability.

Results A total of 146 patients were analyzed: 110 (75.3%) patients were proprotein convertase subtilisin kexin type 9 inhibitor
naive and 36 (24.7%) were pre-treated with a proprotein convertase subtilisin kexin type 9 inhibitor. Patient mean age was 65.6
years with a preponderance of male gender (59.6%). At 12 weeks, the LDL-C value had decreased by a median of 59.5 mg/dL.
(1.5 mmol/L) in naive patients (median relative decrease: — 52.0%). In the pre-treated group, the LDL-C value remained mainly
unchanged (median slight numerical relative increase: 1.6%). Treatment satisfaction was rated similarly in both groups with
most patients being satisfied/very satisfied and rating the injection as effective, safe, and easy to handle. Twenty-three adverse
events in 13 patients (8.0%) were documented. Three patients experienced one serious adverse event each; for five patients, an
adverse drug reaction was observed, although none was serious. The occurrence of adverse events was similar in both groups.
Conclusions Alirocumab 300 mg administered with the 2-mL SYDNEY autoinjector was safe and effective in lowering
LDL-C after 12 weeks in a routine clinical setting in Germany. The treatment schedule was perceived to be beneficial with
excellent device acceptance and satisfaction, potentially increasing patient adherence.

Clinical Trial Registration Clinicaltrials.gov: NCT05129241.
Key Points

1 Introduction This study demonstrated the effectiveness and safety of
alirocumab 300 mg using the 2-mL SYDNEY autoinjec-

The causal role of low-density lipoprotein cholesterol (LDL- tor in a real-world setting in Germany.

C) in the development of atherosclerosis is well established The 2-mL SYDNEY device provides patients with a con-

and patients with elevated LDL-C levels remain at high risk
for cardiovascular disease [1]. Current guidelines for the
management of dyslipidemia from The European Society

venient option of injecting the alirocumab 300-mg dose
as a single injection with good safety.

Patients were highly satisfied with the new autoinjector
device, reporting it as effective and user friendly.
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of Cardiology/European Atherosclerosis Society Task Force
emphasize the importance of assessing the overall cardiovas-
cular risk. Specific target values for LDL-C for each cardio-
vascular risk level have been proposed [2]. In patients at very
high risk, a therapeutic regimen should aim for a LDL-C
reduction of > 50% from the baseline value and an LDL-C
target value of < 55 mg/dL (1.4 mmol/L). For patients with
atherosclerosis who experience a second vascular event
within 2 years taking a maximally tolerated statin-based
therapy, an LDL-C goal of < 40 mg/dL (< 1.0 mmol/L) may
be considered. In patients at high risk, an LDL-C reduction
of > 50% from baseline and an LDL-C target value of < 70
mg/dL (1.8 mmol/L) are suggested. Finally, in patients at
moderate or low risk, the LDL-C target values are < 100 mg/
dL (2.6 mmol/L) and < 116 mg/dL (3.0 mmol/L), respec-
tively [2].

Alirocumab, a fully human monoclonal antibody to pro-
protein convertase subtilisin/kexin type 9 (PCSK9), has been
shown to significantly reduce LDL-C in patients receiving
statin therapy compared with controls [3, 4]. In Germany,
alirocumab is currently reimbursed in combination with a
statin and/or other lipid-lowering therapies (LLTs) and in
addition to dietary change for patients with primary hyper-
cholesterolemia (heterozygous familial or non-familial)
or mixed dyslipidemia and confirmed vascular disease
(coronary artery disease, cerebrovascular manifestation,
or peripheral arterial disease) and other risk factors, who
demonstrate persistently elevated LDL-C levels despite
receiving documented maximum dietary therapy and LLTs
for more than 12 months and when lipid apheresis therapy
is indicated.

Two non-interventional studies have investigated the use
of alirocumab in Germany under real-life conditions [5, 6].
The PEARL study in patients with hypercholesterolemia
treated with alirocumab 75 or 150 mg every 2 weeks dem-
onstrated a reduction in LDL-C levels by 48.6% at week 24
compared with baseline [5]. Steffens et al. reported in the
OPTIMIZE study that after 12 weeks of treatment with ali-
rocumab (initial dose: 75 mg [61.3%] and 150 mg [38.7%]
every 2 weeks), the LDL-C target value (< 70 mg/dL [< 1.8
mmol/L]) was reached in 57% of patients with atheroscle-
rotic cardiovascular disease with high baseline LDL-C lev-
els with or without statin intolerance [6]. The efficacy and
safety results in these studies were consistent with the results
observed in the ODYSSEY Phase III program [7].

The initially available alirocumab autoinjector had a vol-
ume of 1 mL, which contained 150 mg of active ingredient.
Therefore, two injections were needed for a monthly dose
administration of 300 mg. In order to reduce the application
frequency to only one injection for the required monthly
dose, the SYDNEY autoinjector with a volume of 2 mL,
which contains 300 mg of the active ingredient, was devel-
oped. Frias et al. investigated user friendliness and therapy
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acceptance of the 2-mL SYDNEY device in a randomized
open-label study of patients with or without supervision and
calibrated the pharmacokinetic properties and efficacy and
safety against the current standard [8]. The study confirmed
the efficacy of the 2-mL SYDNEY device, as already a sin-
gle injection of 2 mL containing alirocumab 300 mg via the
SYDNEY autoinjector reduced the LDL-C values. Unex-
pected technical problems or new safety concerns were not
observed when compared to 1-mL autoinjectors [8].

There are currently no data available on 2-mL SYDNEY
autoinjector use in patients with hypercholesterolemia
in routine clinical care in Germany. Hence, the MARS
(Monthly Application of 300 mg AliRocumab (Praluent®)
using the 2-mL. SYDNEY Device) study was designed to
evaluate the effectiveness, treatment acceptance, patient
adherence and persistence, and safety of treatment with
the 2-mL SYDNEY autoinjector in routine clinical care in
Germany.

2 Methods
2.1 Study Design

MARS is a non-interventional, open, prospective, multi-
center study in Germany between 2021 and 2023 with an
observational period of approximately 12 weeks. The pri-
mary aim was to demonstrate the benefits for patients with
higher than desired LDL-C levels and atherosclerotic car-
diovascular disease after 12 weeks of treatment and to iden-
tify potential side effects when used in everyday practice in
Germany. During the observational period of 12 weeks, a
baseline visit, two intermediate visits at approximately 4 and
8 weeks, and a final visit 12 weeks after starting the use of
the alirocumab 2-mL SYDNEY autoinjector were scheduled.
The study was performed in accordance with the principles
laid down by the 18th World Medical Assembly (Helsinki,
1964) including all subsequent amendments. Approval from
the local institutional ethics committee was obtained at the
Principal Investigator’s site.

2.2 Patient Population

Patients treated with the alirocumab 2-mL SYDNEY auto-
injector according to the summary of product characteris-
tics were included. The inclusion criteria were as follows:
(1) primary hypercholesterolemia (heterozygous familial or
non-familial) or mixed dyslipidemia and confirmed vascular
disease and other risk factors OR confirmed familial het-
erozygous hypercholesterolemia; (2) physician’s therapeu-
tic decision for the 2-mL SYDNEY autoinjector independ-
ent of patient’s participation in the study; (3) documented
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maximum dietary efforts and LLT over 12 months; (4)
insufficient LDL-C reduction despite maximum dietary or
LLT; (5) no prior therapy with a PCSK9 inhibitor OR prior
treatment with a PCSKO9 inhibitor every 2 weeks (Q2W) or
monthly (Q4W) [switch patients]; (6) patient information
was handed out; and (7) written and dated informed con-
sent was provided. Exclusion criteria included concomitant
participation in a clinical study, existing therapy with lipid
apheresis, contraindications for a therapy with alirocumab
in accordance with summary of product characteristics, age
< 18 years, and planned or existing pregnancy, cancer, drug
or alcohol abuse, dementia, or general inability to under-
stand the content of the observational study.

2.3 Study Objectives
The primary objectives were to investigate:

e The effectiveness of the 2-mL. SYDNEY autoinjec-
tor measured by the absolute and relative reduction of
LDL-C after 12 weeks of alirocumab treatment.

e Therapy satisfaction as well as patient adherence and
persistence after 12 weeks of treatment with the 2-mL
SYDNEY autoinjector assessed with the questionnaire
based on the validated Injection Treatment Acceptance
Questionnaire (ITAQ) [8].

The secondary objective was to investigate the tolerability
of the 2-mL SYDNEY autoinjector during 12 weeks of treat-
ment measured by the incidence and number of adverse events
(AEs) and product technical complaints.

2.4 Sample Size

As this is a non-interventional study without pre-defined
hypotheses, no formal sample size or power calculation
was conducted. However, a non-formal justification for the
intended sample size is as follows: for 300 patients and an
assumed standard deviation of 20%, the expected length of
the two-sided 95% confidence interval (CI) for the mean per-
cent change in LDL cholesterol reduction is 4.6%. Assuming
a mean LDL-C reduction of 50% leads to a 95% CI of [47.7,
52.3]. Assuming 150 patients in each subsample (pre-treated
with a PCSKO inhibitor and treatment-naive patients) and a
standard deviation of 20%, the expected length of the two-
sided 95% CI is 6.4%. Given 300 patients, at least one rare
AE (single event probability: 1/100) will be detected with a
probability of 95%.

2.5 Statistical Analysis

Continuous data were presented as mean =+ standard deviation
for normally distributed data or median and interquartile range
for non-normally distributed data. Normality was checked
using the Shapiro—Wilk test. Categorical data were presented
by means of (absolute and relative) frequency; the calcula-
tion of percentages was based on the number of patients with
valid data per parameter, i.e., excluding patients with missing
values. Categorical data reported as “unknown” were treated
as missing values. In addition, 95% CIs were calculated for the
main evaluation variables. It was tested (one sided 7 test) if the
decrease in LDL-C was above 50%.

All baseline and follow-up characteristics as well as the pri-
mary outcomes were analyzed for the full analysis set (FAS),
which included all patients enrolled in the study who received
at least one dose of alirocumab within this study, met the selec-
tion criteria, and for whom sufficient data for the analysis of
the primary variables were documented. That is, either the
change in LDL-C after approximately 12 weeks of treatment
or at least one ITAQ item had to be available. Secondary out-
comes were analyzed for the safety analysis set (SAS), which
included all patients enrolled in the study who received at least
one dose of alirocumab within this study. All statistical analy-
ses were carried using the SAS® package (version 9.4).

3 Results
3.1 Patient Characteristics

In total, 165 patients were enrolled at 50 sites (Fig. 1). Two
patients had no treatment with alirocumab documented and,
therefore, were excluded from the SAS, which included 163
patients. A further 17 patients were excluded because of
insufficient information for the primary variables available,
resulting in 146 patients included in the FAS. A total of 110
(75.3%) FAS patients were not treated with a PCSK9 inhibi-
tor before alirocumab initiation (naive). The remaining 36
(24.7%) patients reported previous treatment with a PCSK9
inhibitor, including inclisiran (pre-treated).

The mean age in the total FAS population was
65.6 + 10.3 years and the majority (59.6%) were male
(Table 1). The median BMI was 27.3 (interquartile range
25.1, 29.7) kg/m? and 32 patients (22.2%) had type 2
diabetes mellitus. Most of the patients were at very high risk
(82.3%) with a recommended LDL-C target of <55 mg/dL
(< 1.4 mmol/L) and a > 50% reduction in the baseline value.
For four patients (2.8%), the recommended LDL-C target
was < 40 mg/dL (< 1.0 mmol/L). Overall, patient character-
istics were similar for PCSK9 inhibitor-naive and pre-treated
patients, except that naive patients reported having a higher
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mean systolic blood pressure (136.6 vs 126.7 mmHg) and a
higher rate of type 2 diabetes (24.1% vs 16.7%).

About one third (31.1%) of the patients had a clinical
familial hypercholesterolemia diagnosis and the percentage
of patients with familial hypercholesterolemia was higher
in PCSKD9 inhibitor pre-treated patients (46.9%) than in
naive patients (26.0%; Fig. 2). About half of the patients
had non-familial hypercholesterolemia (48.6%) or mixed
dyslipidemia (50.0%), respectively. Coronary heart disease
(CHD) was documented in 78.5% of patients and acute coro-
nary syndrome in 25.6%, while in 25.2% both CHD and
acute coronary syndrome were present. Hypertension was
reported in 75.2% of patients and 23.3% had heart failure. In
total, 10.4% of the patients reported a previous stroke, 3.5%
had transient ischemic disease, and 11.6% had peripheral
artery disease. Baseline values of total cholesterol, LDL-C,
triglycerides, and lipoprotein a were on average higher in
PCSKO inhibitor-naive than in pre-treated patients. Median
values of high-density lipoprotein cholesterol were similar
in both subgroups.

The percentage of patients with any LLT other than
PCSKO9 inhibitors in the previous 12 months before the ini-
tiation of alirocumab and/or during the study was higher in
naive patients (75.3%) than in pre-treated patients (54.5%).
No information on previous LLT or LLT during the study
was available for 20 patients.

A total of 61.4% of patients were statin intolerant: 57.8%
of PCSKD inhibitor-naive patients and 72.2% of pre-treated
patients. Among the patients with statin intolerance, 67.4%
were completely statin intolerant and 32.6% were partially
intolerant. In partially statin-intolerant patients, the majority
had moderate symptoms (65.5%). The percentage of patients
with complete intolerance was lower in naive patients com-
pared with the pre-treated patients (61.9% vs 80.8%).

3.2 LDL-Cand Lipid Change

After 12 weeks of treatment (Visit 4 [V4] of treatment com-
pared to Visit 1 [V1], i.e. baseline), LDL-C decreased on
average by a median of 59.5 mg/dL (1.5 mmol/L) in PCSK9
inhibitor-naive patients and remained rather unchanged in
pre-treated patients (median absolute change: 2.5 mg/dL [0.1
mmol/L]). The median LDL-C values at V1 compared to V4
are displayed in Fig. 3. In PCSKO inhibitor-naive patients, a
median relative decrease (V4-V1) of 52.0% was observed.
The median relative change in pre-treated patients was 1.6%.
Overall, the distribution of achieved LDL-C levels in naive
patients shifted towards lower values and a narrower range
of values at 12 weeks compared with baseline (Fig. 4).

Baseline values of total cholesterol, triglycerides, were
on average higher in naive than in pre-treated patients
(Table 1 of the Electronic Supplementary Material).
Median values of high-density lipoprotein cholesterol were
similar in both subgroups. During the course of the study,
lipids remained rather unchanged in pre-treated patients.
In contrast, averages of all lipids but high-density lipo-
protein cholesterol were essentially lower already at V2
in comparison to V1 in naive patients. While the mean
value of triglycerides slightly decreased at V3 and V4 in
comparison to V2, total cholesterol and LDL-C remained
rather unchanged in naive patients.

3.3 Therapy Satisfaction, Patient Adherence
and Persistence

A total of 141 (96.6%) of the FAS patients answered at least
one ITAQ question (Table 2). In general, therapy with the
2-mL SYDNEY autoinjector was rated similarly by naive
and pre-treated patients. The majority of the patients rated
the injection as effective or very effective (75.7%) and safe

Fig. 1 Patient disposition.
PCSK9 proprotein convertase
subtilisin/kexin type 9

Patients documented

(N=165)

No treatment with
alirocumab (n=2)

Safety Analysis Set (SAS)

(N=163)

Insufficient information for
primary objective (n=17)

Full Analysis Set (FAS)

(N=146)

|

PCSK9 inhibitor-naive
(N=110)
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Table 1 Patient characteristics
at baseline (full analysis set)

66.7

49.4
50 46.9 5.448'6
A 39.3
30.9 31.1
4 | 26

Underlying FH  Clinical FH Non-FH
(original) diagnosis

(modified)a (modified)b

Fig.2 Disease presentation at baseline (full analysis set). ACS acute
coronary syndrome, CHD coronary heart disease, F/H familial hyper-
cholesterolemia, PAD peripheral artery disease, PCSK9 proprotein

n (%), mean + SD or median (IQR)

PCSK9 inhibitor
naive (N = 110)

Pre-treated (N = 36)

Total (N = 146)

Age (years)
Male
Height (cm)
Weight (kg)
BMI (kg/m?)
Systolic BP (mmHg)
Diastolic BP (mmHg)
LDL-C target
< 40 mg/dL and >50% reduction®
< 55 mg/dL and > 50% reduction®
< 70 mg/dL and > 50% reduction®
< 100 mg/dL
< 116 mg/dL
Any LLT other than PCKS9 inhibitor®
Lipid profile
Total cholesterol (mg/dL)
LDL-C (mg/dL)
HDL-C (mg/dL)
Triglycerides (mg/dL)
Lp(a) (mg/dL)

65.2 + 10.2

66 (60.0)
1721495
82.0(71.5,92.5)
27.5(25.3, 30.1)
136.6 + 17.0
80.8 + 8.3

2(1.9)
88 (83.8)
12(11.4)
3(2.9)
0 (0.0)
70 (75.3)

198.0 (158.0, 257.0)
116.0 (91.2, 164.0)
51.0 (42.0, 57.2)
161.0 (110.0, 224.8)
35.0 (8.3,78.2)

66.9 + 10.9
21 (58.3)

1703 +9.4
78.0 (67.2, 90.0)
27.0 (24.0, 28.6)
126.7 + 13.4
774 + 8.4

2(5.6)
28 (77.8)
6 (16.7)
0 (0.0)

0 (0.0)
18 (54.5)

149.0 (124.0, 205.0)
76.5 (53.3, 112.0)
53.0 (42.4, 63.3)
141.0 (92.0, 195.0)
11.5 (8.3, 42.0)

65.6 + 10.3

87 (59.6)

171.6 9.5
81.0 (70.3, 92.0)
27.3 (25.1,29.7)
134.1 + 16.7
80.0 + 8.4

4(2.8)
116 (82.3)
18 (12.8)
32.01)

0 (0.0)

88 (69.8)

187.5 (147.5, 235.0)
110.0 (79.5, 141.0)
51.1 (42.0, 59.9)
157.7 (108.5, 224.8)
25.6 (8.3, 62.9)

BMI body mass index, BP blood pressure, HDL-C high-density lipoprotein cholesterol, /QR interquartile
range, LDL-C low-density lipoprotein cholesterol, LLT, Lp(a) lipoprotein a, PCSK9 proprotein convertase
subtilisin kexin type 9, SD standard deviation

4Compared to baseline

®In the previous 12 months before the start of alirocumab treatment and/or during the study

798 135
4.3
51.6
295" "y
255 25.825.6 25.7 252
I |23.3
Mixed CHD ACS CHD/ACS

dyslipidemia dyslipidemia

M PCSK9 inhibitor-naive (N=110)

Pre-treated (N=36)

80
75.2

33.3

23.3

Hypertension Heart failure

11.8
10 104

Stroke TIA

Total (N=146)

. 8.3
I 1835 3.2
-

245
22.6
16.6
14
11.6
PAD Diabetes
mellitus

convertase subtilisin/kexin type 9, TIA transient ischemic attack. *Ac-
cording to a procedure introduced by Klose et al. [15]. °If possible,
initially unknown cases were replaced with “no” if FH = “yes”
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Fig.3 Median low-density lipoprotein cholesterol (LDL-C) at 12 weeks (visit 4) compared to baseline (visit 1) [Full analysis set]

Most patients (94.9%) rated the handling of the injec-
tion as easy or very easy. Patients rarely experienced pain
when injecting (4.3%). For more than 90% of the patients,
self-injections were acceptable/totally acceptable and prac-
ticable/very practicable.

Almost all patients planned to continue self-injections
probably or for sure (97.1%) and were satisfied/very satisfied

or very safe (91.6%). Five patients felt unsafe (3.8%) and 11
patients (8.5%) experienced a reaction at the injection site,
of which four assessed the reaction as not disturbing and the
remaining seven as at most a little disturbing.

Fig.4 Distribution of low- 40 + T LOL-C @aseing
density lipoprotein cholesterol O LDL-C Month 3)
(LDL-C) values at baseline and /A\
12 weeks in naive patients (full I\
analysis set) | \
/ )
o 1|
I \
/
|

Percent

=3

1
T —
—

104
I’ \ \

T

200 250 300 350 400 450 S00
LDL cholesterol (mg/dl)
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with the treatment (97.2%). Compared to their previous
treatment (only pre-treated patients, total n = 36), 77.4% of
patients liked the treatment with the 2-mL SYDNEY autoin-
jector every 4 weeks better and 22.6% reported no difference.

3.4 Adverse Events (AEs)

In total, 23 AEs in 13 patients (8.0%) out of the 163 patients
of the SAS population were reported with a similar occur-
rence in naive and pre-treated patients (Table 3). Three
patients (1.8%) experienced at least one SAE. In five patients
(3.1%) at least one adverse drug reaction was observed,
although none of them was serious. For two patients (1.2%),
their SAE (no causal relationship with alirocumab) led to
study drug withdrawal. There were no fatal cases. In total,
for 13 (56.5%) of the 23 AEs, the patient recovered, one
patient recovered with sequelae (4.3%), six AEs (26.1%)
were not resolved, and for three AEs (13.0%) the outcome
was unknown.

The most frequent Medical Dictionary for Regulatory
Activities primary System Organ Classes were general dis-
orders and administration site conditions (n = 3, 1.8%) and
respiratory, thoracic and mediastinal disorders (n = 3, 1.8%;
Table 4). Of the latter, the most frequent was rhinorrhea (n
=3, 1.8%).

4 Discussion

The results of the present study demonstrated the effective-
ness of alirocumab 300 mg using the 2-mL SYDNEY auto-
injector in reducing LDL-C levels. In addition, switch from
2- to 4-weekly dosing (6-month dosing to 4 weekly for one
patient) was possible without any substantial LDL-C change.
Patients were in general satisfied with the therapy and con-
sidered the treatment effective and user friendly.

The patient characteristics of the study cohort are largely
in line with the known epidemiological data. Dyslipidemia is
an established risk factor for CHD. Accordingly, the major-
ity of enrolled patients (78.5%) reported having CHD. Fur-
thermore, the expression of dyslipidemia is influenced by
various factors, including obesity and diet. Many patients
were overweight, with a median BMI of 27.3 kg/m>. For
69.8% of the patients, it was reported that they had been
treated with LLT in the previous 12 months before initiation
of alirocumab and/or during the study (other than PCSK9
inhibitors and apheresis). However, 20 had no information
on previous LLT or other LLT during the study. As per the
recommendations by the Joint Federal Committee (G-BA),
the patients should have been treated with other LLTs before
starting with alirocumab. Therefore, it is possible that this

therapy was not reported sufficiently and that a higher pro-
portion of patients has indeed received LLTs other than
PCSKO inhibitors and apheresis beforehand. The naive
patients had higher baseline LDL-C values and reported
higher systolic pressure and diabetes more than the pre-
treated patients.

After 12 weeks of treatment, a median decrease of LDL-C
by 52% was observed in PCSK9 inhibitor-naive patients,
confirming the benefit from treatment with alirocumab,
which was also reported in previous randomized controlled
trials. The ODYSSEY CHOICE I trial showed an LDL-C
reduction after 12 weeks by 52.7% in patients receiving ali-
rocumab 300 mg Q4W without concomitant treatment with
statins and a LDL-C reduction by 58.8% in patients with
concomitant statins [9]. The results of the OPTIMIZE study
(75 mg or 150 mg Q2W) showed a 50.7% reduction [6].
For the pre-treated group who were switched from another
PCSKO9i therapy to the alirocumab Q4 W regimen, our results
indicate that the monthly dosage of alirocumab is just as
effective as the Q2W regimen, yet offering the advantage
of a monthly injection, including better consistency and a
reduced burden with the treatment. With respect to other
LLTs, alirocumab, along with evolocumab, appears to be a
more effective agent in lowering LDL-C levels compared
with inclisiran, bempedoic acid, and ezetimibe. The results
of a recent meta-analysis of non-statin LLTs revealed that
evolocumab (140 mg Q2W/420mg Q4W) and alirocumab
(75mg Q2W, 150 mg Q2W, and 300 mg Q4 W) resulted in
a greater reduction of LDL-C at 12 weeks compared with
inclisiran, the bempedoic acid/ezetimibe fixed-dose combi-
nation, and ezetimibe and bempedoic acid used as mono-
therapies [10].

PCSKO inhibitor-naive patients in the present study
had on average lower LDL-C values at baseline (mean
130.2 mg/dL [3.37 mmol/L]) compared with patients in
the OPTIMIZE (mean 150.5 mg/dL [3.89 mmol/L]) and
PEARL (mean 180.5 mg/dL [4.7 mmol/L]) studies (Fig. 5).
Similarly, the median LDL-C values in the PCSK9 inhibitor-
naive patients in the present analysis at baseline were lower
(116.0 mg/dL [3.00 mmol/L]) compared with the reported
baseline values in the German multi-center HYDRA-ACS
study (median 166 mg/dL [4.29 mmol/L]) [11]. For this rea-
son, the change in LDL-C in the present study has not been
that prominent. Low baseline LDC-C values in patients in
the current study may be explained by the fact that most
patients had been treated by the cardiologists in the private
practices, meaning the patient’s therapy and the LDL-C
values could have been followed up closely before the base-
line visit. Furthermore, it can be observed that as a result
of the various ongoing initiatives and increased awareness,
there has been an improvement in the lipid management as
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Table 2 Injection Treatment Acceptance Questionnaire (ITAQ) items over the past 12 weeks (full analysis set)

n (%)
At least one ITAQ question answered Yes 141 (96.6)
No 534
Effectiveness and safety of injection
How effective do you think the injection has been? Not effective at all 2(1.4)
Close to ineffective 0(0.0)
Somewhat effective 7(5.0)
Effective 35(25.0)
Very effective 71 (50.7)
I cannot estimate 25 (17.9)
Did you experience any reactions at the injection side (such as redness, bruising or swelling) Yes 11 (8.5)
No 119 91.5)
How safe have you felt with self-injection? Very unsafe 3(2.3)
Somewhat unsafe 2(1.5)
Partially safe 6 (4.6)
Safe 65 (49.6)
Very safe 55 (42.0)
Handling of injection
How easy was it to give yourself the injection treatment? Very difficult 0(0.0)
Difficult 2(1.4)
A little difficult 5(3.6)
Easy 72 (52.2)
Very easy 59 (42.8)
Did you experience any pain when injecting your treatment? Yes 6(4.3)
No 132 (95.7)
How acceptable did you find the time to give yourself the injection treatment? Not acceptable at all 1(0.7)
Not acceptable 1(0.7)
Neither acceptable nor unacceptable 1(0.7)
Acceptable 45 (32.8)
Totally acceptable 89 (65.0)
How acceptable did you find the number of times you had to give yourself the injection Not acceptable at all 1(0.7)
treatment? Not acceptable 1(0.7)

How easy was it to remember to give yourself the injection treatment?

How easy was it to fit in taking the injection into your daily life?

How practical has the self-injection been for you?

Neither acceptable nor unacceptable 1(0.7)

Acceptable 62 (44.6)
Totally acceptable 74 (53.2)
Very difficult 2(1.4)
Difficult 1(0.7)
Neither difficult nor easy 15 (10.7)
Easy 53 (37.9)
Very easy 69 (49.3)
Very difficult 1(0.7)
Difficult 0(0.0)
Neither difficult nor easy 14 (10.0)
Easy 54 (38.6)
Very easy 71 (50.7)
Very much impractical 0(0.0)
Impractical 1(0.7)
Neither practical nor impractical 4(2.9)
Practical 67 (48.2)
Very practical 67 (48.2)
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Table 2 (continued)

n (%)
Overall evaluation of self-injections
‘Would you continue self-injection? For sure not 0(0.0)
Rather not 1(0.7)
I do not know 3.1
Probably yes 23 (16.4)
Yes sure 113 (80.7)
If you think about all aspects of your injection treatment in the last 12 weeks, how satisfying Dissatisfied at all 0(0.0)
did you find the treatment? Not satisfied 1(0.7)
Neither satisfied nor dissatisfied 32.1)
Satisfied 42 (29.8)
Very satisfied 95 (67.4)
How did you like the treatment with the Praluent® 2-mL SYDNEY autoinjector monthly Worse 0(0.0)
compared to previous treatment every 2 weeks?? No difference 8 (24.2)
Better 25 (75.8)
#Only pre-treated patients
Table 3 Number of patients (%) PCSKO inhibitor- Pre-treated (N = 38)  Total (N = 163)
with AEs (safety analysis set) naive (N = 125)
No AE 114 (91.2) 36 (94.7) 150 (92.0)
Any AE 11 (8.8) 2(5.3) 13 (8.0)
Any non-SAE 9(7.2) 1(2.6) 10 (6.1)
Any SAE 2 (1.6) 1(2.6) 3(1.8)
Any drug related AE 43.2) 1(2.6) 5@3.1)
Any AE leading to study drug withdrawal 3(2.4) 1(2.6) 4(2.5)
Any SAE leading to study drug withdrawal 2(1.6) 0 (0.0) 2(1.2)
Any fatal AE 0 (0.0) 0(0.0) 0(0.0)

Table 4 Number of patients
with AEs by SOC (SAS)

AE adverse event, PCSK9 proprotein convertase subtilisin kexin type 9, SAE serious adverse event

SAS patients with AEs by SOC, n (%)

PCSKO inhibitor

Pre-treated Total (N = 163)

naive (N = 125) (N =138)
General disorders and administration site conditions 3 (2.4) 0(0.0) 3(1.8)
Respiratory, thoracic and mediastinal disorders 2(1.6) 1(2.6) 3(1.8)
Injury, poisoning and procedural complications 2(1.6) 0(0.0) 2(1.2)
Musculoskeletal and connective tissue disorders 2(1.6) 0(0.0) 2(1.2)
Nervous system disorders 1(0.8) 1(2.6) 2(1.2)
Eye disorders 1(0.8) 0(0.0) 1(0.6)
Infections and infestations 0 (0.0) 1(2.6) 1(0.6)
Investigations 1(0.8) 0(0.0) 1(0.6)
Metabolism and nutrition disorders 1(0.8) 0(0.0) 1(0.6)
Reproductive system and breast disorders 1(0.8) 0(0.0) 1(0.6)
Skin and subcutaneous tissue disorders 0 (0.0) 1(2.6) 1(0.6)
Vascular disorders 1(0.8) 0(0.0) 1 (0.6)

AE adverse event, PCSK9 proprotein convertase subtilisin kexin type 9, SAS safety analysis set, SOC sys-

tem organ class
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Fig.5 Distribution of low-density lipoprotein cholesterol (LDL-C) values at baseline and 12 weeks in three German non-interventional studies

LLTs are better implemented and because of the lower target
values, the use of PCSK9 inhibitors is also considered in
patients with lower baseline values.

Despite the availability of effective LLTs, patient adher-
ence and compliance are often poor for various reasons,
which presents a major barrier to achieving LDL-C goals
[12, 13]. A less frequent dosing regimen is one of the ways
to improve patient acceptance and adherence [13]. In gen-
eral, patients in our study were satisfied with the therapy
using the 2-mL SYDNEY autoinjector and considered the
treatment effective and user friendly. These real-world find-
ings confirm the results reported in the randomized SYD-
NEY study, where the majority of patients were very satis-
fied in all assessments and very confident in using the 2-mL
SYDNEY device [8]. The results of another alirocumab
study also reported positive acceptance of the alirocumab
prefilled pen and syringe devices by both patients and physi-
cians, with most patients willing to use self-injection, par-
ticularly after training [14]. The high rating of overall ease
of use of the device in our study is encouraging as simple
self-administration could improve treatment adherence.
Importantly, the treatment appeared to be well tolerated,
with over 90% of patients experiencing no reactions at the
injection site and no new safety signals being detected. The
rates of injection-site reactions using 2 X 1-mL injections
of alirocumab 300 mg Q4W were considerably higher in the
ODYSSEY CHOICE I trial (18.5% in patients not receiv-
ing statins and 15.7% in patients receiving statins) [9]. In
addition, most of the PCSK®9 inhibitor pre-treated patients
(75.8%) in our study preferred the treatment schedule of the
2-mL SYDNEY autoinjector (300 mg Q4W) over their pre-
vious treatment. This implies that a monthly dose provides
patients with a less frequent dosing regimen compared with
the Q2W dosing regimen, which may be more convenient
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for patients and may result in a better long-term adherence
to treatment. The vast majority (97.1%) of the patients in our
study planned to continue with the Q4W treatment (probably
or for sure), suggesting a potential improvement in adher-
ence. It is also worth mentioning that 96.6% of patients in
our study answered at least one ITAQ question, which is
high considering the non-interventional design.

5 Limitations

The present study was subject to several limitations. First,
non-interventional observational studies have inherent limi-
tations in validity, owing to lower data quality and higher
susceptibility to various sources of bias than in a clinical
trial. Additionally, the study was conducted only in Ger-
many; therefore, the data from a single country may deviate
from those of an international cohort. The majority of study
centers were established institutions and physicians were
mostly internists specialized in cardiology, which might
have influenced the baseline characteristics or information
on previous treatments. The observational time of 12 weeks
was relatively short to assess and appreciate the results of
a treatment with a monthly dosing regimen. Thus, the real-
life long-term efficacy and safety of alirocumab could not
be assessed in this study. Moreover, the number of patients
included in this study (FAS: 165) was relatively small, par-
ticularly in the pre-treated subgroup (n = 36), and the results
should be interpreted with caution. Additionally, there is a
small number of patients from the FAS who responded to
likability of the treatment with the Praluent® 2-mL SYD-
NEY autoinjector monthly compared to previous treatment
every 2 weeks, which provides little information on com-
parison to an every 2-week regimen. Last, selection bias
into treatment with alirocumab was present because of statin
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intolerance as patients in this population had previously ini-
tiated and not responded to statin therapy.

6 Conclusions

This study demonstrated the effectiveness and safety of
alirocumab 300 mg using the 2-mL SYDNEY autoinjec-
tor in patients with primary hypercholesterolemia or mixed
dyslipidemia and existing atherosclerotic cardiovascular
disease or in patients with confirmed heterozygous familial
hypercholesterolemia, for whom the LDL-C values were
not sufficiently controlled (despite maximum dietary con-
trol or LLT), and who fulfilled the other selection criteria
in a routine clinical setting in Germany. Moreover, PCSK9
inhibitor-naive patients benefited from optimization therapy
with a PCSK9 inhibitor in addition to other LLTs. Overall,
the new autoinjector device is easy to use with high degrees
of treatment acceptance and satisfaction, which could poten-
tially improve patient adherence.
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