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Expedited ARIA Sufficiency for Pregnancy Safety Concerns 

 

1. BACKGROUND INFORMATION  

1.1. Medical Product 
 
Vutrisiran (AMVUTTRA™, Alnylam Pharmaceuticals Inc.) is a chemically modified double-
stranded small interfering ribonucleic acid (siRNA) that specifically targets variant and wild-
type transthyretin (TTR) messenger RNA (mRNA) and is covalently linked to a ligand 
containing three N-acetyl galactosamine residues to enable delivery of the siRNA to 
hepatocytes.a The proposed indication is the treatment of the polyneuropathy of hereditary 
transthyretin-mediated amyloidosis in adults. Vutrisiran drug product is a sterile, preservative-
free, colorless to yellow solution of 50 mg/mL vutrisiran (equivalent to 53 mg/mL vutrisiran 
sodium),  The proposed dosing 
regimen for AMVUTTRA is 25 mg administered by subcutaneous injection once every 3 
months.b Vutrisiran is absorbed from the injection site and cleared from plasma through uptake 
into hepatocytes. The median (range) elimination half-life is 5.2 (2.2, 6.4) hours.c  
It is a new molecular entity (NME) not currently approved or marketed in any country. 
Currently FDA-approved products for treatment of the polyneuropathy of hereditary 
transthyretin amyloidosis include patisiran and inotersen [1, 2]. Vutrisiran is related to 
patisiran, approved for the same indication in 2018, but chemically modified for greater 
metabolic stability, prolonged liver residence time, and less frequent dosing (every 3 months) 
compared to the dosing every 3 weeks for patisiran. Inotersen, administered by weekly 
subcutaneous injection, is available only through a restricted distribution program called the 
TEGSEDI REMS Program because of the risks of thrombocytopenia and glomerulonephritis. 
Other treatment options include liver transplant, tafamidis (approved for treatment of 
cardiomyopathy of wild type or hereditary transthyretin amyloidosis in adults), and diflunisal 
(off-label use).d  
 
The New Drug Application (NDA) submission included safety data from a Phase 3, randomized, 
open-label, active comparator, and an externally controlled study in adult patients with 
hereditary transthyretin amyloidosis with polyneuropathy, including both the treatment and 
extension periods. The submission also includes data from a Phase 1 study with a small 
population, short treatment duration, and small drug doses; and additional blinded safety 
reports from an ongoing Phase 3 study in patients with hereditary transthyretin with 
cardiomyopathy. Common adverse reactions associated with vutrisiran treatment in the 18-
month external-placebo control study included arthralgia, abdominal pain, vitamin A decreased, 

 
a Proposed AMVUTTRA labeling dated May 19, 2022 
b Vutrisiran (AMVUTTRA™, Alnylam Pharmaceuticals Inc.). Draft clinical review dated March 2, 2022. Division 
of Neurology 1. U.S. Food and Drug Administration 
c Vutrisiran (AMVUTTRA™, Alnylam Pharmaceuticals Inc.). Clinical pharmacology review dated March 10, 
2022. Division of Neurology 1. U.S. Food and Drug Administration. Reference ID: 4950358 
d See footnote b 
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and dyspnea.e The proposed label (as of May 19, 2022) includes warnings and precautions for 
reduced serum vitamin A levels and recommended supplementation.f 

    
1.2. Describe the Safety Concern 

 
The Division of Neurology 1 (DN1) requested that the Division of Epidemiology (DEPI) 
assess the sufficiency of ARIA for broad-based signal detection studies of AMVUTTRA during 
pregnancy and lactation. Safety during pregnancy and post-partum due to drug exposure is a 
concern for women who are pregnant, lactating, or of childbearing potential. In the U.S. general 
population, the estimated background risk of major birth defects in clinically recognized 
pregnancies is 2–4% [3, 4]. More than 50% of women (breastfeeding or not) may require at 
least one medication during the post-partum period [5]. 
 
Hereditary transthyretin amyloidosis with polyneuropathy is a rare, autosomal dominant, 
systemic disease caused by mutation of TTR and characterized by extracellular deposition of 
amyloid and destruction of the somatic and autonomic peripheral nervous system, leading to 
loss of autonomy and death. The disease is distributed worldwide and is genetically 
heterogeneous. It is the most severe hereditary polyneuropathy of adult onset, which varies 
from the late teens to old age [6]. Vutrisiran treatment leads to a decrease in serum vitamin A 
levels, and vitamin A supplementation will be recommended for patients taking AMVUTTRA. 
Vitamin A is essential for normal embryofetal development; however, excessive levels of 
vitamin A are associated with adverse developmental effects.g There are no data on pregnancy 
exposure during clinical trials to inform the risk of maternal, fetal, and infant outcomes 
associated with the use of vutrisiran. Pregnant or lactating women were excluded from 
participation in the clinical studies, and women of childbearing potential were required to use 
acceptable methods of birth control throughout the study.h A standard battery of reproductive 
and development studies of subcutaneous 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 gestational day 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 medium and high doses; and increases in premature delivery, early and late 
resorptions, post-implantation losses, and the number of dead fetuses at the high dose. The low 
dose was the NOAEL for maternal and developmental toxicity.i 
 
The currently proposed labeling, as of May 19, 2022, j states in Section 8.1 (Pregnancy):   
 
“Risk Summary  
There are no available data on AMVUTTRA use in pregnant women to inform a drug-associated 
risk of adverse developmental outcomes. AMVUTTRA treatment leads to a decrease in serum 
vitamin A levels, and vitamin A supplementation is advised for patients taking AMVUTTRA. 
Vitamin A is essential for normal embryofetal development; however, excessive levels of vitamin A 
are associated with adverse developmental effects. The effects on the fetus of a reduction in 

 
e See footnote b 
f See footnote a 
g See footnote a 
h See footnote b 
i Vutrisiran (AMVUTTRA™, Alnylam Pharmaceuticals Inc.). Pharmacology/Toxicology review dated March 2, 
2022. Division of Neurology 1. U.S. Food and Drug Administration. Reference ID: 4945872 
j See footnote a 
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maternal serum TTR caused by AMVUTTRA and of vitamin A supplementation are unknown [see 
Warnings and Precautions (5.1) and Clinical Pharmacology (12.2)]. 
In animal studies, subcutaneous administration of vutrisiran to pregnant rats resulted in 
developmental toxicity (reduced fetal body weight and embryofetal mortality) at doses associated 
with maternal toxicity (see Data). 
In the U.S. general population, the estimated background risk of major birth defects and 
miscarriage in clinically recognized pregnancies is 2% to 4% and 15% to 20%, respectively. The 
background risk of major birth defects and miscarriage for the indicated population is unknown. 
Data 
Animal Data 
Subcutaneous administration of vutrisiran (0, 3, 10, or 30 mg/kg/day) to pregnant rats during the 
period of organogenesis resulted in embryofetal mortality at the high dose and reduced fetal body 
weight at the mid and high doses, which were associated with maternal toxicity. 
Subcutaneous administration of vutrisiran (0, 3, 10, or 30 mg/kg/day) to pregnant rabbits 
resulted in no adverse effects on embryofetal development. 
Subcutaneous administration of vutrisiran (0, 5, 10, or 20 mg/kg) to pregnant rats every 6 days 
throughout pregnancy and lactation resulted in no adverse developmental effects on the offspring. 
 
The language in Section 8.2 (Lactation) is as follows: 
 
“Risk summary 
There is no information regarding the presence of vutrisiran in human milk, the effects on the 
breastfed infant, or the effects on milk production. The developmental and health benefits of 
breastfeeding should be considered along with the mother’s clinical need for AMVUTTRA and any 
potential adverse effects on the breastfed infant from AMVUTTRA or from the underlying maternal 
condition.” 
 
 

1.3. FDAAA Purpose (per Section 505(o)(3)(B)) 
- Please ensure that the selected purpose is consistent with the other PMR documents in DARRTS 
 

Purpose (place an “X” in the appropriate boxes; more than one may be chosen)  
Assess a known serious risk  
Assess signals of serious risk  
Identify unexpected serious risk when available data indicate potential for serious risk X 

 

2. REVIEW QUESTIONS 

2.1. Why is pregnancy safety a safety concern for this product? Check all that apply. 
 

☐  Specific FDA-approved indication in pregnant women exists and exposure is expected 
☐  No approved indication, but practitioners may use product off-label in pregnant women 
☒  No approved indication, but there is the potential for inadvertent exposure before a pregnancy 

is recognized 
☒  No approved indication, but use in women of child bearing age is a general concern 
 
2.2. Regulatory Goal 
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☒   Signal detection – Nonspecific safety concern with no prerequisite level of statistical precision 
and certainty 

☐   Signal refinement of specific outcome(s) – Important safety concern needing moderate level of 
statistical precision and certainty. † 

☐   Signal evaluation of specific outcome(s) – Important safety concern needing highest level of 
statistical precision and certainty (e.g., chart review). † 

 
† If checked, please complete General ARIA Sufficiency Template. 
 
 
2.3. What type of analysis or study design is being considered or requested along with ARIA?  

Check all that apply. 
 

☐   Pregnancy registry with internal comparison group 
☐   Pregnancy registry with external comparison group 
☐   Enhanced pharmacovigilance (i.e., passive surveillance enhanced by with additional actions) 
☐   Electronic database study with chart review 
☐   Electronic database study without chart review 
☒   Other, please specify:  Descriptive pregnancy safety study 
 
2.4. Which are the major areas where ARIA not sufficient, and what would be needed to 

make ARIA sufficient? 
 

☒   Study Population 
☐   Exposures 
☒   Outcomes 
☒   Covariates 
☒   Analytical Tools 
 
For any checked boxes above, please describe briefly: 
 

Study Population: ARIA lacks the capacity to identify lactating women. 
 
Outcomes: ARIA lacks access to detailed narratives. Given that the study for broad-based 
surveillance being considered is descriptive and without a comparison group, having detailed 
narratives are deemed necessary to identify and validate outcomes, assess exposure-outcome 
temporality, and to conduct causality assessments.   
 
Covariates: ARIA does not have detailed information on potential confounders. The descriptive 
pregnancy safety study being considered would collect detailed narratives with information on 
potential covariates, such as lifestyle factors and prenatal supplement use (including vitamin A 
supplementation). 
 
Analytical tools: ARIA analytic tools are not sufficient to assess the regulatory question of 
interest because data mining methods have not been fully tested and implemented in post-
marketing surveillance of maternal and fetal outcomes. The ARIA analytic tools that assess drug 
use in pregnancy (and maternal and neonatal outcomes) currently include only women with a 
live-birth delivery. 
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2.5. Please include the proposed PMR language in the approval letter.  

 
The following language has been proposed by DN1, as of January 5, 2022, for the PMR related to 
pregnancy outcomes: 
 
Conduct a worldwide descriptive study that collects prospective and retrospective data in women 
exposed to AMVUTTRA (vutrisiran) during pregnancy and/or lactation to assess risk of pregnancy 
and maternal complications, adverse effects on the developing fetus and neonate, and adverse 
effects on the infant. Infant outcomes will be assessed through at least the first year of life. The 
minimum number of patients will be specified in the protocol. 

 
 
3. REFERENCES 
 
[1] US Food and Drug Administration. Patisiran (Alnylam Pharmaceuticals, Inc.). U.S. labeling dated 
May 6, 2021. 

[2] US Food and Drug Administration. Inotersen (TEGSEDI®, Akcea Therapeutics, Inc.). U.S. labeling 
dated July 30, 2020. 

[3] Centers for Disease Control and Prevention. Update on overall prevalence of major birth 
defects--Atlanta, Georgia, 1978-2005. MMWR Morb Mortal Wkly Rep. 2008;57:1-5. 

[4] US Food and Drug Administration. Pregnancy, Lactation, and Reproductive Potential: Labeling 
for Human Prescription Drug and Biological Products — Content and Format. Draft Guidance.  
Guidance for Industry2014. 

[5] Saha MR, Ryan K, Amir LH. Postpartum women's use of medicines and breastfeeding practices: a 
systematic review. Int Breastfeed J. 2015;10:28. 

[6] Adams D, Koike H, Slama M, Coelho T. Hereditary transthyretin amyloidosis: a model of medical 
progress for a fatal disease. Nat Rev Neurol. 2019;15:387-404. 
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MEMORANDUM 
REVIEW OF REVISED LABEL AND LABELING

Division of Medication Error Prevention and Analysis 2 (DMEPA 2) 
Office of Medication Error Prevention and Risk Management (OMEPRM)

Office of Surveillance and Epidemiology (OSE)
Center for Drug Evaluation and Research (CDER)

Date of This Memorandum: June 1, 2022

Requesting Office or Division: Division of Neurology 1 (DN 1)

Application Type and Number: NDA 215515

Product Name and Strength: Amvuttra (vutrisiran) injection, 25 mg/0.5 mL

Applicant/Sponsor Name: Alnylam Pharmaceuticals Inc.

OSE RCM #: 2021-798-3

DMEPA 2 Team Leader 
(Acting):

Colleen Little, PharmD

1 PURPOSE OF MEMORANDUM
The Applicant submitted revised tray lid labeling received on May 26, 2022 for Amvuttra. 
Division of Neurology 1 (DN 1) requested that we review the revised tray lid labeling for 
Amvuttra (Appendix A) to determine if it is acceptable from a medication error perspective.  Per 
the Applicant, the revision is “to ensure the syringe image points right aligning with what the 
healthcare provider will see when the tray lid is opened.”a

2  CONCLUSION
The revised tray lid labeling for Amvuttra is acceptable from a medication error perspective. We 
have no additional recommendations at this time.

a Cover Letter-PMR Milestone Dates and Updated Tray Lid for NDA 215515. Cambridge (MA): Alnylam 
Pharmaceuticals Inc.; 2022 MAY 26. Available from: \\CDSESUB1\evsprod\nda215515\0036\m1\us\12-cover-
letters\cover-letter.pdf. 

Reference ID: 4992678

1 Page(s) of Draft Labeling has been Withheld in Full as B4 (CCI/TS) immediately following 
this page 
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MEMORANDUM 
REVIEW OF REVISED LABEL AND LABELING

Division of Medication Error Prevention and Analysis 2 (DMEPA 2) 
Office of Medication Error Prevention and Risk Management (OMEPRM)

Office of Surveillance and Epidemiology (OSE)
Center for Drug Evaluation and Research (CDER)

Date of This Memorandum: April 22, 2022

Requesting Office or Division: Division of Neurology 1 (DN 1)

Application Type and Number: NDA 215515

Product Name and Strength: Amvuttra (vutrisiran) injection, 25 mg/0.5 mL

Applicant/Sponsor Name: Alnylam Pharmaceuticals Inc.

OSE RCM #: 2021-798-1

DMEPA 2 Team Leader: Colleen Little, PharmD

1 PURPOSE OF MEMORANDUM
The Applicant submitted revised carton labeling received on April 14, 2022 for Amvuttra. The 
Division of Neurology 1 (DN 1) requested that we review the revised carton labeling for 
Amvuttra (Appendix A) to determine if it is acceptable from a medication error perspective.  
The revisions are in response to a recommendation from the Office of Pharmaceutical Quality 
(OPQ) to implemented quantitative values for excipients consistent with the proposed 
Prescribing Information.a 

2  CONCLUSION
The revised carton labeling for Amvuttra is acceptable from a medication error perspective. We 
have no additional recommendations at this time.

a Cover Letter- Updated Carton Labeling for vutrisiran NDA 215515. Cambridge (MA): Alnylam Pharmaceuticals 
Inc.; 2022 APR 15. Available from: \\CDSESUB1\evsprod\nda215515\0034\m1\us\12-cover-letters\cover-letter.pdf 

Reference ID: 4972798

1 Page(s) of Draft Labeling has been Withheld in Full as B4 (CCI/TS) immediately 
following this page 
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****Pre-decisional Agency Information**** 
    
Memorandum 
 
Date:  March 17, 2022 
  
To:  Rainer Paine, MD   
  Division of Neurology Products I (DN I) 
 
  Annie Nguyen, RPh, Senior Regulatory Project Manager, DN I 

 
Tracy Peters, PharmD, Associate Director for Labeling, DN I 

 
From:   Aline Moukhtara, RN, MPH, Team Leader 
  Office of Prescription Drug Promotion (OPDP) 
 
Subject: OPDP Labeling Comments for AMVUTTRA (vutrisiran) injection, for 

subcutaneous use 
 
NDA:  215515 
 

  
In response to DN I’s consult request dated May 20, 2021, OPDP has reviewed the proposed 
product labeling (PI) and carton and container labeling for the original NDA submission for 
AMVUTTRA (vutrisiran) injection, for subcutaneous use (Amvuttra).   
 
Labeling: OPDP’s comments on the proposed PI are based on the draft labeling received by 
electronic mail from DN II on March 11, 2022, and are provided below.    

 
Carton and Container Labeling: OPDP has reviewed the attached proposed carton and 
container labeling submitted by the Sponsor to the electronic document room on January 21, 
2022, and we do not have any comments.  
 
Thank you for your consult.  If you have any questions, please contact Aline Moukhtara at 
(301) 796-2841 or Aline.Moukhtara@fda.hhs.gov.  

FOOD AND DRUG ADMINISTRATION 
Center for Drug Evaluation and Research 
Office of Prescription Drug Promotion  

Reference ID: 4954665

15 Page(s) of Draft Labeling have been Withheld in Full as B4 (CCI/TS) immediately 
following this page 



--------------------------------------------------------------------------------------------
This is a representation of an electronic record that was signed
electronically. Following this are manifestations of any and all
electronic signatures for this electronic record.
--------------------------------------------------------------------------------------------
/s/
------------------------------------------------------------

ALINE M MOUKHTARA
03/17/2022 05:18:46 PM

Signature Page 1 of 1

Reference ID: 4954665



OFFICE OF PRODUCT EVALUATION AND QUALITY
OFFICE OF HEALTH TECHNOLOGY 3

DIVISION OF DRUG DELIVERY, GENERAL HOSPITAL & HUMAN FACTORS
INTERCENTER CONSULT MEMORANDUM – PRE-FILLED SYRINGES 

Date 1/27/2022
To: Erica Keafer
Requesting Center/Office CDER/OPQ Clinical Review Division Other
From Porsche Bennett

OPEQ/OHT3/DHT3C
Through (Team) Alan Stevens, Team Lead, Injection Team

OPEQ/OHT3/DHT3C
Through (Division)
*Optional

CPT Alan Stevens, Assistant Director
OPEQ/OHT3/DHT3C GHDB

Subject NDA215515, Vutrisiran
ICC2100373
ICCR00078985

Recommendation Filing Recommendation Date: 5/25/2021
CDRH did not provide a Filing Recommendation 
Device Constituent Parts of the Combination Product are acceptable for Filing.
Device Constituents Parts of the Combination Product are Acceptable for Filing with 

Information requests for the 74-Day Letter, See Appendix A
Device Constituents Parts of the Combination Product are Not Acceptable for Filing - See 

Section 5 for Deficiencies
Mid-Cycle Recommendation Date: 9/16/2021

CDRH did not provide a Mid-Cycle Recommendation 
CDRH has no approvability issues at this time.
CDRH has additional Information Requests, See Appendix A
CDRH has Major Deficiencies that may present an approvability issue, See Appendix A.

Final Recommendation Date: 1/27/2022
Device Constituent Parts of the Combination Product are Approvable.
Device Constituent Parts of the Combination Product are Approvable with Post-Market 

Requirements/Commitments, See Section 2.3
Device Constituent Parts of the Combination Product are Not Approvable - See Section 2.2 for 

Complete Response Deficiencies

Digital Signature Concurrence Table
Reviewer Team Lead (TL) Division (*Optional)

Reference ID: 4929437
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Digitally signed by 
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ICC2100373
Vutrisiran
Alnylam Pharmaceuticals, Inc.

v09.23.2019 Page 2 of 37

SUBMISSION OVERVIEW
Submission Information
Submission Number NDA215515
Sponsor Alnylam Pharmaceuticals, Inc.
Drug/Biologic Vutrisiran

Indications for Use
Vutrisiran Treatment of the polyneuropathy of hereditary transthyretin-mediated 

amyloidosis in adults
Device Constituent Pre-Filled Syringe
Related Files N/A

Important Dates
Receipt 04/14/2021
Filing 5/25/2021
74-Day Letter 6/27/2021
Midcycle Meeting/IRs due 9/16/2021
Final Lead Device Review Memo Due 12/22/2021
PDUFA Date 04/14/2022

EXECUTIVE SUMMARY AND RECOMMENDATION

CDRH recommends the combination product is:
Approvable – the device constituent of the combination product is approvable for the proposed indication.
Approvable with PMC or PMR, See Section 2.3
Not Acceptable – the device constituent of the combination product is not approvable for the proposed indication. We 

have Major Deficiencies to convey, see Section 2.2.

2.1. Comments to the Review Team
CDRH does not have any further comments to convey to the review team.
CDRH has the following comments to convey to the review team:

Comment #1: CDRH had a meeting with the firm on 01/04/2022 to obtain clarification to the firm’s response to 
information requests sent 12/13/2022. CDRH inquired about non-normal data, particularly for deliverable volume device 
performance. The firm stated that variability in deliverable volume was due to variability between  
While the performance of the attribute maintained a C/R of 95/99% despite having outliers (variability), it is important to 
ensure that the root cause of variability is assessed for impact to device performance as a result of drug product fill. 
However, the risk is low as the product is for HCP use only and utilizing a simplistic device. Therefore, given the firm has 
met specification for deliverable volume, CDRH did not determine this finding to be an approvability issue. It is unclear 
what impact the filling variability may have on other drug product attributes that are within CDERs remit. The decision
for acceptability of variability between the filling  is thus deferred to CDER. 

2.2. Complete Response Deficiencies 
There are no outstanding unresolved information requests, therefore CDRH does not have any outstanding 

deficiencies.
The following outstanding unresolved information requests should be communicated to the Sponsor as part of the CR 

Letter:

Reference ID: 4929437

(b) (4)

(b) (4)



ICC2100373
Vutrisiran
Alnylam Pharmaceuticals, Inc.
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2.3. Recommended Post-Market Commitments/Requirements
CDRH has Post-Market Commitments or Requirements
CDRH does not have Post-Market Commitments or Requirements

PURPOSE/BACKGROUND
3.1. Scope 
Alnylam Pharmaceuticals, Inc. is requesting approval of  Vutrisiran. The device constituent of the combination product is 
a Pre-Filled Syringe.

CDER/OPQ has requested the following consult for review of the device constituent of the combination product:
Technical engineering consult for prefilled syringe. 

The goal of this memo is to provide a recommendation of the approvability of the device constituent of the combination 
product.  This review will cover the following review areas:

Device performance (PFS and Needle Safety Feature)
Biocompatibility of the patient contacting components (Needle Safety Feature)
Stability – device performance on stability (PFS and Needle Safety)
Essential Performance Requirements (EPR) Control strategy (PFS and Needle Safety Feature)

This review will not cover the following review areas:
Compatibility of the drug with the device materials (deferred to CDER)
Biocompatibility of the primary container closure, including needle (deferred to CDER)
Sterility (primary container closure sterility deferred to CDER)
Human Factors (deferred to DMEPA)
Facilities and Quality System Assessment (non-emergency use PFS with a needle safety device constituent). 

This review will not cover facilities or quality systems as it was determined that the device constituent is a non-emergency 
use PFS with a needle safety device constituent. Therefore, per the Internal MAPP 5017.7, a CDRH QS/Facilities review 
is not warranted. The facilities consult request ICCR# 00079878 was withdrawn 04.28.2021. For additional Information, 
please refer to salesforce. (https://forcedsc.my.salesforce.com/500t000000l8kzj ). 

The original review division will be responsible for the decision regarding the overall safety and effectiveness for 
approvability of the combination product.

3.2. Prior Interactions
Refer to Section 8 for review interactions with the firm. 

3.2.1. Related Files
N/A 

3.3. Indications for Use

Combination Product Indications for Use

Vutrisiran Vutrisiran Treatment of the polyneuropathy of hereditary transthyretin-
mediated amyloidosis in adults

Pre-Filled Syringe Delivery of the Drug Product

Reference ID: 4929437
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3.4. Materials Reviewed
Materials Reviewed
Sequence Module(s)
0009 1.2 Cover letter 28May2021
0011 1.2 Cover letter 23June2021
0026 1.2 Cover letter 15December2021
0009 1.11.1 Quality Information Amendment 25May2021
0011 1.11.1 Quality Information Amendment 29July2021
0026 1.11.1 Quality Information Amendment 15December2021
0027 1.11.1 Quality Information Amendment 06 January 2022
0003 1.14.1. Draft Carton Label
0003 1.14.1.3 Draft Labeling Text 
0003 2.3 Introduction 
0003 3.2.P.7 Container Closure System 
0011 3.2.R.2  Regional Information 
0003 3.2.P.5.1 Specifications 

DEVICE DESCRIPTION 
4.1. Device Description

The device is a pre-filled syringe with a needle safety feature. The primary container is a 1mL  type I  
glass syringe with a ½”, 29G staked needle with a rigid needle shield and a threaded plunger stopper. The  
passive needle safety feature is comprised of a needle guard, plunger rod, and finger flange. The device is packaged in a 

 tray which a sealed lid film. The primary container (syringe with staked needle and stopper) and the needle 
safety feature (needle guard, finger flange and plunger rod) are supplied by  and FDA 510K cleared, 

The needle guard is extended to cover the needle after full depression of the plunger rod, activating the activation clips as 
shown in Figure 1 below. 

Reference ID: 4929437
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4.2. Design Requirements
Basic Syringe Description/Requirements

Requirement Reviewer Comment
Intended user (e.g., self-administration, 
professional use, user characteristics and / or 
disease state that impact device use)

HCP administration only 

Injection Site Abdomen, thighs, or upper arms
Injection tissue and depth of injection Subcutaneous injection 
Type of Use (e.g., single use, disposable, 
reusable, other) 

Single use, disposable 

Environments of use (e.g., home, clinic) Clinic 
Storage conditions and expiry 2°C to 30°C (36°F to 86°F) in the original carton, until ready for 

use. 24 month shelf life
Needle connection (e.g., luer, slip tip, staked) Staked 
Syringe Volume 25 mg/0.5 mL in a single-dose prefilled syringe
Device materials including lubricant Prefilled Syringe: Glass with stainless steel needle 

Stopper: 
Rigid Needle Shield:  

 
Plunger Rod:  
Finger Flange:  
Needle Guard:  

Needle safety type (active or passive) Passive
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Additional Syringe Description/Requirements
Requirement Reviewer Comment

Hypodermic Needle: length, gauge, and 
configuration of the tip. 

12.7mm/ ½”, 29G staked needle

Markings (graduated scale, position of scale, 
length of scale, numbering of scale, and legibility 
criteria (for insulin syringes). Insulin Syringes: 
The scale on the barrel should be in units of 
insulin. 

N/A: Not an insulin syringe and there are no markings on the 
glass syringe

Reuse Durability (for reusable piston syringes): 
number of times the device can be sterilized and 
still meet specifications (using sterilization 
method indicated in the labeling). 

N/A: Device is not reusable 

Safety Features (e.g., Needle safety 
component/device) 

Needle guard with finger flange and plunger rod 

Automated Functions 

Sterilization method 

*See Design Verification Section for verification of design requirements

4.3. Device Description Conclusion

DEVICE DESCRIPTION REVIEW CONCLUSION
Filing Deficiencies:
Yes No N/A

Mid-Cycle Deficiencies:
Yes No N/A

Final Deficiencies:
Yes No N/A

Reviewer Comments
The device description is sufficient.

CDRH sent Device Description Deficiencies or Interactive Review Questions to the Sponsor: Yes No 

FILING REVIEW
CDRH performed Filing Review
CDRH  was not consulted prior to the Filing Date; therefore, CDRH did not perform a Filing 
Review 

5.1. Filing Review Checklist

Filing Review Checklist

Description
Present

Yes No N/A
Description of Device Constituent X
Device Constituent Labeling X
Letters of Authorization X

Reference ID: 4929437
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Essential Performance Requirements defined by the application Sponsor X     
Design Requirements Specifications included in the NDA / BLA by the application Sponsor X     
Design Verification Data included in the NDA / BLA or adequately cross-referenced to a master file. X     
Risk Analysis supplied in the NDA / BLA by the application Sponsor (Refer to IR-C2)    X   
Traceability between Design Requirements, Risk Control Measures and V&V Activities  X    
Verification/ 
Validation 
Check 

Full Test Reports for Verification and Validation Testing (Refer to IR-C2)    X   
Reliability (Refer to IR-C2)    X   
Biocompatibility  X     
Sterility      X 
Shelf Life, Aging and Transportation of EPRs  X     

Quality Systems/ 
Manufacturing 
Controls Check 

Description of  Quality Systems      X 
Control Strategy provided for EPRs (Refer to IR C6)  X     

 
 

Reviewer Comments 
 
The firm provide a risk management and design verification summary in 3.2.R.2 Regional Information- Device. The 
report contained a lot of the information that would be included in design verification reports. However, the documents 
did not contain all information needed to determine adequacy such as C/R or K calculations for variable testing. Refer 
to Information Request C2.  
 
While the firm provided a control strategy for all EPRs the firm did not describe the control for needle safety such as 
activation force and needle safety override force. While not EPRs, the lack of needle safety poses a high severity of 
harm as a result of a potential third party needlestick injury. Therefore, the firm should provide the control strategy for 
needle safety. Refer to Information Request C6.  
 
The firm did not provide full test reports for design verification. Refer to Information Request C2.  

 
 
5.2. Facilities & Quality Systems Triage Inspection Recommendation Information 

CDRH completed a review of the Facilities  Yes     No  N/A 
Inspection Recommendation Pre-Approval Inspection (PAI) 

Post-Approval Inspection 
Routine Surveillance 
No Inspection Needed 
N/A 

CDRH completed a review of the Quality Systems  Yes     No  N/A 
 

5.3. Filing Recommendation 
FILING REVIEW CONCLUSION 

Acceptable for Filing:  Yes  No (Convert to a RTF Memo)  N/A 
Facilities Inspection Recommendation: 

 (PAI) Pre-Approval Inspection      Post-Approval Inspection    Routine Surveillance    
 No Inspection       N/A  
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Site(s) needing inspection: This review will not cover facilities or quality systems as it was determined that the device 
constituent is a non-emergency use PFS with a needle safety device constituent. Therefore, per the Internal MAPP 
5017.7, a CDRH QS/Facilities review is not warranted. The facilities consult request ICCR# 00079878 was withdrawn 
04.28.2021. For additional Information, please refer to salesforce. 
(https://forcedsc.my.salesforce.com/500t000000l8kzj ). 
Reviewer Comments
CDER determined, no inspection was needed. As a result, CDRH consult for a facilities and quality systems review 
was withdrawn. However, a deficiency was identified for the device review. Refer to 74-day deficiency below.
Refuse to File Deficiencies: Yes No  N/A

74-Day Letter Deficiencies: Yes No  N/A
Refer to Information Request A1.

CDER OPQ and ORA determined we do not have any facility inspection requests for NDA 215515. ORA concurred with 
CDER OPQ’s decisions. 

74-Day Letter 
Deficiencies

Date Sent:
5/25/2021

Date/Sequence Received:
5/28/2021

Information Request 
#A1 (Refer to 1.2 Cover 
letter 0009 and 1.11.1 
Quality Information 
Amendment 0009)

In Section 3.2.P.7 Container closure system, it appears that your intended combination 
product includes a passive needle safety system  However, in 
3.2.P.8.3 Stability data, you do not include needle safety activation force testing over shelf 
life. Needle safety activation force is influenced by both the prefilled syringe gliding forces 
and needle safety components (plunger rod and needle safety guard body). It is important 
that your combination product (prefilled syringe + needle safety device) is able to prevent 
potential needle stick injuries as intended and is supported by performance testing over shelf 
life. Additionally, based on the risk associated with similar needle safety features, the FDA 
recommends that needle safety functions are evaluated at a confidence and reliability of 
95/99%. Provide data verifying needle safety activation force over shelf life at a 95/99% 
confidence and reliability.

Sponsor Response Reviewed in Design Verification Section 6

DEVICE PERFORMANCE REVIEW 
6.1. Design Verification/Validation 

6.1.1. Device Specification Standards and Guidance Documents

Syringe Data Adequate
Yes No N/A

Pre-filled Syringe ISO 11040-8, Prefilled syringes – Part 8: Requirements 
and test methods for prefilled syringes 

Co-packaged Syringe ISO 7886-1, Sterile Hypodermic Syringes for Single 
Use—Part 1: Syringes for Manual Use

Insulin Syringe ISO 8537, Sterile single-use syringes, with or without 
needle, for insulin

Needle/Sharps Data Adequate
Yes No N/A

Needle ISO 7864, Sterile Hypodermic Needles for Single Use

Needle ISO 6009, Hypodermic needles for single use – Color 
coding for identification

Reference ID: 4929437
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Sharps Injury Prevention Feature 

ISO 23908 - Sharps injury protection - Requirements and 
test methods - Sharps protection features for single-use 
hypodermic needles, introducers for catheters and needles 
used for blood sampling 

   

Luer Lock Data Adequate 
Yes No N/A 

Connection 

ISO 80369-7, Small-bore connectors for liquids and 
gases in healthcare applications -- Part 7: Connectors 
for intravascular or hypodermic applications  
**(replaces ISO 594-1 and 594-2 as of 2020) 
 
ISO 594-1, Conical fittings with a 6 % (Luer) taper for 
syringes, needles and certain other medical equipment -
- Part 1: General requirements 
 
ISO 594-2, Conical fittings with 6 % (Luer) taper for 
syringes, needles and certain other medical equipment -
- Part 2: Lock fittings 

 

   

 

The primary container (syringe with staked needle and stopper) and the needle safety feature (needle guard, finger flange 
and plunger rod) are supplied by  and FDA 510K cleared,  The approved device has been 
reviewed for compliance to applicable standards during 510k review (e.g., Biocompatibility, needle conformance, etc.). 
However, adequacy of the needle safety feature and performance of the primary container (i.e., activation force, 
deliverable volume, etc.) is assessed and determined during this review as certain device attributes are impacted by the 
drug product and thus should be assessed to determine combination product safety and effectiveness.  
 

Reference ID: 4929437
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6.1.2. Device Performance Evaluation  
The firm have defined the device essential performance requirements to be deliverable volume, break loose force, glide force, and needle length.  
Note: Additional Information to information provided in this table can be found in 3.2.R.2 Regional Information – Device, table 3. 
 
Essential Performance 

Requirement and 
Needle Safety  

Specification Verification 
Method Acceptable (Y/N) 

Validation (Y/N) Aging / Stability (Y/N) Shipping/ 
Transportation (Y/N) 

Deliverable Volume  

ISO 11040-8:2016, 
Clause 7.5, Test method is 
compliant with ISO 11608- 
1:2014, Clause 7 
 

Y- Firm includes the 
to-be-marketed 
configuration of the 
PFS-S in the 
HELIOS-A and in the 
on-going HELIOS-B 
clinical studies. 

Y, ongoing real time, 
and accelerated shelf 
life testing for three 
years 

Y – in accordance 
with ASTM D4169:2016 

Break loose Force* 

ISO 11040- 8:2016, Clause 6.2 
- at 100 mm/min to administer 

Y- Human Factors 
Validation 

Y, ongoing real time, 
and accelerated shelf 
life testing for three 
years 

Y – in accordance 
with ASTM D4169:2016 

Glide Force* 

ISO 11040- 8:2016, Clause 6.2 
- at 100 mm/min to administer 

Y- Human Factors 
Validation 

Y, ongoing real time, 
and accelerated shelf 
life testing for three 
years 

Y – in accordance 
with ASTM D4169:2016 

Needle Length  

Tolerance Analysis N N-  needle length is not 
a subject of time  
 

N-  needle length is not 
affected by shipping 

Needle Safety 
Activation Force* 

Maximum force  
ISO 11040- 8:2016, Clause 
6.2 

Y  Human 
factors 
validation 
study 

Y, ongoing real time, 
and accelerated shelf 
life testing for three 
years 

Y – in accordance 
with ASTM D4169:2016 

Needle Safety Override 
Force  

(compression) applied axially 
when tested per ISO 23908:2011, 
Clause 5.3 

N Y Y – in accordance 
with ASTM D4169:2016 
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Reviewer Comment 
 
The firm did not appear to test activation force over shelf life with a sample size that aligns with a high risk (accidental needlestick injury that could lead to a harm of 
third party contraction of blood borne pathogens). Additionally, the firm tested needle safety to a reliability of 97.5% which the FDA does not agree with given the 
risk of failure. Refer to Information Request (IR) A1 and B1.  
 
The firm responded to IR A1 with the intention to leverage  data for needle safety testing. *The firm measured break loose force, glide force, and activation force 
from a depression force curve. The overall method was to test the max/peak force to be  Initially it was unclear if the firm accurately 
identified the different forces on the force displacement curve, mainly activation force.  Refer to Information Request B1. 
 
The test rate of 100mm/min is too slow and lower than specification of other PFS products. The firm should increase the test speed to more accurately align with the 
speed in which a user would depress the plunger rod (e.g., 200mm/min). Refer to IR B1. 
 
In response to IR A1 the firm provide a  report to leverage  testing for activation force. However, activation force is impacted by the drug product and should 
have a sample size that aligns with a higher risk. Therefore, the firm should test activation force for the combination product to support DV and shelf life. Refer to 
IR B1. 
 
The break loose and glide force specifications align with what is expected for prefilled syringes. However, the firm only has a one sided specification. The 
specification should have at least a minimum of  to ensure the plunger rod is not able to depress to easily and expel drug product inadvertently/prematurely and 
ensure container closure integrity (CCI) is not compromised as a result of the seal between the stopper and the syringe barrel. The firm is conducting CCI testing 
using the dye ingress method which will be an indicator of the seal between the stopper and the syringe. Also, as the proposed combination product is solely to be 
administered by HCPs, the risk is lower for the probability of harms resulting from the occurrence of  premature or inadvertent plunger rod depression. However, the 
firm should set a two sided specification or otherwise provide adequate justification.  Refer to Information Request C1. 
 
The firm provided summaries of EPRs tested and identified standards that were followed for verification. Additionally, the firm provided the sample size in the 
summary table; however, the firm did not provide rationale for sample size based on risks. The firm should provide a complete design risk assessment and provide 
rationale for samples sizes for Design Verification testing. Additionally, the firm did not state if a given attribute tested was variable or attribute for design 
verification. The firm should state how each design requirement was verified.  Refer to Information Request C2.  
 
The firm has not tested pre-conditions per ISO 11608-1:2016, section 10.2.1, table 4. The firm should provide rationale for any deviations from the standard.  Refer 
to Information Request C2.  
 
It is unclear if the firm used the to-be-marketed configuration for design verification and shelf life testing. The firm should provide complete design verification 
reports that includes a description of test article and rationale for representativeness of the to-be-marketed configuration of the combination product. Refer to 
Information Request C2. 
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In 3.2.P.5.1 Specifications, table 1, the acceptance criteria for break loose force and glide force are  However, in table 5 of 3.2.R.2 Regional Information- 
he same specification for design verification 

and shelf life testing. Please clarify the acceptance criteria/specification for break loose and glide force and provide updated reports that reflect the design outputs 
meet the design inputs to support break loose and glide forces or provide rationale for the differences in specification. Refer to Information Request C3.  
 
In the firm’s response to C2, the firm provided data and statements that conflicted with a C/R of 95/99% for EPRs. During an external meeting with the firm, the 
agency requested the firm explicitly provide data that supports C/R of 95/99%, clarify how sample sizes were determined, why data for certain EPRs were non-
normal. Refer to Information Request D1.  
 
The method the firm utilized for deliverable volume is included in our guidance. However, it is unclear if the firm utilized a method where the drug product is 
expelled out of the needle to ensure deliverable volume that is representative of the intended use. Refer to Information Request D2.   
 
Final conclusion:  
The firm’s approach for determining sample sizes and statistical method for determining confidence and reliability was unclear. The firm was initially sent 
Information Requests to obtain data for a C/R of 95/99% for EPRs and needle safety attributes. The firm sent conflicting information for the C/R of each of the EPRs 
and in their response to performance IRs informed the Agency that an alternate method of determining C/R was utilized as opposed to measuring the k-value. 
 

 Sample size: Were determined based on the statistical method to construct the tolerance interval. For examples a minimum of 30 samples were utilized to fit 
data to determine normality and a minimum of 120 to 299 samples were tested for verify performance of the design based on the univariate normal tolerance 
interval method.  

 Tolerance intervals for each performance attribute: constructed based on the desired confidence and reliability of 95/99%  
 Statistical methods used to fit data and determine C/R: based on normality of data.  
 Normality of data: Dose accuracy and needle safety defeat force testing demonstrated non-normality when fitted. This was evident through the clustered 

groupings in the quantile plots.  In all instances where the data was not non-normal (e.g., deliverable volume over shelf life and needle safety override) the 
kactual was measured against the targeted k value to determine C/R. 

 Firms’ justification for non-normality: The firm determine the root cause of non-normality in deliverable volume to be a result of manufacturing attributes 
 

  
 

In summary, it appears that performance attributes at T=0 have a confidence and reliability of 95/99% and was confirmed comparing kactual to the targeted k value. 
The variability in data (non-normal distribution) appear to impact shelf life testing ( Aged 6 months at 40°C ± 2°C and 75% RH± 5% RH) as stated in Table 1 of 
the firm’s response dated 01.14.2022.  

 
While the performance of the attributes maintained a C/R of 95/99% despite having outliers (variability), it is important to ensure that the root cause of variability is 
assessed for impact to device performance as a result of drug product fill and needle guard manufacturing over manufacturing time. However, the risk is low 
as the product is for HCP use only and utilizing a simplistic device. Variability in filling will be raised to CDER to be assessed for any other impact.  
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6.1.3. Stability Review Summary 

Shelf-life: 24 months 
Storage conditions:   Refrigerated - 2°C to 30°C (36°F to 86°F) 
Time period and storage conditions provided for 
accelerated aging: 

40°C±2°C/75%±5%RH 6 month accelerated aging, 18 
months equivalent to 36 months on-going 

Time period and storage conditions provided for real-time 
aging: 

2°C-8°C for 12 months RT, 36 months on-going  
 

*Endpoint evaluation is provided in section 6.1.2. 
 

Reviewer Comments 
 
The firm has “volume in container” on stability which tests the fill volume and not deliverable volume.  Volume in 
container testing appears to also be conducted on PFS release. It is important to clarify if the fill volume will be tested 
or if the expelled drug product will be measured (i.e., deliverable volume).  The Firm should if clarify the method in 
which they intend to test deliverable volume over shelf life and during release. Refer to Information Request C4.  
The firm confirmed during Information Request D2 that volume in container is tested by measuring the volume of the 
drug product that is expelled through the needle. 

 
6.1.4. Biocompatibility Evaluation 

 Biocompatibility was evaluated [e.g. co-packaged syringes, co-packaged components outside of primary container 
closure] 

 Biocompatibility was not evaluated because: of the following reasons:  
 The needle safety device has been 510k cleared 

 The needle safety device is in contact with intact skin surfaces for limited duration and is used in a healthcare 
setting where gloves should be worn 

 The needle safety device materials are of  materials which are common  
that are unlikely to cause an unacceptable adverse biological response resulting from contact of the materials of 
the device with the body per FDA’s guidance, “Select Updates for Biocompatibility of Certain Devices in Contact 
with Intact Skin” 

6.1.5. Sterility Evaluation 
 Sterility Evaluated (e.g., co-packaged syringes, co-packaged components outside of primary container closure) 
 Sterility not evaluated (syringe, including needle are part of primary container closure, sterility evaluation is under the 

purview of CDER) 
 
 
6.2. Device Performance Review Conclusion  

DEVICE PERFORMANCE REVIEW CONCLUSION 
Filing Deficiencies: 
Yes No N/A 

Mid-Cycle Deficiencies: 
Yes No N/A 

Final Deficiencies: 
Yes No N/A 

Reviewer Comments 
All information requests/deficiencies have been resolved. There is 1 comment to CDER that has been issued with 
regards to variability between   
CDRH sent Device Performance Deficiency or Interactive Review Questions to the Sponsor: Yes  No 
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The firm has not detail how they intend to control needle safety performance such as needle safety activation force or 
needle safety override force. Device dimensions and the assembly process can impact needle safety performance. The 
firm should update their control strategy in 3.2.R.2 to discuss control of needle safety performance. Refer to IR C6. 
 

 
Control Strategy Conclusion  
The Sponsor provided adequate information to support the manufacturing control activities 
for the essential performance requirements of the combination product. Yes No 

 
7.1. Control Strategy Review Conclusion  

CONTROL STRATEGY REVIEW CONCLUSION 
Filing Deficiencies: 
Yes No N/A 

Mid-Cycle Deficiencies: 
Yes No N/A 

Final Deficiencies: 
Yes No N/A 

Reviewer Comments 
After the firm provided additional detail in response to information request C5 and C6, the control strategy of the 
combination product appears effective and reasonable.  
CDRH sent Control Strategy Deficiency or Interactive Review Questions to the Sponsor: Yes  No 
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MEMORANDUM 
REVIEW OF REVISED LABEL AND LABELING

Division of Medication Error Prevention and Analysis 2 (DMEPA 2) 
Office of Medication Error Prevention and Risk Management (OMEPRM)

Office of Surveillance and Epidemiology (OSE)
Center for Drug Evaluation and Research (CDER)

Date of This Memorandum: January 25, 2022

Requesting Office or Division: Division of Neurology 1 (DN 1)

Application Type and Number: NDA 215515

Product Name and Strength: Amvuttra (vutrisiran) injection, 25 mg/0.5 mL

Applicant/Sponsor Name: Alnylam Pharmaceuticals Inc.

OSE RCM #: 2021-798-1

DMEPA 2 Team Leader: Colleen Little, PharmD

1 PURPOSE OF MEMORANDUM
The Applicant submitted revised container label and tray labeling received on January 21, 2022 
for Amvuttra. Division of Neurology 1 (DN 1) requested that we review the revised container 
label and tray labeling for Amvuttra (Appendix A) to determine if they are acceptable from a 
medication error perspective.  The revisions are in response to recommendations that we made 
during a previous label and labeling review.a 

2  CONCLUSION
The Applicant implemented all of our recommendations. The carton labeling received on 
April 14, 2021 and the container label and tray labeling received on January 21, 2022 are 
acceptable from a medication error perspective. We have no additional recommendations at 
this time. 

a Yokum, A. Human Factors Study Report and Label and Labeling Review for Amvuttra (NDA 215515). Silver Spring 
(MD): FDA, CDER, OSE, DMEPA 2 (US); 2021 DEC 10. RCM No.: 2021-797; 2021-798.
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Clinical Inspection Summary  
Date  1/10/2022 
From  Cara Alfaro, Pharm.D., Clinical Analyst 

Phillip Kronstein, M.D., Team Leader 
Kassa Ayalew, M.D., M.P.H., Acting Branch Chief/Division Director 
Good Clinical Practice Assessment Branch  
Division of Clinical Compliance Evaluation 
Office of Scientific Investigations 

To  Annie Nguyen, Regulatory Project Manager 
Rainer Paine, M.D., Medical Officer 
Laura Jawidzik, M.D., Team Leader 
Division of Neurology 1 
Office of Neuroscience 

NDA #  215515 
Applicant  Alnylam Pharmaceuticals, Inc. 
Drug   Vutrisiran 
NME  Yes 
Proposed Indication  Treatment of polyneuropathy of hereditary transthyretin 

amyloidosis in adults 
Consultation 
Request Date 

 
5/5/2021 

Summary Goal Date  1/14/2022 
Priority/Standard 
Review 

 
Standard 

Action Goal Date  4/14/2022 
PDUFA Date   4/14/2022 

 

I. OVERALL ASSESSMENT OF FINDINGS AND RECOMMENDATIONS 

 
Drs. Berk, Gillmore, and Polydefkis were inspected in support of NDA 215515, covering 
Protocol ALN‐TTRSC02‐002. Despite some minor discrepancies in a secondary endpoint 
(10‐meter walk test) at Dr. Berk’s site, the study appears to have been conducted 
adequately, and the data generated by these sites appear acceptable in support of the 
respective indication. 

 

II. BACKGROUND 

 
Vutrisiran injection for subcutaneous use is being developed under NDA 215515 (IND 
139086) for the treatment of polyneuropathy of hereditary transthyretin amyloidosis 
(hATTR) in adults. This sponsor also developed patisiran (Onpattro®) injection for 
intravenous use, which was approved for the treatment of hATTR in 2018.  

Reference ID: 4917539
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The sponsor has submitted one Phase 3 study, ALN‐TTRSC02‐002 (HELIOS‐A), to support 
the efficacy and safety of vutrisiran for the treatment of hATTR. This Phase 3 study 
evaluated the efficacy and safety of vutrisiran compared to patisiran (active control). 
However, the sponsor’s primary analysis for this NDA was a comparison of vutrisiran from 
this Phase 3 study (ALN‐TTRSC02‐0002 [HELIOS‐A]) and placebo (external control) from 
the Phase 3 study (ALN‐TTR02‐004 [APOLLO]) previously submitted to support the efficacy 
of patisiran for the treatment of hATTR. These studies were similar in design. Of note, GCP 
inspections conducted covering Protocol ALN‐TTR02‐004 under NDA 210922 did not 
identify issues significantly impacting data reliability. 
 
Protocol ALN‐TTRSC02‐002 
 

Title: “HELIOS‐A: A phase 3 global, randomized, open‐label study to evaluate the efficacy 
and safety of ALN‐TTRSC02 [vutrisiran] in patients with hereditary transthyretin 
amyloidosis” 

Subjects: 164 

Sites: 56 sites in 22 countries: Western Europe (26 sites), North America (14 sites; US 12 
sites), Asia/Pacific (9 sites), Australia (3 sites), Latin America (3 sites), Eastern Europe  
(1 site)  

Study Initiation and Completion Dates: 2/14/2019 ‐ ongoing 

Primary Analysis Cutoff Date: 11/10/2020 

Database Lock: 12/15/2020 
 

This was a Phase 3, randomized, open‐label study in adult subjects with the polyneuropathy of 
hereditary transthyretin amyloidosis (hATTR). Included were male or female subjects, 18 to 85 
years of age, a diagnosis of hATTR with documented TTR mutation, Neurologic Impairment 
Score (NIS) of 5 to 130, Polyneuropathy Disability (PND) score <3b, and Karnofsky Performance 
Status (KPS) of >60%.  
 
The study was comprised of four periods: 
 
Screening Period – up to 42 days (Day ‐42 to Day ‐1) 
 
Treatment Period – 18 months (Day 1 to Month 18) 
Subjects were randomized (3:1) to one of two open‐label study arms: 
 Vutrisiran 25 mg subcutaneous injection every 3 months 
 Patisiran 0.3 mg/kg IV infusion every 3 weeks 
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Randomization was stratified by TTR genotype (V30M vs. non‐V30M) and baseline NIS 
score. Patisiran was the active comparator. Subjects randomized to patisiran received 
premedication prior to each dose to reduce the risk of infusion‐related reactions. 
 
Treatment Extension Period – 18 months (Month 19 to Month 36) 
All subjects who were receiving partisan were switched to open‐label vutrisiran 25 mg 
subcutaneous injection every 3 months for the remainder of the study. 

 
Follow‐up Period – up to 1 year 
All subjects who received vutrisiran participated in safety assessments quarterly until 
serum transthyretin levels returned to >80% of baseline, or until the subject started a 
transthyretin lowering regimen as a part of clinical care, whichever came first. All subjects 
were followed for a minimum of 3 months. Subjects who discontinued treatment early 
while on patisiran participated in a follow‐up visit 30 days after the last dose of study 
drug. 
 
The sponsor’s primary efficacy analysis was the change from baseline to Month 9 in the 
modified Neurological Impairment Score + 7 (mNIS+7) comparing vutrisiran to the placebo 
arm (external control) of Protocol ALN‐TTR02‐004 [APOLLO]. The sponsor’s key secondary 
efficacy analysis was the change from baseline to Month 9 in the Norfolk Quality of Life‐
Diabetic Neuropathy (Norfolk QoL‐DN) score comparing vutrisiran to the placebo arm 
(external control) of Protocol ALN‐TTR02‐004 [APOLLO].  
 
The mNIS+7 is a composite measure of neurologic impairment and includes physical 
examination of lower limbs, upper limbs, and cranial nerves to assess motor strength; 
electrophysiologic measures of small and large nerve fiber function; sensory testing; and 
postural blood pressure. Assessments were completed by trained study staff, and results 
were sent, via fax or electronic file sharing, to   

 for scoring. Based on source data available at clinical investigator sites, 
data verification focused on two components of the mNIS+7, NIS‐weakness (NIS‐W) and 
NIS‐reflexes (NIS‐R). These two components comprise 70% of the total mNIS+7 score. 

 
Rationale for Site Selection 
 

The clinical sites for inspection were chosen primarily based on risk ranking in the site 
selection tool, numbers of enrolled subjects receiving vutrisiran, serious adverse events, and 
prior inspectional history.  
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III. RESULTS 

 
1. John Berk, M.D. 

Site #080 
Amyloid Treatment and Research Program 
Boston University 
72 E. Concord Street, K‐503 
Boston, MA 02118 
Inspection Dates: 7/19/2021 – 7/22/2021 
 
At this site for Protocol ALN‐TTRSC02‐002, 7 subjects were screened and 6 were randomized. 
All randomized subjects completed month 9 (time of the primary efficacy endpoint) and are 
currently active in this ongoing study.  
 
Signed informed consent forms, dated prior to participation in the study, were present for all 
subjects who were screened. An audit of the study records of all subjects was conducted. 
Records reviewed included, but were not limited to, source documents, monitoring 
documents, IRB/sponsor communications, financial disclosure, test article accountability, 
inclusion/exclusion criteria, adverse event reports, laboratory results, concomitant 
medications, protocol deviations, secondary efficacy data (10‐Meter Walk Test [10‐MWT]), 
key secondary efficacy data (Norfolk QoL‐DN), and primary efficacy data (mNIS+7).  
 
Primary and secondary efficacy data were recorded on paper source at the site and verified 
against the sponsor data line listings for all randomized subjects. Data verification for the 
mNIS+7 focused on two components, NIS‐weakness (NIS‐W) and NIS‐reflexes (NIS‐R). These 
two components were assessed by neurologists and comprised 70% of the total mNIS+7 
score. No discrepancies were identified for the NIS‐W or NIS‐R scores. Neither were there 
discrepancies identified for the Norfolk Qol‐DN scores, the key secondary efficacy endpoint.  
 
There were three 10‐MWT data discrepancies for three of six randomized subjects (Table 1). 
The 10‐MWT was a secondary efficacy endpoint. Study staff explained that these errors were 
made when data from paper source were entered incorrectly into the electronic data capture 
(EDC) system.  
 
Table 1. 10‐MWT Discrepancies (Site 080) 

Subject  Treatment Arm  Visit  10‐MWT Results (seconds) 

Source  Sponsor Line Listing 

Vutrisiran  Month 9  6.78  6.8 

Patisiran  Baseline  9  9.3 

Vutrisiran  Month 9  8  7.5 

 
There was no evidence of underreporting of adverse events.  
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Reviewer’s comment: The only data discrepancies identified during the inspection were for a 
secondary efficacy endpoint, the 10‐MWT, for three of six randomized subjects. The 
discrepancy for Subject   appears simply to be related to rounding. For the other two 
subjects, the errors appear to have been data entry errors in the EDC system. These 
discrepancies were quite minor and are unlikely to impact analysis for this secondary 
endpoint. 
 

2. Julian Gillmore, M.D. 
Site #170 
University College London Medical School 
National Amyloidosis Centre 
Floor L3, Royal Free Hospital 
Rowland Hill Street 
Cmd, London 
United Kingdom 
Inspection Dates: 7/26/2021 – 7/30/2021 

 
At this site for Protocol ALN‐TTRSC02‐002, 7 subjects were screened, 6 were randomized, and 
2 subjects completed month 9 (time of the primary efficacy endpoint) and are currently active 
in this ongoing study. Two randomized subjects who are currently active in this study had not 
yet completed month 9 by the data cut‐off date. Two subjects died during the study. Subject 

, randomized to vutrisiran, had an SAE of iliac artery occlusion resulting in death; 
this subject had received one dose of vutrisiran on Day 1 during the study. Subject   
randomized to patisiran, had an SAE of coronary artery disease approximately 4 months after 
randomization resulting in death. Narratives for these deaths were included in the NDA 
submission. 
 
Signed informed consent forms, dated prior to participation in the study, were present for all 
subjects who were screened. An audit of the study records of all subjects was conducted. 
Records reviewed included, but were not limited to, source documents, monitoring 
documents, IRB/sponsor communications, financial disclosure, test article accountability, 
inclusion/exclusion criteria, adverse event reports, laboratory results, concomitant 
medications, protocol deviations, secondary efficacy data (10‐Meter Walk Test [10‐MWT]), 
key secondary efficacy data (Norfolk QoL‐DN), and primary efficacy data (mNIS+7).  
 
Primary and secondary efficacy data were recorded on paper source at the site and verified 
against the sponsor data line listings for all randomized subjects. Data verification for the 
mNIS+7 focused on two components, NIS‐weakness (NIS‐W) and NIS‐reflexes (NIS‐R). These 
two components were assessed by neurologists and comprised 70% of the total mNIS+7 
score. No discrepancies were identified for the NIS‐W or NIS‐R scores. Neither were there 
discrepancies identified for the key secondary efficacy endpoint, the Norfolk Qol‐DN scores, 
or for the 10‐MWT, a secondary efficacy endpoint.  
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There was no evidence of underreporting of adverse events.  

 
 

3. Michael Polydefkis, M.D 
Site #086 
Johns Hopkins Medicine 
600 N. Wolfe Street 
Meyer Bldg, Room 8‐148 
Baltimore, MD 21287 
Inspection Dates: 8/16/2021 – 8/20/2021 
 
At this site for Protocol ALN‐TTRSC02‐002, 8 subjects were screened and 7 were randomized. 
All randomized subjects completed month 9 (time of the primary efficacy endpoint), and 5 
subjects are currently active in this ongoing study. Subject  , randomized to 
patisiran, discontinued due to the SAE of renal failure; this subject had been participating in 
the study for approximately one year. The narrative for this SAE was included in the NDA 
submission. Subject  was randomized to patisiran but withdrew from the study 
while receiving vutrisiran during the extension phase. Per the sponsor, this subject withdrew 
due to difficulty in travel mobility and overall health status. 
 
Signed informed consent forms, dated prior to participation in the study, were present for all 
subjects who were screened. An audit of the study records of all subjects was conducted. 
Records reviewed included, but were not limited to, source documents, monitoring 
documents, IRB/sponsor communications, financial disclosure, test article accountability, 
inclusion/exclusion criteria, adverse event reports, laboratory results, concomitant 
medications, protocol deviations, secondary efficacy data (10‐Meter Walk Test [10‐MWT]), 
key secondary efficacy data (Norfolk QoL‐DN), and primary efficacy data (mNIS+7).  
 
Primary and secondary efficacy data were recorded on paper source at the site and verified 
against the sponsor data line listings for all randomized subjects. Data verification for the 
mNIS+7 focused on two components, NIS‐weakness (NIS‐W) and NIS‐reflexes (NIS‐R). These 
two components were assessed by neurologists and comprised 70% of the total mNIS+7 
score. No discrepancies were identified for the NIS‐W or NIS‐R scores. Neither were there 
discrepancies identified for the key secondary efficacy endpoint, the Norfolk Qol‐DN scores, 
or for the 10‐MWT, a secondary efficacy endpoint. 
 
There was no evidence of underreporting of adverse events. 
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1 REASON FOR REVIEW

This review evaluates the human factors (HF) validation study report and labels and labeling 
submitted under NDA 215515 for Amvuttra (vutrisiran).    

1.1 PRODUCT DESCRIPTION

This is a combination product with a proposed pre-filled syringe (PFS) device constituent part 
that is intended to treat polyneuropathy of hereditary transthyretin-mediated (hATTR) 
amyloidosis in adults.  The product is proposed as a 25 mg/0.5 mL PFS with an intended dose 
of 25 mg administered subcutaneously every 3 months by healthcare professionals (HCPs).

1.2 REGULATORY HISTORY RELATED TO THE PROPOSED PRODUCT’S HUMAN FACTORS 
DEVELOPMENT PROGRAM

On June 30, 2020, the Applicant submitted an HF validation study protocol under IND 
139086 for our review. We found the protocol incomplete and issued an HF Validation Study 
Protocol Incomplete Letter on July 07, 2020.1

On August 05, 2020, the Applicant submitted a revised HF validation study protocol under 
IND 139086. Subsequently, on August 07, 2020, the Applicant submitted a Type C meeting to 
request feedback from the Agency on the proposed  

 During the course of our 
review of the HF protocol, we noted that the user interface did not appear to represent the 
intend-to-market user interface.2 Thus, we determined it was premature to complete a 
review of the HF validation study protocol and we issued an HF Validation Study Protocol- 
Withdrawal Letter3 on September 30, 2020. We also informed the Applicant through a 
Meeting-Preliminary Comments Letter issued on October 14, 2020 that was premature to 
provide an answer to the HF questions posed in the aforementioned Type C meeting . 4  

On October 19, 2020, the Applicant submitted a clarifying question regarding use related 
risks and mitigation strategies associated with the  to achieve a 
single dose  in response to our comments in the September 30, 2020 HF Validation Study 
Protocol- Withdrawal letter and the October 14, 2020 Meeting-Preliminary Comments 
Letter.  We conducted a review5 and on October 28, 2020 we issued additional comments 

1 Ogbonna, C. Human Factors Validation Study Protocol Incomplete Letter for vutrisiran. Silver Spring (MD): FDA, 
CDER, OSE (US); 2020 JUL 07. IND 139086.
2 Morris, J. Human Factors Validation Protocol Review for vutrisiran IND 139086. Silver Spring (MD): FDA, 
CDER, OSE, DMEPA (US); 2020 SEP 24. RCM No.: 2020-1379.
3 Ogbonna, C. Human Factors Validation Study Protocol Withdrawal Letter for vutrisiran. Silver Spring (MD): 
FDA, CDER, OSE (US); 2020 SEP 30. IND 139086.
4 Nguyen, A. Meeting- Preliminary Comments Letter for vutrisiran. Silver Spring (MD) FDA, CDER, OND, DN1 
(US) 2020 OCT 14. IND 139086.
5 White, L. Review of Response to HF Advice for vutrisiran IND 139086. Silver Spring (MD): FDA, CDER, OSE, 
DMEPA (US); 2020 OCT 27; RCM No.: 2020-1379-1.
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regarding the Applicants updated use-related risk analysis (URRA) in an Advice/Information 
request letter6.

On April 14, 2021, the Applicant submitted an HF validation study report under NDA 215515 
and is subject of this review. 

2 MATERIALS REVIEWED 

We considered the materials listed in Table 1 for this review. The Appendices provide our 
findings and evaluation of each material reviewed.  

Table 1.  Materials Considered for this Review
Material Reviewed Appendix Section (for 

Methods and Results)
Product Information/Prescribing Information A
Background Information
     Previous HF Reviews (DMEPA and CDRH) 

B

Background Information on Human Factors 
Engineering (HFE) Process

C

Human Factors Validation Study Report D
Information Requests Issued During the Review E
Labels and Labeling F

3 OVERALL ASSESSMENT OF MATERIALS REVIEWED

The sections below provide a summary of the study design, errors/close calls/use difficulties 
observed , and our analysis to determine if the results indicate that user interface has been 
optimized to support the safe and effective use of the proposed product.

3.1 SUMMARY OF STUDY DESIGN

Table 2 presents a summary of the HF validation study design. We did not perform a review 
of the HF validation study protocol prior to the submission of the study results. See Appendix 
C for more details on the study design.

Table 2. Study Methodology for Human Factors (HF) Validation Study
Study Design Elements Details
Participants Healthcare Professionals (HCPs) n=15, ages 18-65 years old

- All HCPs were professionally qualified and licensed 
registered nurses that were experienced in administering 
injections using prefilled syringes within the past 12 weeks.

6 Nguyen, A. Advice/Information Request Letter for vutrisiran. Silver Spring (MD); FDA, CDER, OND, DN1 (US); 
2020 OCT 28. IND 139086.
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- HCPs were further stratified by gender, age, years of 
practicing, and dominant hand.

Training No training was provided to test participants prior to the 
assessment.

Test Environment The simulated use environment was selected to represent a 
clinic or home. Illumination was typical of lighting in a home 
or clinic environment. A flat surface was available to prepare 
the product. Noise levels and distractions were uncontrolled, 
but relatively quiet. Climatic conditions such as temperature 
were representative of a typical home or clinic.

Sequence of Study Usability Observation Simulated (OBS)- Injection 1 *
Usability Knowledge based assessment (KBA)*
Root Cause Analysis (RCA) 1
Labeling OBS- Injection 2**
Labeling KBA**
RCA 2
* Participants had access to the labeling but were not 
instructed to use it.
**Participants were instructed to use the Prescribing 
Information (PI) provided during the simulated injection (i.e., 
read a step, do a step) and to answer the KBA questions.

4 RESULTS AND ANALYSES

Section 4.1 describes the analyses of use errors, close calls, and use difficulties identified 
with critical tasks in the HF validation study. Section 4.2 describes use errors, close calls and 
use difficulties with non-critical tasks in the HF validation study. 

4.1 ANALYSIS OF CRITICAL TASK ERRORS

Table 3 describes the study results, the Applicant’s analyses of the results, and DMEPA’s 
analyses and findings for use errors, close calls and use difficulties with critical tasks.   
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Table 3. Results for Critical Tasks and DMEPA’s Analysis and Findings

Study Results and Applicant’s Findings DMEPA’s Analysis and Findings

1. For the task "Remove PFS correctly from the tray without 
dropping the syringe on the table or ground" in the Usability 
OBS,  there were 2 use errors. 

 2 participants removed the PFS from the tray by the 
plunger.

The Applicant’s root cause analysis (RCA) determined that:  
 The participants did not notice the finger access in the 

tray packaging. 
 Both participants did not read the labeling (i.e., PI or 

tray lid) and acted instinctively while removing the PFS. 

The Applicant summarized that the product is already designed 
with finger access to the barrel of the PFS in the tray, and the 
risk is controlled by labeling on the tray and in the PI, which 
indicate how to remove the PFS from the tray. The risk of 
removing the PFS is not higher than with any other PFS and 
cannot reasonably be further reduced. The participants were 
able to correctly remove on the second attempt with labeling. 
Thus, no mitigations were implemented.

Based on the URRA, failure to properly remove the PFS from 
the packaging can cause (1) damage to the product leading to 
delayed treatment or (2) injection of contaminated drug. 

The Applicant did not provide subjective feedback for these 
use errors. Thus, we issued an information request (IR) to the 
Applicant to provide the missing data. Per the Applicant, 
subjective feedback was not obtained for this task since the 
RCA was already determined. We expect subjective data to 
be gathered for every use error, close call, and use difficulty 
observed in the HF study. However, we did not identify any 
new, differing, or unique risks associated with this task for 
the proposed product as compared to similar packaged PFS 
intended for use by HCPs. Thus in this instance, we find the 
lack of subjective data does not preclude our ability to assess 
participant performance for this task. 

Our review of the user interface (PFS, labels and labeling, 
etc.) finds that the PI statement, “Remove the syringe from 
the packaging by gripping the syringe body” instructs users 
how to properly remove the PFS. Additionally,   

 
 Our review of the packaging 

notes that the tray is designed with a space to allow fingers to 
grasp the barrel of the PFS. In addition, we note that both 
participants were able to remove the product without 
damaging the PFS.

Reference ID: 4897181
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Based on our overall assessment, we find the residual risk for 
this task acceptable and no additional mitigations are 
needed. There are no recommendations.  

 2. For the task “Remove the PFS” there was 1 use error in the 
Usability KBA and 1 use difficulty in the Labeling KBA. KBA 
Question: "Can the syringe be used if it has been dropped?" 

 1 participant (use error) stated he/she would use the 
syringe despite being dropped if it appeared 
undamaged.

 1 participant (use difficulty) answered correctly but was 
unable to locate the information.

The subjective feedback and Applicant’s RCA indicated:
 1 participant (use error) understood the instructions 

written in the PI but would still use the syringe if not 
damaged after a careful inspection of the PFS because 
they did not want to waste the medication (intentional 
misuse).

 1 participant (use difficulty) expected the instruction to 
be under the preparation section of the PI.

The Applicant concluded the PFS still should not be used 
despite inspecting for damage because there can be damage 
that is not visible. However, the Applicant noted the warning is 
already in the PI and if a HCP would use it at their risk outside 
of the directions that is not controllable. The Applicant also 
notes the risk of using a dropped product is controlled by 
labeling and cannot be reasonably further reduced by other 
means, nor is the risk higher than with other PFSs.  Therefore, 

Based on the URRA, if this task is omitted or not performed 
correctly there is risk of damage to the needle shield feature 
resulting as sharps injury and the needle stick could 
theoretically result in transmission of incurable disease from 
patient to user (or other party). 

We reviewed the study results and we agree with the 
Applicant’s root cause analysis that attributed the use error 
to intentional misuse. Additionally, we note subjective 
feedback indicating that one participant expected this 
information to be under the “prepare syringe” section of the 
PI.  We also note this participant provided the correct 
response.  

Our review of the user interface (labels and labeling, etc.) 
finds that the PI includes the following warning and 
instruction under the “prepare for injection” section of the PI: 
“Do not use if the syringe has been dropped”.  We note 
similar currently marketed products with similar warning 
statements describing not to use a dropped device. We also 
find it reasonable to anticipate that a HCP will understand as 
part of their usual scope of practice that a dropped PFS 
should not be used.
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the Applicant concluded that no further risk mitigation is 
required.

Based on our overall assessment, we find the residual risk for 
this task acceptable and no additional mitigations are 
needed. There are no recommendations.

 3. For the task “Inspect PFS” there were 3 use errors in the 
Labeling KBA. KBA Question: What should you check before you 
give the patient the injection?  

 2 participants did not mention checking the appearance 
of the liquid.

 1 participant did not mention checking the cap or the 
liquid appearance.

The subjective feedback and Applicant’s RCA indicated:
 2 participants read from the PI and noted everything 

listed under the word “Check” but did not mention the 
liquid appearance which is noted in the paragraph 
above the word “Check”. 

 1 participant did not refer to the PI and answered from 
prior knowledge.

The Applicant concluded inspecting the product is a standard 
part of practice and the PI contains instructions to inspect the 
contents before use. Thus, risk mitigation measures were not 
implemented.

Based on the URRA, if this task is omitted or not performed 
correctly there is risk of  (1) injection of expired or 
contaminated drug (2) injection of the wrong drug if the user 
has received the incorrect product. 

We agree with the Applicant’s RCA that study artifact 
occurred based on the phrasing of the question “What should 
you check before you give the patient the injection?” 
triggered users to look only at the information below the 
word “check” and therefore, missed the instruction listed 
above the word “check” to visually inspect the solution.

Based on our overall assessment, we find the residual risk for 
this task acceptable and no additional mitigations are 
needed. There are no recommendations.

4. For the task "Receive and store product” there was 1 use error 
in the Usability KBA and 1 use difficulty in the Labeling KBA. 
KBA Question: “When, if ever, should the syringe be stored 
outside of the carton?"

 In the Usability KBA, 1 participant answered that the 
syringe could be store outside of the carton. 

Based on the URRA, failure to follow the storage conditions 
can result injection of compromised drug (i.e., decreased 
potency) resulting in disease progression. 

We agree with the Applicant’s RCA that negative transfer 
likely occurred for the participant that stated you could store 

Reference ID: 4897181



8

 In the Labeling KBA, 1 participant answered correctly 
but could not locate the information in the PI.

The subjective feedback and RCA indicated:
 1 participant (use error) was applying prior experience 

with other products, which was incompatible to this 
product (negative transfer) and did not refer to the 
labeling. 

 1 participant (use difficulty) explained this was common 
sense and not information they would typically look for 
on the packaging or instructions with a medication.

The Applicant concluded, storing the PFS inside the carton until 
ready for use is typical clinical practice. The instruction to keep 
the medication inside the carton until use is clearly indicated in 
the PI. Per the Applicant, the risk is controlled by labeling (i.e., 
PI and carton labeling) and cannot be reasonably controlled by 
other means nor is the risk higher than with other medications. 
Thus, no further risk mitigation was required or implemented.

the syringe outside of the carton due to the participant’s role 
in current clinical practice with other products and the 
participant did not refer to the labeling.  

Our review of the study results did not identify relevant 
subjective feedback attributed to the labeling for this task. In 
addition, we note that the 1 participant who was unable to 
locate the information, answered the “receive and store” KBA 
question correctly which indicates it is reasonable to believe 
the intended user (HCP) may rely on scope of practice and 
familiarity with a PFS when determining product storage.

Our review of the user interface (labels and labeling, etc.) 
finds that the carton labeling contains instructions to keep 
the PFS in the carton until time of use and section 16.2 of the 
PI informs users to store the product in the original carton 
until ready to use as with other similar marketed products.  

Based on our overall assessment and typical clinical practice, 
we find the residual risk for this task acceptable and no 
additional mitigations are needed. There are no 
recommendations.

5. For the task  “Verify critical carton label content/tamper 
feature, there were 6 use difficulties in the Labeling KBA. KBA 
Question: "What should you do if the box appears to have been 
previously opened?"

 5  participants answered correctly but could not locate 
the information.

Based on the URRA, if this task is omitted or not performed 
correctly there is risk of injecting an expired or contaminated 
drug product (i.e., decreased potency) resulting in disease 
progression.

We agree with the Applicant’s RCA that some HCPs, such as 
nurses, may receive the product ready for administration 
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 1 participant answered that he/she would use the 
syringe if the carton were open but the tray seal was 
still intact.

The subjective feedback and Applicant’s RCA indicated:
 For the 5 participants that were unable to locate the 

information: 
o 1 participant stated it was common sense and 

they would typically look for it on the packaging 
or instructions with a medication.  

o 4 participants were not looking on the carton for 
the information. The Applicant noted nurses 
who work in clinical institutions do not typically 
receive cartons.   

 1 participant initially thought the product would be safe 
to use if the tray was not yet opened. This participant 
answered while looking at the tray seal but did not 
identify the information on the carton. 

The Applicant stated if the carton has been previously open but 
the tray had not, then the likelihood of there being a harmful 
situation is very low to negligible. The Applicant concluded the 
risk is controlled by labeling, packaging design, and tamper 
evidence features cannot be reasonably controlled by other 
means nor is the risk higher than with other medications 
provided in this way. Thus, the Applicant finds no further risk 
mitigation is required.

outside of the carton and this may have caused negative 
transfer for this product.

Our review of the study results did not identify any subjective 
feedback indicating labeling confusion for this task. We note 
that 5 participants were unable to locate the information, but 
still answered the KBA question correctly based on scope of 
practice and familiarity with a PFS.  We find this may indicate 
it is reasonable to believe the intended user will rely on their 
experience with similar products in determining what to do if 
the box appears to have been previously opened.

Our review of the user interface (labels and labeling, etc.) 
finds that a warning is provided on the carton labeling.  

Based on our overall assessment and typical clinical practice, 
we find the residual risk for this task acceptable and no 
additional mitigations are needed. There are no 
recommendations.

 6. For the task "Inspect PFS” there was 1 use difficulty in the  
Labeling KBA. KBA Question: “What should you do if you 
discover an issue while checking the syringe and medication?"

Based on the URRA, if this task is omitted or not performed 
correctly there is risk of compromised drug injected.
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 1 participant answered correctly but was unable to 
locate the information in the PI.

The subjective feedback and Applicant’s RCA indicated:
 The participant was looking for a phone number to call 

to report an issue with the medication. The participant 
explained that they would speak with the pharmacy to 
determine next steps and would not use if the product 
did not appear as expected.

The Applicant concluded inspecting the medicine prior to use is 
a standard step intended to mitigate the risk of injecting 
adulterated medication. Although the risk is low, it is 
foreseeable that HCPs may occasionally omit to perform 
required checks. The risk is controlled by labeling to perform 
checks of the PFS and the PI states not to use medication that 
does not appear as described as well as a clear window to view 
the drug solution. Thus, no mitigations were implemented.

We agree with the Applicant’s RCA that the participant was 
applying current clinical practice of calling the pharmacy 
while searching for the action to take for this task and could 
not locate the information but was ultimately able to answer 
correctly. 

Our review of the study results did not identify relevant 
subjective feedback based on the labeling. In addition, we 
note that the participant who was unable to locate the 
information, answered the inspect PFS question correctly 
based on scope of practice and familiarity with a PFS.

Our review of the user interface (labels and labeling, etc.) 
finds that the PI states “Do not use the syringe if any issues 
are found while checking the syringe” of which we find 
acceptable. 

Based on our overall assessment, we find the residual risk for 
this task acceptable and no additional mitigations are 
needed. There are no recommendations.

 7. For the task "What should you do after removing the syringe 
from refrigeration?", there were 2 use errors and 2 close calls 
in the Usability KBA and 1 close call in the Labeling KBA.  

 4 participants answered incorrectly.
 1 participant answered correctly but could not locate 

the information. 

The subjective feedback and Applicant’s RCA indicated:
 1 participant (use error) did not reference the PI and 

said she would expect the pharmacy to hold the drug 

Based on the URRA, if a user does not allow the product to 
warm to room temperature prior to administration the harm 
is a temporary discomfort.  If the user warms the PFS by other 
means, the risk of harm to the user could be compromised 
drug injected requiring medical intervention. 

We agree with the Applicant that this task is not unique to 
this particular product. Our review of the study results did 
not identify relevant subjective feedback regarding labeling 
confusion. 
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until it is ready to administer and the information would 
be in the electronic medical record about the drug.

 1 participant (use error) did not reference the PI and 
stated wait 3-5 minutes.

 2 participants (close calls in Usability KBA) did not open 
the PI and answered they would give the injection 
immediately. These participants were answering from 
prior knowledge.

 1 participant (close call in Labeling KBA) answered 
correctly but was initially unable to locate the 
information. explained this was general nursing 
knowledge and info they would typically look for on the 
packaging or instructions with a medication 

The Applicant concluded waiting for a period for refrigerated 
medication to reach room temp is intended to ensure 
comfortable injection and is standard clinical practice. The 
critical risk associated with this task is artificial warming 
methods which did not occur. Although it is foreseeable that 
users may not wait or wait the full 30 minutes, there were no 
critical hazardous situation from the study outcomes.
The Applicant also stated the risk is controlled by labeling and 
cannot be reasonably controlled by other means nor is the risk 
higher than with other medications that require refrigeration 
prior to use.  Therefore, the Applicant concluded that no 
further risk mitigation is required.

Our review of the user interface (labels and labeling, etc.) finds 
that the dosing and administration instruction section of the PI  
states “If stored cold, allow the syringe to warm to room 
temperature for 30 minutes prior to use.” Our review also 
finds this product can be stored at room temperature or in the 
refrigerator (i.e., 2°C to 30°C (36°F to 86°F)); thus, warming the 
product to room temperature only applies if the product has 
been stored in the refrigerator.

Based on our overall assessment, we find the residual risk for 
this task acceptable and no additional mitigations are 
needed. There are no recommendations. 
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4.2 ANALYSIS OF OTHER TASK ERRORS

The HF validation study showed use errors, (e.g., failures, difficulties, and close calls) with 
the non-critical tasks below; however, based on our review of the available participants’ 
subjective feedback, the Applicant’s root cause analysis, and the Applicant’s proposed risk 
mitigation strategy; we determined the residual risk is acceptable. For example, we find that 
the task to clean hands prior to an injection and the task to pinch and hold skin at the 
injection site are tasks that are familiar to HCPs based on scope of practice and familiarity 
with administering a subcutaneous injection. We also find the task to read, identify, and 
unfold the PI is not unique to this particular product and user group. In addition, we 
considered the use tasks of the proposed product as compared with the use tasks in similar 
marketed products with the same user groups to determine if there are any known concerns 
of vulnerability to use error and did not identify any concern. Subsequently, we did not 
identify further need for risk mitigation strategies at this time to address the use errors 
related to the following use tasks:  

 Pinch and hold skin at the injection site
 Read instructions, identifies, and unfolds PI
 Clean hands (KBA Question: “After inspecting the device, what should you do prior to 

injection?”)

4.3 LABELS AND LABELING

Tables 4 and Table A below include the identified medication error issues with the submitted 
packaging, label and labeling, our rationale for concern, and the proposed recommendation 
to minimize the risk for medication error.  
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Table 4: Identified Issues and Recommendations for the Division of Neurology 1 
Identified Issue Rationale for Concern Recommendation

Full Prescribing Information: Section 16.1 How Supplied
1. The strength of the 

proposed product, 
25 mg/0.5 mL, is 
not provided in this 
section.

Per 21 CFR 201.57 (c)(17)(i), 
the strength should be listed 
in section 16 of the PI.

Consider revising section 16.1 of the PI to include the 
strength(i.e., “25 mg/0.5 mL”) of the proposed 
product.

2. As currently 
presented, the 
packaging 
configuration is not 
included. 

Per 21 CFR 201.57(c)(17), the 
“How Supplied/Storage and 
Handling” section of the PI 
must include the packaging 
configuration/ units in which 
the dosage form is ordinarily 
available for prescribing.

Consider revising 16.1 of the PI to include how the 
product will be supplied (e.g., “carton containing one 
single-dose prefilled syringe”).  

3. We note the 
inclusion of 
statement, “The 
prefilled syringe 
components are 
not made with 
natural rubber 
latex.”

We defer to OPQ to determine if the statement, “The prefilled syringe components 
are not made with natural rubber latex” is appropriate. 
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Table A: Identified Issues and Recommendations for Alnylam Pharmaceuticals Inc. (entire table to be conveyed to 
Applicant)

Identified Issue Rationale for Concern Recommendation
Tray Labeling
1. The lot number and 

expiration date are 
missing from the 
tray lid labeling.

We recommend including the 
lot number and expiration date 
on the tray labeling in 
alignment with the carton 
labeling. 

Revise the tray labeling to include the lot number and 
expiration date. See recommendation #1 under 
Container Label and Carton Labeling below.  

Container Label and Tray Labeling
1. The container label 

and tray labeling 
are missing a linear 
barcode. 

The drug barcode is often used 
as an additional verification 
before drug administration in 
the hospital setting; therefore, 
it is an important safety feature 
that should be part of the label 
whenever possible.  

Add the product’s linear barcode as required per 21 CFR 
201.25(c)(2). For the container label, ensure the 
placement of the linear barcode does not impede 
scanning the barcode due to curvature of the PFS.

Container Label and Carton Labeling
1. The format of the 

expiration date 
expiration date 
placeholder is not 
defined and 
inconsistently 
presented. For 
example, the 
carton labeling 
states “MMM 
YYYY”; however, 

Lack of clarity regarding the 
expiration date might 
contribute to confusion and 
deteriorated drug medication 
errors.  

FDA recommends that the human-readable expiration 
date on the drug package label include a year, month, 
and non-zero day.  FDA recommends that the expiration 
date appear in YYYY-MM-DD format if only numerical 
characters are used or in YYYY-MMM-DD if alphabetical 
characters are used to represent the month.  If there are 
space limitations on the drug package, the human-
readable text may include only a year and month, to be 
expressed as: YYYY-MM if only numerical characters are 
used or YYYY-MMM if alphabetical characters are used to 
represent the month.  FDA recommends that a forward 
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the  container label 
states,  MM YYYY.

slash or a hyphen be used to separate the portions of the 
expiration date.
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5 CONCLUSION AND RECOMMENDATIONS 

Our review of the human factors (HF) validation study identified use errors with critical 
tasks. However, taking into consideration the review of the subjective feedback, root cause 
analysis, and our independent review of the user interface and the review of similar 
currently approved products, we find residual risks associated with these use errors 
acceptable. Thus, in this specific instance, we accept the simulated HF validation study 
results.   

Our evaluation of the proposed packaging, label and labeling identified areas of 
vulnerability that may lead to medication errors. We determined that additional label and 
labeling revisions should be implemented to further reduce the residual risk associated with 
the design of the user interface. Above, we have provided recommendations in Table 4 for 
the Division and Table A for the Applicant. We ask that the Division convey Table A in its 
entirety to the Applicant. These changes can be implemented without submitting additional 
HF validation testing for Agency review.

5.1 RECOMMENDATIONS FOR ALNYLAM PHARMACEUTICALS INC.

We found the results of your human factors (HF) validation study acceptable.  However, our 
evaluation of the proposed packaging, label and labeling identified areas of vulnerability that 
may lead to medication errors.  We have provided recommendations in Table A and we 
recommend that you implement these recommendations and submit the revised labels and 
labeling for our review.  We have determined at this time that these revisions can be 
implemented without providing additional HF data.
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APPENDICES:  METHODS & RESULTS FOR EACH MATERIALS REVIEWED 

APPENDIX A. DRUG PRODUCT INFORMATION/PRESCRIBING INFORMATION
Table 5 presents relevant product information for Amvuttra (vutrisiran) that Alnylam submitted 
on April 14, 2021. 

Table 5. Relevant Product Information 
Initial Approval Date N/A
Therapeutic Drug Class 
or New Drug Class

RNA interference (RNAi) therapeutic agent

Active Ingredient (Drug 
or Biologic)

vutrisiran

Indication Treatment of the polyneuropathy of hereditary transthyretin-
mediated (hATTR) amyloidosis in adults

Route of Administration Subcutaneous
Dosage Form Injection
Strength 25 mg/0.5 mL
Dose and Frequency 25 mg every 3 months
How Supplied Supplied as a 0.5 mL solution in a single dose 1 mL prefilled 

syringe. Each carton contains a tray sealed with a  lid 
containing one PFS and the PI. 

Storage Store at 2°C to 30°C (36°F to 86°F) in the original carton until 
ready for use. Do not freeze.

Container 
Closure/Device 
Constituent

PFS (Container Closure):  1 mL, 
long barrel standard ISO PFS made from type 1 glass with thin wall 
29G staked needle and rigid needle shield (RNS);  plunger Rod; 
0.5 mL of vutrisiran drug product; and  
threaded plunger stopper. The PFS components are not made 
with natural rubber latex.
Needle safety device (NSD):  add-on 
finger flange 
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Intended Users Healthcare providers
Intended Use 
Environment

Clinic or Home

APPENDIX B. BACKGROUND INFORMATION

B.1 PREVIOUS HF REVIEWS
B.1.1 Methods
On June 07, 2021, we searched the L:drive and AIMS using the terms, vutrisiran, 139086 and 
NDA 215515, to identify reviews previously performed by DMEPA or CDRH.  
B.1.2 Results
Our search identified two previous reviews7, 8, and we considered our previous 
recommendations to see if they are applicable for this current review. 

APPENDIX C. BACKGROUND INFORMATION ON HUMAN FACTORS ENGINEERING PROCESS

The background information can be accessible in the HF results report. See Appendix D. 

APPENDIX D. HUMAN FACTORS VALIDATION STUDY RESULTS REPORT

The HF study results report submitted April 14, 2021 can be accessible in EDR via: 
\\CDSESUB1\evsprod\nda215515\0003\m5\53-clin-stud-rep\535-rep-effic-safety-stud\hattr-
pn\5354-other-stud-rep\hf\hf-summary-report.pdf

7 Morris, J. Human Factors Validation Protocol Review for vutrisiran IND 139086. Silver Spring (MD): FDA, 
CDER, OSE, DMEPA (US); 2020 SEP 24. RCM No.: 2020-1379.
8 White, L. Review of Response to HF Advice for vutrisiran IND 139086. Silver Spring (MD): FDA, CDER, OSE, 
DMEPA (US); 2020 OCT 27; RCM No.: 2020-1379-1.
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APPENDIX E. INFORMATION REQUESTS ISSUED DURING THE REVIEW

We issued an information request (IR) on July 22, 2021 to request subjective feedback for two 
participants that committed use errors during the “Remove the PFS-S” task.  The Applicant 
responded on July 29, 2021 and the response can be accessible via EDR link: 
\\CDSESUB1\evsprod\nda215515\0011\m1\us\111-information-amendment\response-to-cmc-
question-1-received-22-july-2021.pdf 

We issued an IR on August 31, 2021 to request the Applicant to revise the URRA to include the 
clinical impact of the potential use errors identified.  The Applicant responded on September 
08, 2021 provided an updated study report that included the revised URRA. The response can 
be accessible via EDR link: \\CDSESUB1\evsprod\nda215515\0014\m1\us\111-information-
amendment\response-to-question-received-31-august-2021.pdf 

The revised URRA can be accessible via EDR link: 
\\CDSESUB1\evsprod\nda215515\0014\m5\53-clin-stud-rep\535-rep-effic-safety-stud\hattr-
pn\5354-other-stud-rep\hf\hf-summary-report.pdf   

APPENDIX F. LABELS AND LABELING

E.1 List of Labels and Labeling Reviewed

Using the principles of human factors and Failure Mode and Effects Analysis,9 along with 
postmarket medication error data, we reviewed the following Amvuttra (vutrisiran) labels and 
labeling submitted by Alnylam.

 Container label received on April 14, 2021
 Carton labeling received on April 14, 2021
 Packaging received on April 14, 2021
 Prescribing Information received on April 14, 2021. Available from 

\\CDSESUB1\evsprod\nda215515\0003\m1\us\114-labeling\draft\labeling\amvuttra-
vutrisiran-us-prescribing-information-word.docx 

9 Institute for Healthcare Improvement (IHI).  Failure Modes and Effects Analysis.  Boston. IHI:2004. 
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Interdisciplinary Review Team for Cardiac Safety Studies
QT Study Review

Submission NDA-215515

Submission Number # 003

Submission Date 4/23/2021

Date Consult Received 4/23/2021

Drug Name Vutrisiran (Amvuttra®)

Indication Polyneuropathy of h-TTR-mediated 
amyloidosis in adults

Therapeutic dose 25 mg once quarterly as a subcutaneous 
injection

Clinical Division DN
Note: Any text in the review with a light background should be inferred as copied from the 
sponsor’s document.

This review responds to your consult dated 4/23/2021 regarding the sponsor’s QT 
evaluation. We reviewed the following materials:

 Previous IRT review under IND-139086 dated 07/02/2018 in DARRTS (link);
 Sponsor’s cardiac safety report # ALN-TTRSC02-001 (SN0003; link);
 Sponsor’s clinical study protocol # ALN-TTRSC02-001 (SN0003; link);
 Sponsor’s clinical study report # ALN-TTRSC02-001 (SN0003; link); 
 Sponsor’s statistical analysis plan # ALN-TTRSC02-001 (SN0003; link);
 Sponsor’s proposed product label (SN0003; link);
 Investigator’s brochure (SN; link); and
 Highlights of clinical pharmacology and cardiac safety (SN0003; link).

1 SUMMARY
No significant QTc prolongation effect of vutrisiran was detected in this QT assessment.

The effect of vutrisiran was evaluated in Study # ALN-TTRSC02-001. This was a phase-1, 
randomized, single ascending dose study (25 mg to 300 mg) evaluating the safety, 
tolerability, PK, and PD of subcutaneous doses of vutrisiran in healthy subjects. The 
highest dose of 300 mg covers the high exposure scenario (Section 3.1). As the dosing 
regimen is once quarterly no increase beyond the therapeutic Cmax is expected and the 
highest dose in the study, therefore, sufficiently covers the high exposures. The data were 
analyzed using exposure-response analysis as the primary analysis which did not suggest 
that vutrisiran is associated with significant QTc prolonging effect (Section 4.5) – see Table 
1 for overall results. The findings of this analysis are further supported by the available 
nonclinical data (Section 3.1) and categorical analysis (Section 4.4).
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Table 1:  The Point Estimates and the 90% CIs (FDA Analysis)
ECG 
Parameter

Treatment Concentration 
(ng/mL)

∆∆QTcF 
(msec)

90% CI 
(msec)

QTc Vutrisiran 300 mg 1017.0 1.5 (-2.7 to 5.8)
For further details on the FDA analysis, please see Section 4.

1.1 RESPONSES TO QUESTIONS POSED BY SPONSOR

Not applicable.

1.2 COMMENTS TO THE REVIEW DIVISION 

Not applicable.

2 RECOMMENDATIONS

2.1 ADDITIONAL STUDIES

Not applicable.

2.2 PROPOSED LABEL

Below are proposed edits to the label submitted to SDN001 (link) from the IRT. Our 
changes are highlighted (addition, deletion). Please note, that this is a suggestion only and 
that we defer final labeling decisions to the Division.

12.2 Pharmacodynamics
Cardiac Electrophysiology

At times the recommended dose of 25 mg once every three months, Amvuttra does not 
prolong the QT interval to any clinically relevant extent.

We propose to use labeling language for this product consistent with the “Clinical 
Pharmacology Section of Labeling for Human Prescription Drug and Biological 
Products – Content and Format” guidance.

3 SPONSOR’S SUBMISSION

3.1 OVERVIEW

3.1.1 Clinical
Alnylam Pharmaceuticals Inc. is developing vutrisiran for the treatment of the 
polyneuropathy of hereditary transthyretin-mediated amyloidosis (in adult patients). 
Hereditary transthyretin-mediated (hATTR) amyloidosis is an autosomal dominant, 
multisystemic disease caused by variants in the TTR gene. Vutrisiran (MW: 17,290 Da) is 
a chemically modified double-stranded small interfering ribonucleic acid (siRNA) which 
is covalently linked to a ligand containing three N-acetylgalactosamine (GalNAc) residues 
(siRNA-GalNAc conjugate). The sponsor states that subcutaneous administration of 
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vutrisiran is associated with the reduction of serum TTR protein and TTR protein deposits 
in tissues due to degrading of variant and wild-type TTR mRNA through RNA 
interference.

The product is formulated as a sterile solution for injection containing 25 mg vutrisiran (25 
mg in 0.5 mL) for subcutaneous administration (a single-dose prefilled syringe). The 
maximum proposed therapeutic dose is 25 mg once every 3 months (quarterly). The peak 
concentrations of ~115.9 ng/mL (Tmax: 4 h; half-life: ~5 h) are expected at steady state 
with the anticipated therapeutic dose in target population. No significant accumulation is 
expected at steady state with the proposed maximum therapeutic dose (Cmax Racc: ~1.15). 
The maximum tolerated dose is not established, and the maximum studied dose is 300 mg 
single dose (Cmax: ~1090 ng/mL in healthy subjects).

Previously, the IRT reviewed the sponsor’s request for substitution of thorough QT study 
and agreed that the proposed study (Study # ALN-TTRSC02-001) is adequate to 
characterize the QT effect of vutrisiran (IND-139086; Dt: 07/2/2018). Study # ALN-
TTRSC02-001 was a phase 1, randomized, single-blind, single ascending-dose study to 
evaluating the safety, tolerability, PK, and PD of single subcutaneous doses of vutrisiran 
in healthy subjects. Subjects were randomized to receive single doses of 5, 25, 50, 100, 
200, and 300 mg (n=8; 6+2 per dose level). ECG and PK assessments were planned on 
Day 1 at pre-dose and 1, 2, 4, 24, and 48 hours post-dose, with two additional ECG 
assessments on Day 29 and Day 90. There are no major changes in the dosing regimen, 
PK/ECG schedule, and analysis methods after the previous IRT review.

The intrinsic and extrinsic factors are not expected to affect the exposures levels 
significantly. The peak concentration (Cmax: ~1090  ng/mL) observed with highest dose 
studied (i.e., 300 mg single dose) is expected to offer only ~9.4-fold margin over the 
therapeutic exposures (Cmax,ss: ~115.9 ng/mL) associated with the maximum proposed 
dose at the steady-state.

3.1.2 Nonclinical Safety Pharmacology Assessments
Refer to the sponsor’s highlights of clinical pharmacology and clinical safety.

3.2 SPONSOR’S RESULTS

3.2.1 By-Time Analysis
The primary analysis for vutrisiran was based on exposure-response analysis, please see 
Section 3.2.3 for additional details.

Sponsor provided by-time descriptive statistics for QTcF.

Reviewer’s comment: FDA reviewer’s analysis shows similar results for QTcF. FDA 
reviewer also analyzed other intervals (HR, PR and QRS). Please see Section 4.3 for 
additional details.

3.2.1.1 Assay Sensitivity
Not applicable.
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3.2.1.1.1 QT Bias Assessment
Not applicable.

3.2.2 Categorical Analysis
There were no significant outliers per the sponsor’s analysis for QTcF (i.e., > 500 msec or 
> 60 msec over baseline).

Reviewer’s comment: FDA reviewer’s analysis results show the similar results for QTcF 
and QTcF. FDA reviewer could not locate categorical analysis of other intervals. FDA 
reviewer’s analysis results show that there were no significant outliers for HR, PR and 
QRS. Please see Section 4.4 for additional details. 

3.2.3 Exposure-Response Analysis
The sponsor performed PK/PD analysis to explore the relationship between concentration 
of vutrisiran and ΔQTcF (change from baseline in QTcF) using a linear regression 
approach.

Based on results of study -001, vutrisiran has no effect on QTc interval at the 
supratherapeutic (300 mg dose) with Cmax of 1.09 µg/ml (approximately 11-fold higher) 
than the Cmax of vutrisiran seen in healthy subjects (0.0984 μg/mL) at the dose of 25 mg. 
Comparing the Cmax of the supratherapeutic dose of 1.09 µg/ml to the Cmax seen with the 
therapeutic dose of 25 mg in patients (0.1159 µg/ml) there is a 9.4 fold difference. No 
relationship was observed between plasma concentration and QTcF and the slope [with 
standard error] was -0.003 msec per ng/ml [0.0019], and an intercept of -3.18).

The results of the sponsor’s analysis suggest an absence of significant QTc prolongation at 
the highest anticipated therapeutic dose.  

Reviewer’s comment: Although there are numerical differences, the results of the 
reviewer’s analysis agreed with the sponsor’s conclusion. Please see Section 4.5 for 
additional details.

3.2.4 Safety Analysis
There were no deaths, no SAEs, and no AEs leading to withdrawal from the study.  There 
were no cardiac related AEs.

Reviewer’s comment: None of the events identified to be of clinical importance per the ICH 
E14 guidelines (i.e., syncope, significant ventricular arrhythmias or sudden cardiac death) 
occurred in this study. 

4 REVIEWERS’ ASSESSMENT

4.1 EVALUATION OF THE QT/RR CORRECTION METHOD

The sponsor used QTcF for the primary analysis, which is acceptable as no large increases 
or decreases in heart rate (i.e. |mean| < 10 beats/min) were observed (see Section  4.3.2).
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4.2 ECG ASSESSMENTS

4.2.1 Overall
Overall ECG acquisition and interpretation in this study appears acceptable.

4.2.2 QT Bias Assessment
Not applicable.

4.3 BY-TIME ANALYSIS

The analysis population used for the by-time analysis included all subjects with a baseline 
and at least one post-dose ECG. The statistical reviewer evaluated the QTcF effect using 
nonparametric descriptive statistics. 

4.3.1 QTc
Figure 1 displays the time profile of ΔΔQTcF for different treatment groups. 

Figure 1: Median and 90% CI of ΔΔQTcF Timecourse (unadjusted CIs).

4.3.1.1 Assay sensitivity
Not applicable.

4.3.2 HR
Figure 2 displays the time profile of ΔΔHR for different treatment groups. 
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Figure 2: Median and 90% CI of ΔΔHR Timecourse

4.3.3 PR
Figure 3 displays the time profile of ΔΔPR for different treatment groups. 

Figure 3: Median and 90% CI of ΔΔPR Timecourse

4.3.4 QRS
Figure 4 displays the time profile of ΔΔQRS for different treatment groups. 
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Figure 4: Median and 90% CI of ΔΔQRS Timecourse

4.4 CATEGORICAL ANALYSIS

Categorical analysis was performed for different ECG measurements either using absolute 
values, change from baseline or a combination of both. The analysis was conducted using 
the safety population and includes both scheduled and unscheduled ECGs.

4.4.1 QTc
None of the subjects experienced QTcF greater than 500 msec or ΔQTcF greater than 60 
msec in any of the dose levels of vutrisiran. 

4.4.2 HR
None of the subjects experienced HR above 100 beats/min in any of the dose levels of 
vutrisiran.   

4.4.3 PR
None of the subjects experienced PR above 220 msec in any of the dose levels of vutrisiran. 

4.4.4 QRS
None of the subjects experienced QRS above 120 msec in any of the dose levels of 
vutrisiran. 

4.5 EXPOSURE-RESPONSE ANALYSIS

The objective of the clinical pharmacology analysis was to assess the relationship between 
plasma concentration of vutrisiran and ΔQTcF. Exposure response analysis was conducted 
using all subjects with baseline and at a least one postbaseline ECG with time-matched PK.
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Prior to evaluating the relationship between vutrisiran concentration and QTc using a linear 
model, the three key assumptions of the model were evaluated using exploratory analysis: 
absence of significant - 1) changes in heart rate (more than a 10 bpm increase or decrease 
in mean HR); 2) delay between vutrisiran concentration and ΔQTc and 3) non-linear 
relationship.

Figure 5: Time course of drug concentration (top) and QTc (bottom)

An evaluation of the time-course of vutrisiran concentration and changes in ΔΔQTcF is 
shown in Figure 5. There was no apparent correlation between the time at maximum effect 
on ΔΔQTcF and peak concentrations of vutrisiran indicating no significant hysteresis. 
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Figure 2 shows the time-course of ΔΔHR, which shows an absence of significant ΔΔHR 
changes and the maximum change in heart rate is below 8 bpm (Sections 4.3.2 and 4.4.2).

After confirming the absence of significant heart rate changes or delayed QTc changes, the 
relationship between vutrisiran concentration and ΔQTcF was evaluated to determine if a 
linear model would be appropriate. Figure 6 shows the relationship between vutrisiran 
concentration and ΔQTc and supports the use of a linear model.

Figure 6: Assessment of linearity of concentration-QTc relationship

Finally, the linear model was applied to the data and the goodness-of-fit plot is shown in 
Figure 7. Predictions from the concentration-QTc model are provide in Table 2. 

Figure 7: Goodness-of-fit plot for QTc
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Table 2: Predictions from concentration-QTc model

Actual Treatment Analysis Nominal 
Period Day (C)

Plasma 
ALN-

TTRSC02 
Concentrat

ion 
(ng/mL)

QTCF 
(msec)

90.0% CI (msec)

Vutrisiran 5mg 1 18.3 2.9 (0.9 to 4.9)

Vutrisiran 25mg 1 87.4 2.8 (0.9 to 4.8)

Vutrisiran 50mg 1 177.9 2.7 (0.8 to 4.7)

Vutrisiran 100mg 1 345.2 2.5 (0.4 to 4.6)

Vutrisiran 200mg 1 637.0 2.1 (-0.8 to 4.9)

Vutrisiran 300 mg 1 1017.0 1.5 (-2.7 to 5.8)
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