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A BS T R AC T
BACKGROUND

In a previous study, a single injection of inclisiran, a chemically synthesized small
interfering RNA designed to target PCSK9 messenger RNA, was found to produce
sustained reductions in low-density lipoprotein (LDL) cholesterol levels over the
course of 84 days in healthy volunteers.
METHODS

We conducted a phase 2, multicenter, double-blind, placebo-controlled, multipleascending-dose trial of inclisiran administered as a subcutaneous injection in patients
at high risk for cardiovascular disease who had elevated LDL cholesterol levels.
Patients were randomly assigned to receive a single dose of placebo or 200, 300,
or 500 mg of inclisiran or two doses (at days 1 and 90) of placebo or 100, 200, or
300 mg of inclisiran. The primary end point was the change from baseline in LDL
cholesterol level at 180 days. Safety data were available through day 210, and data
on LDL cholesterol and proprotein convertase subtilisin–kexin type 9 (PCSK9) levels
were available through day 240.

The authors’ affiliations are listed in the
Appendix. Address reprint requests to
Dr. Ray at the Imperial Centre for Cardiovascular Disease Prevention, Department
of Primary Care and Public Health, Imperial College London, Reynolds Bldg., St.
Dunstan’s Rd., London W6 8RP, United
Kingdom, or at k.ray@imperial.ac.uk.
Drs. Ray and Landmesser contributed
equally to this article.
This article was published on March 17,
2017, at NEJM.org.
DOI: 10.1056/NEJMoa1615758
Copyright © 2017 Massachusetts Medical Society.

RESULTS

A total of 501 patients underwent randomization. Patients who received inclisiran
had dose-dependent reductions in PCSK9 and LDL cholesterol levels. At day 180, the
least-squares mean reductions in LDL cholesterol levels were 27.9 to 41.9% after a
single dose of inclisiran and 35.5 to 52.6% after two doses (P<0.001 for all comparisons vs. placebo). The two-dose 300-mg inclisiran regimen produced the
greatest reduction in LDL cholesterol levels: 48% of the patients who received the
regimen had an LDL cholesterol level below 50 mg per deciliter (1.3 mmol per liter)
at day 180. At day 240, PCSK9 and LDL cholesterol levels remained significantly
lower than at baseline in association with all inclisiran regimens. Serious adverse
events occurred in 11% of the patients who received inclisiran and in 8% of the
patients who received placebo. Injection-site reactions occurred in 5% of the patients who received injections of inclisiran.
CONCLUSIONS

In our trial, inclisiran was found to lower PCSK9 and LDL cholesterol levels among
patients at high cardiovascular risk who had elevated LDL cholesterol levels. (Funded
by the Medicines Company; ORION-1 ClinicalTrials.gov number, NCT02597127.)

n engl j med

nejm.org

The New England Journal of Medicine
Downloaded from nejm.org at Tehran University of Medical Sciences on April 8, 2017. For personal use only. No other uses without permission.
Copyright © 2017 Massachusetts Medical Society. All rights reserved.

1

The

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

L

ow-density lipoprotein (LDL) cholesterol is a causal factor in atherosclerotic
cardiovascular disease. Statins have been
shown to reduce LDL cholesterol levels and cardiovascular events in large outcome trials, findings
that have made them the therapeutic cornerstone
of clinical practice.1 Despite the proven efficacy of
statins, there is considerable variability in individual responses to these drugs.2 Furthermore, some
observational data suggest that as many as half
of persons who begin statin therapy discontinue
it within a year.3 Moreover, among patients receiving statin therapy who are at high risk for
cardiovascular disease and who have persistent
elevation of LDL cholesterol levels, the rates of
cardiovascular events remain high, necessitating
the development of additional therapies.
The discovery that the serine protease proprotein convertase subtilisin–kexin type 9 (PCSK9)
promotes the degradation of the LDL receptor affords an additional route through which LDL cholesterol levels in plasma can be controlled.4 Initial
therapeutic approaches to reducing circulating
levels of PCSK9 have focused on the use of monoclonal antibodies. This approach sequesters virtually all PCSK9 in the reticuloendothelial system,
thus preventing it from binding to the LDL receptor.5,6 Circulating PCSK9 is derived almost entirely from the liver7; hence, therapeutic approaches
that target hepatic production of PCSK9 may
offer an alternative to the use of monoclonal
antibodies.
RNA interference and related RNA silencing
pathways provide an opportunity to harness a
highly specific endogenous mechanism for regulating gene expression.8 Small interfering RNAs
(siRNAs) selectively and catalytically silence the
translation of their complementary target messenger RNAs (mRNAs) in a sequence-specific
manner through the formation of effector RNAinduced silencing complexes.9,10 Inclisiran is an
investigational, chemically synthesized siRNA
molecule that has produced sustained hepatocyte-specific, PCSK9-specific RNA silencing in
healthy volunteers to 84 days after administration.11 Here, we present the results of the phase
2 ORION-1 trial, a dose-finding trial evaluating
the efficacy of different inclisiran dosing regimens among patients who have elevated LDL
cholesterol levels despite receiving the maximum
possible dose of a statin and who are considered
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to be at high risk for atherosclerotic cardiovascular disease. Within the limits of the trial, we also
evaluated the safety and efficacy of inclisiran in
lowering LDL cholesterol levels.

Me thods
Trial Design and Oversight

ORION-1 was a randomized, double-blind, placebo-controlled, phase 2, multicenter trial. The
objective was to evaluate the effects of different
doses and dosing intervals for the use of inclisiran. The trial was designed by the principal
investigator (the first author) and the sponsor,
the Medicines Company, and was performed by
the sponsor and World Wide Clinical Trials.
Data were collected by the investigators, and data
analyses were conducted by Statistics Collaborative and the Medicines Company. Ethics committee approval was obtained at all participating
institutions. The first two authors wrote the first
draft of the manuscript; editorial assistance was
provided by Greensplash and funded by the
Medicines Company. All the authors participated in revising the manuscript and vouch for
the accuracy and completeness of the data and
the fidelity of the trial to the protocol, which is
available with the full text of this article at
NEJM.org.
Patients

Detailed inclusion and exclusion criteria are described in the Supplementary Appendix, available at NEJM.org. Men and women 18 years of
age or older were eligible for participation in the
trial if the LDL cholesterol level at screening was
higher than 70 mg per deciliter (1.8 mmol per
liter) (for patients with a history of atherosclerotic
cardiovascular disease) or higher than 100 mg
per deciliter (2.6 mmol per liter) (for patients
without a history of atherosclerotic cardiovascular disease). Patients were required to have
been receiving the maximum possible dose of a
statin with or without additional lipid-lowering
therapy at stable doses for at least 30 days before screening and were required to have no
planned changes in background therapy during
the course of the trial. Any use at any time of a
monoclonal antibody drug targeting PCSK9
was an exclusion criterion and was prohibited
during the trial. Written informed consent was
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obtained from all the patients before participa- the percentage change in serum PCSK9 levels, lipid
tion in the trial.
measures, and high-sensitivity C-reactive protein
levels at day 180 and changes in these measures
Trial Procedures
as well as in levels of LDL cholesterol at other
An interactive Web response system was used to time points.
randomly assign patients to one of eight study
A total of 480 randomly assigned patients
groups (Fig. S1 in the Supplementary Appendix); were planned for inclusion in the trial: 60 patients
a single dose of placebo or 200, 300, or 500 mg in each of the six inclisiran treatment groups
of inclisiran on day 1 or two doses of placebo or and in each of the two placebo groups (3:1 ratio
100, 200, or 300 mg of inclisiran on day 1 and of patients assigned to receive inclisiran or pladay 90. Study-group assignments were stratified cebo). Under the assumption of a 15% dropout
according to country and current use of statins rate, the sample required would be 50 patients
or other lipid-modifying medications. End-of-trial who could be evaluated in each of the six inclievaluations were conducted at day 210, with the siran groups and approximately 100 patients who
exception of those for patients whose LDL cho- could be evaluated in total across the placebo
lesterol levels had not returned to within 20% groups (for a total of ≥400 patients) to detect a
of the starting level. For these patients, evalua- 30-percentage-point difference in the percentage
tions were conducted at day 210 and subsequently reduction from baseline in LDL cholesterol level
at follow-up visits every 30 days until day 360 or between at least one inclisiran dose group and
until the LDL cholesterol level returned to within its corresponding placebo group with more than
20% of the starting level (whichever came first). 90% power.
The primary end point was analyzed as the
Efficacy
least-squares mean percentage change from baseFasting blood samples were obtained at each study line to day 180. This was calculated with a revisit, and LDL cholesterol levels were measured peated-measurement linear-effects model, which
by combining ultracentrifugation with precipita- included study group, baseline value, scheduled
tion (beta quantification)12 at Medpace laborato- follow-up visit, and the interaction of study group
ries that had been accredited by the National with scheduled visit. The analysis was performed
Heart, Lung, and Blood Institute Part III Lipid with the use of the PROC MIXED procedure in
Standardization Program. A full description of SAS software with an auto-regressive variance
the methods used to measure prespecified bio- structure that incorporates treatment at each
markers is available in the Laboratory Analytical visit as fixed effects and patients as random efMethods subsection and Table S1 in the Supple- fects. For both the primary and secondary end
mentary Appendix.
points, P values were adjusted for multiple comparisons with the use of Dunnett’s test for comSafety
parison among the six inclisiran groups and the
Data on adverse events, vital signs, clinical labo- placebo comparator groups. Separate analyses
ratory values, and electrocardiograms were ob- were performed for each dosing strategy — that
tained at specified follow-up visits through the is, a single dose and two doses. The type I error
end-of-trial visit (day 210). Adverse events were significance level was 0.05 for a two-sided test.
classified as mild, moderate, or severe by the inAll patients who received at least one dose of
vestigator with the use of standard Medical Diction- inclisiran or placebo were included in the safety
ary for Regulatory Activities terms and according to analysis (safety population). The prespecified modsystem organ class. Injection-site reactions were ified intention-to-treat population was defined as
an adverse event of special interest, and antidrug all randomly assigned patients who received at
antibodies to inclisiran were evaluated.
least one dose of study agent and for whom both
the baseline and the 180-day follow-up LDL choStatistical Analysis
lesterol level measurements were available. An inThe primary efficacy end point was the percentage tention-to-treat analysis was performed with the
change from baseline in LDL cholesterol level at use of imputation, as described in the Supplemenday 180. Secondary efficacy end points included tary Appendix, for patients with missing data.
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Time-course data are presented as means with
95% confidence intervals. Variation in responses
among patients is depicted graphically with waterfall plots. Analyses were performed with SAS software, versions 9.2 and higher (SAS Institute). Full
details of the statistical analysis plan are available at NEJM.org.

R e sult s
Patients

A total of 646 patients were screened, and 501
patients were randomly assigned to one of the
two placebo groups or one of the six inclisiran
groups (Figs. S1 and S2 in the Supplementary
Appendix). Of these patients, 497 received inclisiran or placebo (1 patient each in the single-dose
300 mg, single-dose 500 mg, double-dose 100 mg,
and double-dose 200 mg inclisiran groups did
not receive an injection of inclisiran) and comprise the efficacy and safety populations. The baseline characteristics of the patients in each study
group are provided in Table 1 and in Table S2 in
the Supplementary Appendix. At study entry, 73%
of the patients were receiving statin therapy, and
31% of the patients were receiving ezetimibe.
PCSK9 Levels

Fourteen days after a single injection of inclisiran,
PCSK9 levels were reduced from baseline levels
by a mean of 59.6 to 68.7% across the range of
inclisiran doses from 100 mg to 500 mg, whereas
mean PCSK9 levels increased by 3.8% with placebo (Fig. 1A and 1C). At day 30, PCSK9 levels were
reduced further, to between 66.2 and 74.0% below
baseline levels, with similar reductions observed
at day 60 and day 90. Among the patients who
received a single-dose regimen, the mean reductions in PCSK9 levels at day 180 (a secondary end
point) ranged between 47.9 and 59.3% (P<0.001
for each dose vs. placebo) (Table 2). In comparison, among the patients who received a two-dose
regimen, further reductions in PCSK9 levels were
observed after the second dose. At day 90, these
patients had reductions of 47.0 to 62.8%, and at
day 120, they had reductions of 60.4 to 74.5%. At
day 180, the mean reductions from baseline in
PCSK9 levels among patients who received a twodose regimen ranged between 53.2 and 69.1%
(P<0.001 for each dose vs. placebo) (Table 2). In
association with both the single-dose and two-dose
inclisiran regimens, the reductions in PCSK9 levels
at day 240 were greater than 40% (Fig. 1A and 1C).
4
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LDL Cholesterol Levels and Other Laboratory
Measures

LDL cholesterol levels were already declining from
baseline levels at 14 days after the first injection of
inclisiran, and by day 30, the mean reductions in
LDL cholesterol level ranged between 44.5 and
50.5% below baseline across all inclisiran doses
tested (Fig. 1B and 1D), with a nadir at approximately day 60 for the single-dose regimens and
at day 150 for the two-dose regimens. The primary end point was the percentage reduction
from baseline in LDL cholesterol level at day 180:
the least-squares mean reductions were significantly greater after a single dose of inclisiran
(27.9 to 41.9% reduction) than in association
with placebo (2.1% increase) (P<0.001 for all
inclisiran doses with regard to the primary efficacy end point) (Table 2). At day 240, the mean
reductions in LDL cholesterol level from baseline
ranged between 28.2 and 36.6% (Fig. 1B).
After the second dose of inclisiran, LDL cholesterol levels were decreased (with respect to
levels at baseline) by 34.2 to 44.1% at day 90 and
by 41.1 to 54.6% at day 120. The differences between the two-dose regimens and placebo with
regard to the primary end point were significant:
at day 180, the least-squares mean reductions in
LDL cholesterol levels from baseline among patients who received a two-dose inclisiran regimen
ranged from 35.5 to 52.6%, whereas the placebo
group had an increase from baseline of 1.8%
(P<0.001 for all comparisons vs. placebo) (Table 2).
Similar results were obtained with the use of imputation and an intention-to-treat analysis (Table
S3 in the Supplementary Appendix). At day 240,
the mean reductions in LDL cholesterol levels from
baseline ranged between 26.7 and 47.2% (Fig. 1D).
Among patients who received placebo against
a background of the maximum possible dose of
a statin, there was considerable variation at day
180 in the changes in LDL cholesterol levels
from baseline (mean [±SD] absolute difference,
−0.7±25.6 mg per deciliter [−0.02±0.66 mmol
per liter]) (Fig. 2A). In contrast, all patients who
received two 300-mg doses of inclisiran had a
decline in LDL cholesterol level at day 180 (mean
absolute change in LDL cholesterol level, −64.2±
20.7 mg per deciliter [−1.66±0.54 mmol per liter]) (Fig. 2B), and 54% of the patients had a
reduction of 50% or more (see the Supplementary Appendix). In this inclisiran dose group,
5%, 48%, and 66% of the patients had LDL cholesterol levels at day 180 of less than 25 mg per
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63.9±10.8
39 (65)
53/59 (90)
6/59 (10)
43/60 (72)
50/60 (83)
200.0±49.4
122.8±35.9
149.9±44.7
50.0±11.7
27.1±19.7
115
84–149
100.7±23.6
42
11–129
460.3±142.5
1.0
0.5–2.0

62.0±11.4
42 (65)
59/64 (92)
5/64 (8)
45/65 (69)
45/64 (70)
207.7±59.0
128.5±51.3
157.8±55.2
49.9±13.6
29.3±18.6
125
95–170
102.4±29.6
27
8–121
404.7±131.3
1.6
0.7–3.1

Placebo
(N = 65)

1.6
0.7–3.5

35
17–141
408.9±115.2

134
92–179
99.2±27.8

201.4±47.8
117.8±40.5
150.4±49.0
51.0±13.3
31.5±19.6

55/61 (90)
6/61 (10)
48/62 (77)
45/60 (75)

63.9±12.8
41 (67)

300 mg
Inclisiran
(N = 61)

Single-Dose Regimen
200 mg
Inclisiran
(N = 60)

1.9
0.9–3.4

28
12–149
416.7±143.7

130
94–193
109.7±28.4

218.3±52.8
136.9±45.3
169.2±53.3
49.1±15.4
32.4±19.2

62/65 (95)
3/65 (5)
36/66 (55)
39/60 (65)

62.1±12.5
46 (71)

500 mg
Inclisiran
(N = 65)

1.6
0.8–4.4

50
11–154
431.3±132.3

137
103–187
104.6±31.5

208.4±54.7
125.2±44.3
157.1±53.7
51.2±16.1
30.8±17.0

58/62 (94)
4/62 (6)
46/62 (74)
47/61 (77)

62.8±10.3
33 (53)

Placebo
(N = 62)

1.3
0.5–2.6

33
12–128
394.2±128.9

126
91–198
107.6±36.3

207.7±62.8
128.5±49.5
160.9±63.7
46.8±14.0
33.7±22.9

56/61 (92)
5/61 (8)
43/62 (69)
42/59 (71)

65.2±9.4
38 (62)

1.6
0.7–3.0

36
7–144
437.4±141.8

127
90–200
108.3±45.4

219.1±84.9
138.8±76.9
170.5±85.3
48.6±13.0
31.7±19.8

60/62 (97)
2/62 (3)
41/63 (65)
40/60 (67)

62.3±10.9
39 (63)

200 mg
Inclisiran
(N = 62)

Two-Dose Regimen
100 mg
Inclisiran
(N = 61)

1.8
0.7–3.8

49
12–161
416.3±127.3

132
105–185
107.4±32.1

221.7±65.5
131.3±60.3
165.4±61.0
47.4±13.6
32.8±16.0

58/61 (95)
3/61 (5)
43/61 (70)
43/59 (73)

64.1±9.4
45 (74)

300 mg
Inclisiran
(N = 61)

*	Plus–minus values are means ±SD. Data are reported for patients in the safety population unless otherwise specified. To convert the values for cholesterol to millimoles per liter, multiply
by 0.02586. To convert the values for triglycerides to millimoles per liter, multiply by 0.01129. ASCVD denotes atherosclerotic cardiovascular disease, HDL high-density lipoprotein, hsCRP
high-sensitivity C-reactive protein, IQR interquartile range, LDL low-density lipoprotein, PCSK9 proprotein convertase subtilisin–kexin type 9, and VLDL very low-density lipoprotein.
†	Data on race were reported by the patient and were unavailable for 2 patients (1 in the single-dose placebo group and 1 in the single-dose 200-mg inclisiran group).
‡	Data are from initial screening and are for the entire population that underwent randomization.
§	Data are for the modified intention-to-treat population.
¶	Data are screening measurements taken in the modified intention-to-treat population (data were available for 64 patients in the single-dose placebo group, 60 patients each in the singledose 200-mg, 300-mg, and 500-mg inclisiran groups; 61 patients in the two-dose placebo group; and 59 patients each in the two-dose 100-mg, 200-mg, and 300-mg inclisiran groups.
‖	Data were unavailable for 1 patient who received a single-dose regimen (in the 300-mg inclisiran group) and for 8 patients who received a two-dose regimen (2 in the placebo group
and 3 each in the 100-mg and 300-mg inclisiran groups).
**	Data were unavailable for 8 patients who received a two-dose regimen (2 in the placebo group and 3 each in the 100-mg and 300-mg inclisiran groups).
††	Data were unavailable for 1 patient (in the single-dose placebo group).
‡‡	Data were unavailable for 3 patients who received a two-dose regimen (1 in the 100-mg inclisiran group and 2 in the 300-mg inclisiran group). Data were available for 60 patients in
the two-dose 200-mg inclisiran group.

Age — yr
Male sex — no. (%)
Race — no. (%)†
White
Other
Previous ASCVD — no./total no. (%)‡
Statin treatment — no./total no. (%)§
Cholesterol level — mg/dl¶
Total
LDL‖
Non-HDL
HDL
VLDL**
Triglycerides — mg/dl¶
Median
IQR
Apolipoprotein B — mg/dl¶
Lipoprotein(a) — nmol/liter¶††
Median
IQR
PCSK9 — ng/ml¶‡‡
hsCRP level — mg/dl¶
Median
IQR

Characteristic

Table 1. Demographic and Clinical Characteristics of the Patients at Baseline.*

Inclisir an in Patients with Elevated LDL Cholesterol

nejm.org

The New England Journal of Medicine
Downloaded from nejm.org at Tehran University of Medical Sciences on April 8, 2017. For personal use only. No other uses without permission.
Copyright © 2017 Massachusetts Medical Society. All rights reserved.

5

n engl j med

Single-dose placebo
Two-dose placebo

64
60
60
65

62
60
61
62

60

64
60
61
64

90

1 14 30

62
61
62
61

62
57
61
61

60
60
62
61

First injection

Two-dose placebo
Two-dose inclisiran, 100 mg
Two-dose inclisiran, 200 mg
Two-dose inclisiran, 300 mg

No. at Risk

−100

−80

−60

−40

62
58
62
61

60

60
60
61
60

90

61
58
59
59

Day

120

61
58
57
60

150

62
60
60
63

61
59
60
59

180

64
60
60
61

180

59
57
58
57

210

61
60
59
59

210

13
27
29
32

240

14
23
19
28

240

65
60
61
65

62
60
61
62

60

64
60
60
64

90

120

65
58
61
60

Day

1 14 30

62
61
62
61

62
58
62
61

61
60
62
61

First injection
Two-dose placebo
Two-dose inclisiran, 100 mg
Two-dose inclisiran, 200 mg
Two-dose inclisiran, 300 mg

No. at Risk

−60

−50

−40

−30

−20

−10

0

10

20

62
58
62
61

60

60
60
61
60

90

61
58
59
59

Day

120

Second injection

D Changes in LDL Cholesterol Levels with the Two-Dose Regimen

65
60
61
65

65
59
61
65

1 14 30

Injection

Single-dose placebo
Single-dose inclisiran, 200 mg
Single-dose inclisiran, 300 mg
Single-dose inclisiran, 500 mg

No. at Risk

−60

−50

−40

−30

−20

−10

0

10

20

61
57
58
59

150

62
60
60
63

150

61
59
60
59

180

64
60
60
60

180

60
59
60
58

210

62
60
61
61

210

29
49
56
57

240

27
49
50
57

240

of

−20

Second injection

65
58
61
61

Day

150

Single-dose inclisiran, 500 mg
Two-dose inclisiran, 300 mg

B Changes in LDL Cholesterol Levels with the Single-Dose Regimen

Single-dose inclisiran, 300 mg
Two-dose inclisiran, 200 mg
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0

20

40

C Changes in PCSK9 Levels with the Two-Dose Regimen

65
60
61
65

65
60
61
64

1 14 30

Injection

Single-dose placebo
Single-dose inclisiran, 200 mg
Single-dose inclisiran, 300 mg
Single-dose inclisiran, 500 mg

No. at Risk

−100

−80

−60

−40

−20

0

20

40

60

120

Single-dose inclisiran, 200 mg
Two-dose inclisiran, 100 mg

A Changes in PCSK9 Levels with the Single-Dose Regimen

Percent Change in PCSK9

Percent Change in PCSK9

Percent Change in LDL Cholesterol
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Figure 1 (facing page). Effect of Inclisiran on PCSK9
and Low-Density Lipoprotein (LDL) Cholesterol Levels.
The data points are means, and the I bars indicate
95% confidence intervals. The dashed vertical line in
each panel indicates day 180, the day on which these
end points were assessed.

deciliter (0.65 mmol per liter), less than 50 mg
per deciliter (1.3 mmol per liter), and less than
70 mg per deciliter (1.8 mmol per liter), respectively. At day 240, the individual cholesterol levels remained lower than at baseline in the same
patient group (Fig. 2C).
We found significant reductions in levels of
non-HDL cholesterol and apolipoprotein B and
no significant change in levels of high-sensitivity
C-reactive protein among patients randomly assigned to receive inclisiran. The percentage changes from baseline for additional lipid measures are
shown in Table 2.
Safety

Adverse events were reported in 76% of the patients who received inclisiran and in 76% of the
patients who received placebo (Table 3). Most of
these events (95%) were mild or moderate in severity (grade 1 or 2). The incidence of serious adverse events was 11% among patients who received
inclisiran and 8% among patients who received
placebo. Two patients discontinued participation
in the trial because of adverse events: one because
of a herpes zoster infection (placebo group) and
the other because of influenza or nasopharyngitis
(two-dose 100-mg inclisiran group). The most
common adverse events (occurring in >2% of
patients) were myalgia, headache, fatigue, nasopharyngitis, back pain, hypertension, diarrhea,
and dizziness, and the incidences of these events
did not differ significantly between groups receiving inclisiran and those receiving placebo.
Injection-site reactions occurred in 4% of the
patients who received a single dose and in 7% of
the patients who received two doses (after one or
both doses) of inclisiran (combined rate, 5%);
injection-site reactions occurred in no patients
assigned to placebo (Table 3).
Two patients had increased levels of hepatic
aspartate aminotransferase (>3 times the upper
limit of the normal range), one in the single-dose
placebo group and one in the single-dose 300-mg
inclisiran group; the patient in the 300-mg inclisiran group also had elevations in hepatic alanine
n engl j med

aminotransferase levels. Two additional patients
(one in the two-dose 100-mg inclisiran group and
one in the two-dose 300-mg inclisiran group) also
had elevations in alanine aminotransferase levels.
All aminotransferase elevations were transient.
There were no increases in bilirubin levels that
occurred in association with inclisiran or placebo among patients who had normal levels of
bilirubin at baseline, and no case met the definition of Hy’s law, which states that a patient is at
high risk for a fatal drug-induced liver injury if
given a medication that causes hepatocellular
injury (not cholestatic injury) with jaundice. One
patient was positive for antidrug antibodies before the first injection; no other cases of antidrug antibody were reported.
Two deaths occurred late in the trial. The first
occurred in a patient who had been randomly assigned to the single-dose 500-mg inclisiran group
and who had long-standing vasculopathy and frequent angina. He had a witnessed cardiac arrest
and died at 104 days. The second death occurred
in a man in the two-dose 200-mg inclisiran group
who had a thoracic aortic aneurysm repaired percutaneously after study entry and in whom a fistula and sepsis subsequently developed; he died
198 days into the trial.

Discussion
Among patients who had a high risk of cardiovascular disease and had high LDL cholesterol
levels despite receiving the maximum possible
dose of statin therapy, inclisiran treatment resulted
in a significantly greater reduction in LDL cholesterol levels at 180 days than did placebo. In a
finding consistent with this result, as well as with
the design of the drug, levels of PCSK9 were also
significantly reduced at 180 days among patients
who received inclisiran.
The greatest reduction (52.6%) in LDL cholesterol levels was observed in association with the
two-dose 300-mg regimen of inclisiran, a reduction that is in a range similar to that achieved
with monoclonal antibodies designed to target
PCSK9. Changes in other lipid measures in patients who received inclisiran were also broadly
concordant, in both direction and magnitude,
with results reported among patients who received anti-PCSK9 monoclonal antibodies. In the
two-dose 300-mg inclisiran group, every patient
had a reduction in LDL cholesterol level, with a
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−5.3
(−40.8 to 28.4)

hsCRP‖

7.1
(−30.7 to 70.9)

−47.9±21.0‡

−14.3
(−29.5 to −3.5)
−16.2
(−45.8 to 50)

−56.0±19.2‡

−14.3
(−25.4 to −5.6)

3.8±8.9

−30.8±18.0‡

−23.8
(−43.0 to −6.4)¶

−12.8
(−27.8 to 7.8)¶

8.8±11.1§

−35.2±20.2‡

−23.7±15.7‡

−38.4
(−43.6 to −33.2)‡

300 mg
Inclisiran
(N = 60)
Placebo
(N = 61)

−19.8
(−50 to 32.7)

−59.3±18.0‡

−18.2
(−35 to −1.6)

4.1±10.9

−33.1±12.7‡

−14.6
(−34.8 to 3.5)§

−12.2
(−25.6 to 7.7)§

6.9±14.0

−36.9±14.0‡

−26.6±10.7‡

−41.9
(−47.2 to −36.7)‡

−20
(−50 to 30)

−1.2±20.7

0.0
(−10.0 to 12.4)

0.8±8.3

0.9±13.0

2.7
(−20.0 to 26.7)

−3.0
(−17.2 to 22.6)

0.5±12.5

1.3±16.9

0.7±12.3

1.8
(−2.6 to 6.3)

percentage change from baseline

500 mg
Inclisiran
(N = 60)

−12.5
(−42.9 to 29.4)

−53.2±20.9‡

−14.9
(−26.6 to −1.9)

5.5±10.6

−27.8±13.4‡

−16.4
(−31.3 to 0)¶

−6.3
(−17.6 to 10.9)

7.6±12.2§

−31.7±15.1‡

−22.4±12.4‡

−35.5
(−40.0 to −31.0)‡

100 mg
Inclisiran
(N = 59)

−16.3
(−34.6 to 24.3)

−66.2±15.6‡

−17.3
(−31.9 to −7.7)

8.6±11.5¶

−35.0±15.8‡

−21.2
(−38.5 to 13.2)

0.7
(−22.4 to 11.3)

10.3±15.3‡

−38.9±16.8‡

−26.8±13.0‡

−44.9
(−49.3 to −40.4)‡

200 mg
Inclisiran
(N = 60)

Two-Dose Regimen

−16.7
(−50.9 to 33.3)§

−69.1±12.1‡

−25.6
(−38.5 to −15.2)

6.2±11.9§

−40.9±14.8‡

−16.0
(−38.2 to 9.1)¶

−14.2
(−26.4 to 5.4)§

8.6±14.9¶

−46.0±14.6‡

−33.2±11.3‡

−52.6
(−57.1 to −48.1)‡

300 mg
Inclisiran
(N = 59)

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

*	Plus–minus values are means ±SD. Data are presented for the modified intention-to-treat population, which consisted of all patients who underwent randomization, who received at
least one dose of study agent, and in whom both the baseline and day 180 LDL cholesterol measurements were available. The numbers of patients who were excluded because of missing data at day 180 were as follows: for the single-dose regimens, 1 in the placebo group (2%), 2 in the 300-mg inclisiran group (3%), and 6 in the 500-mg inclisiran group (9%); for the
two-dose regimens, 1 in the placebo group (2%), 3 in the 100-mg inclisiran group (5%), 3 in the 200-mg inclisiran group (5%), and 6 in the 300-mg inclisiran group (10%). The P values
for the treatment-by-visit interaction are 0.11 for the single-dose regimen and 0.07 for the two-dose regimen. This analysis is based on modeling percentage change from baseline with
treatment, planned visits through day 180, the treatment-by-visit interaction, and baseline LDL cholesterol level.
†	Data are least-squares means and 95% confidence intervals.
‡	The comparison with the change in the placebo group indicated a significant difference (P<0.001 by Dunnett’s adjusted test).
§	The comparison with the change in the placebo group indicated a significant difference (P<0.05 by Dunnett’s adjusted test).
¶	The comparison with the change in the placebo group indicated a significant difference (P<0.01 by Dunnett’s adjusted test).
‖	Data are medians and interquartile ranges.

2.2±23.4

0.5
(−13.9 to 14.8)

PCSK9

Lipoprotein(a)‖

−22.9±21.0‡

1.7±14.7

3.6±10.6

Apolipoprotein B

Apolipoprotein A1

2.9±9.3

−11.6
(−35.8 to 23.3)

2.4
(−30.7 to 30.5)

1.1
(−18.5 to 17.8)

4.4±14.8

VLDL cholesterol‖

HDL cholesterol

−17.6±19.0‡
−25.1±26.2‡

6.4
(−15.9 to 21.9)

3.8±15.6

Non-HDL cholesterol

−27.9
(−33.1 to −22.7)‡

200 mg
Inclisiran
(N = 60)

Single-Dose Regimen

Triglycerides‖

1.8±12.1

1.5±16.7

Total cholesterol

2.1
(−2.9 to 7.2)

Placebo
(N = 64)

LDL cholesterol†

Measure

Table 2. Changes from Baseline in Efficacy Measures at Day 180.*
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B Two-Dose 300-mg Inclisiran Group
at Day 180

C Two-Dose 300-mg Inclisiran Group
at Day 240
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Figure 2. Changes in LDL Cholesterol Levels.
The change in LDL cholesterol level from baseline to day 180 is shown for each patient randomly assigned to the two-dose placebo
group (61 patients) (Panel A) and the two-dose 300-mg inclisiran group (59 patients) (Panel B); the changes from baseline to day 240
are also shown for the two-dose 300-mg inclisiran group (59 patients) (Panel C). Dashed lines represent LDL cholesterol reductions of
39 mg per deciliter and 78 mg per deciliter. To convert the values for cholesterol to millimoles per liter, multiply by 0.02586.

mean reduction of 64.2 mg per deciliter (1.66
mmol per liter) at 180 days. At day 240, PCSK9
levels were 56.1% lower and LDL cholesterol levels
47.2% lower than at baseline, with a mean absolute
reduction in LDL cholesterol level of 58.9 mg per
deciliter (1.52 mmol per liter). Taken together,
these data suggest that inhibiting the translation
of PCSK9 mRNA in the liver represents an alternative to targeting circulating PCSK9 and would
almost certainly involve a lower injection burden.
Maintaining consistent and effective reductions in LDL cholesterol levels in the long term
through the use of statins is, in part, hindered
by adherence. Variability in adherence can result
in considerable variability in the long-term, timeaveraged reduction in LDL cholesterol levels
achieved. A body of evidence now suggests that
lower long-term variability in causal biologic factors is associated with a lower risk of cardiovascular disease.13-15 Hence, approaches that not only
lower LDL cholesterol levels safely but also can
maintain reductions consistently over time, when
applied either in lieu of or simultaneously with
statin therapy, are being sought.
The usefulness of targeting circulating PCSK9
n engl j med

as a means of reducing LDL cholesterol levels
and cardiovascular risk is demonstrated by the
Further Cardiovascular Outcomes Research with
PCSK9 Inhibition in Subjects with Elevated Risk
(FOURIER) trial,16 in which evolocumab was
shown to have efficacy in reducing major cardiovascular events (primary end point) and the composite of cardiovascular death, myocardial infarction, or stroke (secondary end point) in patients
with established cardiovascular disease and elevated LDL cholesterol levels. However, this approach comes with a minimal injection burden
of a 3.5-ml injection 12 times per year, or a maximal burden of 26 1-ml injections per year, and it
still remains unknown whether the LDL cholesterol–lowering effects achieved with evolocumab
and inclisiran will translate into similar reductions in cardiovascular events.
During 210 days of exposure to inclisiran, the
rates of serious adverse events were 11% among
patients receiving the drug and 8% among patients receiving placebo. Injection-site reactions
were uncommon and occurred in 4% of the patients who received one dose of inclisiran and 7%
of the patients who received two doses of inclinejm.org
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Inclisiran
(N = 65)
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0

1 (2)
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0
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Inclisiran
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4.3±17.5
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0
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0
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5 (8)

1 (2)‡

6 (10)
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Inclisiran
(N = 62)
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0.7±15.6

−1.0±6.4

5 (8)
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0

1 (2)

4 (7)
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300 mg
Inclisiran
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of

*	Plus–minus values are means ±SD. The numbers of patients completing follow-up to day 210 in each group were as follows: in the single-dose cohort: 63 patients in the placebo
group, 60 in the 200-mg inclisiran group, 61 in the 300-mg inclisiran group, and 61 in the 500-mg inclisiran group; in the two-dose cohort: 60 in the placebo group, 59 in the 100-mg
inclisiran group, 60 in the 200-mg inclisiran group, and 59 in the 300-mg inclisiran group. ALP denotes alkaline phosphatase, ALT alanine aminotransferase, and AST aspartate aminotransferase.
†	The death was due to a myocardial infarction.
‡	The death was due to sepsis and pneumonia after complications of surgery for aortic disease.
§	This category included rash, erythema, and pruritus.
¶	The elevated ALT and AST levels were in the same patient.
‖	The creatine kinase level in this patient was more than 73 times the upper limit of the normal range at baseline.
**	One patient had a creatine kinase level that was more than 8 times the upper limit of the normal range at baseline.
††	One patient had a creatine kinase level that was more than 4 times the upper limit of the normal range at baseline.
‡‡	Glycated hemoglobin was measured in plasma and was assessed at day 180.
§§	Platelet count was measured in whole blood.

−0.2±7.0

3 (5)

0

0
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0
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200 mg
Inclisiran
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Single-Dose Regimen
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Glycated hemoglobin‡‡

Myalgia

1 (2)‖

0

ALP level >2 times the upper limit of
the normal range

Creatine kinase level >5 times the upper limit of the normal range

1 (2)

AST level >3 times the upper limit of
the normal range

1 (2)

0

ALT level >3 times the upper limit of
the normal range

Bilirubin level >2 times the upper limit
of the normal range

0

Injection-site reaction§

0

2 (3)

Severe events

Death

3 (5)

46 (71)

Placebo
(N = 65)

Serious events

Any event that occurred during treatment

Event

Table 3. Adverse Events That Occurred during Treatment through Day 210.*
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siran; these rates are similar to the rates observed
with monoclonal antibodies to PCSK917,18 and are
in contrast to the rates of 76 to 84% reported with
first-generation antisense oligonucleotides for LDL
cholesterol reduction.19,20 Symptoms of immune
activation, which is often a concern with therapies
targeting RNA, were rare in association with inclisiran; there were few instances of flulike symptoms and no observed elevations in C-reactive
protein. We observed no effects on platelet levels
among patients receiving inclisiran, in contrast
to recent reports from studies of antisense oligonucleotides and other siRNA molecules.21 We observed transient elevations in hepatic enzyme levels in three patients receiving inclisiran.

A trial of this size and duration cannot rule
out infrequent serious side effects or side effects
that might emerge after a longer period of observation. Hence, patients in this trial will be offered
the chance to enter an open-label long-term safety
study, although larger studies are clearly also
warranted. The large majority of patients in the
ORION-1 trial were of European descent: further
study is warranted to determine whether inclisiran
has the same effects in persons of non-European
ancestry.
Supported by the Medicines Company.
Disclosure forms provided by the authors are available with
the full text of this article at NEJM.org.
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