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Abstract

Background and aims Low-density lipoprotein cholesterol (LDL-C) is the main therapeutic target in the treatment of hyper-
cholesterolemia. Small interfering RNA (siRNA) inclisiran is a new drug, which targets PCSK9 mRNA in the liver, reduc-
ing concentrations of circulating LDL-C. In randomized trials, inclisiran demonstrated a substantial reduction in LDL-C.
The German Inclisiran Network (GIN) aims to evaluate LDL-C reductions in a real-world cohort of patients treated with
inclisiran in Germany.

The members of the German InclisiranNetwork are listed in
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Methods Patients who received inclisiran in 14 lipid clinics in Germany for elevated LDL-C levels between February 2021
and July 2022 were included in this analysis. We described baseline characteristics, individual LDL-C changes (%) and side
effects in 153 patients 3 months (n=153) and 9 months (n=79) after inclisiran administration.

Results Since all patients were referred to specialized lipid clinics, only one-third were on statin therapy due to statin
intolerance. The median LDL-C reduction was 35.5% at 3 months and 26.5% at 9 months. In patients previously treated
with PCSK9 antibody (PCSK9-mAb), LDL-C reductions were less effective than in PCSK9-mAb-naive patients (23.6% vs.
41.1% at 3 months). Concomitant statin treatment was associated with more effective LDL-C lowering. There was a high
interindividual variability in LDL-C changes from baseline. Altogether, inclisiran was well-tolerated, and side effects were
rare (5.9%).

Conclusion In this real-world patient population referred to German lipid clinics for elevated LDL-C levels, inclisiran dem-
onstrated a high interindividual variability in LDL-C reductions. Further research is warranted to elucidate reasons for the
interindividual variability in drug efficacy.
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Introduction

Elevated low-density lipoprotein (LDL-C) cholesterol con-
centrations are a causal risk factor for atherosclerotic cardio-
vascular disease (ASCVD). The European Society of Car-
diology (ESC) and the European Atherosclerosis Society
(EAS) released updated guidelines for the management of
elevated cholesterol levels in 2020 [1]. Statins are first-line
lipid-lowering therapy (LLT) for patients with elevated cho-
lesterol levels. When LDL-C targets cannot be achieved,
lipid-lowering therapy should be escalated accordingly with
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either ezetimibe or proprotein convertase subtilisin/kexin
type 9 inhibitors (PCSK9-mAb).

The inhibition of PCSK9 messenger RNA (mRNA) is an
emerging lipid-lowering concept [2—4. PCSK9 is produced
in the liver and binds to LDL-C receptors at the surface of
hepatocytes, which leads to the inhibition of LDL receptor
(LDL-R) recycling and enhanced degradation [5]. Inclisiran
is a first-in-class small interfering RNA (siRNA) conjugated
to triantennary N-acetylgalactosamine carbohydrates (Gal-
NAc) which targets PCSK9 mRNA [6].
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The first approval for the siRNA inclisiran was given by
the European Medicine Agency in December 2020 [6] for
the treatment of adults with hypercholesterolemia or mixed
dyslipidemia. The Food and Drug Administration approved
inclisiran in 2021. In Germany, inclisiran has been available
since February 2021 and can be prescribed by cardiologists,
nephrologists, endocrinologists, angiologists, and doctors
working in lipid clinics for patients with hypercholester-
olemia or mixed dyslipidemia.

Against the background of reported high interindividual
variabilities in LDL-C reductions with statins, ezetimibe,
PCSK9-mAb and bempedoic acid [7-10, we hypothesized
that cholesterol lowering with inclisiran exhibits a similar
substantial interindividual variability in lowering LDL-C.
Therefore, the aim of this retrospective, multicenter analysis
was to use individual patient data to determine the extent of
the variabilities in LDL-C reductions in response to incli-
siran administration in patients treated with inclisiran in
Germany.

Methods

The German Inclisiran Network (NCT05438069) includes
14 lipid clinics in Germany (Supplementary Table 1). Elec-
tronic data records of patients treated with inclisiran (Sup-
plementary Fig. 1, Supplementary Table 1) were collected
from February 2021 to July 2022. In contrast to patients
included in the ORION study program, inclisiran was admin-
istered to a broader range of patients with elevated LDL-C,
including patients with statin intolerance as well as patients
on statins, ezetimibe, bempedoic acid and on lipoprotein
apheresis. The study was approved by the Local Ethic Com-
mittee of the Jena University Hospital (2021-2429).
Patients with changes in lipid-lowering medications or
administration of PCSK9-mAbs within 4 weeks prior to
inclisiran administration were excluded from the analysis.
Reasons for PCSK9 discontinuation, such as poor response
and poor tolerance, were defined individually by lipid spe-
cialists. The term “poor response” refers to a situation with
an inadequate reduction in LDL-C levels following the
administration of PCSK9-mAb. Similarly, poor PCSK9-
mAb tolerability refers to the occurrence of side effects sig-
nificant enough to cause discontinuation of PCSK9-mAbs.
We also excluded patients who changed background LLT
after inclisiran administration. Overall, the study included
153 patients. All patients were followed-up at 3 months
after the first inclisiran administration. Of them, a total of
79 patients were followed-up both at 3 and 9 months after
the first administration of inclisiran (Supplementary Fig. 1).
Inclisiran was injected in the respective lipid clinics by qual-
ified medical professionals in accordance with the Medicinal

Products Directives established by the German Federal Joint
Committee [11].

The median LDL-C response was calculated as percent-
age change from baseline. All statistical analyses were
conducted with R Statistics (Version 4.1.2), and statistical
significance was assessed at a 2-sided 5% level. Statisti-
cal significances were calculated using the Wilcoxon rank
sum test (for non-normal distribution) and Student’s t-test
(for normal distribution) to compare differences between
two groups of continuous variables. The Kruskal-Wal-
lis test was used to compare more than two groups. The
normality of distribution was tested using histograms and
Shapiro—Wilk test.

Spearman correlation coefficient was used to deter-
mine the correlation between LDL-C change from base-
line and other variables. Multiple regression model
included LDL-C change from baseline (%) as dependent
variable and sex, age, baseline LDL-C, ASCVD, PCSK9-
mADb treatment and concomitant treatment with statins/
ezetimibe as independent variables. For the final model,
the R-squared was 0.15, F-statistic 4.24 on six and 146
degrees of freedom. Graphs were created using GraphPad
Prism 9.5.0 and R Statistics. Supplementary Fig. 1 was
created with BioRender.com.

Results
Patient characteristics

Patients were on average 63.0 (IQR 55.0; 70.0) years old,
and 66 (43.1%) were female. Median LDL-C concentration
at baseline was 3.6 mmol/L (IQR 2.4; 4.8), or 139.2 mg/dL.
(IQR 92.8; 185.6), respectively (Table 1).

We analyzed two cohorts separately: patients who had
received PCSK9-mADb in the past (n=58) and PCSK9-mAb
naive patients (n=95). PCSK9-mAb pre-treatment was
characterized by higher baseline LDL-C concentrations,
more female patients (Table 1), and less background lipid-
lowering therapy (Table 2). Fifty-eight patients (37.9%) had
received treatment with PCSK9-mADb in the past and were
switched to inclisiran due to PCSK9-mAb intolerance or
poor LDL-C response (Table 2). Most patients (51/58) had
a wash-out period of at least 3 months between PCSK9-mAb
and inclisiran. Seven patients stopped PCSK9-mAb for at
least 4 weeks prior to inclisiran administration. Of the 58
patients pre-treated with PCSK9-mAbs, 49/58 received evo-
locumab (140 mg or 420 mg) and 9/58 received alirocumab
(75 mg or 150 mg). Eighty-three patients (54.2%) were on
oral lipid-lowering therapy at baseline. Fifty-one patients
(33.3%) received a combination of oral lipid-lowering
drugs, while 32 (20.9%) received either statin, ezetimibe or
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Table 1 Baseline characteristics

. Variable
of patients

Total
N=153

PCSK9-mAb
n=58

No PCSK9-mAb
n=95

Age, median [IQR]
Females, n (%)
Males, n (%)
Baseline LDL-C
In mmol/L, median (IQR)
In mg/dL, median (IQR)
Baseline TC
In mmol/L, median (IQR)
In mg/dL, median (IQR)
Baseline HDL-C
In mmol/L, median (IQR)
In mg/dL, median (IQR)
Baseline TG
In mmol/L, median (IQR)
In mg/dL, median (IQR)
ASCVD, n (%)
diabetes mellitus, n (%)
FH, n (%)
Chronic kidney disease®, n (%)
Thyroid disease, n (%)
Hypothyreodism
Hyperthyreodism

Liver steatosis, n (%)

63.0 (55.0; 70.0)
66 (43.1)
87 (56.9)

3.6 (2.4;4.8)
139.2 (92.8; 185.6)

5.7 (4.4;6.8)
220.4 (170.1; 263.0)

1.3 (1.1; 1.6)
50,3 (42.5; 61.9)

64.0 (57.0; 71.8)
30 (51.7)
28 (48.3)

4.0 (2.8;5.2)
154.7 (108.3; 201.1)

6.1 (4.6;7.2)
235.9 (177.9; 278.4)

1.4 (1.0; 1.6)
54.1 (38.7; 61.9)

63.0 (55.0; 68.5)
36 (37.9)
59 (62.1)

34(23;44)
131.5 (88.9; 170.2)

5.2 (4.2; 6.6)
201.1 (162.4; 255.2)

1.3 (1.1; 1.5)
50.3 (42.5; 58.0)

1.7 (1.2, 2.9) 1.9(1.3;3.1) 1.7 (1.2;2.7)
150.6 (106.3; 256.9)  168.3 (115.1;274.6)  150.6 (106.3; 239.1)
128 (83.6) 50 (86.2) 78 (82.1)

30 (19.7) 14 24.1) 16 (16.8)

72 (47.1) 23 (39.7) 49 (52.1)

26 (17.0) 2(3.4) 24 (25.3)

32 (20.9) 7312.1) 25 (26.3)

28 (18.3) 6 (10.3) 22(23.2)

4(1.3) 1(1.7) 3(3.2)

26 (17.0) 2(3.4) 24 (25.3)

PCSK9-mAb proprotein convertase subtilisin/kexin type 9 monoclonal antibody, ASCVD atherosclerotic
cardiovascular disease, FH familial hypercholesterolemia, 7C total cholesterol, HDL-C high-density lipo-
protein cholesterol, TG triglycerides

“Defined as per KDIGO criteria for chronic kidney disease

bempedoic acid as monotherapy (Table 2). Twenty patients
(13.1%) were on apheresis, either as monotherapy (7/20) or
in combination with oral agents (13/20). The indication for
apheresis were either elevated lipoprotein(a) levels (14/20)
or high LDL-C levels not treatable with available drugs
(6/20). Of note, 70 patients (45.8%) were not on any oral
LLT at baseline due to statin intolerance and side effects
of other lipid-lowering therapies. Familial hypercholester-
olemia (FH) was diagnosed in approximately 47.1% of the
patients, as per the Dutch Network Score criteria or con-
firmed by genetic testing.

LDL-C change from baseline

In patients who did not receive PCSK9-mAb treatment
prior to inclisiran, LDL-C was reduced from 3.4 mmol/L
(131.5 mg/dL) at baseline to 1.9 mmol/L (73.5 mg/dL) at
3 months and 2.5 mmol/L (96.7 mg/dL) at 9 months (abso-
lute change of 1.5 mmol/L (58 mg/dL) and 0.9 mmol/L
(34.8 mg/dL), respectively), Fig. 1. Waterfall plots demon-
strate a high interindividual variability in LDL-C reductions
both at 3 and 9 months (Figs. 2, 3, Supplementary Fig. 2).
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The median individual LDL-C reduction was — 41.1%
[95% confidence interval (CI), — 45.5; — 35.4] at 3 months
(Table 3) and — 28.4% (95% CI, — 38.5; — 21.4) at 9 months.

Baseline LDL-C in PCSK9-mAD pre-treated patients
was 4.0 mmol/L (154.7 mg/dL) and LDL-C was reduced
to 3.0 mmol/L (116.0 mg/dL) at 3 months and 2.6 mmol/L
(100.5 mg/dL) at 9 months, Fig. 1. The median LDL-C
change was — 23.6% (95% CI, — 33.3; — 20.0) at 3 months
and — 25.1% (95% CI, — 41.4; — 15.7) at 9 months.

Further, we analyzed individual LDL-C reductions
depending on background lipid-lowering therapy (LLT).
This cohort included a variety of lipid-lowering strategies.
Overall concomitant LLT and statin therapy were associ-
ated with more effective LDL-C reductions, especially in
patients not pre-treated with PCSK9-mAb (Table 3). Of
note, the use of combination therapies rather than mono-
therapies resulted in more pronounced LDL-C lowering
(Fig. 4).

Spearman correlation coefficients between LDL-C
change from baseline (%) and other variables showed that
any oral LLT (r=- 0.16, p=0.045) as well as statin or
ezetimibe treatment (r=— 0.24, p=0.003) were associated
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Table 2 Lipid-lowering therapy

. Variable Total PCSK9-mADb No PCSK9-mAb
at baseline n=153 n=58 n=95
Background lipid-lowering therapy
Yes 83 (54.2) 24 (41.4) 59 (62.1)
No 70 (45.8) 34 (58.6) 36 (37.9)
Statin (total) 48 (31.4) 10 (17.2) 38 (40.0)
High-intensity 36 (23.5) 7 (12.1) 29 (30.5)
Moderate-intensity 3(2.0) 1(1.7) 22.1
Low-intenstiy 9(5.9) 2(3.4) 7(7.4)
Ezetimibe (total) 64 (41.8) 14 (24.1) 50 (52.6)
Bempedoic acid (total) 31 (20.3) 11 (19.0) 20 (21.1)
Statin only 7 (4.6) 2(3.4) 5(5.3)
Ezetimibe only 15 (9.8) 5(8.6) 10 (10.5)
Bempedoic acid only 10 (6.5) 8 (13.8) 22.1
Statin + ezetimibe 30 (19.6) 6 (10.3) 24 (25.3)
Statin + bempedoic acid 2 (1.3) 0 22.1
Ezetimibe 4+ bempedoic acid 10 (6.5) 1(1.7) 9(9.5)
Statin + ezetimibe 4+ bempedoic acid 9(5.9) 234 7(7.4)
Apheresis 20 (13.1) 8 (13.8) 12 (12.6)
Alone 7 (4.6) 2(3.4) 5(5.3)
In combination with oral LLT 13 (8.5) 6(10.3) 7(7.4)

All values shown as n (%)

PCSK9-mAb proprotein convertase subtilisin/kexin type 9 monoclonal antibody, LLT lipid-lowering ther-

apy

with more effective LDL-C reductions. Vice versa, base-
line LDL-C (r=0.17, p=0.034) and PCSK9-mAb (r=0.37,
p=0.000002) therapy were positively correlated with
LDL-C changes (i.e., worse effectiveness) (Supplemen-
tary Fig. 4). There was no significant correlation with age
or sex. In a multiple regression model, including sex, age,
baseline LDL-C, ASCVD, concomitant statin or ezetimibe
treatment and PCSK9-mAb pre-treatment, only statin or
ezetimibe treatment (f=— 12.1; t=— 2.7; p=0.0075) and
PCSK9-mAb pre-treatment (B =13.1, t=3.1, p=0.002)
were significant predictors of LDL-C change from baseline
(%) 3 months after the first inclisiran injection (Table 4).

Lp(a) analysis

Lipoprotein (a) concentrations at baseline were available
in 73 patients (median Lp(a) 79 nmol/L). Follow-ups were
available in 42 patients (median Lp(a) 54.4 nmol/L). In 12
patients, Lp(a) levels were below the detectable range both
at baseline and after inclisiran treatment and were therefore
excluded from the analysis. The median Lp(a) change from
baseline was — 17.3% (95% CI, — 24.6; — 6.4), ranging from
a 74.4% reduction to a 29.6% increase in Lp(a) levels from
baseline (Supplementary Fig. 5). There was no association
between LDL-C change from baseline (%) and baseline
Lp(a) levels (Supplementary Fig. 6).

Safety analysis

Forty-two percent of the patients included in this analysis
were on inclisiran monotherapy due to side effects of statins,
ezetimibe, bempedoic acid or PCSK9-mAb. As many as 70%
of the patients included were statin-intolerant. Against this
background, inclisiran was extremely well-tolerated. Only
5.9% of the entire cohort reported side-effects after incli-
siran administration. Four patients reported myalgia, four
patients experienced injection site reactions and one patient
had injection site reactions and dizziness.

Discussion

In this real-world setting outside controlled clinical trials of
patients treated with inclisiran in Germany, we observed a
substantial interindividual variability of LDL-C reductions
after the first and second administration of the siRNA incli-
siran. This finding is consistent with observations reported
for other lipid-lowering agents, such as statins, ezetimibe,
PCSK9-mAb and, most recently, bempedoic acid [7, 9,
10, 12—-15]. Individual patient data analysis of VOYAGER
evaluated LDL-C reductions in more than 32,000 statin-
treated patients and demonstrated that 5.3-53.3% of these

@ Springer
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(overall), PCSK9-mAbD naive, and PCSK9-mAb pre-treated patients.

patients were poor-responders [7]. Waterfall plots from the
HEYMANS registry—a real-world analysis of the PCSK9-
mAb evolocumab—also demonstrated a substantial interin-
dividual variability in LDL-C reductions [16]. Apart from
biochemical and molecular properties, there are also other
possible factors to explain this observation. In controlled
clinical trials, patients exhibit greater adherence to pre-
scribed medications compared to observational studies, as
a result of closer supervision, regular follow-up, and higher
pre-existing adherence levels [17, 18]. Moreover, patients
admitted to special lipid clinics are characterized by multiple
drug intolerances. Therefore, this cohort differs from the
general population usually treated with LLT.

The median LDL-C reduction of patients who did not
receive PCSK9-mAD treatment prior to inclisiran admin-
istration was — 41.1% after 3 months and — 28.4% after
9 months. Less effective LDL-C lowering in this cohort
could be due to discontinued or reduced dosing of back-
ground LLT. Another important finding of this analysis was
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*#p<0.01, ***p<0.001, ****p<0.0001. PCSK9-mAb proprotein
convertase subtilisin/kexin type 9 monoclonal antibody, /QR inter-
quartile range

that PCSK9-mAb pre-treatment was associated with less
effective LDL-C reductions (Tables 3, 4). This could be due
to patient selection. Patients on PCSK9-mAb are charac-
terized by higher baseline LDL-C levels and less effective
LDL-C lowering on other LLT [19, 20]. Moreover, other rea-
sons to switch from PCSK9-mAb to inclisiran were a poor
response to PCSK9-mAb treatment and, in some patients,
poor tolerability of PCSK9-mAb. Therefore, it cannot be
excluded that in this selected patient population, inclisiran
is also less effective.

The recently published ORION-3 open-label extension
trial does not verify the findings of this study. However,
more than two-thirds of the patients in the ORION-3 trial
were on concomitant statin therapy, whereas our cohort con-
sisted mainly of statin-intolerant patients.

It is known that PCSK9 inhibition by monoclonal anti-
bodies increases PCSK9 plasma concentrations within the
first 3 months after PCSK9-mAD injection due to delayed
PCSKO9 plasma clearance induced by the PCSK9-antibody
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Table 3 LDL-C change from Subgroups Overall PCSK9-mAb No PCSK9-mAb
baseline (%) at 3 months in n=153 n=58 n=95
different subgroups
Overall —35.5(-38.7; - 31.6) —23.6 (—33.3; - 20.0) —41.1(-45.5;-354)
Sex
Male —36.9 (—42.1; — 32.3) —24.5(-33.3; - 19.1) —42.0(—47.1; - 35.4)
Female —35.6 (—40.4; —24.0) —23.6 (— 38.0; — 15.5) —40.6 (— 46.6; — 27.6)
Age
<65 years —36.2(—41.1; - 28.9) —229(-35.5;,-19.1) —41.6 (—47.3; —35.4)
> 65 years —35.4(-38.7,-304) —27.2 (- 38.0; — 14.5) —37.4 (- 45.9; - 31.8)
LLT
Yes —38.0 (—42.1; - 31.8) —30.1 (- 38.0; — 19.7) —41.6 (—48.9; —35.4)
No —33.8(—37.8; —26.4) —22.0(—35.5;-12.1) — 374 (- 46.6; — 31.9)
Overall statin
Yes —42.2 (- 54.1; - 36.1) —40.0 (— 53.4; —20.7) —43.1 (- 57.6; —35.4)
No —31.9 (- 36.9; —26.4) —21.2(-31.6; — 16.7) —37.9 (- 44.6; — 31.9)
FH
Yes —34.7 (- 38.6; — 28.9) —24.0 (- 38.0,-8.9) —37.8 (—42.2;-304)
No —37.0 (—41.1; — 30.8) —23.3(—35.5;-19.7) —43.8 (—48.9; - 36.9)
Apheresis
Yes —-37.0(-51.2; - 16.7 —10.5 (- 88.9; 53.3) — 374 (- 67.8; —24.8)
No —36.5(—40.4; - 31.6) —252(-355;-20.2) —41.6 (—45.6; — 35.4)

Data shown as median and 95% confidence interval (95% CI)

PCSK9-mAb proprotein convertase subtilisin/kexin type 9 monoclonal antibody, LLT lipid-lowering ther-
apy, FH familial hypercholesterolemia
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Fig.4 LDL change from baseline (%) at 3 months in different groups mAb (c¢). Bars shown as median and IQR. ***p <0.001. PCSK9-mAb
of concomitant LLT: overall (a), in patients not pre-treated with proprotein convertase subtilisin/kexin type 9 monoclonal antibody,
PCSK9-mAb (b) and in patients previously treated with PCSK9 BA bempedoic acid, EZE ezetimibe, LLT lipid-lowering therapy
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Table4 Summary of multiple regression model predicting relative
LDL-C change from baseline (%) at 3 months

Variable 5} Std. error t-Value p-Value

(Intercept) —28.9707 17.03763 —1.7004 0.091185

Sex —1.54999 3.994785 —0.388 0.698578

Age 0.068322  0.188089  0.363244 0.716948

Baseline —1.58192 1.372067 — 1.15295 0.250817
LDL-C

PCSK9-mADb 13.0769 4221508  3.097685 0.00234**

Statin or — 12.099 4465612 —2.70937 0.007548%**
ezetimibe

ASCVD 1.372333  5.53218 0.248064 0.804434

Residual standard error: 23.61 on 146 degrees of freedom
Multiple R-squared: 0.1484, adjusted R-squared: 0.1134
F-statistic: 4.24 on 6 and 146 DF, p-value: 0.000577

ASCVD atherosclerotic cardiovascular disease, DM diabetes mellitus,
PCSK9-mAb proprotein convertase subtilisin/kexin type 9 monoclo-
nal antibody

#4p <0.01

complex [21]. This could potentially be a reason as to why
PCSK9-mAD pre-treatment was associated with less pro-
nounced LDL-C reduction. To which extent this may influ-
ence the magnitude of LDL-C reductions in response to
inclisiran and what additional pathways might contribute to
the relationship between PCSK9 protein and LDL-C reduc-
tions is not fully understood.

Another point worth mentioning is that although PCSK9
is highly specific to the liver, this is not the only tissue where
PCSK9 mRNA is expressed. Other tissues and cells, such
as the central nervous system, vascular smooth muscle cells
(VSMCs), macrophages, endothelial cells, lungs, esophagus,
stomach, duodenum, small intestine, colon, rectum, kidneys
and pancreas also express PCSK9. In VSMCs, macrophages
and endothelial cells, PCSK9 controls the LDL-R expres-
sion level similar to hepatic PCSKO9 [22, 23]. This may lead
to impaired LDL-C clearance, which cannot be remedied
through PCSK9 hepatic inhibition alone and could be one
explanation why PCSK9-antibodies showed higher effi-
cacy than siRNA inclisiran in the ORION-3 extension trial
(although there has been no direct head-to-head comparison
between two treatments) [24].

The cohort of this study is highly heterogeneous in terms
of concomitant LLT. Patients receiving statin treatment had
significantly greater LDL-C reductions than patients not
on statins (Table 3, Supplementary Figure S3). This find-
ing is in accordance with a previous publication assessing
inclisiran in a real-world cohort [25]. It is well-known that
statins induce the expression of the sterol-binding regula-
tory protein-2 (SREBP-2), a process leading to increased
transcription of both LDL-R and PCSK9 mRNA and hence,

to elevation of PCSK9 concentration in plasma. Previous
studies have also shown that greater LDL-C reductions in
response to statins are positively associated with PCSK9
plasma levels [26, 27]. Moreover, it is hypothesized that the
relationship between statin therapy and PCSK9 plasma con-
centrations could be an explanation for variations in LDL-C
response to statin treatment [27].

It has been suggested that poor adherence to statins,
PCSK9/LDL-R mutations and high Lp(a) levels may lead to
a suboptimal response to PCSK9 inhibition [28]. Although
the first two factors cannot be ruled out, our observations
did not indicate a significant association between Lp(a) lev-
els and the reduction of LDL-C from baseline (Supplemen-
tary Figure S6). Further, our study confirmed previous data
from ORION-1 on a substantial individual variation in Lp(a)
reductions (Supplementary Figure S5) [29]. Further research
is necessary to address the discrepancy in LDL-C reductions
observed in patients previously treated with PCSK9-mAbs
vs. PCSK9-mAb naive patients. Prospective studies that
incorporate PCSK9 measurements may provide significant
value in understanding the underlying mechanisms and fac-
tors that influence LDL-C response. Additionally, a more
in-depth characterization of the patient cohort, including
genetic testing, is of paramount importance in identifying
genetically determined reasons for high interindividual vari-
ations in LDL-C reductions.

Finally, side-effects of inclisiran treatment were rare.
Given the fact that around 50% of this cohort are patients
with drug intolerances to multiple other lipid-lowering
agents, a 6% rate of side effects to inclisiran our study is
consistent with a very good tolerability.

Limitations

This study has several limitations, most of them characteris-
tic for registry studies. First, due to the retrospective design
of the study, we cannot control for residual confounding
or draw causal conclusions. Second, the study is based on
patient-reported information, and we did not measure drug
(or metabolite) concentrations. Therefore, we cannot exclude
that in some patients, an increase in LDL-C concentrations,
especially after the second inclisiran injection, could be due
to non-adherence to concomitant LLT. However, waterfall
plots show similar variations in patients with background
LLT and inclisiran monotherapy (Supplementary Figure S5).
Further, the quality of data collected in retrospective registry
studies can vary and is generally lower compared to rand-
omized controlled trials or prospective registries.

Apart from methodological limitations, the study’s lim-
ited generalizability should also be emphasized as a draw-
back. The cohort was highly heterogenous and included
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patients on various background lipid-lowering therapies as
well as patients who received inclisiran monotherapy due
to side effects of multiple lipid-lowering agents. Moreover,
this study reports results from patients admitted to highly
specialized lipid clinics. Therefore, a selection bias cannot
be excluded. We also did not compare LDL-C reduction in
response to siRNA inclisiran vs. other LLT in the same set-
ting. Further, in patients who were pre-treated with PCSK9
antibody, LDL-C levels within the first months of inclisiran
injection may be of limited value due to delayed PCSK9
clearance.

Despite the study's limitations, our data provide valuable
insights into the performance of inclisiran in a real-world
clinical setting. Registry-based studies enable the gathering of
information from actual clinical practice, providing a realistic
representation of drug performance in real-world scenarios.

Conclusions

This retrospective, multicenter cohort study reports the first
real-world data of LDL-C and Lp(a) lowering after administra-
tion of the siRNA inclisiran outside of controlled clinical trials
in Germany. The high interindividual variability of LDL-C
responses demonstrates the need to “treat-to-target” and sup-
ports the concept of “individualized lipid-lowering therapy”.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00392-023-02247-8.
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