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MEMORANDUM
DEPARTMENT OF HEALTH & HUMAN SERVICES

Food and Drug Administration
________________________________________________________________________

Division of Pharmacology and Toxicology
Office of Cardiology, Hematology, Endocrinology, and Nephrology
Office of New Drugs
Center for Drug Evaluation and Research

Date: December 7, 2021
From: Federica Basso, Ph.D., Supervisory Pharmacologist

Subject: Amendment to pharmacology/toxicology review of NDA 214012 for Leqvio, ‘Inclisiran 
injection’
________________________________________________________________________

Purpose of Memo:
This memorandum is an amendment to the Pharmacology/Toxicology Review of inclisiran (NDA 214012) 
to correct an error in the review of a “29-Week Repeat Dose Subcutaneous Injection Toxicity and 
Toxicokinetic Study in the Sprague-Dawley Rat Followed by a 13-Week Recovery Period (Study no.: 
5001351)”. The original Pharmacology/Toxicology Review was uploaded in DARRTS on 09/30/2020. 

Amendment
In the review of a 29-week toxicity study in the Sprague-Dawley Rat, correction is made to the statement 
on page 25 that “inclisiran exposure did not produce decreases in total cholesterol (↓3-↑6%), HDL-C (↓2-
↑10%), LDL-C (↓8-↑20%), and triglycerides (↓18-↓1%) that reached the magnitude observed in the 15-
week repeat dose toxicity study”. A statistically significant decrease in LDL-C was observed in females at 
>50 mg/kg/dose (↓43-57%) and in high dose males (↓47%). The corrected sentence should read as 
“inclisiran exposure did produce a statistically significant decrease in LDL-C in females at > 50 
mg/kg/dose (↓43-57%) and in high dose males (↓47%), but did not reach the magnitude observed in the 
15-week repeat dose toxicity study. No significant changes were observed in total cholesterol, HDL-C, 
and triglycerides”.
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MEMORANDUM
DEPARTMENT OF HEALTH & HUMAN SERVICES

Food and Drug Administration
________________________________________________________________________
Division of Pharmacology and Toxicology
Office of Cardiology, Hematology, Endocrinology, and Nephrology
Office of New Drugs
Center for Drug Evaluation and Research

Date: December 9, 2021
From: C. Lee Elmore, Ph.D., Deputy Director

Subject: Tertiary review of NDA 214012 for Leqvio, ‘Inclisiran injection’
________________________________________________________________________
Background
NDA 214012 for inclisiran was submitted by Novartis for the treatment of adults with Heterozygous 
Familial Hypercholesterolemia or Clinical Atherosclerotic Cardiovascular Disease in patients who 
require additional lowering of low-density lipoprotein cholesterol (LDL-C) despite maximally 
tolerated statin therapy. Increased plasma LDL-C is an established risk factor for cardiovascular 
disease and proprotein convertase kexin type 9 (PCSK9) is an important regulator of plasma LDL-C. 
Circulating PCSK9 binds hepatocyte cell-surface LDL receptors (LDLRs) leading to receptor 
internalization and degradation. Thus, PCSK9 acts to increase plasma LDL-C. 

Mechanism of action
Inclisiran is a double-stranded small interfering RNA (siRNA) directed against PCSK9 mRNA. 
Inclisiran is conjugated to three N-acetylgalactosamine (GalNAc) moieties, designed to target 
distribution to the liver, which is a significant source of circulating PCSK9. By blocking PCSK9 
expression, inclisiran causes a reduction in circulating PCSK9 levels and an increase in LDLR liver 
expression. Higher LDLR levels result in increased removal of LDL-C from circulation and act to 
decrease plasma LDL-C. Additionally, inclisiran has a very long tissue half-life. Thus, subcutaneous 
administration of inclisiran (300 mg inclisiran sodium salt) leads to prolonged LDL-C lowering that 
allows dosing once every 6 months, after two initial loading doses separated by 3 months. 

Pharmacology 
Pharmacodynamic activity, measured as reduced PCSK9 levels and/or LDL-C lowering, was 
demonstrated in transgenic mice expressing human PCSK9 (hPCSK9) and in healthy non-human 
primates (NHPs). In hPCSK9 transgenic mice, following a single subcutaneous injection of inclisiran 
(up to 10 mg/kg), a dose-dependent decrease in plasma hPCSK9 protein expression was observed. 
Likewise, inclisiran decreased the circulating levels of PCSK9 after single or multiple subcutaneous 
injection(s) in NHPs administered the drug at up to 10 mg/kg. Reductions in PCSK9 correlated with 
decreased LDL-C and total cholesterol levels. Multiple subcutaneous doses of inclisiran at up to 6 
mg/kg Q2W resulted in prolonged suppression of PCSK9 protein in NHPs. 

ADME/Toxicokinetics 
After subcutaneous injection, the highest amounts of inclisiran were observed in both rats and NHPs 
at the liver, kidney, and injection site (not measured in NHPs), with rapid clearance from plasma. In 
tissues, studies showed inclisiran is metabolized to shortened RNA fragments by exonucleases and 
endonucleases, with eventual loss of the GalNAc moieties and gradual clearance from tissues. Most 
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inclisiran-related radioactivity was eliminated in the urine and feces of rats and in the urine of NHPs. 
It is important to note that animals were dosed more frequently in toxicology studies (QD to Q4W) 
than in clinical studies (Q3M or Q6M). However, calculating exposure margins based on body surface 
area (BSA) extrapolation on a per-dose basis offers a reasonable approach for comparison to clinical 
exposures, owing to the very long target tissue half-lives (~280 to ~2000 hours in livers of rats and 
NHPs, respectively), short plasma half-lives across species, and a highly saturable pharmacokinetic/ 
pharmacodynamic relationship for inclisiran in target tissues. In contrast, dose extrapolation based on 
AUC may not reflect relevant tissue levels and the use of total dose per unit time (based on BSA 
extrapolation) may underpredict risk.

Toxicology
Toxicological characterization of inclisiran was performed in studies of 29 weeks in rats and 40 weeks 
in NHPs at doses up to 8 times (≤ 250 mg/kg Q4W) and 19 times (300 mg/kg Q4W) the MRHD (based 
on BSA), respectively. The drug was pharmacologically active in both rats and NHPs, and therefore 
these assessments represent characterization of both on-target and off-target effects. Toxicities with 
inclisiran were generally non-adverse and largely secondary to tissue accumulation of drug. 

Inclisiran is likely to be co-administered clinically in combination with a maximally tolerated statin 
regimen. In a 13-week study with co-administration of inclisiran (300 mg/kg Q4W) and atorvastatin 
(25 mg/kg once daily by oral gavage) in NHPs at doses up to 8 and 19 times the MRHD (BSA), no 
unexpected toxicities were observed. 

In a 40-week toxicity study in NHPs, delayed or suppressed IgM (data not shown) and IgG (see Figure 
1, below) responses were observed across the dose range at ≥ 2 times the clinical MRHD (BSA) (≥ 30 
mg/kg Q4W) in response to keyhole limpet hemocyanin (KLH) sheep antigen administered as part of 
a T-cell dependent antibody response (TDAR) assessment. 

Figure 1: T-cell Dependent Antibody Response (IgG Titers*) in NHPs Administered KLH Antigen during a 40-week 
Repeat-dose Toxicity Study 

*Results reported as titers-1 (highest dilution factor to produce an A450nm value ≥ plate specific cut-point); IgG titers for individual animals (N= 
4/dose group) were plotted and unique animal identifiers are listed
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Significant IgG suppression occurred in one female animal at 19 times (300 mg/kg Q4W) the clinical 
MRHD (BSA). Notably, the previously approved PCSK9 inhibitor monoclonal antibody (MAb) 
therapeutics did not suppress TDAR in long-term toxicity studies in adult NHPs but suppressed TDAR 
in the offspring of maternal NHPs administered alirocumab during pregnancy in an expanded 
pre/postnatal developmental (ePPND) study at modest multiples of the clinical exposure. An ePPND 
NHP study was not conducted for inclisiran, but (in contrast to IgG-based Mab therapeutics) inclisiran 
is unlikely to cross the placental barrier. Regardless, nearly all NHPs administered inclisiran mounted 
an IgG immune response to KLH, and the effect was fully reversible. No increase in infections in drug-
treated animals were noted in toxicology studies with inclisiran. No changes were observed in 
immunophenotyping analyses. No significant increase in infections were observed in the clinical 
program with inclisiran. Although inclisiran appeared to have had a negative impact on the immune 
system in at least one NHP at the highest dose, the clinical relevance of this finding of significantly 
suppressed/delayed IgG (the isotype primarily responsible for controlling infections) at 19 times 
clinical MRHD (BSA) (300 mg/kg Q4W) is considered limited. 

Reproductive toxicity
Embryo-fetal assessments in rats and rabbits and a pre and postnatal development study in rats did not 
demonstrate evidence of reproductive or developmental risk at any dose tested, representing up to 5 
and 10 times clinical MRHD (BSA), respectively (≤ 150mg/kg/day in both species). Inclisiran 
produced no adverse impact on fertility or early embryonic development in rats at up to 8 times the 
MRHD (BSA) (≤ 250 mg/kg/day).

Genetic Toxicity and Carcinogenicity
Inclisiran was negative in an adequate panel of mutagenicity assays. Inclisiran was evaluated in a 
lifetime (2 year) rat carcinogenicity study at up to 8 times the clinical MRHD (BSA) (≤ 250 mg/kg 
Q4W) and in a 6-month study in Tg rasH2 mice (≤ 1500 mg/kg Q4W). Inclisiran lacked tumorigenic 
potential in these studies. 

Impurities/Degradants
 

No impurities or degradants of concern were identified.

Recommendation
I concur with the recommendation of the primary nonclinical review. This application is approvable 
from a nonclinical perspective.
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Disclaimer
Except as specifically identified, all data and information discussed below and 
necessary for approval of NDA 214012 are owned by Novartis Pharmaceuticals Corp or 
are data for which Novartis Pharmaceuticals Corp has obtained a written right of 
reference.
Any information or data necessary for approval of NDA 214012 that Novartis 
Pharmaceuticals Corp does not own or have a written right to reference constitutes one 
of the following: (1) published literature, or (2) a prior FDA finding of safety or 
effectiveness for a listed drug, as reflected in the drug’s approved labeling.  Any data or 
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information described or referenced below from reviews or publicly available summaries 
of a previously approved application is for descriptive purposes only and is not relied 
upon for approval of NDA 214012.
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1 Executive Summary

1.1 Introduction
Inclisiran was developed by Novartis Pharmaceuticals Corp as an adjunct to diet and 
maximally tolerated statin therapy for the treatment of adults with Heterozygous Familial 
Hypercholesterolemia (HeFH) or Clinical Atherosclerotic Cardiovascular Disease 
(ASCVD), who require additional lowering of low-density lipoprotein cholesterol.

1.2 Brief Discussion of Nonclinical Findings
Inclisiran is a chemically modified small interfering RNA conjugated on the sense strand 
with triantennary N-acetylgalactosamine to facilitate uptake by hepatocytes.  It reduces 
gene expression of PCSK9 through the activity of the RNA-induced silencing complex 
(RISC).  The antisense strand of inclisiran is incorporated in the RISC and targets the 
complex to PCSK9 mRNA through base-pairing interactions.  Ultimately, this interaction 
results in breakdown of PCSK9 mRNA and reduced translation into PCSK9 protein.  
Reduced intrahepatic PCSK9 protein results in increased LDL-C receptor recycling and 
expression on the hepatocyte cell surface, thereby increasing LDL-C uptake and 
lowering LDL-C levels in the circulation.  

Primary pharmacology studies in transgenic mice expressing human PCSK9 and 
cynomolgus monkeys where inclisiran was administered subcutaneously resulted in a 
decrease in the expression of plasma PCSK9 (transgenic mice and monkeys) that 
correlated with sustained decreases in LDL-C and total cholesterol levels in monkeys.  
In safety pharmacology studies in monkeys, inclisiran did not have an adverse impact 
on neurological, respiratory or cardiovascular function.  

Inclisiran was also well-tolerated in repeat dose studies up to 29-weeks of duration in 
rats and 40-weeks of duration in monkeys.  Non-adverse histopathological findings were 
observed in the liver (target organ), kidney (organ of elimination), subcutaneous 
injection site and lymph nodes, which generally correlated with the greatest levels of 
exposure.  Hepatocyte vacuolation (rat) and basophilic granules (monkey) were 
observed in the liver, basophilic granules (rat) and tubular degeneration/vacuolation 
were seen in the kidney, macrophage vacuolation (monkey) occurred in the lymph 
nodes and rats experienced subcutaneous injection site reactions that increased in 
severity with increasing duration of use and concentration.  In most cases these findings 
were partially reversible and previous immunohistochemical analysis with other siRNA 
products has shown that these findings reflect non-adverse accumulation of the siRNA 
in tissue.  Delayed or absent IgM immune response to KLH antigen were observed in 
monkeys at doses ≥100 mg/kg/28 days (16-fold the 300 mg1 recommended clinical 
dose based on BSA comparison/dose).  Reduced IgG response to KLH antigen was 
also observed several days after immunization at the 300 mg/kg/28 day dose (19- fold 

1 300 mg inclisiran sodium salt contains the equivalent of 284 mg inclisiran
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the 300 mg recommended clinical dose based on BSA comparison/dose).  However, 
these findings were reversible. No new or exacerbated toxicity were observed when 
inclisiran was administered in combination with atorvastatin for 85 days. 

Inclisiran tested negatively for genotoxicity in a standard battery of OECD-compliant 
tests and did not promote neoplastic transformations in TgRasH2 mice or Sprague 
Dawley rats.  Inclisiran did not have an adverse impact on reproduction or development 
in rats and rabbits.  The NOAEL in the pivotal rat and monkey studies were 250 
mg/kg/28 days (8- fold the 300 mg recommended clinical dose based on BSA 
comparison/dose) and 300 mg/kg/28 days (19- fold the 300 mg recommended clinical 
dose based on BSA comparison/dose), respectively.  

1.3 Recommendations

1.3.1 Approvability
The nonclinical data support market approval of inclisiran as an adjunct to diet and 
maximally tolerated statin therapy for the treatment of adults with Heterozygous Familial 
Hypercholesterolemia (HeFH) or Clinical Atherosclerotic Cardiovascular Disease 
(ASCVD), who require additional lowering of low-density lipoprotein cholesterol.
1.3.2 Additional Nonclinical Recommendations

1.3.3 Labeling

Reference ID: 4678631
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2 Drug Information

2.1 Drug
CAS Registry Number (Optional)
1639324-58-5 (inclisiran free acid)
1639324-62-1 (inclisiran sodium)

Generic Name
Inclisiran or Inclisiran sodium

Code Name
AD-60212, ALN-60212, ALN-PCSSC, PCSSC

Chemical Name
Duplex of
Sense strand
(2S,4R)-1-{1-[(2-acetamido-2-deoxy-β-Dgalactopyranosyl)oxy]-16,16-bis({3-[(3-{5-[(2-acetamido-2-deoxy-
β-D-galactopyranosyl)oxy]pentanamido} propyl)amino]-3-oxopropoxy}methyl)-5,11,18-trioxo-14- oxa-
6,10,17-triazanonacosan-29-oyl}-4-hydroxypyrrolidin-2-yl]methyl hydrogen all-P-ambo-2'-O-methyl-P-
thiocytidylyl-(3'→5')-2'-Omethyl-P-thiouridylyl-(3'→5')-2'-O-methyladenylyl-(3'→5')-2'-O-methylguanylyl-
(3'→5')-2'-Omethyladenylyl-(3'→5')-2'-O-methylcytidylyl-(3'→5')-2'- deoxy-2'-fluorocytidylyl-(3'→5')-2'-
Omethyluridylyl-(3'→5')-2'-deoxy-2'-fluoroguanylyl-(3'→5')-2'-O-methyluridylyl- (3'→5')-thymidylyl-(3'→5')-
2'-O-methyluridylyl-(3'→5')-2'-O-methyluridylyl-(3'→5')-2'-Omethylguanylyl-(3'→5')-2'-O-methylcytidylyl-
(3'→5')-2'-O-methyluridylyl-(3'→5')-2'-Omethyluridylyl-(3'→5')-2'-O-methyluridylyl-(3'→5')-2'-O-
methyluridylyl-(3'→5')-2'-Omethylguanylyl-(3'→5')-2'-O-methyl-3'-uridylate

and 
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Antisense strand
all-P-ambo-2'-O-methyl-P-thioadenylyl-(5'→3')-2'-O-methyl-P-thioadenylyl-(5'→3')- 2'-Omethylguanylyl-
(5'→3')-2'-O-methyladenylyl-(5'→3')- 2'-O-methyluridylyl-(5'→3')-2'-deoxy-2'-fluorocytidylyl-(5'→3')-2'-O-
methyluridylyl-(5'→3')-2'-deoxy2'-fluoroguanylyl-(5'→3')-2'-Omethylguanylyl-(5'→3')-2'-deoxy-2'-
fluoroadenylyl-(5'→3')-2'-O-methylcytidylyl- (5'→3')-2'-deoxy-2'-fluoroadenylyl-(5'→3')-2'-O-
methyladenylyl-(5'→3')-2'-deoxy-2'-fluoroadenylyl-(5'→3')- 2'-O-methyladenylyl-(5'→3')-2'-deoxy-2'-
fluorocytidylyl- (5'→3')-2'-Omethylguanylyl-(5'→3')-2'-deoxy2'-fluoroadenylyl-(5'→3')-2'-deoxy-2'-
fluoroadenylyl- (5'→3')-2'-deoxy-2'-fluoroadenylyl-(5'→3')-2'-O-methyl-P-thioadenylyl-(5'→3')-2'-deoxy-2'-
fluoro-Pthiocytidylyl-(5'→3')-2'-O-methyladenosine

Molecular Formula/Molecular Weight

Structure or Biochemical Description

Pharmacologic Class
PCSK9-directed small interfering RNA

2.2 Relevant INDs, NDAs, BLAs and DMFs
IND 127589, Inclisiran, The Medicines Company
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Other siRNAs
NDA 210922, Patisiran, Alnylam Pharmaceuticals Inc.
NDA 212194, Givosiran, Alnylam Pharmaceuticals Inc.

2.3 Drug Formulation

Table 1: Composition of Inclisiran for Injection

2.4 Comments on Novel Excipients
There are no novel excipients in the inclisiran formulation.

2.5 Comments on Impurities/Degradants of Concern
The limit for the single largest individual unspecified impurity of % exceeds the ICH 
Q3A threshold of 0.2% based on a 300 mg dose.  Unspecified impurities are typically 
removed by processing   Impurity profiles for 
commercial batches do not include impurities that were not present in A05AL14002N (a 
nonclinical lot used in pivotal toxicology studies).  The level of total unspecified 
impurities in nonclinical lots was % (  

.  The 
acceptance criterion for clinical batches is % (  

.  Therefore, these unspecified impurities are qualified based 
on an fold exposure multiple.

2.6 Proposed Clinical Population and Dosing Regimen
Inclisiran is indicated as an adjunct to diet and maximally tolerated statin therapy for the 
treatment of adults with primary hyperlipidemia (including heterozygous familial 
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hypercholesterolemia) to reduce low-density lipoprotein cholesterol (LDL-C). The 
recommended dosage of inclisiran is 300 mg administered as a single subcutaneous 
injection initially, again at 3 months, and then every 6 months.  

2.7 Regulatory Background
In Type B pre-IND meeting minutes entered into DARRTS on 12/17/2015, the FDA 
provided guidance on the experimental design and timing for submission of 
carcinogenicity studies, reproductive and development studies and combination 
toxicology studies.  The FDA acknowledged receipt of IND 127589 on 01/27/2016.  
Recommendations from the Executive Carcinogenicity Assessment Committee on 
dosage selection were sent to the Applicant for carcinogenicity studies in Sprague-
Dawley rats on 04/13/2016 and TgRasH2 transgenic mice on 03/07/2018.  On 
02/02/2018, an information request was sent because a significant number of female rat 
deaths in the mid- and high-dose cohort were observed in the chronic 2-year 
carcinogenicity study.  The division provided recommendations to the Applicant on 
02/05/2018.  On 10/28/2019, the Applicant was notified that the completed nonclinical 
program appeared adequate to enable review of an NDA.  Finally, on 07/16/2020, the 
Executive Carcinogenicity Assessment Committee concluded that the carcinogenicity 
studies performed in mice and rats were adequate and negative for drug-related 
neoplasms.

3 Studies Submitted

3.1 Studies Reviewed 
Pharmacology
Primary Pharmacodynamics
20049640 A Pharmacodynamic Evaluation of ALN-PCSSC Following Subcutaneous 

Injection of Cynomolgus Monkeys
20052053 PCSK9 LEAD REGIMEN STUDY BY SUBCUTANEOUS INJECTION OF 

CYNOMOLGUS MONKEYS
PCSSC-NCD14-013 The Pharmacokinetics and Pharmacodynamics of ALN-PCSSC After a 

Single Intravenous, or Single or Multiple Subcutaneous, Doses to 
Cynomolgus Monkeys

BIO14019 In vitro “Off-Target” Analysis of ALN-60212, the PCSK9-targeting siRNA 
component of ALN-PCSSC

BIO14020 Identification of PCSK9 Targeting siRNA Candidates in Support of Lead 
Selection for ALN-PCSSC

BIO14025 IDENTIFICATION OF ALN PCSSC: A POTENT AND SPECIFIC SIRNA 
TARGETING HUMAN PROPROTEIN CONVERTASE SUBTILISIN/KEXIN 
9

BIO14041 Analysis of Human Proprotein convertase subtilisin/Kexin Type 9 
Polymorphism Variations in Support of ALN-PCSSC

BIO14048 Pharmacodynamic Evaluation of ALN-60212 in hPCSK9 Transgenic Mice 
Following Single Subcutaneous Injection

Safety Pharmacology
8297017 ALN-PCSSC: A Cardiovascular and Respiratory Safety Pharmacology 

Evaluation Following Subcutaneous Injection to Telemetry-Instrumented 
Conscious Male Cynomolgus Monkeys

Pharmacokinetics
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Absorption
508N-1902/027936 Pharmacokinetics of Inclisiran in Sprague-Dawley Rats following a Single 

Intravenous Infusion or Subcutaneous Injection
PCSSC-NCD14-
013/PK14004/8299434

The Pharmacokinetics and Pharmacodynamics of ALN-PCSSC After a 
Single Intravenous, or Single or Multiple Subcutaneous, Doses to 
Cynomolgus Monkeys

PCSSC-NCD14-
005/PK14007/8301499

The Pharmacokinetics, Bioavailability, Tissue Distribution and 
Pharmacodynamics of ALN-PCSSC After a Single Intravenous, or Single 
or Multiple Subcutaneous, Doses to Sprague-Dawley Rats

BA14004/PCSSC-
NCD14-006

Binding of ALN 60212 to Mouse, Rat, Monkey, or Human Plasma Proteins

Distribution
 Study No.: 

175986, 
Report No.: 40050

[14C]-Inclisiran: The Distribution, Metabolism and Excretion of [14C]-
Inclisiran Following Single Subcutaneous Administration in the Male 
Cynomolgus Monkey

PCSSC-NCD14-013 The Pharmacokinetics and Pharmacodynamics of ALN-PCSSC After a 
Single Intravenous, or Single or Multiple Subcutaneous, Doses to 
Cynomolgus Monkeys

PCSSC-NCD14-
005/PK14007/8301499

The Pharmacokinetics, Bioavailability, Tissue Distribution and 
Pharmacodynamics of ALN-PCSSC After a Single Intravenous, or Single 
or Multiple Subcutaneous, Doses to Sprague-Dawley Rats

PCSSC-DSM19-006 Binding of ALN-PCSSC to Mouse, Rat, Monkey, and Human Plasma 
Proteins

Metabolism
508N-1717 Metabolite Identification and Profiling in Plasma, Urine, Bile, Feces, Liver, 

Kidney and Injection Site Tissue from Male Sprague-Dawley Rats 
Following a Single Subcutaneous Administration of [14C]-Inclisiran

508N-1722 Metabolite Identification and Profiling in Plasma, Urine, Feces, Liver and 
Kidney from Male Cynomolgus Monkeys Following a Single Subcutaneous 
Administration of [14C]-Inclisiran

508N-1901 Screening and Semi Quantitation of AS(n-1) and AS(n-2) Metabolites in 
Human Plasma from Previously Generated Full Scan LC-TOF-HRMS 
Chromatograms

508N-1901 Screening and Semi Quantitation of AS(n-1) and AS(n-2) Metabolites in 
Human Plasma from Previously Generated Full Scan LC-TOF-HRMS 
Chromatograms

BA14008 In vitro Metabolic Stability of ALN-60212 in Mouse, Rat, Monkey, and 
Human Serum and Liver S9-fractions, and in vitro and in vivo Metabolic 
Profiling of ALN-60212

Excretion
PCSSC-NCD14-013 The Pharmacokinetics and Pharmacodynamics of ALN-PCSSC After a 

Single Intravenous, or Single or Multiple Subcutaneous, Doses to 
Cynomolgus Monkeys

PCSSC-NCD14-005 The Pharmacokinetics, Bioavailability, Tissue Distribution and 
Pharmacodynamics of ALN-PCSSC After a Single Intravenous, or Single 
or Multiple Subcutaneous, Doses to Sprague-Dawley Rats

Pharmacokinetic Drug Interactions
319N-1401 ALN-PCSSC: Evaluation of the Direct and Time-dependent Inhibitory 

Potential Against Seven Human Cytochrome P450 Isoforms Using Human 
Liver Microsomes

508N-1605 Inclisiran: Evaluation of Compound Interactions with Nine Transport 
Proteins Using Transfected HEK293 and MDCKII Cell Lines

Toxicology
Repeat-Dose Toxicity
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8002111/NC-MDCO-
ALN-17-09

A 58-Day Toxicity and Toxicokinetic Study of Inclisiran by Subcutaneous 
Injection in rasH2 Wild Type Mice

8002111/NC-MDCO-
ALN-17-09

A 58-Day Toxicity and Toxicokinetic Study of Inclisiran by Subcutaneous 
Injection in rasH2 Wild Type Mice

PCSSC-NCD14-
003/1001336/8297717

ALN-PCSSC: A 4-Week Subcutaneous Repeat Dose Range-Finding Study 
with Toxicokinetics in CD-1 Mice

5001352 PCSSC: A 40-Week Repeat Subcutaneous Injection Toxicity and 
Toxicokinetic Study in the Cynomolgus Monkey Followed by a 13-Week 
Recovery Period

20110258/NC-MDCO-
ALN-16-06

A 85-Day PCSSC (Subcutaneous) and Atorvastatin (Oral) Combined 
Toxicity Study in the Cynomolgus Monkey with a 13-Week Recovery 
Period

8297013 ALN-PCSSC: A 4-Week Subcutaneous Repeat-Dose Range-Finding Study 
with Toxicokinetics in Cynomolgus Monkeys

8297016 ALN-PCSSC: A 15-Week Repeat Dose Cycle Toxicity and Toxicokinetics 
Study with ALN-PCSSC in Cynomolgus Monkeys with an 8-Week 
Recovery Period

8302575 ALN-PCSSC: A 4-Week Repeat Dose Toxicity and Toxicokinetics Study in 
Cynomolgus Monkeys with an 8-Week Recovery Phase

5001351 PCSSC: A 29-Week Repeat Dose Subcutaneous Injection Toxicity and 
Toxicokinetic Study in the Sprague-Dawley Rat Followed by a 13-Week 
Recovery Period

8297015 ALN-PCSSC: A 15 Week Repeat-Dose Cycle Toxicity Study with 
Toxicokinetics in Sprague-Dawley Rats with an 8 Week Recovery Phase

8302576 ALN-PCSSC: A 4-Week Repeat-Dose Toxicity and Toxicokinetics Study in 
Rats with an 8-Week Recovery

PCSSC-NCD14-001 ALN-PCSSC: A Repeat Subcutaneous Dose Range- Finding Toxicity and 
Toxicokinetics Study in Sprague Dawley Rats

Genotoxicity
8297011/PCSSC-
NCD14-010

ALN-PCSSC: Bacterial Reverse Mutation Assay

8297023/PCSSC-
NCD14-011

ALN-PCSSC: Chromosomal Aberrations in Cultured Human Peripheral 
Blood Lymphocytes

8297010 ALN-PCSSC: In Vivo Rat Bone Marrow Micronucleus Assay
Carcinogenicity
1016-1021 A 2-Year Subcutaneous Injection Carcinogenicity Study in Sprague-

Dawley Rats
8002112/NC-MDCO-
PCS-18-01

A 26-Week Subcutaneous Injection Carcinogenicity Study of Inclisiran in 
TgRasH2 Mice

Reproductive and Developmental Toxicity 
Fertility and early embryonic development
9001068/NC-MDCO-
ALN-17-01

A Fertility and Early Embryonic Development Study of Inclisiran 
Administered by Subcutaneous Injection in the Male Sprague-Dawley Rat

9001069/NC-MDCO-
ALN-17-02

A Fertility and Early Embryonic Development Study of Inclisiran 
Administered by Subcutaneous Injection in the Female Sprague-Dawley 
Rat

Embryo-fetal development
9001070/NC-MDCO-
ALN-17-07

A Dose Range-Finding Embryo-Fetal Development Study of Inclisiran by 
Subcutaneous Injection in Rats

9001071/NC-MDCO-
ALN-17-05

A Dose Range-Finding Embryo-Fetal Development Study of Inclisiran by 
Subcutaneous Injection in Rabbits

9001072/NC-MDCO-
ALN-17-08

An Embryo-fetal Development Study of Inclisiran by Subcutaneous 
Injection in Sprague Dawley Rats

9001073/NC-MDCO-
ALN-17-06

An Embryo-Fetal Development Study of Inclisiran by Subcutaneous 
Injection in New Zealand White Rabbits
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Prenatal and postnatal development
9001159/NC-MDCO-
PCS-18-02

A Subcutaneous Injection Pre and Postnatal Developmental Toxicity Study 
of Inclisiran in the Sprague-Dawley Rat, Including Postnatal Behavioral and 
Functional Evaluations

Immunostimulation Study
PCS-NCD13-002 AN EXPLORATORY SINGLE SUBCUTANEOUS DOSE 

IMMUNOSTIMULATION STUDY OF    
 AND AD-60212 IN THE MALE CD-1 MOUSE

3.2 Studies Not Reviewed 
Pharmacokinetics
3000695 Validation of a Semi-quantitative ELISA for the Detection of ALN-

PCSSC-Reactive IgG/IgM Antibodies in Rat Serum
3000696/8297015/PCSSC-
NCD14-007

Evaluation of Anti-ALN-PCSSC Antibodies By ELISA Assay in Rat Serum 
Samples of Toxicity Study Entitled “ALN-PCSSC: A 15 Week Repeat-
dose Cycle Toxicity Study with Toxicokinetics in Sprague-Dawley Rats 
with an 8 Week Recovery Phase”

8297016/3000699/PCSSC-
NCD14-008

Evaluation of Anti-ALN-PCSSC Antibodies By ELISA Assay in Monkey 
Serum Samples of Toxicity Study Entitled “ALN-PCSSC: A 15-Week 
Repeat Dose Cycle Toxicity and Toxicokinetics Study with ALN-PCSSC 
in Cynomolgus Monkeys with an 8-Week Recovery Period”

3000701 Validation of a Semi-quantitative ELISA for the Detection of Inclisiran 
ALN-PCSSC-reactive IgG/IgM Antibodies in Human Serum

319-1405 Validation of a Method for the Determination of ALN-PCSSC in Sprague 
Dawley Rat Plasma by LC-TOF-MS

319-1406 Validation of a Method for the Determination of ALN-PCSSC in 
Cynomolgus Monkey Plasma by LC-TOF-MS

3800015 Validation of an ELISA Method for the Quantitative Determination of 
Proprotein Convertase Subtilisin/Kexin Type 9 (PCSK9) in Cynomolgus 
Monkey Plasma

PCSSC-NCD14-
004/8297014

Analytical Method Validation and Stability Determination for ALN-PCSSC 
in Formulations

Pharmacokinetic Drug Interactions
508N-1605 Inclisiran: Evaluation of Compound Interactions with Nine Transport 

Proteins Using Transfected HEK293 and MDCKII Cell Lines
508N-1606 EVALUATION OF THE POTENTIAL OF INCLISIRAN TO INDUCE 

CYP1A2, CYP2B6 AND CYP3A4 IN CULTURED HUMAN 
HEPATOCYTES

508N-1903 Inclisiran: Evaluation as a substrate and inhibitor of OCT1, OCT3 and 
BSEP transport proteins

3.3 Previous Reviews Referenced
REV-NONCLINICAL-
21(Primary Review)

04/17/2018 Elena Braithwaite

REV-NONCLINICAL-
21(Primary Review)

03/07/2018 Elena Braithwaite

REV-NONCLINICAL-
21(Primary Review)

02/02/2018 Elena Braithwaite

IND 127589

REV-NONCLINICAL-
21(Primary Review)

07/13/2017 Elena Braithwaite
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REV-NONCLINICAL-
21(Primary Review)

04/06/2017 Elena Braithwaite

REV-NONCLINICAL-
21(Primary Review)

12/16/2016 Elena Braithwaite

REV-NONCLINICAL-
21(Primary Review)

11/30/2016 Elena Braithwaite

REV-NONCLINICAL-
21(Primary Review)

06/06/2016 Elena Braithwaite

REV-NONCLINICAL-
21(Primary Review)

04/13/2016 Elena Braithwaite

REV-NONCLINICAL-
21(Primary Review)

02/19/2016 Elena Braithwaite

4 Pharmacology

4.1 Primary Pharmacology
212 siRNAs targeting the human PCSK9 transcript and ortholog mRNA sequence in the 
cynomolgus monkey were altered to contain different chemical modification patterns in 
the DNA backbone. Each siRNA was screened by transfecting them into Hep3B cells 
and measuring PCSK9 levels by qPCR. This in vitro screening process identified a 
progenitor siRNA and a series of chemical modifications that resulted in optimization of 
inclisiran with increased stability and potency to suppress PCSK9 activity (IC50 = 2.5 
pM).  In transgenic mice expressing human PCSK9, a dose-dependent decrease in 
human PCSK9 protein expression in circulating plasma was observed ten days 
following a single subcutaneous injection of inclisiran (1-10 mg/kg).  In cynomolgus 
monkeys, exposure to inclisiran increased (as measured by plasma and liver 
concentrations) with increasing dose after a single subcutaneous administration.  
Increased exposure to inclisiran also resulted in decreased circulating levels of plasma 
PCSK9 after a single (≥3 mg/kg) or multiple subcutaneous injection(s).  Decreases in 
plasma PCSK9 were reversible and correlated with decreased LDL-C and total 
cholesterol levels.  The concentration of the drug product administered and the 
frequency of dosing did not consistently influence the percentage of maximum 
suppression or the duration of PCSK9 suppression; however, multiple subcutaneous 
doses of inclisiran resulted in sustained suppression of PCSK9 protein.
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Figure 1: Plasma PCSK9 Protein and LDL-C Levels in Cynomolgus Monkeys 
Following Quarterly Administration

Figure copied from the Applicant’s submission (Testing Facility Study No. 20052053, Figure 2).  Monkeys 
were treated quarterly with inclisiran (10 mg/kg) by subcutaneous injection.  Group averages and 
standard deviation are plotted.  Values are expressed as percentage normalized to the average of 3 pre-
dose values for each animal.

A search of the NCBI dbSNP database to identify potential human polymorphisms in the 
PCSK9 gene identified five differences in the human genomic sequence encoding 
PCSK9; however, none of these potential polymorphisms were located within the site 
targeted by inclisiran.  This finding predicts that inclisiran will have the ability to inhibit 
PCSK9 expression in patients of different geographical and ethnic backgrounds.

4.2 Secondary Pharmacology
While inclisiran was effective at inhibiting PCSK9 expression, inclisiran (10 nM) did not 
substantially suppress expression of 18 potential off-target genes with partial sequence 
homology to PCSK9 in Hep3b cells.  These data imply that inclisiran specifically inhibits 
PCSK9 expression and would not be predicted to have secondary pharmacology 
activity.

4.3 Safety Pharmacology
Subcutaneous administration of 10, 50, or 250 mg/kg inclisiran in cynomolgus monkeys 
did not have an adverse effect on cardiovascular function, respiration rate or body 
temperature.  A dedicated safety pharmacology study to evaluate neurological function 
was not performed; however, neurological evaluations were incorporated into the 40-
week repeat dose toxicology study where monkeys were administered 0, 30, 100 or 300 
mg/kg inclisiran by subcutaneous injection every 28 days.  On Week 40, inclisiran did 
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not adversely impact the nervous system despite sporadic and unremarkable decreases 
in proprioceptive positioning and withdrawal reflex.

5 Pharmacokinetics/ADME/Toxicokinetics

5.1 PK/ADME
METHODS
Reverse-phase ultra-high performance liquid chromatography (UHPLC) with Turbo Ion 
Spray® TOF-MS detection was used to quantitate concentrations of inclisiran by 
detecting the antisense strand and sense strand portion of the duplex.  Inclisiran could 
be detected in plasma (mouse, adult rat, fetal rat, rabbit, and monkey), liver (mouse, rat, 
rabbit, and monkey), kidney (mouse, rat, and monkey), heart (rat and monkey), urine 
(rat and monkey), feces (rat and monkey) and milk (rat).  Metabolite profiling was 
performed by semi-quantitative UHPLC-TOF-MS.  PCSK9 plasma concentrations in 
monkey plasma were also detected by ELISA.

ABSORPTION
The pharmacokinetic profile of inclisiran was similar in rats and monkeys following both 
subcutaneous and intravenous dosing.  In both species, inclisiran was absorbed into the 
plasma after both single and repeated subcutaneous administration (plasma Tmax values 
ranged between 0.8 and 2.5 hours and the elimination half-life ranged between 0.9 to 
4.3 hours).  Bioavailability ranged between 24.7% in monkeys and 35.1% (intravenous 
bolus administration) and 48.9% (intravenous infusion over one hour) in rats.  Systemic 
exposure to inclisiran (as measured by plasma Cmax and AUC0-t values) increased with 
increasing dose and was similar after single and multiple dose administration indicating 
that the test article did not accumulate in plasma with repeated dosing.  For both rats 
and monkeys, males and females had similar levels of systemic exposure indicating that 
sex did not have a significant impact on absorption.  After its peak, plasma 
concentrations of inclisiran decreased in a biphasic manner and radioactivity was 
detected in blood and plasma up to 168 h post dose in rats.  
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Table 2: Overall (Combined Male and Female) Mean ALN-PCSSC Pharmacokinetic 
Parameters in Rat Plasma After a Single Intravenous or Subcutaneous 
Administration

Table copied from the Applicant’s submission (Pharmacokinetic Study Report PK14007, Table 5).

Table 3: Overall (Combined Male and Female) Mean ALN-PCSSC Pharmacokinetic 
Parameters in Monkey Plasma After a Single Intravenous or Subcutaneous 
Administration

Table copied from the Applicant’s submission (Pharmacokinetic Study Report PK14004, Table 5).
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DISTRIBUTION
In an electrophoretic mobility shift assay, inclisiran protein binding had an inverse 
relationship with inclisiran concentration where the highest levels of protein binding 
were observed at the lowest concentration examined (500 ng/mL).  In the ORION-7 
clinical study, Cmax plasma values for inclisiran ranged between 421 ng/mL for healthy 
volunteers and 1,760 ng/mL for patients with severe hepatic impairment.  At 
concentrations similar to this range (500 to 1,000 ng/mL), inclisiran was highly protein 
bound and was similar for all the species examined (ranged between 86.3% and 93.1% 
for mouse, rat, monkey and human plasma).  
Inclisiran is rapidly removed from the plasma, but, has a longer t1/2 in other tissues.  
After a single subcutaneous exposure in rats, inclisiran was detected in a variety of 
tissues including the liver, kidney, adrenal gland, thymus, thyroid, pancreas, jejunum, 
and testes.  Sex-specific differences in AUC0-t values were not observed with the 
exception of the thyroid where exposure was 2.5-fold higher in males when compared to 
females.  
Quantitative whole body autoradiography studies were performed with 14C-labeled 
inclisiran in rats and monkeys.  Distribution of inclisiran in rats and monkeys were 
similar. In rats, inclisiran-associated radioactivity widely distributed to most tissues with 
the highest concentrations (based on Cmax) observed at the subcutaneous dose site, 
and in the liver (target organ), and kidney cortex (site of elimination).  There was 
minimal distribution to white adipose tissue, bone, brain, eye, skeletal muscle, and 
spinal cord.  Inclisiran-associated radioactivity was slowly elimination from tissues (t1/2 
values > 100 h) and by 2352 hours (98 days) post-dose, the majority of tissues did not 
have quantifiable levels of radioactivity (with the exception of the subcutaneous dose 
site, kidney, Harderian gland, spleen, and kidney cortex where radioactivity persisted).  
Plasma concentrations increased approximately proportionally with increasing dose, 
and distribution in plasma occurred rapidly.  In monkeys, the highest concentrations of 
inclisiran-associated radioactivity were detected in the liver and kidney (the 
subcutaneous injection site was not evaluated) by quantitative whole body 
autoradiography.  After subcutaneous administration, radioactivity was detected in the 
majority of tissues with the exception of the brain and spinal cord.  Low or barely 
detectable levels of inclisiran-related radioactivity were detected in the whole eye and 
associated tissues (lens and uveal tract).  In support of tissue accumulation, higher 
concentrations of inclisiran-related radioactivity were observed in the tissue when 
compared to cardiac blood 24 hours post-dose and radioactivity was still detected in the 
in the majority of tissues 1008 hours post-dose (the last time point examined).

METABOLISM
In vitro and in vivo studies revealed similar metabolic profiles across species.  When 
inclisiran was incubated with serum from mouse, rat, monkey or human, both antisense 
and sense strands were relatively stable with ≥72% of the full-length strand detected 
after a 24 hour period in each of the species examined.  In the presence of liver S9-
fractions from mouse, rat, monkey and human, inclisiran was less stable with ≥41% of 
the full-length antisense strand detected after a 24-hour period in each of the species 
examined.  In general, the sense strand was more stable than the antisense strand 
(≥64% of the full-length sense strand detected after a 24-hour period in each of the 
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species examined).  The major metabolites of the antisense strand included AS(N-1)3’ 
(removal of one nucleotide from the 3’ end of the antisense strand) and AS(N-1)5’ 
(removal of one nucleotide from the 5’ end of the antisense strand) at early time points 
and AS(N-4)5’ and AS(N-5)5’ at later time points.  For the sense strand, the major 
metabolite was formed by the loss of sugars in the 3’-end GalNAc group.  The 
Applicant’s proposed in vitro and in vivo metabolic pathway is shown in their figure 
below.  

Figure 2: Proposed Metabolic Pathway of Inclisiran

Figure copied from the Applicant’s submission (Alnylam Report Number: BA14008, Figure 1).

ELIMINATION
Following subcutaneous administration, inclisiran was excreted primarily in the urine in 
intact rats, bile duct cannulated rats, and monkeys with a small amount detected in the 
feces.  In bile-duct cannulated rats, ~20% of inclisiran-related radioactivity was detected 
in the bile, indicating that inclisiran may undergo enterohepatic circulation.  In rats, the 
majority of inclisiran-related radioactivity remained in the carcass indicating that the test 
article accumulates in tissues.
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5.2 Toxicokinetics 

Table 4: Summary of Selected Toxicokinetic Parameters in the 29-Week Repeat 
Dose Subcutaneous Injection Toxicity and Toxicokinetic Study in the Sprague-
Dawley Rat Followed by a 13-Week Recovery Period 

Table reproduced from the Applicant’s submission (Test Facility Study No. 5001351, Text Table 22).
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Table 5: Mean Tissue Concentrations of PCSSC at 24 Hours Post-dose in the 29-
Week Repeat Dose Subcutaneous Injection Toxicity and Toxicokinetic Study in 
the Sprague-Dawley Rat Followed by a 13-Week Recovery Period

Table reproduced from the Applicant’s submission (Test Facility Study No. 5001351, Text Table 21).

Table 6: Summary of Selected Toxicokinetic Parameters in the 40-Week Repeat 
Subcutaneous Injection Toxicity and Toxicokinetic Study in the Cynomolgus 
Monkey Followed by a 13-Week Recovery Period

Table reproduced from the Applicant’s submission (Test Facility Study No. 5001352, Text Table 6).
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Table 7: Mean Tissue Concentrations of PCSSC in the 40-Week Repeat 
Subcutaneous Injection Toxicity and Toxicokinetic Study in the Cynomolgus 
Monkey Followed by a 13-Week Recovery Period

Table reproduced from the Applicant’s submission (Test Facility Study No. 5001352, Text Table 5).

6 General Toxicology
6.2 Repeat-Dose Toxicity
A 4-Week Repeat-Dose Toxicity and Toxicokinetics Study in Rats with an 8-Week 
Recovery (Study no.: 8302576)
Doses: 0, 10, 50, or 250 mg/kg every other week or 10 mg/kg/week by subcutaneous 
injection

Key Study Findings
Consistent with the pharmacological activity of inclisiran, decreased LDL-C (↓23-~73%), 
HDL-C (↓8-82%) and total cholesterol (↓10-70%) were observed in all dose groups 
treated with the test article.  Gross and histopathological analysis revealed injection site 
inflammation, hepatocyte vacuolation and basophilic granules in the kidney.  As these 
findings were not considered adverse the NOAEL for this study was 250 mg/kg every 
other week (8 times clinical exposure2 based on BSA comparison/dose).

2 Human dose: 300 mg dose/60 kg (average weight of a patient) = 5 mg/kg * 37 = 185 
mg/m2.  
Rat dose: 250 mg/kg * 6 = 1,500 mg/m2.  
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A 15 Week Repeat-Dose Cycle Toxicity Study with Toxicokinetics in Sprague-
Dawley Rats with an 8 Week Recovery Phase (Study no.: 8297015)
Doses: 0, 10, 50, 250 mg/kg/month or 25 mg/kg/every other week by subcutaneous 
injection

Key Study Findings
Plasma concentrations of inclisiran (AUC0-t) increased linearly with increasing dose and 
inclisiran was detected in liver, kidney and heart tissue.  Reversible decreases in total 
cholesterol (↓20-81%), HDL-C (↓8-76), LDL-C (↓14-~89%), and triglyceride (↓5-46%) 
levels were observed in test article-treated rats when compared to controls, consistent 
with the pharmacological activity of inclisiran.  Histopathological findings were observed 
in the kidney (minimal to moderate basophilic granules in the tubular epithelium and 
focal to multifocal degeneration of tubules), liver (minimal to moderate hepatocyte 
vacuolation and slight mononuclear cell infiltrate) and heart (minimal to slight 
cardiomyopathy and increased mononuclear cell infiltration).  Similar to other siRNA 
products, findings in the liver and kidney were partially reversible and represented non-
adverse oligonucleotide accumulation in the tissue.  Although inclisiran exposure 
resulted in an increased incidence and severity of cardiomyopathy when compared to 
controls, it is a common, spontaneous finding in rats and was not considered adverse. 
The NOAEL for this study was 250 mg/kg/month and was 8 times higher than the 
clinical dose of 300 mg based on BSA comparison/dose.

A 29-Week Repeat Dose Subcutaneous Injection Toxicity and Toxicokinetic Study 
in the Sprague-Dawley Rat Followed by a 13-Week Recovery Period (Study no.: 
5001351)
Doses: 0, 10, 50, and 250 mg/kg/every 28 days by subcutaneous injection

Key Study Findings
After 29-weeks of repeat administration, inclisiran exposure did not produce decreases 
in total cholesterol (↓3-↑6%), HDL-C (↓2-↑10%), LDL-C (↓8-↑20%), and triglycerides 
(↓18-↓1%) that reached the magnitude observed in the 15-week repeat dose toxicity 
study.  However, similar histopathological findings were observed in the kidney (minimal 
to moderate tubular basophilic granules and minimal tubular vacuolation) and liver 
(minimal to marked hepatocellular, zonal vacuolation) that were partially reversible and 
were thought to represent non-adverse accumulation of oligonucleotide in the tissue.  
Additional findings were seen at the injection site where hemorrhage of the 
subcutaneous tissue and mononuclear cell infiltration of the perivascular were observed 
that correlated with very slight erythema or very slight to slight edema (Table 8, Table 
9).  Due to a lack of adverse findings, the NOAEL was 250 mg/kg and was 8 times 
higher than the recommended human dose of 300 mg based on BSA comparison/dose.
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Table 8. Rat microscopic findings, dosing phase

Table prepared by the reviewer.
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Table 9. Rat microscopic findings, recovery phase

Table prepared by the reviewer.

A 4-Week Repeat Dose Toxicity and Toxicokinetics Study in Cynomolgus 
Monkeys with an 8-Week Recovery Phase (study no.: 8302575)
Doses: 0, 10, 50 or 250 mg/kg/every other week (total of 3 doses) or 30 mg/kg/week 
(total of five doses) by subcutaneous injection

Key Study Findings
Decreases in LDL-C (↓68-79% compared to pre-dose values) and total cholesterol (↓21-
32% compared to pre-dose values) were observed after the dosing period and persisted 
throughout the recovery period.  Histopathological analysis revealed minimal to slight 
vacuolation of macrophages in the lymph nodes (mesenteric, mandibular, axillary and 
inguinal) that persisted throughout the recovery period in the mesenteric lymph nodes.  
Due to the partial reversibility of these findings and their minimal nature, these findings 
were not considered adverse.  Therefore, the NOAEL was 250 mg/kg every other week 
and was 16 times higher than the 300 mg clinical dose based on BSA comparison per 
dose.

A 15-Week Repeat Dose Cycle Toxicity and Toxicokinetics Study with ALN-
PCSSC in Cynomolgus Monkeys with an 8-Week Recovery (Study no.: 8297016)
Doses: 0, 10, 50, or 250 mg/kg/every 4 week (total of 4 doses) or 125 mg/kg/every other 
week (total of 8 doses) by subcutaneous injection

Key Study Findings
Decreased mean plasma PCSK9 levels (↓12.7-88.2%) relative to baseline values 
correlated with decreased cholesterol (↓9-37% starting on Day 8) and LDL-C levels 
(↓32-75% starting on Day 8).  Histopathological findings included minimal to slight 
vacuolation of macrophages in the lymph nodes (mandibular, mesenteric, axillary, 
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inguinal) and minimal to slight basophilic granules in hepatocytes.  Although the findings 
in the lymph nodes and liver were not completely reversible, they are commonly found 
in monkeys after treatment with siRNA-based therapies and have been previously 
shown by immunohistochemistry analysis to reflect drug accumulation (Janas, Harbison 
et al. 2018).  Initially, optic nerve papilledema of the eye was observed in one mid-dose 
and one high-dose monkey that persisted throughout the recovery period and served as 
the bases for the NOAEL assessment.  However, subsequent evaluation of this finding 
revealed that the term papilledema was inappropriately used to capture disc variations 
and no abnormal ophthalmologic findings were observed in the 40-week repeat dose 
toxicology study.  Therefore, the NOAEL was 250 mg/kg/month and was 16 times 
higher than the 300 mg clinical dose based on BSA comparison per dose.  Five of the 
50 monkeys treated with inclisiran developed anti-drug antibody titers that ranged 
between ≤50 and 400; however, the presence of these antibodies did not change the 
pharmacodynamic activity of the test article.  

A 40-Week Repeat Subcutaneous Injection Toxicity and Toxicokinetic Study in 
the Cynomolgus Monkey Followed by a 13-Week Recovery Period (study no.: 
5001352)
Doses: 0, 30, 100, and 300 mg/kg/every 28 days by SC injection

Key Study Findings
Consistent with the pharmacological activity of the test article, all inclisiran–treated 
animals showed a reduction in mean PCSK9 plasma levels (↓82.8 to 94.0% from 
baseline) that resulted in decreased cholesterol (↓25 to 50%) and LDL-C (↓57 to 86) 
levels (Figure 3).  Reductions in plasma PCSK9, cholesterol and LDL levels persisted 
into the recovery period and were consistent with mean inclisiran liver concentrations 
that increased in a dose-proportional manner.  At the high dose, ninety days after 
dosing stopped (Day 374 in the recovery period), inclisiran liver mean concentrations 
decreased between 33-47% when compared to Day 283.  While highest tissue 
concentrations were observed in the liver, inclisiran was also detected in the kidney and 
heart tissue and persisted throughout the recovery period.  
Histopathological findings observed were consistent with those seen with this class of 
pharmaceuticals and have been previously observed after inclisiran exposure in shorter 
duration studies.  In the liver, basophilic granules were observed in hepatocytes that 
persisted into the recovery period at a decreased severity (Table 10 and Table 11).  
Also, as previously observed, partially reversible vacuolation of the lymph nodes 
(mandibular, deep cervical, axillary, and mesenteric) was observed (Table 12 and Table 
13).  Findings in the liver and lymph nodes represented non-adverse accumulation of 
oligonucleotides in the tissue.  Finally, a delayed or absent IgM immune response to 
KLH antigen (MD and HD) or reduced IgG response 7 days after immunization (HD 
females) was observed that was not previously seen in studies of shorter duration. The 
reductions in IgM and IgG production were reversible and did not occur when recovery 
animals were challenged with the KLH antigen (Figure 4 and Figure 5).  
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Figure 3. Plasma LDL-C in monkeys
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Figure prepared by the reviewer.  Blood samples were collected (pretreatment and on Days 1, 29, 85, 
141, 142, 197, 253, 281, 282, 309, 316, 330, 337, and 373) from male (top panel) or female (bottom 
panel) monkeys treated with 0, 30, 100, or 300 mg/kg/dose inclisiran every 28 days. Serum samples were 
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analyzed for low-density lipoprotein (LDL-C).  Mean LDL-C parameters were plotted for each dosing 
group as depicted in the figure legend.

Table 10. Monkey liver microscopic findings, dosing phase (Day 283)

Table modified from the Applicant’s submission (Test Facility Study No. 5001352, Text Table 3).

Table 11. Monkey liver microscopic findings, recovery phase (Day 374)

Table modified from the Applicant’s submission (Test Facility Study No. 5001352, Text Table 4).
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Table 12. Monkey lymphatic microscopic findings, dosing phase (Day 283) 

Table modified from the Applicant’s submission (Test Facility Study No. 5001352, Text Table 3).

Table 13. Monkey lymphatic microscopic findings, recovery phase (Day 374)

Table modified from the Applicant’s submission (Test Facility Study No. 5001352, Text Table 4).
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Figure 4: Anti-KLM IgM Antibody Titers in Monkeys (Dosing Phase)

Figure prepared by the reviewer.  Monkeys were subcutaneously injected with KLH (Keyhole Limpet 
Hemocyanin) on Day 270 and IgM responses to a T-cell dependent antigen KLH were assessed.  Blood 
samples were collected from each monkey and anti-IgM responses were evaluated in Days 275 (orange) 
and 277 (blue) by ELISA.  Mean anti-KLM IgM antibody titers are represented by the columns and 
individual anti-KLM IgM antibody titers are represented by circles.
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Figure 5: Anti-KLM IgG Antibody Titers in Monkeys (Dosing Phase)

Figure prepared by the reviewer.  Monkeys were subcutaneously injected with KLH on Day 270 and IgG 
responses to a T-cell dependent antigen KLH were assessed.  Blood samples were collected from each 
monkey and anti-IgG responses were evaluated on Days 277 (orange) and 283 (blue) by ELISA.  Mean 
anti-KLM IgG antibody titers are represented by the columns and individual anti-KLM IgG antibody titers 
are represented by circles.

Since none of the findings were considered adverse, the NOAEL was 300 mg/kg/28 
days and provides a 19-fold exposure multiple to clinical exposure based on body 
surface area comparison per dose.  Three monkeys treated with inclisiran developed 
anti-drug antibodies; however, the presence of these antibodies did not have a 
significant effect on Cmax, AUC(0-t), Vd/F, CL/F or t1/2 of the test article.  

Reference ID: 4678631



NDA # 214012 Elena Braithwaite

34

An 85-Day PCSSC (Subcutaneous) and Atorvastatin (oral) Combined Toxicity 
Study in Cynomolgus Monkey with a 13-Week Recovery Period (Study no.: 
20110258)
Study design: 

Key Study Findings
Since inclisiran will be co-administered with statins, an 85-day combination toxicology 
study was performed where monkeys were administered inclisiran (monthly) and 
atorvastatin (daily).  Treatment with atorvastatin alone resulted in 246-311% increases 
in PCSK9 plasma protein levels when compared to pre-treatment values; however, 
combination treatment (40/25 mg/kg atorvastatin + 300 mg/kg inclisiran in combination) 
produced decreases in PCSK9 concentrations that persisted into the recovery period 
and resulted in decreased LDL cholesterol levels of slightly higher magnitude than with 
inclisiran alone at the end of the dosing period.  Maximal decreases in PCSK9 plasma 
protein levels were observed in monkeys treated with inclisiran alone.  
Treatment with inclisiran alone or in combination with atorvastatin targeted the lymph 
nodes, injection site, liver and the choroid plexus.  Basophilic granules associated with 
macrophages were detected in the lymph nodes (axillary, mandibular and mesenteric) 
and injection sites at all levels of inclisiran exposure (both alone and in combination).  
After the recovery period, findings generally decreased in incidence or severity with the 
exception of findings observed in the mesenteric lymph nodes that remained moderate 
in monkeys treated with HD inclisiran and HD inclisiran and atorvastatin.  In the liver, 
Kupffer cell basophilic granules were observed in monkeys that were administered 
inclisiran alone but were exacerbated in monkeys treated with a combination of 
inclisiran and atorvastatin.  These findings appeared to be reversible and were not 
considered adverse.  Finally, infiltrating vacuolated histiocytes were observed in the 
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fibrovascular stroma of the choroid plexus in monkeys given inclisiran alone and in 
combination with atorvastatin.  While this finding persisted throughout the recovery 
period, it was minimal in nature, was not attributed to the combination and therefore was 
not considered adverse.  There were no changes in immunophenotyping or TDAR with 
atorvastatin alone or in combination with inclisiran. Since no new, adverse or 
exacerbated toxicities were observed when inclisiran was administered with atorvastatin 
in combination, a NOAEL of 300 mg/kg/28 days for inclisiran (19 times the 300 mg 
clinical dose based on BSA per dose) and 25 mg/kg/day for atorvastatin.

7 Genetic Toxicology
A standard battery of two in vitro and one in vivo GLP-compliant genetic toxicology 
studies were completed with inclisiran: an in vitro bacterial reverse mutation (Ames) 
assay, an in vitro chromosomal aberration test in cultured human peripheral blood 
lymphocytes, and an in vivo rat bone marrow micronucleus assay. Inclisiran was neither 
mutagenic nor clastogenic in the three valid assays.

8 Carcinogenicity
Study title: A 2-Year Subcutaneous Injection Carcinogenicity Study in Sprague-
Dawley Rats
Key Study Findings
Sprague Dawley rats were administered inclisiran at subcutaneous doses of 0, 40, 95, 
250 mg/kg every 28 days for 2 years. No statistically significant, treatment-related 
increases in tumor incidence were observed up to the highest dose tested, which 
corresponds to 8 times the MRHD based on BSA comparison/dose. 

Adequacy of Carcinogenicity Study
The carcinogenicity study in rats was conducted in compliance with ECAC 
recommendations.  The study duration was intended to be 104 weeks; however, all 
groups were terminated prior to week 100 because the number of rats remaining in test 
article-treated groups reached numbers ≤15.  Early termination of study groups 
occurred after concurrence by ECAC. There was a sex difference in the timing of group 
termination where all female groups were terminated earlier than the male groups.  In 
both sexes benign pituitary neoplasm of the pars distalis was the most common cause 
of death in treated and control groups.  This finding is consistent with previous studies 
showing that pituitary pars distalis adenomas are a common spontaneous tumor in 
Sprague Dawley rats with an incidence ranging between 31 and 70% (Tennekes, 
Gembardt et al. 2004).  Because termination week numbers did not show a dose-
dependent trend, the differences in survival was considered to reflect normal biological 
variation.
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A 26-Week Subcutaneous Injection Carcinogenicity Study of Incisiran in TgRasH2 
Mice (Study no.: 8002112)

Key Study Findings
Tg.RasH2 mice were administered inclisiran at subcutaneous doses of 0, 300, 600, or 
1500 mg/kg every 28 days for 25 weeks. A positive control group of Tg.RasH2 mice 
were administered a single intraperitoneal dose of N-methyl-N-nitrosourea (MNU) on 
Day 1. 

No statistically significant increases in dose response relationships or pairwise 
comparisons were observed for neoplastic findings after exposure to doses of inclisiran 
up to 1,500 mg/kg. Consistent with previous studies, increased incidences of 
hemolymphoreticular malignant lymphoma, squamous cell skin papilloma, and 
squamous cell stomach papilloma/carcinoma were observed in MNU-treated transgenic 
mice.

9 Reproductive and Developmental Toxicology

9.1 Fertility and Early Embryonic Development
Fertility and Early Embryonic Development Study of Inclisiran Administered by 
Subcutaneous Injection in the Male Sprague-Dawley Rat
Doses: 0, 10, 50, and 250 mg/kg every 2 weeks for 4 weeks before cohabitation, 
through mating and up to termination (Day 64-67)

Key Study Findings
Inclisiran administration did not have a remarkable impact on sperm motility, sperm 
concentration, sperm morphology, or the spermatogenic cycle and did not negatively 
impact parental performance.  Therefore, the NOAEL for male fertility was the highest 
dose examined due to a lack of adverse findings (250 mg/kg) resulting in an 8-fold 
exposure multiple based on BSA comparison/dose.

Fertility and Early Embryonic Development Study of Inclisiran Administered by 
Subcutaneous Injection in the Female Sprague-Dawley Rat
Doses: 0, 10, 50, and 250 mg/kg once every 4 days beginning 14 days prior to 
cohabitation for mating and continuing during mating, and then once daily during the 
gestation period up to Day 7 post coitus (pc).  The high dose of 250 mg/kg was reduced 
to 150 mg/kg/day during gestation.

Key Study Findings
Inclisiran did not have a remarkable effect on estrous cycles (number of days in estrus, 
number of cycles seen or average cycle length), parental performance (mean number of 
days to mating, mating and fertility indices or the conception rate), the number of 
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live/dead embryos or the number of resorptions.  A statistically significant increase in 
the total number of corpora lutea compared to control values ( LD) were observed and 
was slightly above the range of historical controls.  However, this finding was not 
adverse and the NOAEL for female fertility was the highest dose examined (250 mg/kg), 
resulting in an 8-fold safety margin based on BSA. 

9.2 Embryonic Fetal Development
An Embryo-fetal Development Study of Inclisiran by Subcutaneous Injection in 
Sprague Dawley Rats
Doses: 0, 50, 100, and 150 mg/kg/day once daily from Days 6 to 17 pc

Key Study Findings
Maternal inclisiran exposure did not have an adverse impact on ovarian or uterine 
parameters (number of corpora lutea, implantation sites, live and dead fetuses, and 
early and late resorptions, and pre- and post-implantation losses) and did not impact 
fetal body weights.  Therefore, the NOAEL for maternal toxicity, embryofetal 
development, embryolethality, fetotoxicity and teratogenicity was the highest dose 
examined (150 mg/kg/day) due to a lack of adverse findings, resulting in a 5-fold 
exposure multiple3 based on BSA comparison/dose.  Low levels of inclisiran could be 
detected in fetal plasma at all doses examined and generally increased with increasing 
dose.  Inclisiran fetal plasma concentrations were typically 46- to 285-fold lower than 
maternal plasma levels.  No inclisiran was detected in fetal liver at any dose level.

An Embryo-Fetal Development Study of Inclisiran by Subcutaneous 
Injection in New Zealand White Rabbits
Doses: 0, 50, 100, and 150 mg/kg/day daily from Days 7 to 19 pc

Key Study Findings
The NOAEL for maternal toxicity, embryolethality, fetotoxicity, and embryo-fetal 
development in rabbits was the highest dose examined (150 mg/kg/day) due a lack of 
adverse drug-related findings and provided a 10-fold safety margin to the 300 mg 
clinical exposure based on BSA comparison/dose.4  A statistically significant increase in 
skeletal variation (incomplete ossification of the fetal pelvis) was reported at 150 mg/kg; 
but, is not considered to be adverse.  In some cases, inclisiran crossed the placenta 
and was detected in fetal plasma and liver. Maternal:fetal ratios were at least 8 and 45 
in liver and plasma, respectively.  Similar to adult animals, fetal exposure to inclisiran is 
likely to be higher in the liver when compared to the plasma.

3 Safety margin was calculated using dose on Day 1 (150 mg/kg/day * 6 = 900 mg/m2).
4 Safety margin was calculated using dose on Day 1 (150 mg/kg/day * 12 = 1,800 
mg/m2).
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9.3 Prenatal and Postnatal Development
A Subcutaneous Injection Pre and Postnatal Developmental Toxicity Study of 
Inclisiran in the Sprague-Dawley Rat, Including Postnatal Behavioral and 
Functional Evaluations
Doses: 0, 50, 100, 150 mg/kg daily on Days 6 through Lactation Day 20

Key Study Findings
Parturition and littering parameters (gestation index, length of gestation, sex ratio, 
number of live pups at birth, number of implant scars, and live birth index) were within 
the range of historical controls and did not show any dose-dependent increases.  Highly 
variable levels of inclisiran were detected in milk with maternal plasma:milk ratios that 
ranged from 0.186 to 4.072.  In general, inclisiran concentrations in milk increased with 
increasing dose.  F1 generation pup plasma concentrations of inclisiran collected at 
Days 4 and 11 post partum (pp) were below the lower limit of quantitation (10 ng/mL) at 
all dose levels.  Inclisiran exposure in dams had no dose-dependent impact on F1 
generation pup survival or development.  Based on these results, the NOAEL for 
maternal toxicity, maternal performance, and development in the F1 generation was 
considered to be 150 mg/kg/day and provided a 5-fold exposure multiple based on BSA 
comparison/dose5.

10 Special Toxicology Studies
Inclisiran was evaluated for its acute effect on immune system stimulation in CD-1 mice.  
After subcutaneous injection, inclisiran (≤ 100 mg/kg) showed no significant effects on 
cytokine parameters in male CD-1 mice (4 hours post-dose).  These data indicate that 
inclisiran does not appear to be pro-inflammatory, as it did not significantly impact 
cytokine levels.

11 Integrated Summary and Safety Evaluation
Inclisiran is a chemically-modified, double-stranded small interfering ribonucleic acid 
(siRNA) covalently linked to a ligand containing three N-Acetylgalactosamine (GalNAc) 
groups at the 3’ end of the sense strand.  The GalNAc-containing ligand facilitates 
uptake by hepatocytes through binding to liver-expressed asialoglycoprotein receptors 
(ASGPR) and suppresses the synthesis of proprotein convertase subtilisin/kexin type 9 
(PCSK9) protein.  PCSK9 promotes downregulation of hepatocyte low density 
lipoprotein receptor (LDLR) expression.  In the liver, the antisense strand of inclisiran is 
incorporated into the RNA-induced silencing complex (RISC) and directs catalytic 
breakdown of PCSK9 mRNA to inhibit translation of PCSK9 protein.  Decreased 
intrahepatic PCSK9 results in higher levels of LDLR on hepatocytes and subsequent 
lowering of serum low-density lipoprotein (LDL-C) levels.  

5 Safety margin was calculated using dose on Day 1 (150 mg/kg * 6 = 900 mg/m2).
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Inclisiran is intended for use as an adjunct to diet and maximally tolerated statin therapy 
for the treatment of adults with primary hyperlipidemia (including heterozygous familial 
hypercholesterolemia) to reduce low-density lipoprotein cholesterol (LDL-C).  Inclisiran 
is thought to specifically target human PCSK9 mRNA as it is not effective at 
suppressing the expression of 18 potential off-target genes with partial sequence 
homology to PCSK9.  Additionally, it is hypothesized to be effective in patients from 
different geographical and ethnic backgrounds because potential polymorphisms in the 
human PCSK9 sequence were not located within the site targeted by inclisiran.

In humans naturally occurring loss-of-function PCSK9 variants are associated with 
reductions in both LDL-C and risk of cardiovascular disease (Cohen, Boerwinkle et al. 
2006).  Additionally, PCSK9 monoclonal antibodies (Repatha® and Praluent®) have 
been effective in lowering LDL-C and reducing cardiovascular events (Sabatine, 
Giugliano et al. 2017, Schwartz, Steg et al. 2018).  Consistent with the role of PCSK9 in 
humans, single and multiple subcutaneous administration of inclisiran produced a 
decrease in the expression of PCSK9 in transgenic mice expressing human PCSK9 and 
cynomolgus monkeys.  In cynomolgus monkeys, decreases in plasma PCSK9 were 
reversible and correlated with decreased LDL-C and total cholesterol levels.  

Inclisiran had a similar pharmacokinetic profile in rats and monkeys following both 
subcutaneous and intravenous dosing.  It was absorbed into the plasma (plasma Tmax 
values ranged between 0.8 and 2.5 hours) and had a short plasma half-life (elimination 
half-life ranged between 0.9 to 4.3 hours).  Systemic exposure (as measured by plasma 
Cmax and AUC0-t values) increased with increasing dose and was equivalent between 
males and females.  After reaching Cmax, plasma concentrations of inclisiran decreased 
in a biphasic manner and radioactivity was detected in blood and plasma up to 168 h 
post dose in rats.  Bioavailability ranged between 24.7% and 48.9% in rats and 
monkeys.  The relatively low absolute bioavailability could potentially be due to the long 
half-life of inclisiran at the subcutaneous injection site (~526 hours in rats based on a 
radiolabeled study).  

At concentrations similar to those observed in clinical studies, inclisiran was highly 
protein bound (protein binding ranged between 86.3% and 93.1% for mouse, rat, 
monkey and human plasma).  While inclisiran is rapidly removed from the plasma, it 
was quickly detected in various tissues.  Supporting the idea that inclisiran accumulates 
in the tissue, concentrations of inclisiran were higher in the tissue when compared to 
cardiac blood at 24 hours post-dose.

Quantitative whole body autoradiography studies performed with 14C-labeled inclisiran 
in rats and monkeys showed that inclisiran-associated radioactivity widely distributed to 
most tissues and was slowly eliminated (t1/2 values > 100 h).  Highest concentrations 
(based on Cmax) were observed at the subcutaneous injection site, liver (target organ), 
and kidney cortex (site of elimination) and minimal distribution to white adipose tissue, 
bone, brain, eye, skeletal muscle, and spinal cord was observed.  In vitro, inclisiran’s 
sense and antisense strands were fairly stable when incubated with serum (≥72% of the 
full-length antisense strand was detected after a 24 hour period) or liver S-9 fractions 
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(≥41% of the full-length antisense strand was detected after a 24 hour period) from a 
variety of species including mouse, rat, monkey and human.  Nuclease degradation of 
inclisiran’s antisense (AS) strand produced the major metabolites [AS(N-1)3’ (removal 
of one nucleotide from the 3’ end of the antisense strand) and AS(N-1)5’ (removal of 
one nucleotide from the 5’ end of the antisense strand) at early time points and AS(N-
4)5’ and AS(N-5)5’ at later time points].  For the sense strand, the major metabolite was 
formed by the loss of sugars in the 3’-end GalNAc group.  

While the majority of inclisiran-related radioactivity remained in the carcass supporting 
the idea of prolonged retention in the tissue, inclisiran was excreted primarily in the 
urine in intact rats, bile duct cannulated rats, and monkeys with a small amount 
detected in the feces.  Bile-duct cannulated rats revealed that ~20% of inclisiran-related 
radioactivity was detected in the bile, indicating that inclisiran may undergo 
enterohepatic circulation.  

Inclisiran has been studied in rats, monkeys, mice and rabbits.  It is fully 
pharmacologically active in monkeys and has partial activity in rodents and rabbits at 
suprapharmacologic doses due to partial homology of the target sequence.  Safety 
pharmacology studies performed in monkeys revealed that no adverse effects on 
cardiovascular function, respiration rate or body temperature after a single 
subcutaneous dose up to 250 mg/kg and no adverse impacts on the nervous system 
were seen after monthly subcutaneous dosing at levels up to 250 mg/kg for 40 weeks.

Consistent with the pharmacological activity of inclisiran, exposure resulted in 
decreased LDL-C and total cholesterol in rats and monkeys.  Additionally, decreased 
HDL and triglycerides were observed in rats and decreased PCSK9 protein was 
observed in monkeys.  Reductions in plasma PCSK9, cholesterol and LDL-C levels 
persisted into the recovery period and were consistent with mean inclisiran liver 
concentrations that increased in a dose-proportional manner.  While inclisiran was well 
tolerated in both rats and monkeys, repeat dose toxicology studies revealed that the 
liver, kidney, subcutaneous injection site and lymph nodes were targets after 
subcutaneous exposure.  

Liver
The liver was the site of highest tissue exposure consistent with GalNAc targeting to 
hepatocytes.  In rats, partially reversible hepatocyte vacuolation was observed and is 
one of the most common findings observed in rats subcutaneously administered 
GalNAc-conjugated siRNA molecules (Janas, Harbison et al. 2018).  Consistent with 
findings observed with other siRNA compounds, the incidence and severity of this 
finding increased with increasing dose and duration.  In contrast, monkeys developed 
partially reversible, basophilic granules in the liver that are thought to reflect drug 
accumulation (Janas, Harbison et al. 2018).  This finding also increased slightly with 
increasing dose and duration.  Findings in the liver were partially reversible and were 
not considered adverse.  
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Kidney
Consistent with the kidney also being an organ exposed to high concentrations of 
inclisiran, basophilic granules were observed in the kidneys of rats and increased in 
severity and incidence with increasing dose or duration of treatment.  Previous analysis 
by immunohistochemistry revealed that these granules represent uptake of the siRNA 
into proximal renal tubular cells.  At the high dose, partially reversible, minimal, 
focal/multifocal tubule degeneration (15-week rat) and minimal tubular vacuolation (29-
week rat) were also observed.  These findings did not correlate with any clinical 
pathology changes that would suggest nephrotoxicity and were not considered adverse.  

Subcutaneous Injection Site
The injection site was also targeted in rats as high concentrations of inclisiran were 
detected in this tissue during whole body autoradiography studies.  Injection site 
inflammation was initially observed in the 4-week repeat dose rat study and progressed 
to more severe findings in the 29-week repeat dose rat study (hemorrhage of 
subcutaneous tissue and mononuclear cell infiltration of the perivascular that correlated 
with very slight erythema, and very slight to slight edema).  This finding is consistent 
with other GalNAc-conjugated siRNA therapeutics and is thought to be a sign of 
immune activation (Wittrup and Lieberman 2015).

Lymph nodes
Monkeys experienced partially reversible, vacuolation of macrophages in a variety of 
lymph node types (mesenteric, mandibular, axillary, and inguinal) that increased in 
incidence and severity (minimal to moderate) with increasing dose and duration of 
treatment.  Like the vacuolation observed in the liver of rats, vacuolation of 
macrophages in the lymph nodes has been observed with other siRNA-based therapies 
in monkeys and is thought to reflect non-adverse drug accumulation by 
immunohistochemical analysis (Janas, Harbison et al. 2018).  

Immune system
Inclisiran exposure influenced the ability to mount an antibody response to Keyhole 
Limpet Hemocyanin (KLH) antigen in the monkey.  Delayed or absent IgM immune 
response to KLH antigen were observed at doses ≥30 mg/kg/28 days (2 times the 300 
mg recommended clinical dose based on BSA comparison/dose) or reduced IgG 
response several days after immunization was observed at the 300 mg/kg/28 day dose 
(19 times the 300 mg recommended clinical dose based on BSA comparison per dose) 
caused reversible decreases in IgM and IgG production during the dosing period.  This 
finding was not observed when monkeys were challenged during the recovery period 
and may be secondary to the lowering of circulating cholesterol, which is important for 
clonal expansion of rapidly dividing immune cells (e.g., B-cells, T-cells, etc.) and cell-cell 
signaling (Norata et al. 2012).

Anti-inclisiran antibodies were measured using a validated, qualitative ELISA Method.  
A dose-dependent increase in the number of female monkeys testing positive for anti-
drug antibodies (ADA) was observed.  One female monkey treated with 100 mg/kg/28 
days inclisiran and two female monkeys treated with 300 mg/kg/28 days inclisiran 
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developed low positive titers on Day 141 of the dosing phase; but, the ADAs did not 
have a significant impact on systemic exposure (as measured by Cmax, AUC(0-t), Vd/F, 
CL/F or t1/2).

Since inclisiran will be co-administered with statins, an 85-day combination toxicology 
study was performed where monkeys were administered inclisiran (monthly) and 
atorvastatin (daily).  No new toxicities were observed when inclisiran was administered 
in combination with atorvastatin.

Inclisiran tested negatively for genotoxicity in a standard battery of OECD-compliant 
assays including an in vitro reverse mutation assay in bacterial cells, an in vitro 
chromosomal aberration assay in cultured human peripheral blood lymphocytes and an 
in vivo rat bone marrow micronucleus assay.

The carcinogenic potential of inclisiran was evaluated in Sprague Dawley rats and 
TgRasH2 mice.  In rats, inclisiran was administered subcutaneously at doses of 0, 40, 
95 or 250 mg/kg every 28 days.  The study was intended to be 104 weeks in duration; 
however, all groups were terminated prior to week 100 after concurrence by ECAC 
because the number of rats remaining in test article-treated groups was ≤15.  The most 
common cause of death among all dose groups was benign pituitary neoplasm of the 
pars distalis (a common spontaneous tumor in Sprague Dawley rats with an incidence 
rate as high as 70%).  There were no statistically significant increases in dose response 
relationships or pairwise comparisons for neoplastic findings at doses up to 250 
mg/kg/28 days (8-fold exposure multiple based on BSA comparison/dose).  A 26-week 
carcinogenicity study where TgRasH2 mice were subcutaneously administered 0, 300, 
600, or 1500 mg/kg inclisiran every 28 days also did not reveal any statistically 
significant increases in dose response relationships or pairwise comparisons for 
neoplastic lesions up to the highest dose examined.

Fertility and embryofetal developmental studies performed in rats after subcutaneous 
administration of inclisiran did not reveal an adverse impact on male fertility (sperm 
motility, sperm concentration, sperm morphology, the spermatogenic cycle, or parental 
performance) at doses up to 250 mg/kg every 2 weeks (8-fold clinical exposure based 
on BSA comparison/dose).  In females, inclisiran did not negatively impact maternal 
toxicity, embryofetal development, embryolethality, fetotoxicity or teratogenicity in rats in 
both a fertility and early embryonic development study at doses up to 250 mg/kg every 4 
days and an embryofetal development study at doses up to 150 mg/kg/day (5-fold 
exposure multiple to clinical exposure based on BSA comparison/dose).  While rabbits 
experienced a statistically significant increase in the incidence of skeletal variation 
(incomplete ossification of the fetal pelvis) during an embryofetal development study, 
this finding was not considered adverse and no maternal toxicity, embryolethality, or 
fetotoxicity was observed at doses up to 150 mg/kg/day (providing a 10-fold safety 
margin based on BSA comparison/dose).  

A pre- and post-natal study in rats also showed no adverse impact on parturition, 
littering parameters (gestation index, length of gestation, sex ratio, number of live pups 
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at birth, number of implant scars, and live birth index), F1 generation pup survival or 
development at doses up to 150 mg/kg/day (5-fold exposure multiple based on BSA 
comparison/dose).  

In both rats and rabbits, low levels of inclisiran were detected in fetal plasma.  In rats, 
fetal inclisiran plasma concentrations generally increased with increasing maternal 
exposure and 1-2 hours post-dose maternal:fetal plasma inclisiran ratios ranged 
between 46 and 285.  For rabbits, inclisiran was able to cross the placenta in some 
cases and was detected in fetal plasma 24 hours post-dose.  Occasionally inclisiran 
was also detected in the liver of fetal rabbits.

Low but highly variable levels of inclisiran were also detected in rat milk 8 hours after 
maternal dosing.  Mean milk concentrations generally increased with increasing dose 
and maternal plasma:milk ratios ranged between 0.186 and 4.072.  

12 Appendix/Attachments
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