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A BS T R AC T
BACKGROUND

Inclisiran (ALN-PCSsc) is a long-acting RNA interference (RNAi) therapeutic agent
that inhibits the synthesis of proprotein convertase subtilisin–kexin type 9 (PCSK9),
a target for the lowering of low-density lipoprotein (LDL) cholesterol.
METHODS

In this phase 1 trial, we randomly assigned healthy volunteers with an LDL cholesterol level of at least 100 mg per deciliter in a 3:1 ratio to receive a subcutaneous injection of inclisiran or placebo in either a single-ascending-dose phase (at a dose of 25,
100, 300, 500, or 800 mg) or a multiple-dose phase (125 mg weekly for four doses,
250 mg every other week for two doses, or 300 or 500 mg monthly for two doses,
with or without concurrent statin therapy); each dose cohort included four to eight
participants. Safety, the side-effect profile, and pharmacodynamic measures (PCSK9
level, LDL cholesterol level, and exploratory lipid variables) were evaluated.
RESULTS

The most common adverse events were cough, musculoskeletal pain, nasopharyngitis,
headache, back pain, and diarrhea. All the adverse events were mild or moderate
in severity. There were no serious adverse events or discontinuations due to adverse
events. There was one grade 3 elevation in the γ-glutamyltransferase level, which was
considered by the investigator to be related to statin therapy. In the single-dose
phase, inclisiran doses of 300 mg or more reduced the PCSK9 level (up to a leastsquares mean reduction of 74.5% from baseline to day 84), and doses of 100 mg
or more reduced the LDL cholesterol level (up to a least-squares mean reduction of
50.6% from baseline). Reductions in the levels of PCSK9 and LDL cholesterol were
maintained at day 180 for doses of 300 mg or more. All multiple-dose regimens
reduced the levels of PCSK9 (up to a least-squares mean reduction of 83.8% from
baseline to day 84) and LDL cholesterol (up to a least-squares mean reduction of
59.7% from baseline to day 84).
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CONCLUSIONS

In this phase 1 trial, no serious adverse events were observed with inclisiran.
Doses of 300 mg or more (in single or multiple doses) significantly reduced levels
of PCSK9 and LDL cholesterol for at least 6 months. (Funded by Alnylam Pharmaceuticals and the Medicines Company; ClinicalTrials.gov number, NCT02314442.)
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n elevated level of low-density lipoprotein (LDL) cholesterol is a major risk
factor for cardiovascular disease.1 Despite the use of statin therapy, alone or in combination with other lipid-lowering medications,
many at-risk patients continue to have elevated
levels of LDL cholesterol.2-4 Hence, there is a need
for additional treatment options for lowering of
the LDL cholesterol level to reduce cardiovascular risk.
Proprotein convertase subtilisin–kexin type 9
(PCSK9) is a recently identified but well-validated target for LDL cholesterol–lowering therapy.5
This serine protease, which is expressed and secreted into the bloodstream predominantly by the
liver, binds LDL receptors both intracellularly and
extracellularly and promotes the lysosomal degradation of these receptors in hepatocytes,6,7 thereby increasing the circulating LDL cholesterol
levels. PCSK9 loss-of-function mutations are associated with low circulating LDL cholesterol
levels and diminished cardiovascular risk8,9 with
no apparent negative health consequences.10
PCSK9-blocking antibodies, administered once
or twice monthly, reduce circulating PCSK9 levels
and lower LDL cholesterol levels.5,11,12 Preliminary data suggest that long-term treatment with
such antibodies is associated with a lower incidence of cardiovascular events than placebo.13,14
However, PCSK9 antibodies have a short duration of effect, necessitating frequent subcutaneous injections.5,11,12
A recently discovered means of decreasing
PCSK9 levels is the administration of small interfering RNA (siRNA) molecules.15 The siRNA
molecules engage the natural pathway of RNA
interference (RNAi) by binding intracellularly to
the RNA-induced silencing complex (RISC), enabling it to cleave messenger RNA (mRNA) molecules encoding PCSK9 specifically. The cleaved
mRNA is degraded and thus unavailable for protein translation, which results in decreased levels
of the PCSK9 protein. A single siRNA-bound RISC
is catalytic and cleaves many transcripts. This
characteristic may be important during use of
statins, which are known to up-regulate the
production of PCSK9, potentially limiting the effectiveness of the drugs. The lipid nanoparticle
ALN-PCS, an intravenous formulation of siRNA
that inhibits PCSK9 synthesis, has been shown in
a small phase 1 study to reduce the levels of both
PCSK9 and LDL cholesterol in adult volunteers.15
n engl j med 376;1
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Inclisiran (ALN-PCSsc) is a long-acting, subcutaneously delivered, synthetic siRNA directed
against PCSK9 that is conjugated to triantennary
N-acetylgalactosamine carbohydrates. These carbo
hydrates bind to abundant liver-expressed asialoglycoprotein receptors, leading to inclisiran uptake specifically into hepatocytes.16 The siRNA
was modified with a combination of phosphorothioate, 2′-O-methyl nucleotide, and 2′-fluoro
nucleotide modifications to improve molecular
stability.16 In preclinical studies involving nonhuman primates, doses of more than 3 mg per
kilogram of body weight resulted in reductions
of more than 80% in plasma PCSK9 levels and
approximately 60% lowering of the serum LDL
cholesterol level, with peak effects lasting more
than 30 days, with a very slow return to baseline
levels over a period of 90 to 120 days after administration (unpublished data). This phase 1 study
assessed the safety, side-effect profile, and pharmacodynamic effects of inclisiran when it was
administered subcutaneously in single or multiple doses in healthy volunteers who had an LDL
cholesterol level of at least 100 mg per deciliter
(2.60 mmol per liter) and in a small number of
participants taking a stable dose of statin cotherapy.

Me thods
Study Design and Oversight

We conducted this randomized, single-blind, placebo-controlled study in two stages — a singledose phase (with ascending doses for sequential
cohorts of patients), followed by a multiple-dose
phase (Fig. S1 in the Supplementary Appendix,
available with the full text of this article at
NEJM.org). The trial had a prospectively defined
adaptive design that allowed the modification, in
subsequent cohorts, of dosing regimens, evaluation schedules, and follow-up duration on the
basis of observations of the participants who had
already been enrolled in the study and in accordance with decisions made by the safety review
committee (see the Supplementary Appendix).
The study was sponsored by Alnylam Pharmaceuticals and the Medicines Company. The study
protocol, available at NEJM.org, was designed by
Alnylam Pharmaceuticals, the Medicines Company, and the principal investigators and was approved by the National Research Ethics Service
Committee in London–Brent, United Kingdom.
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The study was performed at two contract research
sites in the United Kingdom (Richmond Pharmacology and Covance). Data were collected by
the investigators and analyzed by Covance and
Alnylam Pharmaceuticals. All the authors interpreted the data, helped to prepare the manuscript,
and made the decision to submit the manuscript
for publication. Editorial assistance, funded by
Alnylam Pharmaceuticals, was provided by Green
splash and Spencer Fontayne. All the authors
vouch for the completeness, accuracy, and fidelity
of this study to the protocol.
Participants

Men and women (18 to 60 years of age in the
single-dose phase and 18 to 75 years of age in
the multiple-dose phase) who had a serum LDL
cholesterol level of at least 100 mg per deciliter
and a fasting triglyceride level of less than 400 mg
per deciliter (4.5 mmol per liter) were eligible.
Participants taking statin therapy had to have
been receiving a stable statin dose and regimen
for at least 30 days before screening and had to
have no planned changes during the study. Participants were not specifically instructed to maintain a stable dietary pattern. Participants with a
history of cardiovascular disease, cerebrovascular disease, or diabetes mellitus were excluded
except for those who were taking statins; such
patients could be enrolled if they had noninsulindependent diabetes mellitus or controlled hypertension. The full eligibility criteria are provided in
the Supplementary Appendix. All the participants
provided written informed consent.
Randomization and Study Treatment

In the single-dose phase, six cohorts (with four
participants each) were included. Participants in
each cohort were randomly assigned in a 3:1 ratio
to receive a subcutaneous injection of either inclisiran at a dose of 25, 100, 300, 500, or 800 mg
(two cohorts for the 800-mg dose) or placebo.
In the multiple-dose phase, the participants in
six cohorts (with four to eight participants each)
were randomly assigned in a 3:1 ratio with the
use of block sizes of four to receive inclisiran or
placebo. One cohort received a dose of 125 mg
once per week for 4 weeks, one cohort received
a dose of 250 mg once every 2 weeks for 4 weeks,
two cohorts (one of which was receiving statin
therapy) received a dose of 300 mg once per month
for 2 months, and two cohorts (one of which
n engl j med 376;1

was receiving statin therapy) received a dose of
500 mg once per month for 2 months.
In the two phases, the first dose was administered on the day of randomization (day 0). Inclisiran or placebo (administered in sterile 0.9%
normal saline) was injected subcutaneously into
one or more sites of the abdomen; dose volumes
of more than 1.5 ml were administered in two to
three injections of equal volume. Inclisiran was
supplied at a dose of 200 mg per milliliter of
sterile solution. Participants were unaware of the
assigned treatment because of syringe masking.
No participant was included in more than one
cohort.
Evaluations

Participants were monitored as inpatients for
3 days, with day −1 considered to be the day before
initial administration. Participants underwent randomization and treatment commenced on day 0.
Participants were evaluated as outpatients for
safety, side-effect profile, and pharmacodynamic end points at specified times throughout the
study period (56 days for the single-dose phase,
and ≤84 days for the multiple-dose phase). Pharmacodynamic end points were evaluated for an
additional month after the completion of the
safety and side-effect profile assessments.
Participants were considered to have completed the trial according to the protocol after
their final planned safety and pharmacodynamic follow-up visit. If at that visit the most recent
three LDL cholesterol levels averaged less than
80% of the baseline value, pharmacodynamic
monitoring continued every 2 weeks for 1 month,
and then every 4 weeks, until the more recent
three LDL cholesterol measurements averaged 80%
or more of the baseline value or until 180 days
after the last dose of inclisiran or placebo, whichever came sooner.
The safety evaluation included clinical laboratory tests (hematologic, biochemical, coagulation,
and urinalysis tests), vital signs (oral body temperature, blood pressure, heart rate, and respiration rate), physical examination, 12-lead electrocardiography (ECG), and adverse-event monitoring.
Adverse events were graded with the use of the
Common Terminology Criteria for Adverse Events
(CTCAE), version 4.0, and were categorized with
the use of the Medical Dictionary for Regulatory Activities, version 17.1.
Pharmacodynamic monitoring included plas-
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ma PCSK9 and serum LDL cholesterol measurements. PCSK9 assay methods are described in
the Supplementary Appendix. The serum LDL
cholesterol level was determined directly by means
of beta-quantification (Medpace Reference Laboratories). The exploratory biomarkers that were
evaluated included levels of total cholesterol, highdensity lipoprotein (HDL) cholesterol, non-HDL
cholesterol (total cholesterol level minus the HDL
cholesterol level), apolipoprotein B, lipoprotein(a),
and triglycerides.
Statistical Analysis

All the participants who received at least one
dose of inclisiran or placebo were included in
the safety analysis. All the participants who received all planned doses of the assigned regimen
were included in the pharmacodynamics analysis.
Descriptive statistics including counts, percentages, means, and standard deviations, as appropriate, are presented for the safety population.
In each study phase, data from the participants
in the placebo group were combined across cohorts for analysis. The mean percent reductions
in the plasma PCSK9 level, as compared with
baseline, at day 84 after the first dose of the
study regimen were compared with those in the
placebo group by means of a repeated-measures
analysis of covariance (ANCOVA), including the
baseline PCSK9 level as a covariate, and treatment-by-time interaction. The model used an autoregressive first-order covariance structure. This
method was also used for the lipid data. A
nominal P value of less than 0.05 was considered
to indicate statistical significance. Analyses were
performed with the use of SAS software, versions
9.2 and higher (SAS Institute). The complete
statistical analysis plan is available with the protocol at NEJM.org.

R e sult s
Participants

A flowchart showing the randomization and follow-up of the participants is provided in Figure S2
in the Supplementary Appendix. Two participants
(one in the placebo group and one in the inclisiran group) in the multiple-dose phase did not
receive the assigned regimen according to the
protocol and were excluded from the pharmacodynamic analyses. In addition, one participant in
the placebo group underwent randomization but
44
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did not receive placebo and was thus excluded
from both analyses; this participant was replaced
in the trial. The characteristics of the participants
at baseline, according to study phase and assigned
group, in the safety population are shown in
Table 1 and in Table S1 in the Supplementary
Appendix.
Safety and Side-Effect Profile

All the adverse events were mild or moderate
(grade 1 or 2) in severity. There were no treatment
discontinuations that were due to adverse events,
and no serious adverse events were reported. In
the single-dose phase, the most common adverse events (occurring in ≥5% of the participants in the inclisiran group) were cough, musculoskeletal pain, and nasopharyngitis (in 2 of
18 participants [11%] each) (Table S2 in the
Supplementary Appendix). In the multiple-dose
phase, the most common adverse events (occurring in ≥10% of the participants in the inclisiran
group) were headache (in 6 of 33 participants
[18%]), back pain and diarrhea (in 5 [15%] each),
and nasopharyngitis (in 4 [12%]) (Table S3 in the
Supplementary Appendix).
In the multiple-dose phase, one participant
who received inclisiran at a dose of 500 mg and
atorvastatin at a dose of 40 mg per day had elevated levels of γ-glutamyltransferase (grade 3)
and alanine aminotransferase (grade 2). The
bilirubin level was not elevated, and this event
was asymptomatic. The enzyme elevations resolved on the discontinuation of statin therapy
and recurred on the reintroduction of atorvastatin at a dose of 20 mg per day; these elevations
were considered by the investigator to be related
to statin therapy.
No participant had significant changes in the
QT interval corrected for heart rate (QTc) as assessed by means of ECG (QTc of >500 msec according to Fridericia’s formula or change from
baseline of >60 msec). No injection-site reactions
were reported, according to the protocol definition of injection-site reaction as individual signs
or symptoms at the injection site that met the
CTCAE criteria beginning 4 or more hours after
the receipt of the dose. However, four participants
(one in the single-dose phase and three in the
multiple-dose phase) reported having a delayed,
mild, self-limiting rash that was localized to the
injection site (grade 1). Three of these participants also reported mild, reversible hyperpig-
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Table 1. Demographic and Clinical Characteristics of the Participants at Baseline (Safety Population).*
Characteristic

Single-Dose Phase
Placebo
(N = 6)

Multiple-Dose Phase

Inclisiran
(N = 18)

Placebo

Inclisiran

with statin
(N = 4)†

without statin
(N = 8)

with statin
(N = 9)‡

without statin
(N = 24)

Age — yr

48±14

46±10

58±3

51±14

54±16

51±12

Male sex — no. (%)

2 (33)

17 (94)

2 (50)

6 (75)

4 (44)

17 (71)
19 (79)

Race — no. (%)§
White

4 (67)

12 (67)

4 (100)

7 (88)

6 (67)

Other

2 (33)

6 (33)

0

1 (12)

3 (33)

5 (21)

Weight — kg

70.6±12.0

77.1±7.7

74.3±5.1

77.6±10.3

77.7±17.0

74.7±11.7

Height — cm
LDL cholesterol — mg/dl
Triglycerides — mg/dl
PCSK9 — μg/liter

168±11

173±6

168±10

171±9

171±12

171±8

131.5±19.3

163.0±32.9

143.1±89.7

131.5±20.9

143.4±29.8

139.3±32.3

70.9±12.4

135.5±55.7

150.6±46.9

124.0±38.1

116.3±64.3

123.4±82.9

279.0±99.5

275.4±58.2

460.7±56.3

276.2±58.7

451.8±132.2

317.1±66.8

*	Plus–minus values are means ±SD. Two participants (one in the placebo group and one in the inclisiran group) in the multiple-dose phase
did not receive the assigned regimen according to the protocol and were excluded from the pharmacodynamic analyses but were included
in the safety population. To convert the values for low-density lipoprotein (LDL) cholesterol to millimoles per liter, multiply by 0.02586. To
convert the values for triglycerides to millimoles per liter, multiply by 0.01129. PCSK9 denotes proprotein convertase subtilisin–kexin type 9.
†	Three participants were taking simvastatin at a dose of 40 mg per day, and one was taking pravastatin at a dose of 20 mg per day.
‡	Four participants were taking atorvastatin at a dose of 40 mg per day, two at a dose of 20 mg per day, and one at a dose of 10 mg per day;
one participant was taking simvastatin at a dose of 40 mg per day and one at a dose of 20 mg per day.
§	Race was self-reported.

mentation after the rash (grade 1) at the injec- cant, as compared with placebo, at day 84 after
receipt of the first dose (Table 3 and Fig. 1B, and
tion site.
Table S6 in the Supplementary Appendix). The
PCSK9 Levels
magnitude of the reductions in the PCSK9 level
In the single-dose phase, inclisiran at a dose of were similar across all the inclisiran cohorts,
300 mg or more was associated with reductions with the least-squares mean change from basefrom baseline in the PCSK9 level that were sig- line ranging from 71.8 to 83.8% at day 84 after
nificant, as compared with placebo, at day 84 receipt of the first dose; the largest reduction,
(Table 2 and Fig. 1A, and Table S4 in the Supple- 83.8%, was observed in the group that received
mentary Appendix). The magnitudes of the re- 500 mg of inclisiran once per month for 2 months
duction in the PCSK9 level were similar across as well as statin cotherapy. Levels of PCSK9 rethe dose range of 300 to 800 mg (least-squares mained reduced, as compared with baseline, in
mean change, 69.9 to 74.5%); the largest reduc- all the inclisiran cohorts at day 196 after receipt
tion, 74.5%, occurred in the group that was of the first dose (Fig. 1B, and Table S7 in the
treated with 300 mg of inclisiran. PCSK9 levels Supplementary Appendix).
had returned to baseline values by day 180 after
the receipt of the dose in the 25-mg and 100-mg LDL Cholesterol Levels
cohorts. For inclisiran doses of 300 mg or more, In the single-dose phase, reductions from basethe PCSK9 levels remained reduced, as compared line in the LDL cholesterol level that were signifiwith baseline, at day 180 after receipt of the dose cant, as compared with placebo, were observed at
(Fig. 1A, and Table S5 in the Supplementary Ap- day 84 after receipt of inclisiran doses of 100 mg
pendix).
or more (Table 2 and Fig. 2A). At these doses,
In the multiple-dose phase, all the inclisiran the least-squares mean reductions in the LDL
regimens were associated with reductions from cholesterol level ranged from 36.7 to 50.6%; the
baseline in the PCSK9 level that were signifi- largest reduction, 50.6%, was observed in the
n engl j med 376;1
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7.3
(−22.0 to 47.7)
−6.3

13.6
(−9.2 to 42.1)
—

−14.0
(−55.1 to 64.6)
−17.6

3.6
(−28.6 to 50.2)
—

−20.8
(−51.0 to 28.0)
−24.4

−26.5
(−43.3 to −4.7)
−11.2

−44.5
(−65.7 to −10.4)†
−48.1

−47.1
(−59.0 to −31.9)¶
−31.8

−48.9
(−57.8 to −38.2)‡
−37.2

36.8
(2.9 to 82.0)
23.2

−30.9
(−41.2 to −18.9)¶
−26.5

−50.0
(−60.7 to −36.3)‡
−39.1
−50.0

−74.5
(−82.1 to −63.6)‡
−73.9

300 mg (N = 3)

−35.5
(−60.1 to 4.3)
−39.1

−39.9
(−53.9 to −21.7)†
−24.6

−36.3
(−47.4 to −22.9)¶
−24.6

7.4
(−17.4 to 39.8)
−6.2

−27.1
(−38.2 to −14.0)†
−22.7

−50.6
(−61.3 to −36.9)‡
−39.7
−59.0

−69.9
(−78.9 to −57.0)‡
−69.3

500 mg (N = 3)

−21.3
(−45.0 to 12.6)
−24.9

−37.5
(−47.7 to −25.2)†
−22.2

−37.0
(−44.9 to −28.0)¶
−25.3

0.1
(−16.8 to 20.5)
−13.5

−29.1
(−36.8 to −20.6)¶
−24.7

−43.4
(−52.5 to −32.4)‡
−32.5
−52.8

−73.1
(−79.1 to −65.4)‡
−72.5

800 mg (N = 6)

*	The analysis was performed with the use of a baseline-adjusted analysis of covariance (ANCOVA). Differences shown in the inclisiran groups are with the placebo group. One participant in the placebo group and one in the 25-mg group did not attend the day 84 visit, and their data are not included in any of the analyses. The result for the LDL cholesterol level at
day 84 for one participant in the 800-mg group was reported as “quantity not sufficient for analysis.” P values were calculated with the use of the repeated-measures ANCOVA. CI denotes confidence interval, and HDL high-density lipoprotein.
†	P<0.05 for the pairwise comparison with placebo.
‡	P<0.001 for the pairwise comparison with placebo.
§	The group nadir was defined as the largest mean percent reduction from the baseline value during the study.
¶	P<0.01 for the pairwise comparison with placebo.

−11.3
(−36.8 to 24.5)
4.0

−15.3
(−31.4 to 4.6)
—

−28.4
(−40.8 to −13.5)
−16.7

17.9
(−9.2 to 53.1)
4.3

−17.7
(−30.0 to −3.4)
−13.3

−36.7
(−50.2 to −19.4)†
−25.8
−38.9

−32.0
(−52.5 to −2.7)
−31.4

100 mg (N = 3)

Inclisiran

of

Difference (percentage points)

−12.0
(−30.1 to 10.8)
−7.6

−4.4
(−15.9 to 8.7)
—

−19.8
(−36.1 to 0.6)
−8.1

−21.5
(−41.3 to 5.0)
−10.6
−25.3

−10.9
(−26.0 to 7.1)
—
−10.9

−11.7
(−23.7 to 2.3)
—

−46.6
(−65.4 to −17.8)†
−46.0

25 mg (N = 3)
−0.6
(−24.2 to 30.4)
—

Placebo
(N = 6)

n e w e ng l a n d j o u r na l

Difference (percentage points)
Lipoprotein(a)
Percent change (95% CI)

Difference (percentage points)
Apolipoprotein B
Percent change (95% CI)

Difference (percentage points)
Non-HDL cholesterol
Percent change (95% CI)

Difference (percentage points)
HDL cholesterol
Percent change (95% CI)

Difference (percentage points)
Percent change at group nadir§
Total cholesterol
Percent change (95% CI)

Difference (percentage points)
LDL cholesterol
Percent change (95% CI)

PCSK9
Percent change (95% CI)

Variable

Table 2. Least-Squares Mean Percent Change from Baseline in Pharmacodynamic Variables at Day 84 in the Single-Dose Phase (Pharmacodynamic Population).*
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A Change in PCSK9 Level in Single-Dose Cohorts
Mean Change from Baseline (%)

Cohort
Placebo (N=6)
Inclisiran, 25 mg
(N=3)
Inclisiran, 100 mg
(N=3)
Inclisiran, 300 mg
(N=3)
Inclisiran, 500 mg
(N=3)
Inclisiran, 800 mg
(N=6)

25
0
−25
−50
−75
−100

0

20

40

60

80

100

120

140

160

180

Days after Dose

B Change in PCSK9 Level in Multiple-Dose Cohorts

Mean Change from Baseline (%)

Cohort
Placebo, without statin (N=8)
Inclisiran, 300 mg monthly for 2 doses,
without statin (N=6)

Placebo, with statin (N=3)
Inclisiran, 300 mg monthly for 2 doses,
with statin (N=3)

Inclisiran, 500 mg monthly for 2 doses,
without statin (N=6)

Inclisiran, 500 mg monthly for 2 doses,
with statin (N=5)

Inclisiran, 125 mg weekly for 4 doses,
without statin (N=6)

Inclisiran, 250 mg every 2 wk for 2 doses,
without statin (N=6)

50
25
0
−25
−50
−75
−100

0

15

30

45

60

75

90

105

120

135

150

165

180

195

210

Days after First Dose

Figure 1. Change in Plasma Levels of Proprotein Convertase Subtilisin–Kexin Type 9 (PCSK9), According to Study
Group and Dose Cohort.
Shown are the effects (mean percentage changes from baseline) of single or multiple doses of inclisiran or placebo
on plasma levels of PCSK9 over time. Baseline values were the average of all the study measurements obtained before the first dose. For the single-dose cohorts, the data for the placebo group include all the participants; for the
multiple-dose cohorts, the data for the placebo group are presented according to whether the participants were or
were not taking a stable baseline dose of statin cotherapy. I bars represent standard errors. For at least one cohort,
only one value (for one participant) is shown at some time points. Participants were followed beyond the last planned
visit only if the low-density lipoprotein cholesterol level had not returned to 80% of the baseline value by that time. In
the single-dose phase, inclisiran or placebo was administered in one dose on day 0. In the multiple-dose phase, the
first dose was administered on day 0 and subsequent doses at the indicated intervals. The 300-mg and 500-mg doses
were administered as two monthly doses, the 125-mg dose was administered as four weekly doses, and the 250-mg
dose was administered once every 2 weeks for 4 weeks.

group that received 500 mg of inclisiran. The LDL 25-mg and 100-mg cohorts, whereas the levels
cholesterol levels returned toward baseline val- remained reduced, as compared with baseline,
ues at 180 days after receipt of the dose in the until at least 180 days after receipt of inclisiran
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*	The analysis was performed with the use of a baseline-adjusted analysis of covariance (ANCOVA). Differences shown in the inclisiran groups are with the placebo group. Data for the
11 participants in the placebo group were pooled (3 participants were taking a stable dose of statins, and 8 were not). The 300-mg and 500-mg doses were administered as two monthly
doses, the 125-mg dose was administered as four weekly doses, and the 250-mg dose was administered as once every 2 weeks for two doses. Values are from day 91 for the 125-mg
group. P values were calculated with the use of the repeated-measures ANCOVA.
†	P<0.001 for the pairwise comparison with placebo.
‡	P<0.05 for the pairwise comparison with placebo.
§	P<0.01 for the pairwise comparison with placebo.
¶	The group nadir was defined as the largest mean percent reduction from the baseline value during the study.
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Table 3. Least-Squares Mean Percent Change from Baseline in Pharmacodynamic Variables at Day 84 after the First Dose in the Multiple-Dose Phase (Pharmacodynamic Population).*
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A Change in LDL Cholesterol Level in Single-Dose Cohorts
Mean Change from Baseline (%)
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0

Placebo (N=6)
Inclisiran, 25 mg
(N=3)
Inclisiran, 100 mg
(N=3)
Inclisiran, 300 mg
(N=3)
Inclisiran, 500 mg
(N=3)
Inclisiran, 800 mg
(N=6)

−20

−40

−60

−80

0

20

40

60

80

100

120

140

160

180

Days after Dose

B Change in LDL Cholesterol Level in Multiple-Dose Cohorts
Cohort
Placebo, without statin (N=8)
Inclisiran, 300 mg monthly for 2 doses,
without statin (N=6)

Placebo, with statin (N=3)
Inclisiran, 300 mg monthly for 2 doses,
with statin (N=3)

Inclisiran, 500 mg monthly for 2 doses,
without statin (N=6)

Inclisiran, 500 mg monthly for 2 doses,
with statin (N=5)

Inclisiran, 125 mg weekly for 4 doses,
without statin (N=6)

Inclisiran, 250 mg every 2 wk for 2 doses,
without statin (N=6)
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Figure 2. Effects on Serum Levels of Low-Density Lipoprotein (LDL) Cholesterol, According to Study Group
and Dose Cohort.
Shown are the effects (mean percentage changes from baseline) of inclisiran or placebo on the serum levels of LDL
cholesterol over time. Baseline values were the average of all the study measurements taken before the first dose.
For the single-dose cohorts, the data for the placebo group include all the participants; for the multiple-dose cohorts, the data for the placebo group are presented according to whether the participants were or were not taking
a stable baseline dose of statin cotherapy. I bars represent standard errors. For at least one cohort, only one value
(for one participant) is shown at some time points. In the single-dose phase, inclisiran or placebo was administered
in one dose on day 0. In the multiple-dose phase, the first dose was administered on day 0 and subsequent doses at
the indicated intervals. The 300-mg and 500-mg doses were administered as two monthly doses, the 125-mg dose
was administered as four weekly doses, and the 250-mg dose was administered once every 2 weeks for two doses.

doses of 300 mg or more (Fig. 2A). Additional
details, including the absolute LDL cholesterol
levels, are provided in Tables S4 and S8 in the
Supplementary Appendix.
In the multiple-dose phase, reductions in the
n engl j med 376;1

LDL cholesterol level that were significant, as
compared with placebo, were observed at day 84
after receipt of the first dose for all inclisiran regimens except for the cohort that received 125 mg
weekly for 4 weeks. Reductions ranged from a
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least-squares mean change of 45.1 to 59.7%, with
the largest reduction, 59.7%, occurring in the
group that received 300 mg of inclisiran monthly for 2 months (Table 3 and Fig. 2B). The LDL
cholesterol levels remained reduced, as compared
with baseline, in all the inclisiran cohorts at day
196 after receipt of the first dose (Fig. 2B). Additional details, including the absolute LDL cholesterol levels, are provided in Tables S6, S7, and S9
in the Supplementary Appendix.
Exploratory Analyses

In both the single-dose and multiple-dose phases,
decreases in the levels of total cholesterol, nonHDL cholesterol, and apolipoprotein B were noted
in participants treated with inclisiran (Tables 2
and 3, and Tables S4, S5, S7, S8, and S9 in the
Supplementary Appendix). The reductions in
these variables from baseline to day 84 after receipt of the first dose were significant, as compared with placebo, for single or multiple doses
of 250 mg or more.

Discussion
In this study, treatment with inclisiran, a subcutaneously administered RNAi therapeutic agent
targeting PCSK9 to reduce LDL cholesterol levels,
resulted in no treatment discontinuations due to
adverse events and no serious adverse events at the
doses we studied. All the adverse events were mild
or moderate in severity.
Single doses of inclisiran of 300 mg or more
and all the multiple-dose regimens that we studied were associated with reductions of circulating levels of both PCSK9 and LDL cholesterol at
84 days after receipt of the first dose. We observed
reductions in the PCSK9 level of up to 83.8% and
in the LDL cholesterol level of up to 59.7%. We also
observed lowering of the serum LDL cholesterol
level when inclisiran was administered to patients
taking stable doses of statin therapy. These
findings add to previous nonclinical17 and clinical15,18,19 evidence that supports the ability of
RNAi therapeutic agents in general to inhibit
the synthesis of liver-derived target proteins.
The results of this study also add to the
clinical evidence from anti-PCSK9 antibody trials that supports PCSK9 as a therapeutic target
for significant lowering of the LDL cholesterol
level.15,20-24 The magnitude of the lowering of the
LDL cholesterol level that we found with inclisiran
50
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was generally similar to that observed previously
with anti-PCSK9 antibodies20-24 or intensive statin
therapy.25 However, inclisiran differs mechanistically from anti-PCSK9 antibodies. Whereas antiPCSK9 antibodies bind to extracellular PCSK9
(produced from any tissue) and prevent its interaction with the LDL receptor, inclisiran inhibits
the synthesis of PCSK9 protein specifically in
the liver.
The pharmacodynamic profile of inclisiran
also differs substantially from that of the antiPCSK9 antibodies that have been studied to
date.26,27 The effect on the PCSK9 and LDL cholesterol levels persisted for at least 180 days after
the initiation of treatment, with little variation
over the 6-month period after the receipt of the
first dose. Our data suggest that inclisiran has
the potential to provide effective management of
hypercholesterolemia with administration every
3 or 6 months, as compared with the recommended regimens of administration once or twice
monthly for the currently approved antibodies.
Further evaluation of safety and the potential for
inclisiran administration every 3 or 6 months is
currently under way in a phase 2 trial (ORION
ClinicalTrials.gov number, NCT02597127).
The limitations of the study should be considered carefully. First, although the trial was randomized and placebo-controlled, it was a singleblind trial and included only a limited number
of participants in order to obtain an initial assessment of safety and pharmacodynamics. Therefore, the results must be regarded as preliminary
and be confirmed in larger clinical trials of longer duration. Second, the sample included mainly healthy participants with relatively normal
lipid profiles, albeit with a baseline LDL cholesterol level of at least 100 mg per deciliter. A limited number of patients taking statins were enrolled, and the coadministration of nonstatin LDL
cholesterol–lowering agents was not investigated.
In addition, in the multiple-dose phase, subsequent
doses of inclisiran were administered well within
the period of maximal pharmacodynamic activity
of the first dose. Also, the cumulative doses of the
multiple-dose regimens (500 to 1000 mg) were
similar to the most effective single doses studied
(300 to 800 mg). This situation may explain the
apparently moderate incremental effects of increasing doses on the levels of PCSK9 and LDL
cholesterol.
In conclusion, in this small phase 1 study, sin-

nejm.org

January 5, 2017

The New England Journal of Medicine
Downloaded from nejm.org by KEVIN ROSTEING on January 9, 2017. For personal use only. No other uses without permission.
Copyright © 2017 Massachusetts Medical Society. All rights reserved.

Highly Dur able RNA i Ther apeutic Inhibitor of PCSK9

gle or multiple doses of inclisiran, an RNAi therapeutic agent targeting PCSK9, were administered
over a 1-month period. No serious adverse events
occurred, and consistent, sustained reductions in
the circulating PCSK9 and LDL cholesterol levels
were observed.
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