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Familial hypercholesterolemia is characterized by an elevated level of low-density
lipoprotein (LDL) cholesterol and an increased risk of premature atherosclerotic
cardiovascular disease. Monoclonal antibodies directed against proprotein convertase subtilisin–kexin type 9 (PCSK9) have been shown to reduce LDL cholesterol
levels by more than 50% but require administration every 2 to 4 weeks. In a phase
2 trial, a twice-yearly injection of inclisiran, a small interfering RNA, was shown
to inhibit hepatic synthesis of PCSK9 in adults with heterozygous familial hypercholesterolemia.
METHODS

In this phase 3, double-blind trial, we randomly assigned, in a 1:1 ratio, 482 adults
who had heterozygous familial hypercholesterolemia to receive subcutaneous injections of inclisiran sodium (at a dose of 300 mg) or matching placebo on days
1, 90, 270, and 450. The two primary end points were the percent change from
baseline in the LDL cholesterol level on day 510 and the time-adjusted percent
change from baseline in the LDL cholesterol level between day 90 and day 540.
RESULTS

The median age of the patients was 56 years, and 47% were men; the mean baseline
level of LDL cholesterol was 153 mg per deciliter. At day 510, the percent change in
the LDL cholesterol level was a reduction of 39.7% (95% confidence interval [CI],
−43.7 to −35.7) in the inclisiran group and an increase of 8.2% (95% CI, 4.3 to 12.2)
in the placebo group, for a between-group difference of −47.9 percentage points
(95% CI, −53.5 to −42.3; P<0.001). The time-averaged percent change in the LDL
cholesterol level between day 90 and day 540 was a reduction of 38.1% (95% CI,
−41.1 to −35.1) in the inclisiran group and an increase of 6.2% (95% CI, 3.3 to 9.2)
in the placebo group, for a between-group difference of −44.3 percentage points
(95% CI, −48.5 to −40.1; P<0.001). There were robust reductions in LDL cholesterol
levels in all genotypes of familial hypercholesterolemia. Adverse events and serious
adverse events were similar in the two groups.
CONCLUSIONS

Among adults with heterozygous familial hypercholesterolemia, those who received
inclisiran had significantly lower levels of LDL cholesterol than those who received
placebo, with an infrequent dosing regimen and an acceptable safety profile. (Funded
by the Medicines Company; ORION-9 ClinicalTrials.gov number, NCT03397121.)
n engl j med 382;16
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H

eterozygous familial hypercholesterolemia, a genetic disorder that affects 1 in 250 persons or 30 million people worldwide, is characterized by elevated levels
of low-density lipoprotein (LDL) cholesterol from
birth. Without treatment, the condition is associated with premature complications and death
from accelerated development of atherosclerotic
cardiovascular disease.1
Variants in the gene encoding the LDL receptor (LDLR) account for more than 90% of cases
of familial hypercholesterolemia, whereas variants
in other genes, such as those encoding apolipoprotein B (APOB) and proprotein convertase subtilisin–
kexin type 9 (PCSK9), account for 5% and less
than 2% of cases, respectively.2 However, despite
the use of next-generation sequencing, a monogenic variant cannot be identified in up to 30%
of patients who have received a clinical diagnosis
of definite heterozygous familial hypercholesterolemia.3 Since the risk of atherosclerotic cardiovascular disease is driven by the degree and duration of an elevated LDL cholesterol level, the
goal of management should be the initiation of
therapy to lower the LDL cholesterol level as soon
as possible after diagnosis, with even more intensive lipid-lowering therapy in patients with established atherosclerosis.4
Pharmacologic management of familial hypercholesterolemia includes the use of high-intensity
statins, ezetimibe, and monoclonal antibodies directed against circulating PCSK9. Monoclonal antibodies against PCSK9 have been shown to reduce
LDL cholesterol levels by more than 50% but
require administration every 2 to 4 weeks.5,6 The
phase 2 ORION-1 trial showed that inclisiran, a
small interfering RNA targeting hepatic PCSK9
synthesis, has the potential to substantially reduce
LDL cholesterol levels with an acceptable sideeffect profile and an infrequent dosing regimen.7
Here, we report the results of the phase 3 ORION-9
trial, in which we evaluated the use of inclisiran
in a large cohort of adult patients with heterozygous familial hypercholesterolemia who had been
treated with a maximally accepted dose of statin
therapy.

countries at 46 sites. The trial protocol (available
with the full text of this article at NEJM.org)
was approved by an institutional review board
or independent ethics committee at each participating institution. All the trial patients provided written informed consent. The trial was
designed by the academic steering committee
and the sponsor, the Medicines Company. The
first author wrote the initial draft of the manuscript, and all the authors had access to the
data and contributed to the review of and revisions to the initial draft of the manuscript. All
the authors vouch for the accuracy and completeness of the data and for the fidelity of the
trial to the protocol.
Patients

The diagnosis of familial hypercholesterolemia
was based on genetic confirmation or established
phenotypic Simon Broome criteria.8 The patients
were required to have an LDL cholesterol level of
at least 100 mg per deciliter (2.6 mmol per liter)
despite receiving a maximally accepted dose of
statin therapy with or without ezetimibe. Patients
who were receiving a PCSK9 monoclonal antibody
were excluded. Details regarding the inclusion
and exclusion criteria are provided in the Supplementary Appendix, available at NEJM.org.
Trial Procedures

The patients were randomly assigned in a 1:1
ratio to receive inclisiran sodium (at a dose of
300 mg, which corresponds to a dose of 284 mg
of inclisiran free acid) or matching placebo, which
were both administered as a 1.5-ml subcutaneous
injection on days 1, 90, 270, and 450. During visits
for drug administration, the patients remained
under observation for 30 minutes after injection.
The patients also attended clinic visits on days 30,
150, 330, and 510 to undergo fasting biochemical
measurements and to assess the safety and sideeffect profile of inclisiran. The last trial visit was
conducted on day 540 (Fig. S1 in the Supplementary Appendix).
End Points

The two primary end points were the percent
change from baseline in the LDL cholesterol level
Me thods
at day 510 and the time-adjusted percent change
Trial Oversight and Design
from baseline in the LDL cholesterol level between
ORION-9 was a double-blind, randomized, pla- day 90 and day 540. Key secondary end points
cebo-controlled trial that was conducted in 8 were the mean absolute change from baseline in
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the LDL cholesterol level at day 510, the timeadjusted absolute reduction from baseline between
day 90 and day 540, and changes in levels of
PCSK9, total cholesterol, apolipoprotein B, and
non–high-density lipoprotein (HDL) cholesterol.
Prespecified exploratory end points included the
proportion of patients who met the lipid targets
for their level of cardiovascular risk and the treatment response according to the underlying genotype of familial hypercholesterolemia.
Genotyping

Next-generation sequencing was performed for
the coding regions of the four genes (LDLR, APOB,
PCSK9, and LDLRAP1 [encoding LDLR adaptor protein 1]) that are known to account for the majority
of cases of familial hypercholesterolemia.9 LDLR
exons 1 through 18, APOB exons 1 through 29,
PCSK9 exons 1 through 12, and LDLRAP1 exons 1
through 9 were captured, amplified on polymerase-chain-reaction assay, and subjected to pairend DNA sequencing with the use of the Illumina
MiSeq sequencing platform. Secondary and tertiary analysis of DNA sequences were performed
with the use of the commercial bioinformatics
software CLC Genomics Workbench (Qiagen) for
variant calling and VarSeq (Golden Helix) for variant analysis. VS-CNV software (Golden Helix) was
used to identify DNA copy-number variations in
LDLR, which are the cause of familial hypercholesterolemia in up to 10% of patients.10 Variants
that were identified were aligned to the GRCh37
(hg19) reference genome, and the pathogenicity of
reported variants was determined according to
current guidelines.11,12 LDLR variants were grouped
as pathogenic, probably pathogenic, or of uncertain significance.11,13
Safety Reports

Adverse events and laboratory values were recorded
at all visits through the end-of-trial visit on day
540. Vital signs were recorded at all injection visits
and at day 540. Electrocardiography was performed at the time of screening and on days 1 and
540. Investigators classified adverse events as mild,
moderate, or severe according to organ class using the criteria of the Medical Dictionary for Regulatory Activities. Injection-site reactions were evaluated with the use of prespecified terms. Antidrug
antibodies were measured with the use of a highly
sensitive screening method and, if needed, confirmatory assays in accordance with the most recent
regulatory guidance.
1522
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Statistical Analysis

The sample size was based on the assumption that
the mean (±SD) decrease from baseline in the LDL
cholesterol level would be at least 30±20 mg per
deciliter (0.8±0.5 mmol per liter) more in the
inclisiran group than in the placebo group. We
calculated that approximately 380 patients would
be needed to evaluate efficacy between the inclisiran and placebo groups, assuming a dropout rate
of 5%, a two-sided alpha level of 0.05, and a power
of more than 90% to detect a 30% reduction from
baseline in the LDL cholesterol level. Because of
faster-than-expected enrollment, the actual enrollment was 482 patients to allow for all screened
and eligible patients to enter the trial.
We used a sequential testing procedure with
a two-sided alpha level of 0.05 to assess the percent
change in the LDL cholesterol level from baseline
to day 510. Once the null hypothesis was rejected,
we used a two-sided alpha level of 0.05 to test
the time-adjusted percent change from baseline
in the LDL cholesterol level between day 90 and
day 540. We used a reflexive approach to measuring the LDL cholesterol level in calculating the
primary end points. First, we used the Friedewald
formula to estimate the LDL cholesterol level. If
the LDL cholesterol level was less than 40 mg
per deciliter (1.0 mmol per liter) or if the triglyceride levels were more than 400 mg per deciliter
(4.5 mmol per liter), we performed preparative
ultracentrifugation to directly measure the LDL
cholesterol level.
For the first of the two primary end points
(the percent change in the LDL cholesterol level
from baseline to day 510), we used a multipleimputation washout model to impute missing
values. The primary analysis was conducted in
the intention-to-treat population and was based on
an analysis of covariance (ANCOVA) model on each
multiply imputed data set (100 total). The model
included the fixed effects of treatment and the
baseline LDL cholesterol level. We then used
Rubin’s model to combine treatment effects from
these ANCOVA analyses. For the second primary
end point (the time-adjusted percent change in
the LDL cholesterol level between day 90 and day
540), we used a control-based pattern-mixture
model to impute missing values. We used a mixedeffects model for repeated measurements of data
obtained during all visits on each multiply imputed data set. The model included fixed effects
for treatment, visit, baseline LDL cholesterol level,
and the interaction between treatment and visit.
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Analyses of the secondary end points were
performed only after the analyses of the two primary end points were completed and the null
hypotheses were rejected. The Hochberg procedure was applied to control for family-wise type I
error at a two-sided significance level of 0.05 for
the comparison of key secondary end points. We
used the two-sided 95% confidence intervals for
least-squares means for testing of continuous variables. Odds ratios and 95% confidence intervals
were used for assessment for binary variables.
We also performed a prespecified subgroup
analysis of the percent change from baseline in the
LDL cholesterol level according to genotype (the
presence or absence of a monogenic familial hypercholesterolemia variant) and according to the
presence or absence of variants in LDLR, APOB,
and PCSK9. We also determined the mean differences in treatment effect between these subgroups.
All analyses were performed with the use of SAS
software, version 9.4 (SAS Institute). Details regarding the statistical analysis plans are provided
in the protocol.

R e sult s
Trial Population

The trial was conducted between December 2017
and September 2019. A total of 617 patients were
screened; of these patients, 482 underwent randomization (242 patients to receive inclisiran and
240 to receive placebo). In the overall trial population, the mean age was 56 years; 227 patients
(47%) were men, and 453 (94%) were white (Table 1). Preexisting coronary heart disease was
present in 25% of the patients and diabetes in
10%. The mean baseline LDL cholesterol level was
153.1±54.0 mg per deciliter (4.0±1.4 mmol per
liter). A total of 90% of the patients were receiving
statins, including 75% who were receiving highintensity statins (at least 20 mg of rosuvastatin,
40 mg of atorvastatin, 40 mg of simvastatin, or
the equivalent per day); more than 50% were also
receiving ezetimibe. Of the patients in the intention-to-treat population, 235 patients (91.7%) in
the inclisiran group and 231 (96.3%) in the placebo
group completed the trial activities through day
540 (Fig. S2).
Primary End Points

For the first primary end point, the percent change
in the LDL cholesterol level from baseline to day
510 was a decrease of 39.7% (95% confidence inn engl j med 382;16

terval [CI], −43.7 to −35.7) in the inclisiran group
and an increase of 8.2% (95% CI, 4.3 to 12.2) in
the placebo group, for a between-group difference
of −47.9 percentage points (95% CI, −53.5 to −42.3;
P<0.001) (Fig. 1A). For the second primary end
point, the time-averaged percent change in the
LDL cholesterol level between day 90 and day 540
was a decrease of 38.1% (95% CI, −41.1 to −35.1)
in the inclisiran group and an increase of 6.2%
(95% CI, 3.3 to 9.2) in the placebo group, for a
between group difference of −44.3 percentage
points (95% CI, −48.5 to −40.1; P<0.001). Sensitivity analyses using imputation for missing values
produced similar results (Table S1).
Key Secondary End Points

The mean absolute change from baseline in the
LDL cholesterol level at day 510 was a decrease
of 59.0 mg per deciliter (95% CI, −64.8 to −53.2
[1.5 mmol per liter; 95% CI, −1.7 to −1.4]) in the
inclisiran group and an increase of 9.9 mg per
deciliter (95% CI, 4.1 to 15.8 [0.3 mmol per liter;
95% CI, 0.1 to 0.4]) in the placebo group, for a
between-group difference of −68.9 mg per deciliter (95% CI, −77.1 to −60.7 [1.8 mmol per liter;
95% CI, −2.0 to −1.6]; P<0.001) (Fig. 1B). The timeaveraged observed difference in LDL cholesterol
levels between day 90 and day 540 was −56.9 mg
per deciliter (−1.5 mmol per liter) in the inclisiran
group and 5.8 mg per deciliter (0.1 mmol per
liter) in the placebo group, for a between-group
difference of −62.6 mg per deciliter (−1.6 mmol
per liter) (P<0.001), a difference of 44.6%.
At day 510, the percent change in the PCSK9
level was a decrease of 60.7% (95% CI, −64.4 to
−57.0) in the inclisiran group and an increase of
17.7% (95% CI, 13.9 to 21.4) in the placebo group,
for a between-group difference of −78.4 percentage
points (95% CI, −83.7 to −73.0; P<0.001) (Fig. 1C).
At day 510, the mean absolute change in the
PCSK9 level was a decrease of 282.6 μg per liter
(95% CI, −297.9 to −267.2) in the inclisiran group
and an increase of 54.5 μg per liter (95% CI, 39.1
to 70.0) in the placebo group, for a between-group
difference of −337.1 μg per liter (95% CI, −358.9
to −315.3; P<0.001) (Fig. 1D). The time-averaged
observed difference in PCSK9 levels between day
90 and day 540 was −284.6 μg per liter (95% CI,
−303.8 to −265.4) in the inclisiran group and
44.0 μg per liter (95% CI, 32.3 to 55.6) in the placebo group, for a between group difference of
−328.6 μg per liter (95% CI, −351.0 to −306.1;
P<0.001), a difference of 77%. Waterfall plots for
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Table 1. Demographic and Clinical Characteristics of the Patients at Baseline.*
Characteristic

Inclisiran
(N = 242)

Placebo
(N = 240)

Age (IQR) — yr

56 (47–63)

56 (46–64)

Male sex — no. (%)

112 (46.3)

115 (47.9)

White race — no. (%)†

226 (93.4)

227 (94.6)

Atherosclerotic cardiovascular disease — no. (%)

59 (24.4)

73 (30.4)

Current smoker

28 (11.6)

28 (11.7)

Hypertension

102 (42.1)

101 (42.1)

20 (8.3)

28 (11.7)

Statin

219 (90.5)

217 (90.4)

High-intensity statin

185 (76.4)

171 (71.2)

Ezetimibe

135 (55.8)

120 (50.0)

Total

230.0±54.6

232.4±62.8

Low-density lipoprotein

151.4±50.4

154.7±58.0

Cardiovascular risk factors — no. (%)

Diabetes
Lipid-modifying therapy — no. (%)

Cholesterol — mg/dl

High-density lipoprotein

51.5±15.1

50.8±13.1

Non–high-density lipoprotein

178.5±55.4

181.5±62.5

Apolipoprotein B — mg/dl

123.8±33.2

124.5±34.8

Median lipoprotein(a) (IQR) — nmol/liter

57 (22–180)

54 (20–185)

Median triglycerides (IQR) — mg/dl

120 (82–167)

119 (85–166)

Median high-sensitivity C-reactive protein (IQR) — mg/liter

1.2 (0.5–2.9)

1.3 (0.6–3.2)

PCSK9 — μg/liter

452.2±131.2

429.1±135.3

*	Plus–minus values are means ±SD. For cholesterol and triglyceride levels, baseline was defined as the value obtained
immediately before the receipt of inclisiran or placebo on trial day 1; for other variables, baseline was defined as the
last value before administration of the first dose of inclisiran or placebo. 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.
IQR denotes interquartile range, and PCSK9 proprotein convertase subtilisin–kexin type 9.
†	Race was reported by the patient.

individual changes in levels of LDL cholesterol
and PCSK9 among the patients are shown in Figure S3.
Inclisiran was associated with lower levels of
total cholesterol, non–HDL cholesterol, apolipoprotein B, and triglycerides than placebo, along
with higher HDL cholesterol levels. In the inclisiran group, the median level of lipoprotein(a)
was reduced by 17.2% from baseline, but there was
little change in the median level of high-sensitivity C-reactive protein (Table S3).

in 92 patients (38.0%) in the inclisiran group and
in 2 (0.8%) in the placebo group (P<0.001). An LDL
cholesterol level of less than 100 mg per deciliter
was reported in 158 patients (65.3%) in the inclisiran group and in 21 (8.8%) in the placebo group;
of these patients, 40.8% in the inclisiran group
and 1.3% in the placebo group had a level of less
than 70 mg per deciliter (1.8 mmol per liter); 19.0%
and 0.8%, respectively, had a level of less than
50 mg per deciliter (1.3 mmol per liter) (Table S2).
Among the patients with atherosclerotic cardiovascular disease in the inclisiran group, 38 of 59
Exploratory Outcomes
(64%) had an LDL cholesterol level of less than
At day 510, a reduction from baseline in the mean 70 mg per deciliter.
LDL cholesterol level of 50% or more was reported
Monogenic familial hypercholesterolemia vari-
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Figure 1. Percent and Absolute Changes in Low-Density Lipoprotein (LDL) Cholesterol and PCSK9 Levels during the 540-Day Trial Period
(Intention-to-Treat Population).
Panel A shows the percent change in the level of LDL cholesterol from baseline to day 510 (the first primary end point) in the inclisiran
group and the placebo group. Panel B shows mean absolute LDL cholesterol levels from baseline to day 510 (a key secondary end point).
Also shown are corresponding values for proprotein convertase subtilisin–kexin type 9 (PCSK9), including the percent change from baseline (Panel C) and mean absolute levels from baseline to day 510 (Panel D), which are other key secondary end points.

ants were found in 317 of 432 patients (73.4%)
who consented to genetic testing. Of these patients, 256 (80.8%) had single LDLR causative variants, of whom 231 (90.2%) had LDLR pathogenic
variants, 17 (6.6%) had probably pathogenic variants, and 8 (3.1%) had variants that were of uncertain significance.
Of the 432 patients who were tested, 23 (5.3%)
had variants in APOB, and 1 had a PCSK9 gain-offunction variant in PCSK9. In 37 patients (8.6%),
two variants were consistent with either double
heterozygous familial hypercholesterolemia (a variant in LDLR and in either APOB or PCSK9), compound heterozygous disease (two different variants
in LDLR), or truly homozygous disease (two identical LDLR variants).14,15 The mean baseline LDL

n engl j med 382;16

cholesterol level in these patients was 152.4 mg
per deciliter (3.9 mmol per liter). The patients who
had LDLR pathogenic variants had the highest
mean baseline LDL cholesterol level (160.8 mg per
deciliter [4.2 mmol per liter]).
In the inclisiran group, the mean reductions
in the LDL cholesterol levels were similar in patients with LDLR pathogenic variants, probably
pathogenic variants, and variants of uncertain
significance. The mean between-group difference
in the percent change in LDL cholesterol levels in
patients with two identified variants was −41.2
percentage points. The corresponding betweengroup difference among the patients in whom a
causative variant could not be identified was
−59.2 percentage points; among the 50 patients
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Value

No. of patients

APOB variants

Value

No. of patients

LDLR variants of uncertain
significance

150.2
(129.3 to 171.1)

135.8
(93.8 to 177.7)

137.4
(118.0 to 156.8)

−43.0
(−56.6 to −29.4)

12

−51.6
(−69.6 to −33.6)

4

−36.2
(–46.8 to −25.7)

8

−37.4
(−43.1 to −31.6)

113

−37.7
(−43.0 to −32.3)

125

−37.4
(−49.2 to −25.7)

22

Inclisiran

9.1
(−2.0 to 20.2)

11

−9.3
(–27.2 to 8.7)

4

12.1
(−12.0 to 36.2)

9

8.6
(3.1 to 14.1)

118

8.3
(3.1 to 13.5)

131

3.8
(−5.3 to 12.9)

15

Placebo

−52.1
(−68.8 to −35.4)

−42.3
(−61.7 to −23.0)

−48.3
(−75.2 to −21.5)

−46.0
(−53.9 to −38.1)

−46.0
(−53.3 to −38.6)

−41.2
(−57.2 to −25.3)

percentage
points

Between-Group
Difference

Percent Change in LDL Cholesterol Level
(95% CI)

−58.9
(−78.7 to −39.2)

12

−85.3
(−146.4 to −24.3)

4

−51.6
(–71.8 to −31.4)

8

−58.4
(−68.6 to −48.3)

113

−58.7
(−68.1 to −49.4)

125

−54.5
(−72.0 to −37.1)

22

Inclisiran

17.5
(−1.9 to 36.8)

11

−11.8
(–31.2 to 7.7)

4

13.0
(−22.8 to 48.8)

9

11.2
(2.4 to 19.9)

118

10.6
(2.4 to 18.8)

131

3.4
(−9.8 to 16.5)

15

mg/dl

Placebo

−76.4
(−102.5 to −50.3)

−73.6
(−109.3 to −37.8)

−64.6
(−105.6 to −23.5)

−69.6
(−82.9 to −56.3)

−69.3
(−81.6 to −57.0)

−57.9
(−81.6 to −34.2)

Between-Group
Difference

Absolute Change in LDL Cholesterol Level
(95% CI)

of

Value

160.8
(153.0 to 168.6)

158.4
(151.2 to 165.7)

152.4
(137.9 to 166.8)

mg/dl

Baseline LDL
Cholesterol Level

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

No. of patients

LDLR probably pathogenic
variants

Value

No. of patients

LDLR pathogenic variants

Value

No. of patients

Total LDLR variants

Value

No. of patients

Two variants

Genetic Testing

Table 2. Changes from Baseline in LDL Cholesterol Levels at Day 510, According to Genotype.*
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−63.7
(−92.1 to −35.4)

Safety and Adverse Events

*	APOB denotes apolipoprotein B, LDL low-density lipoprotein, LDLR low-density lipoprotein receptor, and NA not applicable.

10.6
(−12.6 to 33.7)

29
21
29
21
No. of patients

No genetic testing

Value

149.7
(135.8 to 163.6)

−39.0
(−46.4 to −31.6)

7.8
(−7.1 to 22.7)

−46.8
(−64.5 to −29.1)

−53.2
−67.0 to −39.4)

−76.9
(−93.1 to −60.6)
7.0
(−6.3 to 20.2)

54
61

−59.2
(−72.8 to −45.5)
10.0
(−3.6 to 23.6)

54
No. of patients

No variant

Value

143.2
(134.1 to 152.2)

61

−49.2
(−54.7 to −43.6)

NA
NA
−89.7
(NA)
146.0
(NA)
Value

−69.9
(−80.0 to −59.8)

NA
NA
−131.0
(NA)

0
1
0
1
No. of patients

PCSK9 gain-of-function
variant

who did not undergo genetic testing, the corresponding between-group difference was −46.8
percentage points (Table 2 and Fig. S4). In patients with APOB variants in the inclisiran group,
the between-group difference was −52.1 percentage points; in the single patient with a PCSK9
gain-of-function variant, the between-group difference was −89.7 percentage points.

n engl j med 382;16

The adverse events that were reported in the safety
population during treatment are shown in Table 3.
Adverse events that occurred during the trial
period, regardless of causality, were reported in
185 of 241 patients (76.8%) in the inclisiran
group and in 172 of 240 patients (71.7%) in the
placebo group. The majority of events (94.6% in
the inclisiran group and 91.9% in the placebo
group) were reported as mild to moderate (Table
S5). More patients in the inclisiran group than
in the placebo group had a protocol-defined injection-site reaction (17.0% vs. 1.7%), with the
majority of events (90.2%) graded as mild and
none described as severe or persistent. There was
a lower number of serious adverse events with inclisiran than with placebo (7.5% vs. 13.8%). These
events included 1 death in each of the groups,
neither of which was thought to be related to the
trial intervention by the investigators.
The frequency of adverse events was similar in
the two groups as assessed according to systemorgan class (Table S5). Laboratory defined adverse
events were also similar between the groups (Table 3 and Table S5).
In the inclisiran group, low-titer antidrug
antibodies were detected in 2.6% of the samples
(25 samples from 18 patients), a finding that was
consistent with assay-testing characteristics and
not considered to be due to treatment with inclisiran. The presence of antidrug antibodies in posttreatment samples was often transient and not
associated with changes in any pharmacologic or
clinical measurements.

Discussion
Heterozygous familial hypercholesterolemia is a
common condition and may account for as many
as 1 in 10 cases of premature acute coronary syndromes.16 The major driver of the risk of atherosclerotic cardiovascular disease among patients
with this condition is the lifelong cumulative
nejm.org
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Table 3. Adverse Events and Key Safety Laboratory Results.*
Inclisiran
(N = 241)

Variable

Placebo
(N = 240)

Risk Ratio
(95% CI)

no. of patients (%)
Adverse events
Patients with ≥1 adverse event

185 (76.8)

172 (71.7)

1.1 (1.0–1.2)

3 (1.2)

0

NA

18 (7.5)

33 (13.8)

0.5 (0.3–0.9)

From any cause

1 (0.4)

1 (0.4)

1.0 (0.1–15.8)

Cardiovascular cause

1 (0.4)

0

NA

2 (0.8)

3 (1.2)

0.7 (0.1–3.9)

10 (4.1)

10 (4.2)

1.0 (0.4–2.3)

3 (1.2)

1 (0.4)

3.0 (0.3–28.5)

0

0

NA

Any event

41 (17.0)

4 (1.7)

10.2 (3.7–28.1)

Mild

37 (15.4)

4 (1.7)

9.2 (3.3–25.4)

Patients with ≥1 adverse event leading to discontinuation of
trial intervention
Serious adverse events
Patients with ≥1 serious adverse event
Death

New worsening or recurrent cancer
Other cardiovascular adverse events
Prespecified exploratory cardiovascular event†
Fatal or nonfatal myocardial infarction
Fatal or nonfatal stroke
Protocol-defined injection-site reaction

Moderate

4 (1.7)

0

NA

Severe

0

0

NA

Persistent

0

0

NA

28 (11.6)

20 (8.3)

1.4 (0.8–2.4)

Frequent adverse events‡
Nasopharyngitis
Influenza

13 (5.4)

21 (8.8)

0.6 (0.3–1.2)

Upper respiratory tract infection

16 (6.6)

16 (6.7)

1.0 (0.5–1.9)

Back pain

17 (7.1)

10 (4.2)

1.7 (0.8–3.6)

Injection-site reaction

22 (9.1)

0

NA

Gastroenteritis

11 (4.6)

6 (2.5)

1.8 (0.7–4.9)

Laboratory results
Alanine aminotransferase >3× ULN

3 (1.2)

1 (0.4)

3.0 (0.3–28.5)

Aspartate aminotransferase >3× ULN

2 (0.8)

1 (0.4)

2.0 (0.2–21.8)

Alkaline phosphatase >3× ULN

2 (0.8)

0

NA

Bilirubin >2× ULN

4 (1.7)

3 (1.2)

1.3 (0.3–3.9)

Creatinine >2 mg/dl

1 (0.4)

1 (0.4)

1.0 (0.1–15.8)

Creatine kinase >5× ULN

4 (1.7)

5 (2.1)

0.8 (0.2–2.9)

0

1 (0.4)

NA

Platelet count <75,000 per mm3

*	The safety population included all the patients who had received at least one dose of inclisiran or placebo during the
trial period of 540 days. One patient underwent randomization in error and therefore did not receive either inclisiran or
placebo. To convert the values for creatinine to micromoles per liter, multiply by 88.4. NA denotes not applicable, and
ULN upper limit of the normal range.
†	Exploratory cardiovascular events were nonadjudicated terms, including those classified in the Medical Dictionary for
Regulatory Activities as cardiac death, and any signs or symptoms of cardiac arrest, nonfatal myocardial infarction, or
nonfatal stroke.
‡	A frequent adverse event was defined as one that was reported in at least 5% of the patients in either trial group.
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exposure to elevated levels of LDL cholesterol,
especially when there is a delay in the initiation
of effective cholesterol-lowering therapy.17 In our
trial, among patients who received a regimen of
subcutaneous injections of inclisiran on days 1,
90, 270, and 450, the between-group difference
in the percent change in the LDL cholesterol
level from baseline to day 510 (the first primary
end point) was a reduction of 47.9 percentage
points in the inclisiran group. The corresponding
between-group difference in the time-averaged
percent change in the LDL cholesterol level between day 90 and day 540 (the second primary end
point) was a reduction of 44.3 percentage points.
It is notable that at baseline the majority of patients who had such reductions were receiving
high-intensity statin therapy along with ezetimibe.
In addition, 65% of the patients in the inclisiran
group had an LDL cholesterol level of less than
100 mg per deciliter. These reductions were
achieved without additional safety signals after
four injections during a 16-month period.
The robust reduction in LDL cholesterol levels
in patients with different monogenic LDLR variants
is consistent with the findings in trials of monoclonal antibodies and suggests that the response
to PCSK9 inhibition is mainly dependent on the
up-regulation of normally functioning LDL receptors on the hepatocyte surface, which override the
minor role of clearance of LDL cholesterol by the
up-regulation of dysfunctional LDL receptors.5,17,18
This hypothesis is also supported by the observation that patients with LDLR null homozygous
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