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    DEPARTMENT OF HEALTH & HUMAN SERVICES 
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              Food and Drug Administration 
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Date: May 31, 2022 
 
From: Lois M. Freed, Ph.D. 
  Director, Division of Pharmacology/Toxicology-Neuroscience 
  Office of Neuroscience 
 
Subject:  NDA 215515 (Amvuttra, vutrisiran) 
  
________________________________________________________________ 
 
NDA 215515 was submitted by Alnylam Pharmaceuticals on April 14, 2021, for 
vutrisiran indicated for the treatment of polyneuropathy of hereditary 
transthyretin-mediated amyloidosis in adults. The recommended dosing regimen 
is 25 mg every 3 months (Q3M), which is associated in humans with plasma Cmax 
and AUC of 0.12 µg/mL and 0.80 µg*hr/mL, respectively. 
 
The nonclinical studies submitted in support of NDA approval were consistent 
with recommendations and feedback provided by the division during clinical 
development. The nonclinical data were reviewed by Dr. Hawver 
(Pharmacology/Toxicology NDA Review and Evaluation, NDA 215515, David B. 
Hawver, Ph.D., March 2, 2022). Dr. Hawver has concluded the nonclinical data 
are adequate to support approval of the NDA, with 2-year carcinogenicity studies 
in mouse and rat as post-marketing requirements (PMR).  
 
Vutrisiran is a 21-nucleotide siRNA-GalNAc conjugate targeting mutant and wild-
type (WT) transthyretin (TTR) mRNA. Following delivery to the liver and 
incorporation into the RNA-induced silencing complex (RISC), vutrisiran results in 
knock-down of TTR mRNA and subsequent decreases in formation of mutant 
and WT TTR protein. There is complete homology between human and 
cynomolgus monkey, but not rodent (mouse, rat) or rabbit, TTR mRNA binding 
regions. Therefore, vutrisiran is pharmacologically active only in monkey.  
 
The general toxicity of vutrisiran was tested in GLP-compliant subcutaneous (SC) 
toxicity studies in Sprague Dawley (SD) rat (13-week, 6-month) and cynomolgus 
monkey (13-week, 9-month).  
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Rat: vutrisiran was administered monthly for 13 weeks (0, 12, 40, and 120 mg/kg) 
or 6 months (0, 15, 50, and 150 mg/kg). In the 6-month study, basophilic foci of 
alteration were detected in the liver, associated with hepatocyte karyomegaly and 
increased hepatocyte mitosis, characterized as minimal and observed at doses 
>15 mg/kg. However, no dose-limiting toxicity was observed in either study, and 
the high doses were identified as NOAELs. At the end of the 6-month dosing 
period, plasma Cmax (male-female) was 1.84-1.23, 9.59-6.35, and 28.9-30.0 
µg/mL at the low, mid, and high doses, respectively; plasma AUC (male-female) 
was 10.8-7.04, 58.1-29.6, and 399-155 µg*hr/mL at the low, mid, and high doses, 
respectively.  
 
To further investigate the liver findings in the 6-month GLP study, a non-GLP 
study was conducted in female rat, in which vutrisiran was administered at doses 
of 0, 5, and 50 mg/kg monthly or 10 and 50 mg/kg every three months (Q3M). In 
main-study animals, hepatocyte foci of cellular alteration (basophilic, 
amphophilic) and increased mitotic figures were observed only in vutrisiran-
treated animals, with an increase in incidence and severity of mitotic figures in 
animals dosed Q3M (both doses) compared to monthly. In recovery animals, the 
incidence of basophilic foci of cellular alteration was greater than at the end of 
the dosing period at both doses administered monthly and at 50 mg/kg Q3M. 
These microscopic findings suggest a preneoplastic process (Goodman DG et al. 
(1994) In: Guidelines for Toxicologic Pathology. STP/ARP/AFIP, Washington, 
DC). At the end of the dosing period (Day 169), plasma Cmax was 0.828-7.901 
µg/mL at 10 and 50 mg/kg Q3M, respectively; plasma AUC was 4.326 and 
35.550 µg*hr/mL at 10 and 50 mg/kg Q3M, respectively.  
 
Monkey:  administration of vutrisiran monthly at doses of 0, 30, 100, and 300 
mg/kg for 13 weeks or every 4 weeks for 9 months resulted in no dose-limiting 
toxicity. In both studies, reductions were observed in serum TTR (up to 98%), 
serum T4 (∼15-45%), and Vitamin A (∼70-89%) at all doses, but were not 
associated with adverse effects. The high dose was identified as an NOAEL in 
both studies. In the 9-month study, the plasma AUCs (male-female) at the end of 
the dosing period (Day 253) were 86.3-85.3, 396-561, and 1180-1160 µg*hr/mL 
at the low, mid, and high doses, respectively.   
 
A full battery of reproductive and developmental toxicology studies was 
conducted for vutrisiran. GLP-compliant studies consisted of a fertility and early 
embryonic development (to implantation) study, an embryofetal development 
study, and a pre- and postnatal development study in SD rat, and an embryofetal 
development study in New Zealand White rabbit. In all studies, vutrisiran was 
administered by SC injection.  
 
Rat: in the fertility study, vutrisiran was administered weekly to male and female 
rats prior to and during the mating period and continuing in females to gestation 
day (GD) 6. There were no drug-related effects on fertility parameters or on 
sperm (count, motility). Plasma Cmax and AUC at the high dose in males (Day 14 
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of mating) were 19.6 µg/mL and 135 µg*hr/mL, respectively; in females, the 
plasma Cmax and AUC at the high dose (GD 6) were 17.6 µg/mL and 75.7 
µg*hr/mL, respectively.  
 
In the embryofetal development study, vutrisiran was administered daily at doses 
of 0, 3, 10, and 30 mg/kg on GDs 6 to 17. Developmental effects consisted of 
embryofetal mortality at the high dose and reduced fetal body weight at the mid 
and high doses, which were associated with maternal toxicity (reduced body 
weight gain, hepatocellular vacuolation/degeneration). At the low dose, plasma 
exposures (GD 6-GD 17) were 7.43-6.13 µg/mL and 28.2-29.1 µg*hr/mL for Cmax 
and AUC, respectively.   
 
In the pre- and postnatal development study, vutrisiran was administered at 
doses of 0, 5, 10, and 20 mg/kg every 6 days from GD 7 through lactation day 
(LD)18. No adverse developmental effects were observed in the offspring. At the 
high dose, plasma exposures (LD 12) were 2.59 µg/mL and 8.61 µg*hr/mL for 
Cmax and AUC, respectively. 
 
Rabbit: in the embryofetal development study, vutrisiran was administered daily 
at doses of 0, 3, 10, and 30 mg/kg on GDs 7 to 19. No maternal or fetal toxicity 
was observed. At the high dose, plasma exposures (GD 7-GD 19) were 9.78-
12.9 µg/mL and 37.3-67.4 µg*hr/mL for Cmax and AUC, respectively. 
 
A standard battery of genetic toxicology assays was conducted for vutrisiran (in 
vitro bacterial mutagenicity, in vitro chromosomal aberration in human peripheral 
blood lymphocytes, and in vivo rat (bone marrow) micronucleus assay. All assays 
were adequate and negative.   
 
Carcinogenicity studies were not submitted in the NDA but are to be conducted 
post-approval (as PMRs), as agreed to by the division (DN1), if vutrisiran is 
approved. 
 
Conclusions and Recommendations 
 
The pivotal nonclinical studies of vutrisiran were conducted in rat, monkey, and 
rabbit. Hybridization-mediated effects were assessed only in monkey because of 
the lack of homology to the TTR mRNA binding region in rodent and rabbit. The 
primary drug-related findings were observed in rat, consisting of microscopic 
findings (basophilic foci of cellular alteration and increased mitotic figures) in liver 
(6-month studies) and adverse effects on embryofetal development (mortality, 
reduced fetal body weight). The adverse developmental effects were observed at 
maternally toxic (reduced body weight gain and hepatocellular 
vacuolation/degeneration) doses.  
 
Target-mediated effects on reproductive function and development were not 
evaluated in rat or rabbit because of the lack of sequence homology; however, 
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vutrisiran was demonstrated to reduce circulating Vitamin A levels in monkey and 
human, consistent with TTR protein being a major carrier of Vitamin A. The 
effects of Vitamin A deficiency on reproductive function and embryofetal 
development are well known (e.g., Clagett-Dame M, Knutson D. Nutrients 2011, 
3, 385-428; doi:10.3390/nu3040385), and Vitamin A supplementation is to be 
recommended in patients with hTTR treated with vutrisiran.  
 
The nonclinical studies conducted by the sponsor are adequate to support 
approval of vutrisiran for the proposed indication. If vutrisiran is approved, 
carcinogenicity studies in two species (mouse, rat) are to be PMRs.  
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1 Executive Summary 
1.1 Introduction 
Vutrisiran is an N-acetylgalactosamine (GalNAc)-conjugated small interfering 
ribonucleic acid (siRNA) designed to inhibit hepatic synthesis of variant and wild-type 
transthyretin in adult patients with the polyneuropathy of hereditary transthyretin-
mediated amyloidosis (hATTR-PN). The GalNAc moiety enhances uptake by the liver 
by binding to asialoglycoprotein receptors expressed on the surface of hepatocytes, 
triggering endocytosis of the ligand-receptor complex. Once taken up into hepatocytes, 
the siRNA specifically targets the TTR mRNA for destruction via the RNA-induced 
silencing complex pathway, resulting in reduced production of the TTR protein. Because 
of species differences in the targeted TTR mRNA sequence, vutrisiran is 
pharmacologically active in human and cynomolgus monkey but not in rodent or rabbit. 
 

1.2 Brief Discussion of Nonclinical Findings 
In cultures of human liver cell lines and primary cynomolgus monkey hepatocytes, 
vutrisiran potently and selectively reduced levels of TTR mRNA. Subcutaneous (SC) 
administration of vutrisiran to hTTR V30M transgenic mice and cynomolgus monkeys 
resulted in maximal reductions of ≥98% in serum TTR protein. Because TTR acts as a 
carrier for thyroxine and Vitamin A in the circulation, serum levels of these molecules 
were also substantially reduced in monkeys administered vutrisiran. 
 
In the pivotal general toxicology studies of SC vutrisiran in rat (13- and 26-week) and 
cynomolgus monkey (13- and 40-week), non-adverse findings were observed in the 
liver (both species), kidneys (rat), and lymph nodes (monkey). The no observed adverse 
effect levels (NOAELs) in the chronic studies were the high doses of 150 and 300 
mg/kg/month in rat and monkey, respectively. Plasma exposures (AUC) at the NOAELs 
were ~600 and ~4400 times, respectively, those expected in humans at the proposed 
clinical dose of 25 mg once every 3 months, after adjusting for the 3-fold difference in 
dosing frequency. 

A standard battery of reproductive and development studies of SC vutrisiran were 
conducted in rat and rabbit. Adverse effects were limited to the rat embryofetal 
development study, in which administration of vutrisiran (0, 3, 10, or 30 mg/kg/day from 
GD 6 to 17) resulted in reductions in maternal and fetal body weights, and vacuolation/ 
degeneration and individual cell necrosis in liver in dams at the MD and HD; and 
increases in premature delivery, early and late resorptions, post-implantation losses, 
and the number of dead fetuses at the HD. The LD was the NOAEL for maternal and 
developmental toxicity.  
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1.3 Recommendations 
1.3.1 Approvability 
The nonclinical data submitted adequately support the approval of vutrisiran for the 
treatment of patients with hATTR-PN.  
 
1.3.2 Additional Nonclinical Recommendations 
Per prior agreement, 2-year carcinogenicity studies of vutrisiran in rat and mouse are to 
be conducted as post-marketing requirements. 
 
1.3.3 Labeling 
The sponsor’s proposed labeling for the nonclinical sections should be revised as 
indicated below (suggested deletions are crossed out; additions are underlined and 
bolded): 

Reference ID: 4945872
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2 Drug Information 
2.1 Drug 
CAS Registry Number 
1867157-35-4 

 
Generic Name 
Vutrisiran 
 
Code Names 
ALN-TTRSC02, ALN-65492, AD-65492 
 
Proprietary Name 
AMVUTTRA 
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Chemistry 
The chemically synthesized, double-stranded oligonucleotide is covalently bonded to a 
ligand containing 3 N-acetylgalactosamine (GalNAc) residues. 
 
Molecular Formula 
C530 H672 F9 N171 Na43 O323 P43 S6 
 
Molecular Weight 
17,289.77 Da (sodium salt) 
16,344.55 Da (free acid) 
 
Structure 

 
(page 7 of Section 2.3.S Drug Substance, Quality Overall Summary) 

 
Pharmacologic Class 
Small interfering ribonucleic acid (siRNA) 
 

2.2 Relevant INDs, NDAs, BLAs, and DMFs 
IND 139086 Vutrisiran for the treatment of polyneuropathy of hereditary transthyretin-
mediated amyloidosis (hATTR-PN), Alnylam Pharmaceuticals, Inc. 

IND  
 

IND  
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IND 117395 Patisiran for hATTR-PN, Alnylam Pharmaceuticals, Inc. 
 
NDA 210922 Patisiran (ONPATTRO), Alnylam Pharmaceuticals, Inc., approved in the 
U.S. for the treatment of hATTR-PN in adults in 2018 
 

2.3 Drug Formulation 
AMVUTTRA is formulated as a prefilled syringe designed to deliver 0.5 mL sterile 
solution for SC injection. 
 

 
(page 5 of Section 2.3.P Drug Product, Quality Overall Summary) 

 

2.4 Comments on Novel Excipients 
There are no novel excipients in the drug product. 
 

2.5 Comments on Impurities/Degradants of Concern 
No impurities or degradants of concern have been identified.  
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2.6 Proposed Clinical Population and Dosing Regimen 
Vutrisiran is to be administered to adult patients with hATTR-PN at 25 mg by SC 
injection every 3 months. 
 

2.7 Regulatory Background 
Vutrisiran, a GalNAc-conjugated siRNA, targets a region of the TTR mRNA different 
from that targeted by patisiran (ONPATTRO), an unconjugated siRNA approved in the 
U.S. for the treatment of patients with hATTR-PN in 2018 (NDA 210922). Vutrisiran also 
differs from patisiran in the chemical modifications of the ribonucleosides and in the 
presence of the GalNAc moiety, which facilitates uptake by hepatocytes. 
 
At a Pre-IND/End of Phase 2 Meeting for IND 139086 (Vutrisiran for hATTR-PN), the 
agency agreed that the completed and planned nonclinical studies appeared sufficient 
to support an NDA and that, because of the seriousness of the indication, the 2-year rat 
carcinogenicity study may be completed post approval, provided the available data 
support such a strategy (see Meeting Minutes, August 10, 2018). 
 
Original IND 139086 was submitted to FDA on October 19, 2018. The proposed clinical 
study of vutrisiran in adults with hATTR-PN was allowed to proceed. 
 
At a Type C Meeting, the agency agreed that, because of the seriousness of the 
indication, the 2-year mouse carcinogenicity study may be completed post approval, 
provided the available data support such a strategy (see Meeting Minutes, May 19, 
2020). 
 

3 Studies Submitted 
3.1 Studies Reviewed  
In Vitro Identification of TTR-GalNAc Candidates in Support of Lead Selection of ALN-
TTRSC02 
 
A Pharmacodynamic Evaluation of AD-65492, AD-66016, AD-66017, and AD-66018 
Relative to AD-51547 (ALN-TTRSC) following Single Subcutaneous Injection of Human 
TTR V30M Transgenic Mice in Support of ALN-TTRSC02 
 
A Pharmacodynamic Evaluation of AD-65492 and AD-66017 following Multiple 
Subcutaneous Injections of Human TTR V30M Transgenic Mice in Support of ALN-
TTRSC02 
 
A Pharmacodynamic and Pharmacokinetic Evaluation of AD-65492 and AD-66017 
following Subcutaneous Injection of Male Cynomolgus Monkeys 
 
In Vitro Off-Target Analysis of ALN-65492, the siRNA Component of ALN-TTRSC02 
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In Vitro RNA Sequencing Screen for Potential Off-Target Inhibition of ALN-65492, the 
TTR-targeting siRNA Component of ALN-TTRSC02 
 
ALN-TTRSC02: Cardiovascular Safety Pharmacology Evaluation following 
Subcutaneous Injection to Male Telemetry-Instrumented Conscious Cynomolgus 
Monkeys 
Pharmacokinetics of ALN-TTRSC02 in Plasma, Liver, Kidney Urine and Feces in  
Support of Study “ALN-TTRSC02: A Pharmacokinetics and Biodistribution Study of 
ALN-TTRSC02 or Revusiran (ALN-TTRSC) after a Single or Multiple Subcutaneous or 
Intravenous Dose in Male and Female Sprague Dawley Rats.” 
 
The Pharmacokinetics and Pharmacodynamics of TTRSC02 siRNA (AD-65492) after a 
Single Intravenous, Single or Multiple Subcutaneous, or Single Intramuscular Doses to 
Cynomolgus Monkeys 
 
Binding of ALN-TTRSC02 to Mouse, Rat, Monkey, or Human Plasma Proteins 
 
[3H]ALN-TTRSC02: Excretion Mass Balance and Tissue Distribution via Quantitative 
Whole-Body Autoradiography in Male Sprague Dawley Rats following a Single 
Subcutaneous Administration 
 
In Vitro Metabolic Stability of ALN-65492 in Mouse, Rat, Monkey and Human Serum 
and Liver S9-fractions, and in Vitro and in Vivo Metabolic Profiling of ALN-65492 
 
Evaluation of Potential Human Cytochrome P450 Isoforms Involved in the Metabolism 
of ALN-TTRSC-02 using cDNA Expressed Enzymes 
 
ALN-TTRsc02: Evaluation of Direct and Time-dependent Inhibitory Potential Against 
Seven Human Cytochrome P450 Isoforms Using Human Liver Microsomes 
 
ALN-TTRSC02: A Repeat Dose Range-Finder Study in Male Sprague Dawley Rats 
 
ALN-TTRSC02: 13-Week Repeat Dose Toxicity and Toxicokinetic Study in Rats with a 
12-week Recovery Phase 
 
ALN-TTRSC02: A 6-Month Repeat Dose Toxicity and Toxicokinetics Study in Sprague-
Dawley Rats 
 
ALN-TTRSC02: A 6-Month Investigative Repeat Subcutaneous Dose Study with a 3-
Month Recovery Phase to Determine the Effects of Dosing Schedule on Hepatic Foci 
Formation in Female Sprague Dawley Rats 
 
ALN-TTRSC02: Repeat Dose Subcutaneous Injection Range-Finder Study in 
Cynomolgus Monkeys 
 
ALN-TTRSC02: 13-Week Repeat Dose Toxicity and Toxicokinetic Study in Cynomolgus 
Monkeys with a 12-Week Recovery Phase 
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ALN-TTRSC02: A 9-Month Repeat-Dose Toxicity and Toxicokinetics Study in 
Cynomolgus Monkeys 
 
ALN-TTRSC02: Bacterial Reverse Mutation Assay 
 
ALN-TTRSC02: In Vitro Human Lymphocyte Chromosome Aberration Assay 
 
ALN-TTRSC02: In Vivo Rat Bone Marrow Micronucleus Assay 
 
ALN-TTRSC02: An 8-Week Subcutaneous Injection Dose Range-Finding Toxicity and 
Toxicokinetic Study in 001178-W (Wild Type) RasH2 Mice 
 
ALN-TTRSC02: A 12-Week Subcutaneous Dose Range-Finding Toxicity and 
Toxicokinetic Study in CByB6F1-Tg(HRAS)2Jic: Wild Type and C57BL/6NTac Mice 
 
ALN-TTRSC02: A 13-Week Subcutaneous Injection Dose Range-Finding Toxicity and 
Toxicokinetic Study in CD-1 Mice 
 
ALN-TTRSC02: Subcutaneous Dose Range-Finding Developmental Toxicity and 
Toxicokinetic Study in Female Rats 
 
ALN-TTRSC02: Subcutaneous Injection Study of Fertility and Early Embryonic 
Development to Implantation with Toxicokinetics in Rats 
 
TTRSC02-DSM18-011: ALN-TTRSC02: A 12 Day Daily Dose Subcutaneous Injection 
Dose Range-Finding Toxicity Study in Female Sprague Dawley Rats 
 
ALN-TTRSC02: A Subcutaneous Injection Embryo-Fetal Development and 
Toxicokinetic Study in Rats 
 
ALN-TTRSC02: Subcutaneous Dose Range-finding Developmental Toxicity and 
Toxicokinetic Study in Female Rabbits 
 
ALN-TTRSC02: A Subcutaneous Injection Embryo-Fetal Development and 
Toxicokinetic Study in Rabbits 
 
ALN-TTRSC02: Subcutaneous Injection Study of Effects on Prenatal and Postnatal 
Development, Including Maternal Function in Rats 
 
Evaluation of TTRSC02 (AD-65492) Cytokine Induction in an In Vitro Human Whole 
Blood Assay 
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3.2 Studies Not Reviewed 

 
 
3.3 Previous Reviews Referenced 
Nonclinical Review of PIND 139086, David L. Carbone, Ph.D., August 17, 2018 
 
Nonclinical Review of IND 139086, David B. Hawver, Ph.D., April 12, 2020 
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4 Pharmacology 
4.1 Primary Pharmacology 
Vutrisiran is a synthetic, chemically modified, double-stranded small interfering 
ribonucleic acid (siRNA) conjugated to a triantennary N-acetylgalactosamine (GalNAc) 
ligand, which binds the asialoglycoprotein receptor (ASGPR) on hepatocytes, thereby 
facilitating uptake of the GalNAc-siRNA via receptor-mediated endocytosis. Once inside 
the hepatocyte, the siRNA interacts with the RNA-induced silencing complex in the 
cytoplasm to allow the antisense strand of the siRNA to specifically bind its 
complementary sequence in the TTR mRNA. This results in cleavage of the mRNA and 
prevention of the translation of mRNA into TTR protein. Because of species differences 
in the targeted region of the TTR mRNA, vutrisiran is pharmacologically active in human 
and cynomolgus monkey but not in rat, mouse, or rabbit. 
 
In Vitro Identification of TTR-GalNAc Candidates in Support of Lead Selection of 
ALN-TTRsc02 
(Study BIO16007; non-GLP) 
 
A series of 116 chemically modified, double-stranded siRNAs comprised of 21 
nucleotides on the sense strand and 23 nucleotides on the antisense strand, were 
synthesized based on the sequence of the mRNA transcript for the human TTR protein 
and conjugated to a triantennary GalNAc ligand at the 3’ end of the sense strand. All 
siRNAs had the same sequence but differed in their chemical modifications. Lead 
structures were optimized based on the candidates’ activity in reducing expression of 
TTR mRNA in transfection assays in a human liver cell line (Hep3B) and then in primary 
hepatocytes from cynomolgus monkey. Vutrisiran effectively suppressed TTR mRNA 
expression in monkey hepatocytes (IC50 = 0.210 nM and 3.63 nM in transfection and 
free uptake assays, respectively) and was selected for further development. 
 
A Pharmacodynamic Evaluation of AD-65492, AD-66016, AD-66017, and AD-66018 
Relative to AD-51547 (ALN-TTRSC) Following Single Subcutaneous Injection of 
Human TTR V30M Transgenic Mice in Support of ALN-TTRSC02 
(Study BIO16003; non-GLP) 
 
Male and female transgenic mice (N=4/group; 11-13 months old) expressing the human 
TTR V30M variant were administered a single dose of test drug (AD-66016, AD-66017, 
AD-66018, AD-65492 [vutrisiran], or AD-51547 [revusiran]) at 1 or 2.5 mg/kg SC, 10 
mL/kg in saline. Blood was collected prior to dosing on Day 0 and on Days 3, 7, 10, 14, 
21, 28, 35, 42, 56, 70, and 84 for analysis of serum TTR protein by ELISA. As shown in 
Figure 1 below, all test drugs resulted in reduction in serum TTR protein up to 50-99% 
after 1 mg/kg and up to 80-99% after 2.5 mg/kg, with maximal effects at 7 to 14 days 
postdose. 
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A Pharmacodynamic Evaluation of AD-65492 and AD-66017 Following Multiple 
Subcutaneous Injections of Human TTR V30M Transgenic Mice in Support of 
ALN-TTRSC02 
(Study BIO16004; non-GLP) 
 
Male and female transgenic mice (N=4/group; 11-13 months old) expressing human 
TTR V30M were administered test drug (AD-66017 or AD-65492 [ALN-TTRSC02, 
vutrisiran]) at 0.3, 1 or 3 mg/kg SC, 10 mL/kg in saline, once per month for 4 months. 
Blood was collected just prior to dosing on Days 0, 28, 56, and 84, and on Days 2, 7, 
14, 21, 35, 42, 49, 63, 70, 91, 98, and 185 for analysis of serum TTR protein by ELISA. 
As shown in Figure 1 below, both test drugs resulted in reduction in serum TTR protein. 
Maximum TTR reduction for vutrisiran was 25-38%, 64-73%, and 88-98% at 0.3, 1, and 
3 mg/kg/month, respectively. 
 

 
(page 8 of Study Report) 
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A Pharmacodynamic and Pharmacokinetic Evaluation of AD-65492 and AD-66017 
Following Subcutaneous Injection of Male Cynomolgus Monkeys 
(Study BIO16005; non-GLP) 
 
Phase 1: Male cynomolgus monkeys (N=3/group) were administered test drug (AD-
66017 or AD-65492 [ALN-TTRSC02, vutrisiran]) at 0.3, 1 or 3 mg/kg SC, 2 mL/kg in 
PBS, as a single dose (0.3 or 1 mg/kg) or once per month for 4 months (1 or 3 mg/kg). 
Blood was collected at 14 time points (from Day -7 to Day 120) in single-dose groups 
and at 29 time points (from Day -7 to Day 372) in repeat-dose groups for analysis of 
serum TTR protein by ELISA.  
 
Phase 2: Male cynomolgus monkeys (N=4/group) were administered vutrisiran at 0.3 or 
0.6 mg/kg/month SC for 6 months, or at 1.0 mg/kg for the first dose, followed by monthly 
dosing at 0.3 mg/kg for 5 months, at 2 mL/kg in PBS. Blood was collected at 23 time 
points (from Day -7 to Day 204) for analysis of serum TTR protein by ELISA. 
Evaluations in both phases also included clinical observations, body weights, food 
consumption, and analysis of plasma and liver drug concentrations (in repeat-dose 
groups). 
 
There were no drug-related effects on mortality, clinical observations, or body weights. 
In the 3 mg/kg/month group, Day 85 vutrisiran antisense strand concentrations were 
737 to 1371 ng/mL in plasma at peak (1-2 hours postdose, N=3), and were 74287 ng/g 
in liver tissue (N=1). 
 
As shown in the figures below, substantial reductions in serum TTR protein were 
observed after single or repeated dosing with vutrisiran. Similar results were observed 
with AD-66017. 
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(page 12 of Study Report; the figure legend mistakenly states the dose for the second group in [a] as 1 
mg/kg QM rather than 0.6 mg/kg QM) 
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4.2 Secondary Pharmacology 
In Vitro Off-Target Analysis of ALN-65492, the siRNA Component of ALN-
TTRSC02 
(Study NCS-20-00163; non-GLP) 
 
Bioinformatic analyses were used to identify a set of 5 mRNA transcripts (SDHC, 
NCPB3, TMED8, PASK, and CCNH) expressed in human liver cells that could 
potentially be inhibited by A-131359, the antisense strand of vutrisiran, based on partial 
sequence identity with the complementary sense strand. The ability of vutrisiran (0.001 
fM to 10 nM) to inhibit endogenous expression of each of these 5 off-target mRNA 
transcripts was evaluated in 2 human liver cell lines (Hep3B and HepG2) during a 24-
hour incubation with a transfection agent. There was no substantial reduction in the 
expression of any of the 5 off-target mRNA transcripts. In contrast, vutrisiran robustly 
inhibited TTR mRNA expression in Hep3B and HepG2 cells (IC50 = 0.112 nM and 0.108 
nM, respectively). 
 
In Vitro RNA Sequencing Screen for Potential Off-Target Inhibition of ALN-65492, 
the TTR-targeting siRNA Component of ALN-TTRSC02 
(Study NCS-20-00098; non-GLP) 
 
The extent of on-target inhibition of TTR mRNA expression was compared to the extent 
of off-target inhibition of all other mRNAs expressed in Hep3B cells following 24-hour 
incubations of vutrisiran (0.1 to 100 nM; 1 to 100 nM; or 10 nM) with a transfection 
agent in 3 separate experiments. Of the ~12,000 to 13,000 potential off-target mRNAs 
in the transcriptome, only 2 (SUMO2 and CCDC47) were reduced ≥ 2-fold at 10 and/or 
100 nM vutrisiran; a third mRNA (EGR1) was increased ≥ 2-fold. In comparison, the 
reductions in TTR mRNA expression were 95 to 98% at 10 and 100 nM vutrisiran, 
respectively. 
 

4.3 Safety Pharmacology 
ALN-TTRSC02: Cardiovascular Safety Pharmacology Evaluation Following 
Subcutaneous Injection to Male Telemetry-Instrumented Conscious Cynomolgus 
Monkeys 

(Study TTRSC02-GLP-037; GLP, QA) 

Telemetered male cynomolgus monkeys (4/group) were administered a single dose of 
vutrisiran (0, 30, or 300 mg/kg SC) at 1.5 mL/kg in saline and evaluated for heart rate, 
blood pressure (systolic, diastolic, mean arterial, and mean arterial pulse pressure), 
ECG, respiration rate, body temperature, clinical observations, and body weight for at 
least 84 hours postdose. Blood samples were collected at 6 and 25 hours postdose for 
analysis of plasma vutrisiran concentrations.  
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There were no drug-related effects. Mean vutrisiran plasma concentrations were 5488 ± 
1225 and 49100 ± 7657 ng/mL at the LD and HD, respectively, at 6 hours postdose, 
and 58 ± 44 and 12593 ± 3217 ng/mL, respectively, at 25 hours postdose. 

 

5 Pharmacokinetics/ADME/Toxicokinetics 
5.1 PK/ADME 
The Pharmacokinetics and Pharmacodynamics of TTRSC02 siRNA (AD-65492) 
after a Single Intravenous, Single or Multiple Subcutaneous, or Single 
Intramuscular Doses to Cynomolgus Monkeys 
(Study TTRSC02-DSM15-035; non-GLP) 
 
Cynomolgus monkeys (3/sex/group) were administered vutrisiran as a single dose (10 
mg/kg IV, or 0.3, 1.0, 3.0, or 30 mg/kg SC) or monthly for 4 months (0.3 or 1.0 
mg/kg/month) at 1.5 mL/kg in saline. Blood samples were collected at various time 
points for analysis of plasma vutrisiran and/or serum TTR concentrations. Liver biopsy 
samples were collected at various time points for analysis of vutrisiran concentrations. 
Urine and fecal samples were collected during various intervals during the 7 days 
following dosing at 1.0 or 3.0 mg/kg vutrisiran for analysis of drug levels. Data from a 
group administered 1 mg/kg IM vutrisiran were exploratory and were not included in the 
study report. 
 
There were no significant sex-related differences in the PK, PD, or excretion parameters 
evaluated.  
 
Excretion in urine accounted for 11% and 24% of the total dose at 1 and 30 mg/kg, 
respectively; cage wash accounted for an additional 1% and 5%, respectively. Fecal 
excretion accounted for ~0.01% of the dose administered. 
 
Group mean pharmacokinetic and pharmacodynamic results for repeat-dose groups are 
shown in the tables below. 
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Pharmacokinetics of ALN-TTRSC02 in Plasma, Liver, Kidney Urine and Feces in  
Support of Study “ALN-TTRSC02: A Pharmacokinetics and Biodistribution Study 
of ALN-TTRSC02 or Revusiran (ALN-TTRSC) after a Single or Multiple 
Subcutaneous or Intravenous Dose in Male and Female Sprague Dawley Rats.” 
(Study TTRSC02-DSM15-033; non-GLP) 
 
Pharmacokinetic parameters following SC administration of vutrisiran (ALN-TTRSC02) 
to Sprague-Dawley rats are shown in the summary table below: 
 

 
(page 14 of Study Report) 

 
Vutrisiran exposures (AUC0-last, mean of M and F) in liver and kidney were 3890 and 
375 µg*hr/g, respectively, following administration of a single dose of 3 mg/kg SC. 
Vutrisiran plasma exposures (AUC0-last) were 33.2 and 27.4 µg*hr/mL on Days 1 and 85, 
respectively, in males administered 40 mg/kg SC vutrisiran Q4W for 3 months (4 
doses). Urinary and fecal excretion of intact vutrisiran accounted for ~9% and <1%, 
respectively, of a single dose of 3 mg/kg SC (mean of M and F). 
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Binding of ALN-TTRSC02 to Mouse, Rat, Monkey, or Human Plasma Proteins 
(Study BA18007; non-GLP) 
 
In vitro plasma protein binding in samples from mouse, rat, monkey, and human are 
summarized in Table 2 below: 
 

 
(page 9 of Study Report) 

 
[3H]ALN-TTRSC02: Excretion Mass Balance and Tissue Distribution via 
Quantitative Whole-Body Autoradiography in Male Sprague Dawley Rats 
Following a Single Subcutaneous Administration 
(Study TTRSC02-DSM17-009; non-GLP) 
 
Intact and bile duct-cannulated (BDC) male SD rats were administered a single dose of 
3 mg/kg SC [3H]-vutrisiran. Evaluations included assessment of radioactivity in tissues 
by quantitative whole-body autoradiography (QWBA) and by direct radioanalysis of 
blood, tissues, bile, urine, and feces collected at selected time points after dosing.  
 
Unchanged vutrisiran accounted for ~75% of the total radioactivity in plasma through 96 
hours postdose. Based on the QWBA data, radioactivity in tissues generally peaked by 
48 hours postdose, and was highest in liver, lymph nodes, kidneys, and thoracic ducts. 
Based on direct radioanalysis, radioactivity peaked in most tissues by 168 hours 
postdose, and was highest in liver, kidneys, sural nerve, bone marrow, and right axillary 
lymph node; levels were still detectable in all tissues by 672 hours postdose. In intact 
rats, 52.5% and 15.2% of the administered radioactivity was excreted in urine and 
feces, respectively, by 1344 hours postdose. In BDC rats, 25.8%, 24.0%, and 1.50% of 
the administered radioactivity was excreted in urine, bile, and feces, respectively, by 
168 hours postdose. Metabolite profiling indicated that some plasma vutrisiran was 
cleared intact via renal and biliary pathways while some was cleared via metabolism. 
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In Vitro Metabolic Stability of ALN-65492 in Mouse, Rat, Monkey and Human 
Serum and Liver S9-fractions, and in Vitro and in Vivo Metabolic Profiling of ALN-
65492 
(Study BA16004; non-GLP) 
 
The in vitro metabolic stability of vutrisiran was evaluated in pooled serum and liver S9 
fractions from C57BL/6 mouse, Sprague-Dawley rat, cynomolgus monkey, and human 
incubated at 5 µM at 37 °C for 0 to 24 hours. The percent of antisense and sense 
strands remaining after 24 hours were 95-99% and 98-101%, respectively, in serum. In 
liver S9 fractions from mouse, rat, monkey, and human, the percent of antisense strand 
remaining after 24 hours was ~83%, 86%, 70%, and 90%, respectively, and the percent 
of sense strand remaining was ~72%, 89%, 59%, and 89%, respectively. Metabolites 
detected were similar across species and included the potential antisense strand 
metabolite, AS(N-1)3’ (<2% in serum and <1% in liver S9), and loss of sugars from the 
3’ end of the GalNAc from the sense strand. 
 
The in vivo metabolic profile of vutrisiran was assessed using samples collected 
following SC administration of 10 mg/kg and 3 mg/kg to rat (for plasma and liver, 
respectively), and 30 mg/kg to monkey (for plasma and liver). Metabolites detected 
were similar across species and sexes, including AS(N-1)3’ and AS(N-3)3’ and loss of 
sugars from the 3’ end of the GalNAc from the sense strand. In monkey liver samples 
from later time points, sequential exonuclease metabolites from the 3’ end of both 
strands were also observed. Figure 2 below shows the proposed in vitro and in vivo 
metabolic pathway of vutrisiran (ALN-65492): 
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Evaluation of Potential Human Cytochrome P450 Isoforms Involved in the 
Metabolism of ALN-TTRSC-02 using cDNA Expressed Enzymes 
(Study 319N-1527; non-GLP) 
 
The percentage of vutrisiran (800 or 8000 ng/mL) remaining at the end of a 45-minute 
incubation with recombinant human cytochrome P450 enzymes 1A2, 2B6, 2C8, 2C9, 
2C19, 2D6, 3A4, and 3A5 in the presence of NADPH was ~97% to ~108%, 
demonstrating that vutrisiran was not a substrate for these isoforms. 
 
 
ALN-TTRsc02: Evaluation of Direct and Time-dependent Inhibitory Potential 
Against Seven Human Cytochrome P450 Isoforms Using Human Liver 
Microsomes 
(Study 319N-1528; non-GLP) 
 
Vutrisiran (0.01 to 10,000 µg/mL) showed no direct or time-dependent (preincubated ± 
NADPH) inhibition of CYP isoforms 1A2, 2B6, 2C8, 2C9, 2C19, 2D6, or 3A4/5 in human 
liver microsomes under the conditions tested. 
 

5.2 Toxicokinetics  
Toxicokinetic data were reviewed with the toxicity studies. 
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5.3 Methods of Analysis  
The analytical method validation studies listed in Table 1 below were reviewed and 
found to adequately support the conclusions reported in the pivotal toxicity studies of 
vutrisiran in mouse, rat, rabbit, and monkey. In addition, evaluation of the levels of 
antidrug antibodies in serum samples from monkey and rat were supported by method 
validation studies 3001205 and 3001203, respectively. 
 

 
(page 15 of sponsor’s Pharmacokinetics Written Summary) 
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6 General Toxicology 
6.1 Single-Dose Toxicity 
No single-dose toxicity studies were submitted. 
 

6.2 Repeat-Dose Toxicity 
ALN-TTRSC02: A Repeat Dose Range-Finder Study in Male Sprague Dawley Rats 
(Study TTRSC02-DSM15-028; non-GLP; reviewed by David L. Carbone, Ph.D., under 
IND 139086, August 17, 2018) 
 
Administration of vutrisiran (0, 40, or 120 mg/kg/month SC at 5 mL/kg in saline) for 3 
months to male SD rats (6/group) resulted in slight decreases in body weight gain (5% 
LD, 13% HD), minimal decreases in red blood cell parameters (4-6%), increased 
minimal to mild centrilobular hepatocellular vacuolation in liver (1/6 MD, 6/6 HD), 
minimal basophilic granules in renal tubular epithelium (6/6 HD), and increased severity 
and distribution of minimal to mild mononuclear infiltrates with vacuolated macrophages 
at the injection site. The NOAEL was the high dose. Histopathology evaluation was 
limited to liver, spleen, kidneys, heart, brain, and last injection site. 
 
ALN-TTRSC02: 13-Week Repeat Dose Toxicity and Toxicokinetic Study in Rats 
with a 12-week Recovery Phase 
(Study TTRSC02-GLP15-026; GLP, QA; reviewed by David L. Carbone, Ph.D., under 
IND 139086, August 17, 2018) 
 
Administration of vutrisiran (0, 12, 40, or 120 mg/kg/month SC at 2 mL/kg in saline) for 
13 weeks to SD rats (10/sex/group + 5/sex/group recovery + 27/sex/group TK) resulted 
in slight decreases in body weight gain (7% HD), minimal individual hepatocyte necrosis 
(5/10 HDM), minimal to slight hepatocyte vacuolation in liver (6/10 MDM, 8/10 HDM, 
4/10 HDF), minimal basophilic focus of alteration in liver (2/10 HDF), minimal to 
moderate basophilic granules in renal tubular epithelium (5/10 MDM, 3/10 MDF, 9/10 
HDM, 10/10 HDF), and minimal to mild mononuclear infiltrates and/or vacuolated 
macrophages at the injection site (all doses). After the 12-week recovery period, 
microscopic findings were limited to minimal hepatocyte vacuolation (4/5 MDM, 2/5 
HDM, 2/5 HDF) and increased incidence of minimal basophilic focus of alteration in liver 
(5/5 HDF). The NOAEL was the high dose. The study was adequately conducted. 
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ALN-TTRSC02: A 6-Month Repeat Dose Toxicity and Toxicokinetics Study in 
Sprague-Dawley Rats 
(Study TTRSC02-GLP15-040; GLP, QA; reviewed by David L. Carbone, Ph.D., under 
IND 139086, August 17, 2018) 
 
Administration of vutrisiran (0, 15, 50, or 150 mg/kg/month SC at 2 mL/kg in saline) for 
26 weeks to SD rats (15/sex/group + 40/sex/group TK) resulted in decreased body 
weight gain (13% LDM, 18% MDM, 24% HDM) and final body weight (9% LDM, 13% 
MDM, 18% HDM), increased ALP (1.5x HDM, 1.4x HDF), minimal to moderate 
hepatocyte vacuolation in liver (6/15 LDM, 11/15 MDM, 2/15 MDF, 13/14 HDM, 5/15 
HDF), minimal basophilic focus of alteration in liver (9/15 MDF, 14/15 HDF), minimal 
hepatocyte karyomegaly (1/15 MDM, 3/14 HDM, 8/15 HDF), minimally increased 
hepatocyte mitosis (6/15 HDF), minimal to moderate basophilic granules in renal tubular 
epithelium (14/15 MDM, 15/15 MDF, 14/14 HDM, 15/15 HDF) with minimal vacuolation 
(2/15 MDM, 4/14 HDM, 2/15 HDF), and minimal to sight vacuolated macrophages at the 
injection site (9/15 LDM, 9/15 LDF, 11/15 MDM, 14/15 MDF, 12/14 HDM, 13/15 HDF). 
The NOAEL was the high dose, which was associated with mean Day 197 Cmax = 28.9 
and 30 µg/mL and AUC0-24 = 399 and 155 µg*hr/mL in M and F, respectively. The study 
was adequately conducted. 
 
ALN-TTRSC02: A 6-Month Investigative Repeat Subcutaneous Dose Study with a 
3-Month Recovery Phase to Determine the Effects of Dosing Schedule on Hepatic 
Foci Formation in Female Sprague Dawley Rats 
(Study TTRSC02-DSM17-011; non-GLP; organ weights and histopathology for liver and 
kidneys only) 
 
Administration of vutrisiran (0, 5, or 50 mg/kg/month or 10 or 50 mg/kg every 3 months 
SC at 5 mL/kg in saline) for 6 months to female SD rats (10/group + 6/group 3-month 
recovery) resulted in minimal to mild changes in liver: increased mitotic figures (1/10 HD 
QM, 2/10 LD Q3M, 2/10 HD Q3M), amphophilic foci of cellular alteration (1/10 HD QM, 
1/10 HD Q3M), and basophilic foci of cellular alteration (1/10 HD QM, 1/10 HD Q3M). 
Similar changes were seen following the 3-month recovery period: increased mitotic 
figures (1/10 LD Q3M, 1/10 HD Q3M), amphophilic foci of cellular alteration (1/10 HD 
QM), and basophilic foci of cellular alteration (2/10 LD QM, 3/10 HD QM, 2/10 HD 
Q3M). There were no adverse effects. Toxicokinetic parameters are shown in the tables 
below.  
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Concentration of Vutrisiran (ng/g) in Liver and Kidney after 6 Months of Dosing 

 
 5 mg/kg QM 50 mg/kg QM 10 mg/kg Q3M 50 mg/kg Q3M 

Liver 32591 302331 44465 186802 
Kidney 4336 82579 6714 69436 

Liver/Kidney 
Ratio 

7.6 3.9 6.6 2.7 

(from data on pages 556-557 of Study Report) 
 
ALN-TTRSC02: Repeat Dose Subcutaneous Injection Range-Finder Study in 
Cynomolgus Monkeys 
(Study TTRSC02-DSM15-027; non-GLP) 
 
Administration of vutrisiran (0, 100, or 300 mg/kg/month SC at 1.5 mL/kg in saline) for 3 
months to female cynomolgus monkeys (3/group) resulted in minimal basophilic 
granules in Kupffer cells (3/3 HD) and/or hepatocytes (1/3 HD) in liver, and minimal 
infiltrates of mononuclear cells (2/3 LD, 2/3 HD), eosinophils (2/3 HD), and/or 
macrophages (1/3 MD, 2/3 HD) at the injection site. The NOAEL was the high dose, 
which was associated with mean Day 85 Cmax = 83.0 µg/mL and AUC0-24 hr = 1600 
µg*hr/mL. 
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ALN-TTRSC02: 13-Week Repeat Dose Toxicity and Toxicokinetic Study in 
Cynomolgus Monkeys with a 12-Week Recovery Phase 
(Study TTRSC02-GLP15-025; GLP, QA) 
 
Administration of vutrisiran (0, 30, 100, or 300 mg/kg/month SC at 1.5 mL/kg in saline) 
for 13 weeks to cynomolgus monkeys (3/sex/group + 2/sex/group 12-week recovery) 
resulted in minimal to slight basophilic granules in Kupffer cells in liver (MD, HD); and 
vacuolated macrophages in axillary, inguinal, and/or mandibular lymph nodes (minimal 
to slight, MD and HD), and/or mesenteric lymph nodes (minimal to moderate, all doses). 
Following the 12-week recovery period, the findings in liver and lymph nodes were 
decreased in incidence and/or severity. There were no drug-related effects on mortality, 
clinical observations, ophthalmic, physical or neurological examinations, dermal 
irritation, body weight, food consumption, hematology, coagulation, urinalysis, 
macroscopic findings, or organ weights. ALP was increased 56-83% at the HD. Day 85 
serum TTR concentrations were reduced ~98% compared to baseline at all doses. 
Decreases were also observed in serum thyroxine (25-40%) and Vitamin A (70-89%).  
 
The NOAEL was the high dose, which was associated with mean Day 85 Cmax and 
AUC0-24 hr of 60.6 µg/mL and 1040 µg*hr/mL, respectively in M, and 59.6 µg/mL and 
1070 µg*hr/mL, respectively, in F. 
 
 
ALN-TTRSC02: A 9-Month Repeat-Dose Toxicity and Toxicokinetics Study 
in Cynomolgus Monkeys 

Study no.: Study TTRSC02-GLP15-039 
Study report location: edr 

Date of study initiation: December 22, 2015 
GLP compliance: Yes 

QA statement: Yes 
Drug, lot #, and % purity: ALN-TTRSC02 Lot 5004034, 99.7% pure 

 
Key Study Findings 

• The NOAEL was the high dose of 300 mg/kg/month. 
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Methods: 
Doses: 0, 30, 100, or 300 mg/kg ALN-TTRSC02 

Frequency of dosing: Every 4 weeks, Day 1 to Day 281 
Route of administration: SC injection to the dorsal region 

Dose volume: 1.5 mL/kg 
Formulation/Vehicle: 0.9% sodium chloride for injection 

Species/Strain: Cynomolgus monkey;  
Number/Sex/Group: 4 

Age: 26 to 28 months old 
Weight: 2.1 to 2.6 kg M; 2.1 to 3.0 kg F 

Satellite groups: none 
Unique study design: Neurological exam, electroretinography, visual 

evoked potentials (VEP), dermal irritation; serum 
ADA, TTR, thyroxine, and Vitamin A levels 

Deviation from study protocol: No deviations reported had an impact on the 
outcome or integrity of the study 

 
Observations and Results 
Analysis of Dosing Formulations 
Dosing formulations were analyzed on Days 1, 29, 85, 141, 253, and 281 and were 
found to be within 95.7 to 100.7% of nominal concentrations. 
 
Mortality 
Mortality was assessed twice daily. 
 
All animals survived to scheduled termination. 
 
Clinical Signs 
Cageside observation were conducted daily. Detailed clinical examinations were 
conducted weekly. 
 
There were no drug-related effects. 
 
Body Weights 
Body weights were assessed weekly. 
 
Body weight gain was reduced (27% LDM, 35% MDM, 36% HDM, 20% HDF) relative to 
controls. 
 
Food Consumption 
Food consumption was assessed daily, qualitatively. 
 
There were no consistent drug-related effects. 
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Ophthalmic Examinations 
Ophthalmic examinations were conducted prior to dosing and on Day 279. 
 
There were no drug-related effects. 
 
Electroretinography 
Electroretinography (scotopic, photopic, and VEP tests on each eye) was conducted 
predose and during Week 40. 
 
There were no drug-related adverse effects. 
 
Dermal Irritation Scoring 
Dermal irritation was evaluated for each of the 4 dosing sites on Days 1 and 281, at 2, 
4, and 24 hours postdose. 
 
There were no drug-related effects. 
 
Physical Examinations 
Physical examinations were conducted predose and on Day 279. 
 
There were no drug-related effects. 
 
Neurological Examinations 
Neurological examinations were conducted predose and on Day 278. 
 
There were no drug-related effects. 
 
ECG 
ECG was not conducted. 
 
Hematology and coagulation 
Hematology and coagulation parameters were evaluated twice prior to dosing initiation 
and on Days 85, 197, and 282. 
 
White blood cell and absolute neutrophil counts were increased 50% and 82%, 
respectively, in HDF. 
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Clinical Chemistry 
Clinical chemistry parameters were evaluated twice prior to dosing initiation and on 
Days 85, 197, and 282. 
 
Serum thyroxine and Vitamin A levels were reduced 15 to 45%  and 84-86%, 
respectively, in all drug groups, consistent with the reductions in TTR. ALP was 
increased 66% to 80% in MDM and HDM and 22% in MDF and HDF, relative to 
baseline. 
 
Urinalysis 
Urinalysis parameters were evaluated once prior to dosing initiation and on Days 85, 
197, and 282. 
 
There were no drug-related effects. 
 
Gross Pathology 
Necropsy was performed on all animals on Day 282, after overnight fasting. 
 
There were no drug-related effects. 
 
Organ Weights 
Weights were recorded for the following organs: adrenal glands, brain, cervix, 
epididymides,  heart, kidneys, liver, lungs with bronchi, ovaries, pituitary gland, prostate 
gland, seminal vesicles, spleen, testes, thymus, thyroid gland with parathyroid, and 
uterus. 
 
There were no drug-related effects. 
 
Histopathology 
A standard battery of tissues from all animals in all groups was examined 
microscopically. 
 
The battery of tissues examined was adequate. An independent peer review evaluation 
was conducted by the sponsor. A signed pathology report was provided. 
 
Histological Findings 
Drug-related findings were limited to liver (minimal to slight basophilic granules in 
Kupffer cells and hepatocytes), lymph nodes (minimal to slight accumulation of 
vacuolated macrophages in the sinusoids), and injection sites (minimal accumulation of 
vacuolated macrophages). 
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Anti-Drug Antibody (ADA) Analysis 
Serum samples from blood collected predose, Day 29, and Day 253 were analyzed for 
ADA. 
 
Anti-drug antibodies were detected in 8/32 animals: 1/8 Con (titer = 50 predose), 2/8 LD 
(titer = 50 predose in one, titer = 50 Day 253 in the other), 5/8 MD (titer = 100 predose, 
50 on Day 29, 0 on Day 253; titer = 50 on Day 253 in 4 others), and 0/8 HD. The 
presence of anti-drug antibodies did not appear to affect plasma drug exposures. 
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Toxicokinetics 
Plasma from blood samples collected on Days 1 and 253 were analyzed for drug 
concentrations. 
 
There were no consistent sex differences. Increases in plasma exposure were roughly 
dose-proportional. There was no accumulation of drug in plasma with repeated dosing. 
 

 
(page 33 of Study Report) 

 
Analysis of Serum TTR Concentration 
Serum from blood collected twice predose and prior to dosing on Days 5, 8, 15, 29, 57, 
85, 113, 141, 168, 197, 225, 253, and 281 was analyzed for concentration of TTR. 
 
Serum TTR levels were reduced >90% relative to baseline in all drug groups by Day 15 
and were reduced ~98% from Day 57 to the end of the dosing period. 
 
Analysis of Vitamin A and Thyroxine Concentrations 
Serum from blood collected predose and prior to dosing on Day 281 were analyzed for 
concentration of Vitamin A and thyroxine using HPLC. 
 
Serum Vitamin A and thyroxine levels were reduced 84-86% and 15-45%, respectively, 
relative to baseline in all drug groups at the end of the dosing period. 
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7  Genetic Toxicology 
7.1 In Vitro Reverse Mutation Assay in Bacterial Cells (Ames) 
ALN-TTRSC02: Bacterial Reverse Mutation Assay 
(Study TTRSC02-GLP15-029; GLP, QA; reviewed by David L. Carbone, Ph.D., under 
IND 139086, August 17, 2018) 
 
Vutrisiran was negative for reverse mutations in all strains tested (S. typhimurium TA98, 
TA100, TA1535, TA1537, and E. coli WP2uvr) in the presence and absence of Aroclor-
induced rat liver S9 metabolic activation. The study was adequately conducted. 
 

7.2 In Vitro Assays in Mammalian Cells 
ALN-TTRSC02: In Vitro Human Lymphocyte Chromosome Aberration Assay 
(Study TTRSC02-GLP15-030; GLP, QA; reviewed by David L. Carbone, Ph.D., under 
IND 139086, August 17, 2018) 
 
Vutrisiran was negative for chromosomal aberrations in human lymphocytes in the 
presence and absence of Aroclor-induced rat liver S9 metabolic activation. The study 
was adequately conducted. 
 

7.3 In Vivo Clastogenicity Assay in Rodent (Micronucleus Assay) 
ALN-TTRSC02: In Vivo Rat Bone Marrow Micronucleus Assay 
(Study TTRSC02-GLP15-028; GLP, QA; reviewed by David L. Carbone, Ph.D., under 
IND 139086, August 17, 2018) 
 
Vutrisiran (0, 500, 1000, or 2000 mg/kg SC at 10 mL/kg in saline) was negative for 
induction of micronuclei in bone marrow of SD rats (5 M/group LD, MD; 5/sex/group 
HD). The study was adequately conducted. 
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8 Carcinogenicity 
For the 2-year carcinogenicity study of SC vutrisiran in rat, the Executive 
Carcinogenicity Assessment Committee (ECAC) concurred (August 2, 2018) with the 
sponsor’s proposed doses of 0, 4, 7.5, and 15 mg/kg/month for males, with the high 
dose based on a >10% decrease in body weight (relative to controls) at higher doses in 
the 6-month rat study; and 0, 6, 12.5, and 25 mg/kg/month for females, with the high 
dose based on an estimated plasma exposure >25 times the human AUC. 
 
The sponsor initially planned to conduct a 6-month carcinogenicity study in Tg.rasH2 
mouse but ultimately decided to conduct a 2-year carcinogenicity study of SC vutrisiran 
in CD-1 mouse based on the concern that the high doses (1000 mg/kg/month for males; 
1500 mg/kg/month for females) recommended by the ECAC (May 16, 2019) for the 6-
month study “may result in toxicity that could potentially produce secondary neoplasia 
that would not be put into context due to the 6-month duration of the study” (page 5 of 
the sponsor’s background document). Based on the results of the 13-week SC study in 
CD-1 mouse, the ECAC concurred (April 10, 2020) with the following doses selected for 
the proposed 2-year study of vutrisiran in mouse: 0 (saline), 5, 15, and 30 mg/kg/month 
for males and 0 (saline), 8, 20, and 35 mg/kg/month for females. The high doses were 
based on estimated plasma exposures >25 times the human AUC. The ECAC 
subsequently concurred (November 25, 2020) with the sponsor’s revised doses (0, 3, 9, 
and 18 mg/kg/month for males; 0, 3, 9, and 18 mg/kg/month for females), with the high 
doses based on estimated plasma exposures >25 times the human AUC, after adjusting 
for the differences in dosing frequency (monthly for mice, every 3 months for humans), 
noting that the study may not be acceptable if the exposure ratios are not at least 25-
fold at the high doses. 
 
The sponsor was informed that, because of the seriousness of the indication, the 2-year 
carcinogenicity studies in rat and mouse may be completed post approval, provided the 
available data support such a strategy (Meeting Minutes, August 10, 2018, and  
May 19, 2020, respectively). 
 
The available data support the sponsor’s proposal to complete the two-year 
carcinogenicity studies in rat and mouse post approval. 
 
ALN-TTRSC02: A 12-Week Subcutaneous Dose Range-Finding Toxicity and 
Toxicokinetic Study in CByB6F1-Tg(HRAS)2Jic: Wild Type and C57BL/6NTac Mice 
(Study TTRSC02-DSM16-032; reviewed by David L. Carbone, Ph.D., under IND 
139086, August 17, 2018) 
 
Administration of vutrisiran (0, 30, 100, or 300 mg/kg/month SC at 5 mL/kg in saline) for 
12 weeks to Tg.rasH2 WT (N=5/sex/group; insufficient for dose selection for a pivotal 
carcinogenicity study in Tg.rasH2 mouse) and C57BL/6 (N=10/sex/group; irrelevant to 
dose selection for a pivotal study in Tg.rasH2 mouse due to strain differences) resulted 
in decreased cholesterol (~50%) and increased ALT (2-3x) in C57BL/6 mice (all doses), 
and the following changes at all doses in both strains: increased liver weight, 
hepatocyte vacuolation, and vacuolation of macrophages and fibroblasts at the injection 

Reference ID: 4945872



NDA 215515   David B. Hawver, Ph.D. 
 

38 

site. The NOAEL was the high dose for both strains. The high dose was not a maximum 
tolerated or maximum feasible dose, and saturation of absorption was not 
demonstrated. 
 
ALN-TTRSC02: An 8-Week Subcutaneous Injection Dose Range-Finding Toxicity 
and Toxicokinetic Study in 001178-W (Wild Type) RasH2 Mice 
(Study TTRSC02-DSM18-031; reviewed by David B. Hawver, Ph.D., under IND 139086, 
May 20, 2019) 
 
Administration of vutrisiran (0, 500, 1000, or 1500 mg/kg/month SC at 10 mL/kg in 
saline) for 8 weeks to Tg.rasH2 mice resulted in increased absolute and relative weight 
of liver/gallbladder and adrenal glands, minimal to moderate hepatocyte vacuolation and 
swelling, minimal to slight vacuolated macrophage infiltrates in lymph nodes and the 
injection site, and increases in the severity of minimal to slight subscapular cell 
hyperplasia in the adrenal cortex. The NOAEL was the high dose. Saturation of 
exposure was achieved in males at 1000 mg/kg/month. The study was adequately 
conducted. 
 
ALN-TTRSC02: A 13-Week Subcutaneous Injection Dose Range-Finding Toxicity 
and Toxicokinetic Study in CD-1 Mice 
(Study TTRSC02-DSM19-009; reviewed by David B. Hawver, Ph.D., under IND 139086, 
April 12, 2020) 
 
Administration of vutrisiran (0, 10, 25, or 50 mg/kg/month SC at 2 mL/kg in saline) for 13 
weeks to CD-1 mice resulted in minimal to moderate centrilobular vacuolation and 
increased glycogen in hepatocytes, and vacuolated macrophages at injection sites. The 
NOAEL was the high dose. The study was adequately conducted. 
 

9 Reproductive and Developmental Toxicology 
9.1 Fertility and Early Embryonic Development 
ALN-TTRSC02: Subcutaneous Dose Range-Finding Developmental Toxicity and 
Toxicokinetic Study in Female Rats 
(Study TTRSC02-GLP16-013; GLP, QA) 
 
Female SD rats (10/group + 9/group TK) were administered SC vutrisiran (0, 15, 50, or 
150 mg/kg/week for 3 weeks prior to mating with untreated males, then QD at 0, 3, 10, 
or 30 mg/kg from GD 6 to 17) or AD-59206 (a rodent surrogate GalNAc-siRNA; 30 
mg/kg/week for 3 weeks prior to mating, then on GD 6, 12, and 17) at 2 mL/kg in saline.  
All females survived to scheduled necropsy on GD 21, except one HDF that aborted on 
GD 20 and was sacrificed per protocol. Drug-related adverse effects at the MD and HD 
included reduced body weight gain, decreased red blood cell mass and/or increased 
reticulocytes, increased white blood cells (total, neutrophils, lymphocytes, monocytes, 
and large unstained cells), clinical chemistry changes consistent with liver injury 
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(decreased total protein, albumin, globulin, fibrinogen, and cholesterol; increased 
prothrombin time, AST, ALT, ALP, and TBILI), discolored liver, increased post-
implantation loss and early resorptions, and decreased gravid uterine weight and fetal 
weight. There were no drug-related effects on mating, fecundity, fertility indices, or fetal 
malformations or variations. There were no drug-related reductions in serum TTR, 
thyroxine, or Vitamin A at any dose of vutrisiran. Administration of AD-59206, however, 
resulted in reductions in serum TTR (>95%), Vitamin A (72%), and thyroxine (below 
detection limit) in dams, but there were no adverse effects on fertility, mating, 
reproductive indices, or embryofetal development. Vutrisiran was detected in maternal 
liver, kidney, and placenta in all vutrisiran groups but was undetectable in fetal liver or 
carcass. AD-59206 was detected in maternal kidney but was undetectable in liver, 
placenta, or fetal tissues. 
 
ALN-TTRSC02: Subcutaneous Injection Study of Fertility and Early Embryonic 
Development to Implantation with Toxicokinetics in Rats 

Study no.: TTRSC02-GLP18-005 
Study report location: EDR 

Date of study initiation: August 2, 2018 
GLP compliance: Yes 

QA statement: Yes 
Drug, lot #, and % purity: ALN-TTRSC02 (vutrisiran), Lot 5004034, 

99.7% pure 
 
Key Study Findings 

• The NOAEL for reproductive performance and early embryonic development was 
the high dose. 
 

Methods 
Doses: 0, 15, 30, or 70 mg/kg 

Frequency of dosing: M: weekly, 5 times prior to pairing and twice 
during pairing; F: weekly, 3 times prior to 
pairing, once during pairing for those without 
confirmed mating by Pairing Day 7, and on GD 
6. 

Dose volume: 2 mL/kg 
Route of administration: Subcutaneous injection 

Formulation/Vehicle: 0.9% Sodium Chloride for Injection, USP 
Species/Strain: Crl:CD(SD) rats; CRL, Raleigh, North Carolina 

Number/Sex/Group: 22  
Satellite groups: 3/sex/group Con TK, 9/sex/group LD, MD, HD 

Study design: Standard 
Deviation from study protocol: No deviations reported had an impact on the 

outcome or integrity of the study 
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Observations and Results 
Dosing Solution Analysis 
Samples from the middle of vehicle control and each drug formulation were collected on 
the first day of dosing and on GD 6 and analyzed for vutrisiran concentration. 
 
All samples of dosing solutions were within 6% of the nominal concentrations. No 
vutrisiran was detected in the vehicle control dosing solutions. 
 
Toxicokinetics 
Blood samples were collected from TK males on Pairing Day 14 and from TK females 
on GD 6 just prior to dosing and at 0.25, 1, 2, 8, and 24 hours postdose for vutrisiran 
groups and at 2 hours postdose for controls.  
 
As shown in Table 4.1 below, vutrisiran plasma exposures generally increased greater 
than dose-proportionally. AUC values were consistently higher in males than in females. 
 

 
(page 29 of Study Report) 

 
Mortality 
Mortality was assessed twice daily. 
 
There were no drug-related effects. 
 
Clinical Signs 
All animals were assessed twice daily for abnormalities and signs of pain or distress. 
Detailed observations were recorded on dosing days ~60 minutes postdose. 
 
There were no drug-related effects. 
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Body Weight 
Body weight was assessed twice weekly during the dosing period. 
 
Males showed reductions in body weight gain (21% MDM, 19% HDM) from pre-mating 
Day 0 through post-pairing Day 0, and decreased terminal body weight (7.3% MDM, 
6.4% HDM). 
 
Food Consumption 
Food consumption was assessed weekly during the pre-mating phase and twice weekly 
during the dosing period. 
 
Food consumption was reduced in HDM (10-15% pre-mating Day 7 to 21). 
 
Estrous Cycle 
There were no drug-related effects. 
 
Reproductive Performance 
There were no drug-related effects on mating, fecundity, or fertility indices. 
 
Necropsy, Organ Weights, Sperm Analysis, and Fertility Parameters 
Caesarean sections were performed on GD 13 for all main-study pregnant females at 
necropsy. Non-mated females and all males were sacrificed and necropsied at the end 
of the mating period. Organs weighed included testes, epididymides, seminal vesicles 
(with coagulating gland), prostate, and ovaries. Histopathology evaluation was 
conducted on the prostate gland. Sperm motility and concentration in epididymal fluid 
were evaluated in all main-study males. Fertility parameters evaluated included the 
number of corpora lutea, the number and placement of live fetuses, the number of early 
or late resorptions, and abnormalities. 
 
There were no drug-related effects on fertility parameters or sperm motility or 
concentration. Sperm morphology was not evaluated. 
 
Drug-related findings were limited to minimally decreased secretion in the prostate 
gland (MDM, HDM), decreased relative weight of prostate gland (13% MDM, 17% 
HDM), and dose-dependent increases in the incidence of discolored, large, and/or 
rough liver (LDM, MDM, HDM, HDF). 
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9.2 Embryofetal Development 
TTRSC02-DSM18-011: ALN-TTRSC02: A 12 Day Daily Dose Subcutaneous 
Injection Dose Range-Finding Toxicity Study in Female Sprague Dawley Rats 
(Study TTRSC02-DSM18-011; non-GLP) 
 
Non-pregnant female SD rats (5/group) were administered vutrisiran (0, 3, 10, 30, or 
100 mg/kg SC, 5 mL/kg in saline) QD for 12 days. Assessments included mortality, 
clinical signs, body weights, serum chemistry, gross findings, liver weights, and 
microscopic evaluation of liver. Liver was not examined microscopically in groups 
administered 30 or 100 mg/kg because clinical pathology findings suggested “criteria for 
establishing a minimally toxic dose had been exceeded.” 
 
Drug-related effects are shown in the table below: 
 

Dose 0  
mg/kg/day 

3  
mg/kg/day 

10 
mg/kg/day 

30 
mg/kg/day 

100 
mg/kg/day 

↑AST 1x 1.5x 5.8x 6.6x 7.1x 
↑ALT 1x  7.9x 7.4x 6.5x 
↑ALP 1x   2.0x 2.5x 
↑TBILI 1x   23x 31x 

↑A/G ratio 1x   1.35x 1.7x 
ALB 1x  1.11x 0.89x 0.84x 

↓TRIG 1x   0.55x  
↓CHOL 1x   0.41x 0.62x 
↓GLOB 1x   0.65x 0.51x 

↓TPROT 1x   0.79x 0.69x 
↓Ca 1x    0.90x 

↓BUN 1x    0.74x 
↓creatinine 1x    0.85x 
↓glucose 1x    0.77x 
↑relative 

liver weight 
1x  1.46x 1.36x 1.27x 

pale liver 0/5 0/5 3/5 5/5 5/5 
hepatocyte 
vacuolation 

3 minimal 4 minimal, 
1 mild 

3 moderate, 
2 marked 

NA NA 

minimal 
single-cell 
necrosis in 

hepatocytes 

0/5 2/5 4/5 NA NA 

mixed cell 
infiltrate in 

liver 

0/5 2 minimal 1 minimal, 
4 mild 

NA NA 

Kupffer cell 
hyperplasia/ 
hypertrophy  

0/5 1 minimal 5 mild NA NA 
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Clinical chemistry changes, minimal at 3 mg/kg/day, mild at 10 mg/kg/day, and 
moderate at 30 and 100 mg/kg/day, were consistent with drug-related hepatotoxicity. 
 
ALN-TTRSC02: A Subcutaneous Injection Embryo-Fetal Development and 
Toxicokinetic Study in Rats 

Study no.: TTRSC02-GLP18-013 
Study report location: EDR 

Date of study initiation: September 27, 2018 
GLP compliance: Yes 

QA statement: Yes 
Drug, lot #, and % purity: ALN-TTRSC02 (vutrisiran) Lot 5004034, 

99.7% pure 
Key Study Findings 

• Based on adverse effects at the MD and HD (reduced body weight and body 
weight gain, and moderate vacuolation/degeneration and minimal to moderate 
individual cell necrosis in hepatocytes), the NOAEL for maternal toxicity was the 
LD. 

• Additional adverse effects at the HD included reduced gravid uterine weight, 
slight to moderate edema and minimal to slight necrosis and/or mixed cell 
infiltrate of adipocytes in the pancreas, moderate focal/multifocal hepatocyte 
necrosis, premature delivery, and increases in early and late resorptions, post-
implantation losses, and number of dead fetuses. 

• Based on reductions in fetal body weights at the MD and HD, the NOAEL for 
embryofetal toxicity was the LD. 

 
 
Methods: 

Doses: 0, 3, 10, or 30 mg/kg 
Frequency of dosing: Daily from GD 6 to GD 17 

Dose volume: 2 mL/kg 
Route of administration: Subcutaneous injection 

Formulation/Vehicle: 0.9% Sodium Chloride for Injection, USP 
Species/Strain: Crl:CD(SD) rats; CRL, Raleigh, North Carolina 

Number/Sex/Group: 22 pregnant females per group 
Satellite groups: 3 F/group Con TK; 9 F/group LD, MD, HD TK 

Study design: Standard 
Deviation from study protocol: No deviations reported had an impact on the 

outcome or integrity of the study 
 
Observations and Results 
Dosing Solution Analysis 
Samples from the middle of vehicle control and each drug formulation were collected 
during the first and second weeks of dosing and analyzed for vutrisiran concentration. 
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All samples of dosing solutions were within 8% of the nominal concentrations. No 
vutrisiran was detected in the vehicle control dosing solutions. 
 
Toxicokinetics 
Blood samples were collected from TK animals just prior to dosing on GD 17, and at 
0.25, 1, 2, 8, and 24 hours postdose on GD 6 and GD 17 for vutrisiran groups, and on 
GD 17 at 2 hours postdose for controls. 
 
As shown in Table 4.1 below, vutrisiran plasma exposures generally increased greater 
than dose-proportionally and AUClast increased 1.5 to 2.5x with repeated dosing at the 
LD and MD. 
 

 
(page 22 of Study Report) 

 
Mortality 
Mortality was assessed twice daily. 
 
There were no drug-related effects. 
 
Clinical Signs 
All animals were assessed twice daily for abnormalities and signs of pain or distress. 
Cageside observations were made daily at ~1.5 hours postdose. Detailed observations 
were recorded on GD 4, 6, 9, 12, 15, 18, and 21. 
 
Premature delivery observed in 4/22 HD dams on GD 21 was adverse and drug-related. 
 
Body Weight 
Body weights were recorded on GD 0, 4, 5, 6-18, and 21. 
 
Drug-related reductions were observed in body weight gain (GD 6 to GD 21; 21% MD, 
45% HD) and terminal body weight (7% MD, 16% HD). 
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Food Consumption 
Food consumption was recorded on GD 4, 6, 9, 12, 15, 18, and 21. 
 
Food consumption was reduced at the MD (44%, GD 18-21; 6% GD 6-21) and HD (39% 
GD 18-21; 18% GD 6-21). 
 
Necropsy 
Necropsy was performed on GD 21 for all main-study females.  
 
Drug-related effects included gelatinous pancreas (13/22 HD; correlated with interstitial 
edema), abnormal uterine contents (4/22 HD), and discolored liver (1/22 MD, 6/22 HD; 
correlated with hepatocyte vacuolation, degeneration, hypertrophy, necrosis, and/or 
hemorrhage). 
 
Cesarean Section Data 
Uteri were weighed and examined for number and placement of fetuses, number of 
early and late resorptions, and any abnormalities. Ovaries were examined for number of 
corpora lutea. 
 
Pregnancy rates were 95-100% for all groups. The following drug-related adverse 
effects were observed at the HD: increases in the number of early and late resorptions 
(1.9 and 0.7, respectively, vs. 0.4 and 0.0 in Con), dead fetuses (0.9 vs. 0.0 in Con), 
and post-implantation losses (28% vs. 2.9% in Con); and decreases in the number of 
live fetuses (8.8 vs. 12.2 in Con) and gravid uterine weight (35%). 
 
Offspring 
Fetuses (and pups, for the 4 HDF that delivered prematurely) were examined for 
viability, sex, weight, and variations and malformations (half of each litter for visceral, 
half for skeletal). 
 
Drug-related effects included reduced fetus weight (10% MD, 26% HD) and skeletal 
variations (incidence of nodulated ribs, wavy ribs, incomplete ossification of parietal 
skull bone, and unossified sternebra at the HD were 2- to 4-fold above Historical Control 
maximums for the conducting laboratory). 
 
Histopathology 
Based on macroscopic findings in the pancreas, stomach, liver, and kidneys, these 
organs were collected from dams with gross findings (and 1 to 5 controls, for 
comparison), processed, and examined microscopically. 
 
As shown in the tables below, drug-related effects were observed in the liver and 
pancreas.  
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ALN-TTRSC02: Subcutaneous Dose Range-finding Developmental Toxicity and 
Toxicokinetic Study in Female Rabbits 
(TTRSC02-GLP16-012; GLP, QA) 
 
Pregnant female New Zealand White rabbits (8/group + 3/group TK) were administered 
vutrisiran (0, 3, 10, or 30 mg/kg SC, 1 mL/kg in saline) QD from GD 7 to GD 19 and 
sacrificed on GD 29. Assessments included mortality, clinical signs, body weights, food 
consumption, hematology, coagulation, clinical chemistry, necropsy, cesarean section 
findings, and TK in plasma, liver, kidneys, placenta, and fetus. 
 
Drug-related effects were limited to reduced body weight gain (23% HD; GD 7-20). As 
shown in the tables below, maternal exposure was confirmed in plasma, liver, kidneys, 
and placenta, but vutrisiran was undetectable in fetal liver and carcass. 
 

 
(page 23 of Study Report) 
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ALN-TTRSC02: A Subcutaneous Injection Embryo-Fetal Development and 
Toxicokinetic Study in Rabbits 

Study no.: TTRSC02-GLP18-014 
Study report location: EDR 

Date of study initiation: September 27, 2018 
GLP compliance: Yes 

QA statement: Yes 
Drug, lot #, and % purity: ALN-TTRSC02 (vutrisiran) Lot 5004034, 

99.7% pure 
 
Key Study Findings 

• The NOAEL for maternal and embryofetal toxicity was the HD. 
 
Methods: 

Doses: 0, 3, 10, or 30 mg/kg 
Frequency of dosing: Daily from GD 7 to GD 19 

Dose volume: 1 mL/kg 
Route of administration: Subcutaneous injection 

Formulation/Vehicle: 0.9% Sodium Chloride for Injection, USP 
Species/Strain: New Zealand White rabbits 

Number/Sex/Group: 22 pregnant F/group 
Satellite groups: 3 pregnant F/group for TK 

Study design: Standard 
Deviation from study protocol: No deviations reported had an impact on the 

outcome or integrity of the study 
 
Observations and Results 
Dosing Solution Analysis 
Samples from the middle of vehicle control and each drug formulation were collected 
during the first and second weeks of dosing and analyzed for vutrisiran concentration. 
 
All samples of dosing solutions were within 8% of the nominal concentrations. No 
vutrisiran was detected in the vehicle control dosing solutions. 
 
Toxicokinetics 
Blood samples were collected from TK animals just prior to dosing on GD 19, and at 
0.25, 1, 2, 8, and 24 hours postdose on GD 7 and GD 19 for vutrisiran groups, and on 
GD 17 at 2 hours postdose for controls. 
 
As shown in the table below, vutrisiran plasma exposures generally increased greater 
than dose-proportionally and AUClast increased ~2-fold with repeated dosing at the LD 
and MD. 
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Mortality 
Mortality was assessed twice daily. 
 
There were no drug-related effects. 
 
Clinical Signs 
All animals were assessed twice daily for abnormalities and signs of pain or distress. 
Cageside observations were made daily at ~1.5 hours postdose. Detailed observations 
were recorded on GD 4, 7, 10, 13, 17, 20, 24, and 29. 
 
There were no drug-related effects. 
 
Body Weight 
Body weights were recorded on GD 0, 4, 7-20, 22, 24, 27, and 29. 
 
There were no drug-related effects. 
 
Food Consumption 
Food consumption was recorded daily from GD 4 to GD 29. 
 
There were no drug-related effects. 
 
Necropsy 
Necropsy was performed on GD 29 for all main-study females.  
 
There were no drug-related effects. 
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Cesarean Section Data 
Uteri were weighed and examined for number and placement of fetuses, number of 
early and late resorptions, and any abnormalities. Ovaries were examined for number of 
corpora lutea. 
 
There were no drug-related effects. 
 
Offspring 
Fetuses were examined for viability, sex, weight, and variations and malformations 
(visceral and skeletal). 
 
There were no drug-related effects. 
 

9.3 Prenatal and Postnatal Development 
ALN-TTRSC02: Subcutaneous Injection Study of Effects on Prenatal and 
Postnatal Development, Including Maternal Function in Rats 
Study title:   

Study no.: TTRSC02-GLP19-007 
Study report location: EDR 

Date of study initiation: June 20, 2019 
GLP compliance: Yes 

QA statement: Yes 
Drug, lot #, and % purity: ALN-TTRSC02 (vutrisiran) Lot 5275015, 

98.7% pure 
 
Key Study Findings 

• The NOAEL for maternal and reproductive and developmental toxicity was the 
HD. 

 
Methods: 

Doses: 0, 5, 10, or 20 mg/kg 
Frequency of dosing: On GD 7, 13, and 19; and lactation days 6, 12, 

and 18 
Dose volume: 2 mL/kg 

Route of administration: Subcutaneous injection 
Formulation/Vehicle: 0.9% Sodium Chloride for Injection, USP 

Species/Strain: Crl:CD(SD) rats; CRL, Raleigh, North Carolina 
Number/Sex/Group: 24 pregnant females per group 

Satellite groups: 3 F/group Con TK; 9 F/group LD, MD, HD TK 
Study design: Standard 

Deviation from study protocol: No deviations reported had an impact on the 
outcome or integrity of the study 
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Observations and Results 
Dosing Solution Analysis 
Samples from the middle of vehicle control and each drug formulation were collected on 
GD 7 and LD 18 and analyzed for vutrisiran concentration. 
 
All samples were within ± 10% of nominal concentrations except for mix TA1 (mean 
87.7% initial samples, 87.9% backup samples), which was used for 1, 2, or 3 doses 
administered to subsets of HD animals on GD 7, 13, and/or 19. Thus, some HD animals 
were slightly underdosed during the gestation period. No vutrisiran was detected in the 
vehicle control dosing solutions. 
 
Toxicokinetics 
Blood samples were collected from F0 TK animals on LD 12 at ~2 hours postdose in 
controls and prior to dosing and 0.25, 1, 2, 8, and 24 hours postdose in vutrisiran 
groups; and from F1 TK pups (3/sex/litter; 3 litters/group) on PND 12. 
 
As shown in the table below, maternal plasma vutrisiran exposures generally increased 
dose-proportionally, with the exception of a greater than dose-proportional increase in 
AUClast (5.3x) as dose increased from 5 to 10 mg/kg (2x). Vutrisiran was undetectable in 
pup plasma. 
 

 
(page 34 of Study Report) 

 
Pregnant Females (F0) 
Mortality 
Mortality was assessed twice daily. 
 
There were no drug-related effects. 
 
Clinical Signs 
All animals were assessed twice daily for abnormalities and signs of pain or distress. 
Cageside observations were made daily at ~1 hour postdose. Detailed observations 
were recorded on GD 7, 13, and 19. 
 
There were no drug-related effects. 
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Body Weight 
Body weights were recorded on GD 0, 4, and 6-20, and on LD 0, 3, 6, 9, 12, 15, and 18. 
 
There were no drug-related effects. 
 
Food Consumption 
Food consumption was recorded on GD 4, 7, 10, 13, 16, 19, and 21, and on LD 0, 3, 6, 
9, 12, 15, and 18. 
 
There were no drug-related effects. 
 
Necropsy 
Necropsy was performed on GD 21 for all main-study females.  
 
There were no drug-related effects. 
 
Organ Weights 
Ovaries (paired, with oviducts) and uterus (both horns with cervix) were weighed in F1 
females. 
 
There were no drug-related effects. 
 
F1 Pre-Weaning Phase 
F0 Parturition Data 
Parturition parameters evaluated included gestation length, number of pups, number of 
stillborn pups, gestation index, stillborn index, implantation sites, post-implantation 
losses, pup weights, number of each sex, and gross abnormalities of pups for each litter 
at birth. 
 
There were no drug-related effects. 
 
F1 Survival 
F1 pup survival was evaluated daily over LD 0 to 4 (pre-cull) and LD 4 to 21 (post-cull). 
 
There were no drug-related effects. 
 
F1 Clinical Observations 
Eight pups (4 M, 4 F) were selected from each litter for ongoing evaluation beyond LD 
4. Pups were observed daily, and individual external examinations were conducted on 
LD 4, 7, 14, and 21. 
 
There were no drug-related effects. 
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F1 Body Weight 
F1 pup body weights were recorded on LD 0, 4, 7, 14, and 21. 
 
There were no drug-related effects. 
 
F1  Necropsy 
Necropsies were conducted on F1 pups that were stillborn, found dead during lactation, 
or cannibalized, to the extent possible. 
 
There were no drug-related effects. 
 
F1 Maturation Phase (Post-Weaning) 
At least 20/sex/group were selected on PND 21 to continue for the 8-week maturation 
phase, followed by pairing for assessment of mating and reproduction parameters. 
  
F1 Mortality 
F1 animals were observed for mortality twice daily. 
 
There were no drug-related effects. 
 
F1 Clinical Observations 
F1 animals were assessed twice daily for abnormalities and signs of pain or distress. 
Cageside observations were made daily. Detailed clinical examinations were conducted 
weekly. 
 
There were no drug-related effects. 
 
F1 Body Weight 
Body weight was recorded weekly from PND 21 until termination following pairing for M; 
and weekly from PND 21 through confirmation of mating in F, then on GDs 0, 3, 7, 10, 
and 13. 
 
There were no drug-related effects. 
 
F1 Food Consumption 
Food consumption was recorded weekly until pairing. 
 
There were no drug-related effects. 
 
F1 Sexual Maturation 
F1 animals were examined for vaginal opening (PND 28 onward) or preputial separation 
(PND 38 onward). Body weights were recorded on the day of sexual maturation. 
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There were no drug-related effects. 
 
F1 Locomotor Activity 
F1 animals were assessed for motor activity on PND 56 (± 4 days) using a standard 
automated apparatus to record basic movements, fine movements, rearing counts, and 
total distance. 
 
There were no drug-related effects. 
 
F1 Acoustic Startle 
F1 animals were assessed for acoustic startle (paired pulse inhibition) on PND 62 (± 4 
days) using standard methods. 
 
There were no drug-related effects. 
 
F1 Learning and Memory  
F1 animals were assessed for learning and memory on PND 63 (± 4 days) using a using 
a standard Morris water maze paradigm. 
 
There were no drug-related effects. 
 
Estrous Cycle 
F1 females were assessed for estrous cycle number and length using daily vaginal 
lavage starting at ~6 weeks post-weaning and continuing for 2 weeks prior to pairing, 
and during pairing until confirmation of mating or the end of the 2-week pairing period. 
 
There were no drug-related effects. 
 
F1 Reproductive Performance 
Following the first 2 weeks of estrous cycle evaluation, M and F of the same dose group 
were paired 1:1 for mating for up to 14 days. Measures of reproductive performance 
evaluated in F1 animals included mating index, fecundity index, and fertility index. 
 
There were no drug-related effects on F1 animal reproductive performance. The 
pregnancy rate for F1 animals was 94-95% in all groups. 
 
F1  Necropsy 
F1 males were sacrificed and necropsied following the mating period. Pregnant F1 
females were sacrificed and necropsied on GD 13. Non-pregnant F1 females were 
sacrificed and necropsied 7 days following the pairing period. 
 
There were no drug-related effects. 
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F1 Organ Weights 
Organs weighed in F1 animals included epididymides, ovaries (with oviduct), prostate, 
seminal vesicles (with coagulating gland), testes, and uterus (both horns with cervix). 
 
There were no drug-related effects. 
 
F1 Uterine/Ovarian Examinations 
Following euthanization of F1 females on GD 13, uterine and ovarian examinations were 
conducted to determine pregnancy status and the mean number of corpora lutea, 
uterine implantation sites, viable embryos, and early and late resorption sites, as well as 
mean pre- and post-implantation loss indices. 
 
There were no drug-related effects. 
 
 

10 Special Toxicology Studies 
Evaluation of TTRSC02 (AD-65492) Cytokine Induction in an In Vitro Human 
Whole Blood Assay 
In an in vitro assay using whole blood from 4 human donors, mean cytokine responses 
(IL-1β, IL-1RA, IL- 6, IL-8, G-CSF, IP-10, MIP-1α, and TNF-α) to vutrisiran transfection 
were equal to those of the vehicle control. In contrast, transfection with AD-5048, an 
unmodified siRNA positive control, resulted in mean cytokine responses greater than 
those of the vehicle control for IL-1β, IL- 6, G-CSF, IP-10, MIP-1α, and TNF-α. 
 
 
11 Integrated Summary and Safety Evaluation 
 
Vutrisiran is a GalNAc-conjugated, chemically modified, double-stranded siRNA 
designed to inhibit hepatic synthesis of variant and wild-type TTR in adult patients with 
hATTR-PN. Patients with hATTR-PN have mutations in the hTTR gene that destabilize 
the protein’s normal tetrameric conformation and allow the TTR protein to misfold into 
amyloidogenic conformations that accumulate in the peripheral nervous system (and 
multiple other organs), causing damage. The proposed clinical dose is 25 mg vutrisiran 
administered by SC injection every 3 months. The TTR mRNA sequence targeted by 
vutrisiran is 100% conserved between human and cynomolgus monkey but is 
sufficiently different in mouse, rat, and rabbit to preclude pharmacological activity in 
these species. 
 
In vitro transfection studies demonstrated that vutrisiran potently reduced TTR mRNA 
expression in primary cynomolgus monkey hepatocytes (IC50 = 0.210 nM) and in human 
liver cell lines Hep3B and HepG2 (IC50 = 0.112 nM and 0.108 nM, respectively). In 
contrast, potential off-target mRNA transcripts evaluated in the liver cell lines were not 
substantially reduced by vutrisiran transfection under similar conditions. In in vivo 
studies, administration of vutrisiran (3 mg/kg/month SC for 4 months) resulted in 
reductions in serum TTR levels of up to 88-98% in transgenic mice expressing human 
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TTR variant V30M and of up to 100% in male cynomolgus monkeys. In the 13-week and 
9-month toxicity studies in monkey, the high dose of vutrisiran (300 mg/kg/month SC) 
reduced serum TTR up to 98%. As expected, serum thyroxine and Vitamin A were also 
reduced (up to 48% and 89%, respectively) because of the role of TTR as a carrier of 
these molecules in the circulation. These changes were not associated with adverse 
effects on the thyroid, pituitary, eye, ophthalmic examinations, or electroretinography 
evaluations that included visual evoked potentials. 
 
No consistent drug-related effects on heart rate, blood pressure, ECG, body 
temperature, or respiration rate were observed in a safety pharmacology study in 
telemetered male cynomolgus monkeys administered single doses of up to 300 mg/kg 
SC vutrisiran. There were no adverse findings in neurological exams incorporated into 
the 13-week and 9-month studies in monkey.  
 
In a pharmacokinetic/pharmacodynamic study, vutrisiran administered SC to 
cynomolgus monkeys demonstrated rapid distribution to plasma, accumulation in liver, 
minimal accumulation in plasma, excretion primarily in urine (11-24% of dose) rather 
than feces (~0.01%), and reduction in serum TTR (44-95%). There were no consistent 
sex-related differences.  
 
Vutrisiran administered SC to Sprague-Dawley rats demonstrated rapid distribution to 
plasma and tissues, similar exposures in males and females, accumulation in liver and 
kidney (but not plasma), excretion primarily in urine (~9% of dose) rather than feces 
(<1%), and bioavailability of 5-18%.  
 
In a mass balance study conducted in male Sprague-Dawley rats, SC [3H]-vutrisiran 
distributed rapidly to tissues, and concentrations were highest in liver, lymph nodes, 
kidneys, sural nerve, bone marrow, and thoracic duct. Radioactivity was excreted in 
urine (52%) and feces (15%) in intact rats, and in urine (26%), bile (24%), and feces 
(1.5%) in bile-duct cannulated rats.  
 
In vitro and in vivo metabolism studies showed that vutrisiran was relatively stable in 
serum and liver S9 fractions from mouse, rat, monkey, and human. Metabolites were 
similar across species and sexes and included AS(N-1)3’, AS(N-3)3’, loss of sugars 
from the 3’ end of the GalNAc from the sense strand, and (in monkey liver), sequential 
exonuclease metabolites from the 3’ end of both strands. 
 
In vitro drug-drug interaction studies demonstrated that vutrisiran was neither a 
substrate nor an inhibitor of human P450 CYPs 1A2, 2B6, 2C8, 2C9, 2C19, 2D6, or 
3A4/5. 
 
The general toxicology of SC vutrisiran was assessed in GLP studies in Sprague-
Dawley rat (13-week and 6-month) and cynomolgus monkey (13-week and 9-month). In 
rats, drug-related effects included mild reductions in body weight and body weight gain 
in males; basophilic granules and vacuolation in renal tubular epithelium; and the 
following findings in liver: hepatocyte vacuolation, mitosis, and/or karyomegaly; 
basophilic focus of alteration; and minimal individual hepatocyte necrosis (13-week 
study only). In monkeys, drug-related effects included mild increases in ALP, decreases 
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in serum TTR, thyroxine, and Vitamin A, and accumulation of basophilic granules in 
Kupffer cells in liver and vacuolated macrophages in lymph nodes. The NOAELs in the 
chronic studies were the high doses (150 and 300 mg/kg/month in rat and monkey, 
respectively). 
 
Vutrisiran was negative in a standard battery of genetic toxicology studies (in vitro 
bacterial reverse mutation and human lymphocyte chromosome aberration, and in vivo 
rat bone marrow micronucleus assays) that were adequately conducted. The potential 
carcinogenicity of vutrisiran is being assessed in ongoing 2-year studies in rat and 
mouse; final reports will be submitted post approval per prior agreement with the 
Division. 
 
A full battery of reproductive and developmental toxicology studies were conducted in 
rat and rabbit. In a GLP fertility and early embryonic development study of SC vutrisiran 
(0, 15, 30, or 70 mg/kg/week prior to and during mating, continuing to GD 6 in F) in male 
and female Sprague-Dawley rats, there were no adverse effects on reproductive 
performance or early embryonic development. In a dose range-finding study of 
vutrisiran (0, 15, 50, or 150 mg/kg/week for 3 doses prior to mating, then QD at 0, 3, 10, 
or 30 mg/kg from GD 6 to 17) in female rat, there were adverse effects on reproductive 
performance and early embryonic development (increases in post-implantation loss and 
early resorptions and decreases in gravid uterine and fetal weights) at the MD and HD, 
which were associated with hepatotoxicity in dams. These changes were not related to 
the intended pharmacodynamic effect of vutrisiran, as vutrisiran is not 
pharmacologically active in rodent. Reductions in serum TTR, Vitamin A, and thyroxine 
following administration of AD-59206 (a rodent surrogate GalNAc-siRNA; 30 
mg/kg/week for 3 doses SC prior to mating, then on GD 6, 12, and 17) were not 
associated with any adverse effects. Vutrisiran was detected in maternal liver, kidney, 
and placenta in all vutrisiran groups, but was undetectable in fetal liver or carcass. 

In a GLP embryofetal development study in rat, SC administration of vutrisiran (0, 3, 10, 
or 30 mg/kg/day from GD 6 to GD 17) to dams resulted in adverse effects on 
reproductive and developmental parameters (decreased fetal body weights at the MD 
and HD; premature delivery, increases in resorptions, post-implantation losses, and the 
number of dead fetuses; and decreases in gravid uterine weight and the number of live 
fetuses at the HD) at doses associated with toxicity in liver and/or pancreas in dams. 
Increased skeletal variations were observed at the HD. The LD was the NOAEL for 
maternal and developmental toxicity, although the sponsor did not consider the severity 
of the effects on maternal body weight (↓7%), body weight gain (↓21%), or liver 
(moderate hepatocyte vacuolation/degeneration and slight individual cell necrosis) at 
the MD to be adverse.  
 
In a GLP embryofetal development study in rabbit, SC administration of vutrisiran (0, 3, 
10, or 30 mg/kg/day from GD 7 to GD 19) to dams resulted in no adverse maternal or 
fetal effects. In a dose range-finding study, administration of the HD (30 mg/kg/day SC) 
resulted in a slight reduction in maternal body weight gain. Vutrisiran was detectable in 
placenta (~1300x lower than in maternal liver) but not in fetal liver or carcass. 
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In a GLP pre- and postnatal development study in rat, SC administration of vutrisiran (0, 
5, 10, or 20 mg/kg on GD 7, 13, and 19, and lactation days 6, 12, and 18) resulted in no 
adverse effects. Vutrisiran was undetectable in pup plasma. 
 
In an in vitro cytokine response assay in human whole blood, transfection with vutrisiran 
resulted in mean IL-1β, IL-1RA, IL- 6, IL-8, G-CSF, IP-10, MIP-1α, and TNF-α 
responses equal to those of the vehicle control. 
 

Summary of Key Toxicities and Plasma Exposures in Chronic Toxicity Studies 
 

Toxicity 
 

Duration & 
Species 

 
NOAEL 

Mean 
AUClast 

(µg•hr/mL) 

 
Safety Margin 

Based on AUC* 
No adverse 

effects 
 

6-month 
rat 

150  
mg/kg/month 

SC 

155# ~600x 

No adverse 
effects 

 

9-month 
monkey 

300 
mg/kg/month 

SC 

1170& ~4400x 

*Nonclinical exposures were multiplied by 3 to adjust for differences in dosing regimen between animals 
(QM) and humans (Q3M), and then divided by 0.80 µg*hr/mL, the mean Day 253 AUC0-24 in humans 
given 25 mg SC Q3M in Clinical Study ALN-TTRSC02-002 (N=19; Table 41) 
#Based on mean Day 197 AUClast in F, which was lower than that in M 
&Based on mean Day 253 AUClast for M and F combined because values were similar 
 
As illustrated in the summary table, after adjusting for differences in dosing frequency, 
vutrisiran plasma exposures (AUC) at the NOAELs in the chronic studies in rat and 
monkey were ~600 and ~4400 times, respectively, greater than those expected in 
humans at the proposed clinical dose of 25 mg once every 3 months. 
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