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1. INTRODUCTION 
This statistical analysis plan (SAP) details comprehensive specifications of the efficacy, safety, 
pharmacodynamic (PD), and pharmacokinetic (PK) data summaries and statistical analyses in 
support of the clinical study report (CSR) for Study ALN-TTRSC02-003 (HELIOS-B). Changes 
to planned analyses specified in the final SAP made after database lock will be documented with 
justification in the CSR.  

Table, figure, and listing mock shells and specifications are contained in separate documents. 

Unless otherwise specified, statistical analyses will be conducted using SAS software Version 
9.4 or newer. 

2. STUDY DESIGN 

2.1. Synopsis of Study Design 
This is a Phase 3, randomized (1:1), double-blind, placebo-controlled, multicenter study to 
evaluate the efficacy and safety of vutrisiran in approximately 600 patients with transthyretin 
(TTR) amyloidosis (ATTR amyloidosis) with cardiomyopathy. Approximately 20% of the study 
population is anticipated to have hereditary ATTR (hATTR) amyloidosis with cardiomyopathy 
and 80% to have wild type ATTR (wtATTR) amyloidosis with cardiomyopathy.  

At study entry, patients are either:  

• Not on tafamidis (tafamidis-naïve; see protocol for definition); or  

• On tafamidis (currently receiving tafamidis) (Note: must be on-label use of 
commercial tafamidis per an approved cardiomyopathy indication and dose in the 
country of use).  

The study consists of 4 periods (Figure 1):  

1. Screening Period: Up to 45 days during which patients will undergo screening 
assessments to determine eligibility. 

2. Double-Blind Period (DB Period): 

• At the start of the DB Period (on Day 1), eligible patients will be randomized in a 1:1 
ratio to receive blinded doses of 25 mg of vutrisiran or placebo administered as a 
subcutaneous (SC) injection once every 3 months (q3M; every 12 weeks ±7 days) for 
up to 36 months.  

• An individual patient's DB Period visits will end after they complete their Month 36 
visit, or 30 months after the last patient is randomized, whichever comes first. As 
such, a patient's last visit during the DB Period may vary from 30 to 36 months after 
enrollment. 

− The variable length of the DB Period will mean that some patients will not have a 
Month 33 and/or Month 36 visit. For patients whose last visit in the DB Period 
was Month 30 (Week 132), Day 1 in the OLE Period will occur 144 weeks 
(±7 days) after enrollment in the DB Period.  For patients whose last visit in the 
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DB Period was Month 33 (Week 144), Day 1 in the OLE Period will occur 
156 weeks (±7 days) after enrollment in the DB Period. For patients whose last 
visit in the DB Period was Month 36 (Week 156), Day 1 in the OLE Period will 
occur on the same day (since study drug is not administered as part of the 
Month 36 DB visit). 

− The period of DB exposure, defined as the duration prior to first exposure to 
open-label treatment, will be 144 to 156 weeks (33 to 36 months). 

• The primary analysis will be conducted after the last patient has completed the period 
of DB exposure or otherwise discontinued. 

3. Open Label Extension (OLE) Period:  

The study has been amended (Protocol Amendment 4) to include an OLE Period in 
lieu of the Open-Label Randomized Treatment Extension Period (previously 
introduced with Protocol Amendment 3). In the OLE Period, all patients will receive 
the vutrisiran 25 mg q3M regimen for up to 2 years. Patients initially randomized to 

 in the OLE Period (under Amendment 3) will transition to receive open-
label doses of 25 mg q3M vutrisiran administered as SC injections at their next 
scheduled dosing visit. 

4. Follow-Up Period:  

Following completion of the OLE Period or completion of the DB Period for patients 
who do not continue into the OLE period or early treatment discontinuation in DB or 
OLE, patients will be followed up to 1 year after their last dose of study drug (up to 
18 months for women of child-bearing potential). 

Refer to Protocol Section 3.1 for more details. 

Figure 1: Study Design 

  
Abbreviations: DB=double-blind; OLE=open-label extension; q3M=every 3 months; ; 

SC=subcutaneous. 
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• PD Analysis Set: All patients who received at least 1 full dose of study drug and have 
an evaluable baseline and at least one evaluable postbaseline sample for TTR 
assessment. Patients will be analyzed according to the first treatment received. 

• All Vutrisiran Treated Set: All patients who received any amount of vutrisiran during 
the study, including patients who took vutrisiran during the DB period and patients 
who first took placebo during the DB period and switched to vutrisiran during the 
OLE period. 

• Vutrisiran Monotherapy Subgroup All Vutrisiran Treated Set: All patients who were 
not on tafamidis at the first dose of Vutrisiran in All Vutrisiran Treated Set. 

4. GENERAL STATISTICAL CONSIDERATIONS 
Categorical variables will be summarized using counts and percentages. Continuous variables 
will be summarized using the following descriptive summary statistics: number of patients (n), 
mean, standard deviation (SD), median, first quartile (Q1), third quartile (Q3), minimum, and 
maximum. 

The day of the first dose of study drug administered is defined as Day 1. The Study Day of a 
time point of interest is calculated as follows. 

If on or after Day 1, Study Day = date of interest – date of the first dose of study drug + 1 

If prior to Day 1, Study Day = date of interest – date of the first dose of study drug 

There is no Day 0. For example, the day before the first study drug dosing is defined as Day -1. 

For laboratory parameters, if there are multiple assessments on the same day, the average will be 
calculated. Assessment results reported with mathematic symbol (e.g., >, <,) will be replaced by 
the numeric value without mathematic symbol.  

For 6-MWT, only assessments confirmed as valid by the Colorado Prevention Center (6-MWT 
site training and oversight vendor) will be included in analyses.  

For efficacy analysis, heart transplant and LVAD placement will be treated as death, unless 
noted otherwise. 

In general, all analyses will be presented by treatment groups in the overall population, vutrisiran 
monotherapy subgroup and background tafamidis subgroup. All listings will include all data 
collected during the entire study for all randomized patients. Due to large file size, listings will 
not be generated for individual KCCQ/ , mBMI, , vital signs, and 
ophthalmology. 

4.1. Analyses for the Entire Study 
The study design includes a 33-36 months of DB period and an OLE period. The primary 
objective is to evaluate the efficacy and safety of vutrisiran compared with placebo during the 
DB period. In addition, the long-term efficacy of vutrisiran will be evaluated during the entire 
study period and the long-term safety of vutrisiran will be evaluated during the entire vutrisiran 
treatment period.  

CCI CCI
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For all longitudinal efficacy assessments, if a scheduled post-baseline assessment is not 
performed, another assessment performed within the Visit Window will be grouped with the 
scheduled assessment for analysis (Table 4 and Table 5). If there are two or more such 
assessments within a Visit Window, the assessment closest to the Target Visit Day will be used 
as the analysis value for that visit. If there are multiple visits with the same distance from the 
Target Visit Day, the earliest visit will be selected. 

Table 2: Definition of Last Survival Follow-up Date in the Analysis of All-cause 
Mortality for Different Analysis Periods 

Analysis Period Patients who enter OLE  Patients who do not enter OLE 

During the DB 
period First dose of OLE Earlier of last known alive/death date and 

first DB dose date + 1120 days 

During the DB + 6 
months OLE period 

Earlier of last known alive/death 
date and the first OLE dose date + 

183 days 

Earlier of last known alive/death date and 
first DB dose date + 1303 days 

During the Study Last known alive/death date 
Note: Dates after analysis cutoff date will be replaced by the cutoff date. 1120 days are calculated as 36 months (156 weeks) plus 
4 weeks. 1303 days are calculated as 1120 days plus 6 months (e.g., 183 days).   
 

Table 3: Definition of Last Event Follow-up Date in the Analysis of Composite 
Outcome for Different Analysis Periods 

Analysis Period Patients who enter OLE  Patients who do not enter OLE 

During the DB 
period First dose of OLE 

Earliest of last known alive/death date, 
study discontinuation date, and first DB 

dose date + 1120 days 

During the DB + 6 
months OLE period 

Earliest of last known alive/death 
date, study discontinuation date, last 

dose date + 365 days and the first 
OLE dose date + 183 days 

Earliest of last known alive/death date, 
study discontinuation date, and first DB 

dose date + 1303 days 

During the Study Earlier of last known alive/death date and study discontinuation date 
Note: For patients who died within 30 days of study discontinuation date, the study discontinuation date will be set as the death 
date. Dates after analysis cutoff date will be replaced by the cutoff date. 1120 days are calculated as 36 months (156 weeks) plus 
4 weeks. 1303 days are calculated as 1120 days plus 6 months (e.g., 183 days).   
 

Table 4: Analysis Visit Windows for Longitudinal Efficacy Endpoints in the DB 
period  

Analysis 
Visit Label 

Target 
Day 

Visit Window (days, inclusive) 

6-MWT, KCCQ, 
NYHA,  

  

  
  

Month 3 
(Week 12) 85 N/A  [43, 126]   

CCI
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based on an extension of the general mixture methodology [Dmitrienko 2011; Dmitrienko 2013]. 
The details of this multiple testing procedure are described below.   

Step 1 (primary endpoint family) 

The two primary endpoints will be tested at a 2-sided 0.05 significance level using the truncated 
Hochberg testing procedure with a truncation faction of 0.96.  

i. If the larger of two p-values is ≤0.049, reject both null hypotheses and continue to 
Step 2a. 

ii. If the larger p-value is >0.049 and the smaller p-value is ≤0.025, reject the null 
hypothesis corresponding to the smaller p-value and continue to Step 2b.  

iii. If the larger p-value is >0.049 and the smaller p-value is >0.025, accept both null 
hypotheses and stop the testing procedure.    

Step 2 (6-MWT family) 

The overall significance level used in the 6-MWT family is determined by the number of 
significant tests in Step 1.  

Step 2a: If both null hypotheses are rejected in Step 1, test following the same steps i, ii, and 
iii as for the primary endpoint family.  

Step 2b: If only one null hypothesis is rejected in Step 1, only test the 6-MWT defined in the 
same population as the corresponding rejected null hypothesis in Step 1. 

i. If the p-value is ≤0.001, reject the null hypothesis and continue to test the next 
secondary endpoint defined in the same population. 

ii. If the p-value is >0.001, accept the null hypothesis and stop the testing.  

For the KCCQ-OS and all-cause mortality families, the Step 3 and Step 4 are the same as that 
described in Step 2. For the NYHA class family, the Step 5 is described as below. 

Step 5 (NYHA class family) 

Step 5a: If both null hypotheses are rejected in Step 4, then the two NYHA class endpoints 
will be tested as follow.  

i. If the larger of two p-values is ≤0.05, reject both null hypotheses. 

ii. If the larger p-value is >0.05 and the smaller p-value is ≤0.025, reject the 
corresponding null hypothesis of the smaller p-value.  

iii. If the larger p-value is >0.05 and the smaller p-value is >0.025, accept both null 
hypotheses.    

Step 5b: If only one null hypothesis is rejected in Step 4, only the NYHA class defined in the 
same population as the corresponding rejected null hypothesis in Step 4 will be tested. 

i. If the p-value is ≤0.001, reject the null hypothesis. 

ii. If the p-value is >0.001, accept the null hypothesis.  

  CCI
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Figure 2: Multiplicity testing procedure for testing primary and secondary endpoints 

 

 

4.7. Handling of Missing Data 
No imputation will be done for early dropout patients for the primary analysis of the composite 
outcome endpoint. For longitudinal endpoints including 6-MWT and KCCQ-OS, the primary 
analyses will be based on mixed effects model repeated measures (MMRM) which implicitly 
impute missing values assuming missing at random (MAR). The only exception is missing due 
to death and unable to walk due to progression of ATTR amyloidosis (for 6-MWT only). For 
NYHA class, the missing due to death will also be imputed as class IV, and missing due to other 
reasons will be imputed via multiple imputation. Data handling strategies for these 
aforementioned intercurrent events and other intercurrent events in the primary analysis of 6-
MWT, KCCQ and NYHA class are detailed in Section 5.7.2.1 and Section 5.7.2.3, respectively. 
Sensitivity analysis of the composite outcome endpoint will be conducted using Multiple 
Imputation (MI) to handle missing data, as described in Section 5.7.1.4.4. Sensitivity analyses 
for 6-MWT and KCCQ-OS will be conducted based on a pattern mixture model (PMM) which 
assume missing not at random (MNAR), as described in Section 5.7.2.1.3. 

Since baseline NT-proBNP will be used as a covariate in the statistical models, for one patient 
with missing baseline NT-proBNP, the baseline value will be imputed with Week 12 visit data.  

4.8. Categorization of Death, Hospitalizations and Urgent HF Visits 
The details about the adjudication process for hospitalizations and urgent HF visits were 
specified in the Clinical Events Committee (CEC) Charter. Specifically, the CEC will adjudicate 
all non-elective (urgent/emergency/unscheduled) cardiovascular (CV) and non-cardiovascular 
(non-CV) hospitalizations/emergency department visits and all urgent, unscheduled office or 
outpatient visits for heart failure (urgent HF visits) occurring after randomization. Elective 
(scheduled/non-urgent/non-emergency) CV hospitalizations and non-CV hospitalizations are not 
events of special interest in this trial. However, these will also be reviewed by the CEC to ensure 
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• Treated 

• Completed Month 30 (Week 132) visit  

• Completed the DB Period  

• Discontinued treatment in the DB period and primary reason for treatment 
discontinuation 

• Discontinued study in the DB period and primary reason for study discontinuation 

• Entered the OLE period 

• Discontinued treatment in the OLE period and primary reason for treatment 
discontinuation 

• Discontinued study in the OLE period and primary reason for study discontinuation 

The number and percentage of patients enrolled by country and site will also be summarized.  

5.2. Demographics and Baseline Characteristics 
Demographic and baseline disease characteristics will be summarized using the FAS.  

Age at randomization, height, weight, and body mass index (BMI) will be summarized using 
descriptive statistics. Age group (<65; ≥65 - <75; ≥75), sex, race, ethnicity, and region (US; 
Europe; rest of world) will be summarized by presenting the frequencies and percentages of 
patients in each category.   

The following baseline disease characteristics will be summarized by presenting the numbers and 
percentages of patients in each category: 

• ATTR disease type [hATTR; wtATTR] 

• Baseline tafamidis use [Yes; No] 

• NYHA Class [I; II; III] 

• NYHA Class I/II and age < 75 years [Yes; No] 

• ATTR amyloidosis disease stage [1; 2; 3] 

•  

• Previous HF hospitalization [Yes; No] 

• NT-proBNP (≤3000; >3000 ng/L) 

The age at symptom onset and the time in years since hATTR or wtATTR diagnosis will be 
summarized, overall and by ATTR disease type, using descriptive statistics.  For those who 
previously used tetramer stabilizers, the time from discontinuation of tetramer stabilizer to the 
start of study drug will be summarized using descriptive statistics. For patients in the baseline 
tafamidis subgroup (per the clinical database), the time from the start of tafamidis therapy to the 
start of study drug will be summarized using descriptive statistics. 

The number and percent of patients with each ATTR disease type and with each genotype (for 
hATTR patients) will be summarized by country and treatment arm. 
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5.3. Medical History 
Medical history and prior procedures reported will be coded using the Medical Dictionary for 
Regulatory Activities (MedDRA), version 23.0 or newer. Unique patients who report medical 
history events will be summarized by MedDRA system organ class (SOC), high level term 
(HLT) and preferred term (PT). Other medical history data including cardiac medical history, 
neuropathy history, historical surgeries/procedures in the past 12 months and historical inpatient 
admissions or urgent healthcare visits in the past 12 months will also be summarized. Medical 
history data will be summarized using the FAS and presented in data listings as well. 

5.4. Protocol Deviations  
Protocol deviations will be classified by medical review prior to database lock, and protocol 
deviations will be identified in the protocol deviation file. A major protocol deviation is a 
deviation that may significantly impact the completeness, accuracy, and/or reliability of the trial 
data; that may significantly affect a subject's rights, safety, or well-being (ICH E3. Guideline: 
Structure and content of Clinical Study Reports Questions & Answers (R1). 2012). 

The Sponsor or designee will be responsible for identifying and reporting the protocol deviations 
into the protocol deviation file. This file will include a description of each protocol deviation and 
whether each deviation is classified as major. The file also contains an identifier about if a 
protocol deviation is related to COVID-19 pandemic. The file will be reviewed and finalized 
prior to database lock. 

Major protocol deviations will be summarized for all randomized patients. All protocol 
deviations, major protocol deviations, and those related to COVID-19 will be listed. 

5.5. Study Drug Exposure and Compliance 
Exposure to study drug in months and the number of doses of study drug received will be 
summarized using the Safety Analysis Set for the DB period. Summaries of the numbers and 
percentages of patients with no missing doses, and the number of missing doses per patient will 
also be provided. 

The last date of exposure to study drug during the DB period is defined as the earliest of the 
following dates:  

• Last dose date + 83 days (the dosing interval is 84 days) 

• Analysis cutoff date  

• End of study date 

• OLE Day 1 Dose date (start of OLE period) 
Duration of exposure (month) is defined as: (the last date of exposure to study drug – date of the 
first dose +1)/30.4375. Dose interruptions and compliance are not taken into account for duration 
of exposure. Study drug exposure data collected in the electronic case report form (eCRF) of 
study drug administration will be listed. 
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study drug will be summarized. Assessments more than 84 days after last dose of vutrisiran will 
be presented in listings and individual patients plots only. If a patient who received placebo for 
the first dose but received any amount of vutrisiran due to dispense errors, the patient will still be 
grouped as placebo but the data after receiving vutrisiran will be censored. 

Summary tables will be provided for observed values, changes, and percentage changes from 
baseline for each scheduled time point by treatment arm for TTR and vitamin A.  

The following parameters, derived using all available serum samples for measurement of TTR 
and vitamin A levels within the specified windows (including unscheduled), will be summarized 
using descriptive statistics:  

• Maximum percentage reduction in serum TTR and vitamin A over the DB period 

• Mean percentage reduction in serum TTR and vitamin A over the DB period 

• Mean percentage reduction in serum TTR (trough) during steady state from Month 6 
to 30 

Subgroup analysis for maximum, mean percentage reduction in serum TTR and mean percentage 
reduction in serum TTR (trough) during steady state described above will be provided for:  

• Age (<75; ≥75) 

• Sex (male; female) 

• Race (white; black; all other) 

• ATTR disease type (hATTR; wtATTR) 

• baseline tafamidis use (yes; no)  

• NYHA Class (I/II; III) 

• Body weight (<65 kg; ≥ 65 kg) 

• ADA status (positive; negative) 

All PD data will be displayed in data listings.   

5.9. Pharmacokinetic Analyses 
5.9.1. Study Variables 

For vutrisiran, plasma concentrations of vutrisiran will be summarized. Concentration values that 
are below the lower limit of quantification will be set to zero for analysis. 

• Day 1, Week 36, Week 72 (Month 18), Week 132 (Month 30): Predose levels and 
observed concentration 4-hour postdose (Cp [4 hr]) for vutrisiran 

5.9.2. Statistical Methods 

Descriptive statistics for plasma concentration will include the number of patients, mean, SD, 
coefficient of variation, geometric mean, geometric mean coefficient of variation, median, 
minimum, and maximum. Descriptive statistics and graphical displays of the plasma 
concentrations of vutrisiran will be presented by nominal sampling day (or week).  
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Population PK and exposure-response modeling may be performed and will be reported 
separately, as applicable. 

5.10. Anti-Drug Antibody Analyses 
The number and percentage of patients with confirmed positive anti-drug antibody (ADA) assay 
results at any time during the DB Period, as well as treatment-emergent ADA during the DB 
Period will be summarized. Treatment-emergent ADA consist of treatment-induced ADA and 
treatment-boosted ADA, as defined below: 

• Treatment-induced ADA: Confirmed positive ADA developed de novo after drug 
administration in patients without preexisting (baseline) confirmed positive ADA 

• Treatment-boosted ADA: Confirmed positive ADA after drug administration with 
ADA titer >4x baseline ADA titer in patients with preexisting (baseline) confirmed 
positive ADA 

The ADA titer results for patients with confirmed positive ADA and treatment-emergent ADA 
results will also be summarized using descriptive statistics. 

For patients with confirmed positive ADA results, spaghetti plots for the serum TTR (ELISA) 
over time and the plasma concentration of vutrisiran over time will be presented and compared 
with those with negative ADA results. Effect of positive ADA on efficacy and safety may also 
be explored.  

ADA data and patients with confirmed positive ADA results will be presented in data listings. 

5.11. Safety Analyses  
For AEs, CMs, procedures, laboratory parameters, vital signs and body weight, and ECG, 
summaries will be based on data from the date of first dose of study drug through the first dose 
in the OLE period for patients who entered OLE, or through 84 days after the last dose of study 
drug for patients who discontinued or completed DB treatment.   

For by-visit summaries of safety parameters, only scheduled visits and central laboratory data 
will be used.  For derivation of worst postbaseline values and abnormalities, all available 
assessments (i.e., scheduled and unscheduled) will be used. For the selected laboratory 
parameters (such as LFTs), two sets of deviations will be used to determine the worst 
postbaseline values.  One set will be solely using central laboratory data and the other set will 
make use of both central and local laboratory data. 

No inferential safety analysis is planned.   

5.11.1. Adverse Events  

AEs will be classified by the MedDRA coding system (version 23.0 or later) and displayed in 
tables and data listings using SOC and PT, unless otherwise specified.  

Analyses of AEs will be performed for those events that are considered treatment-emergent, 
defined as any AE occurring or worsening on or after the first dose of study drug and through the 
first dose in the OLE period for patients who entered OLE, or the earlier of (84 days after the last 
dose of study drug, early study discontinuation) for patients who discontinued DB treatment,  or 
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any study drug-related AE. Events with a fully or partially missing onset date will be imputed 
according to the imputation rule defined in Appendix 9.7 before determining treatment-emergent 
or not. 

Unless otherwise specified, AEs will be summarized by the numbers and percentages of patients 
reporting a given AE, as well as number of AEs and event rates per 100 patient-years.  

An overall table of TEAEs will include: 

• any AE 

• any AE related to study drug 

• any serious adverse event (SAE) 

• any SAE related to study drug 

• any severe AE 

• any severe AE related to study drug 

• any AE leading to treatment discontinuation 

• any drug-related AE leading to treatment discontinuation 

• any AE leading to study drug interruption 

• any treatment-related AE leading to study drug interruption 

• any AE leading to study discontinuation 

• any drug-related AE leading to study discontinuation 

• any AE leading to death including those not treatment emergent but deaths occurred 
after the end of study visit are not included. 

Tabulations by SOC and PT will be produced for the following:  

• AEs 

• Treatment-related AEs 

• Severe AEs 

• SAEs 

• AEs leading to treatment discontinuation 

• AEs leading to treatment interruption  

• AE leading to study discontinuation 

• AEs over time 

Tabulations by SOC and PT will be produced for AEs with a higher frequency (≥5% or ≥10%) in 
either treatment group. 

Tabulations by PT will be produced for the following: 

• AEs 
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• Treatment-related AEs 

• SAEs 

AEs and AEs related to treatment will also be summarized by severity. A patient contributes only 
once to the count for a given AE (overall, by SOC, by preferred term). Patients who report 
multiple occurrences of the same AE (preferred term) will be classified according to the most 
severe occurrence or the most related occurrence, respectively. An AE with missing severity will 
be assumed to be severe. An AE with missing study drug relatedness will be assumed to be 
related. For number of AEs and event rates per 100 patient-years, multiple occurrences of the 
same AE in a patient will be counted multiple times for that patient. 

Adverse events mapping to the Standardized MedDRA query (SMQ) Drug Related Hepatic 
Disorder will be summarized by SOC and PT. Other SMQs or AE groupings may be evaluated. 

Injection site reaction (ISR) events will be summarized. The number and percentage of patients 
reporting at least one ISR, the number and percentage of patients reporting at least one severe or 
serious ISR, and the numbers and percentages of patients with different ISR symptoms will be 
summarized, together with number of events and event rates per 100 patient-years. 

AE and SAE summary tables (by SOC and PT) will be separately generated for each of the 
subgroups below: 

• Age group [<75; ≥75 at randomization] 

• ATTR disease type [hATTR; wtATTR] 

• NYHA Class [I/II; III] 

• Sex (Male; Female) 

• Race (White; Black; All other) 

• Region (US; Europe; Rest of world) 

All AEs will be presented in patient data listings. Listings of all deaths, SAEs, AEs leading to 
treatment discontinuation or study withdrawal, and AEs mapping to the SMQs as described 
above will be listed. A listing of ISRs will be presented. 

5.11.2. Laboratory Data 

Clinical laboratory values will be expressed in standard units. Missing laboratory data will not be 
imputed. 

For each continuous clinical laboratory parameter (including hematology, serum chemistry, liver 
function tests (LFTs), coagulation, and urinalysis), descriptive statistics will be presented for the 
actual values, change from baseline, and percentage change from baseline by visit, or average of 
multiple records per visit will be presented. These by-visit tables for the DB period will use the 
central laboratory data only. 

For hematology and serum chemistry, summary tables of potentially clinically significant 
abnormalities will be provided. The results may also be graded according to the National Cancer 
Institute CTCAE Version 5.0 or above. A shift summary of baseline to maximum postbaseline 
CTCAE grade may be presented during the DB period, as appropriate. For shift and summary of 
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6. OTHER STATISTICAL ANALYSES  

6.1. During Vutrisiran Treatment Period 
The long-term safety of vutrisiran will be characterized by the analysis of All Vutrisiran treated 
Set for the vutrisiran treatment period (Section 4.1). The analysis will include all data on or after 
the first dose of vutrisiran during either the DB or OLE period: 

• For patients who receive vutrisiran in the DB period, data from the DB and OLE 
periods will be integrated. 

• For patients who receive placebo in the DB period and receive at least one dose of 
vutrisiran in the OLE period, only data after the first dose of vutrisiran in the OLE 
will be included. 

Where applicable, baseline will be defined as described in Section 4.3. Summaries will be 
presented by placebo/vutrisiran, vutrisiran/vutrisiran, and total for the All Vutrisiran treated Set.  

Duration of drug exposure will be defined as last vutrisiran dose date – first vutrisiran dose date 
+ 1, with last vutrisiran date defined as the earliest of the following dates: 

• Last vutrisiran dose date + treatment-specific window (83 days if last vutrisiran dose 
received is 25 mg q3M;  

 

• Analysis cutoff date 

• End of study date 

AE and ISR summaries described in Section 5.11.1 will be provided for vutrisiran-emergent 
adverse events, defined as treatment-emergent adverse events occurring on or after the first dose 
of vutrisiran treatment through a treatment-specific window following the last dose of vutrisiran 
(83 days if last vutrisiran dose received is 25 mg q3M;  

 Potentially clinically significant postbaseline abnormalities 
and shift from baseline to the worst postbaseline status for laboratory, vital signs, and ECG 
parameters, ADA, concomitant medications, and overall study drug exposure, during the 
vutrisiran treatment period will be summarized.  

6.2. During the Study Period 
Clinical efficacy, cardiac biomarker, and PD parameters will be summarized descriptively by 
visit throughout the entire study, to characterize the long-term effect of vutrisiran. For clinical 
efficacy and cardiac biomarker parameters, the visits will be presented as described in Table 4 
and Table 5. For PD parameters, summary tables will be provided for observed values, changes, 
and percentage changes from DB period baseline for each scheduled time point.  

The summary and MCF plot of composite all-cause mortality and recurrent CV events during the 
study will be provided. The MCF plots of recurrent CV events during the study will also be 
provided. The summary and KM plot for all-cause mortality during the study will also be 
generated. 

CCI

CCI







Statistical Analysis Plan, Study ALN-TTRSC02-003 vutrisiran (ALN-TTRSC02) 
Amendment 2, 30 May 2024 

Alnylam Pharmaceuticals Confidential 48 

Summary of changes Rationales 

composite endpoint, i.e., CV events and deaths collected 
after last dose date in DB period plus 12 months will be 
excluded in analysis.    

Treatment policy strategy will be used 
following FDA’s feedback.  
It was observed that the CV events 
reporting becomes sparse after patients 
discontinue treatment for more than 
one year which could reflect 
uncertainties with the data collection. 
In addition, patients likely seek other 
rescue medication which will 
confound the treatment effect estimate. 

 
 

 
 

 
 

  

 
 

For the primary endpoint, removed two sensitivity analyses 
for the primary endpoints: 

• Broad definition: Hospitalizations adjudicated as non-CV 
that had myocardial infarction or stroke as a contributing 
reason are included as CV events, in addition to those 
defined in the primary analysis. 

• Narrow definition: Hospitalizations adjudicated as being 
indeterminate are not counted as CV events. Only 
hospitalizations adjudicated as CV hospitalizations will 
be included along with urgent HF visits. 

As of November 2023, only one 
additional event will be included based 
on the broad definition, and there were 
few indeterminate hospitalizations. 
Given the small number of events, 
such sensitivity analyses are not 
considered useful.  

Details on win ratio analysis are added to the appendix To address FDA’s feedback on win-
ratio analysis rank algorithm. 

Additional details on how to impute different patterns are 
added to the appendix for PMM 

Updates made following FDA’s 
feedback on using retrieved dropouts 
for imputation 

 

 

 

 

CCI CCI

CCI
CCI
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8.2. Changes in SAP Amendment 2 compared to Amendment 1 
Changes in SAP amendment 2 compared to amendment 1 are summarized in the following table. 

Summary of changes Rationales 

Updated multiplicity control method for the 
primary and secondary endpoints: changing 
Hochberg to truncated Hochberg 

Truncated Hochberg testing procedure allows 
partial alpha to be passed down to test the 
secondary endpoints if only one primary endpoint 
hits statistical significance. 

Estimand for primary endpoint: 
• Updated wording of target population 

definition 
• Changed the ICE handling strategy from 

hypothetical to treatment policy for treatment 
discontinuation 

To clarify the target population definition and 
reflect FDA’s feedback. 

 
 

 

 
  
 

 
 

 

 
 

 
 

 

 
  

  

 
 

 

  
 

 
 
 

 
 

 
 

  
 
 

 
 

CCI
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Added a table to summarize the list of subgroups; 
removed subgroup analysis for all-cause mortality 
using CMH method 

To clarify the list of pre-specified subgroup 
analysis. 

Added a table to summarize the rationales for 
sensitivity analyses of the primary endpoint in 
Section 5.7.1.4 

To clarify the rationales and ICE handling for 
each sensitivity analysis 
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population analysis will also be stratified by baseline tafamidis use (yes vs. no). This method 
makes within-stratum pairwise comparisons for all possible vutrisiran/placebo patient pairs based 
on the 2 components (all-cause mortality, recurrent CV events) in a hierarchical order. Within a 
stratum, each vutrisiran patient will be compared with each placebo patient using a two-step 
procedure specified below, with the “winner” assigned a score of +1 and the “loser” assigned a 
score of “-1” for each pair. In case of a tied pair, no winner is chosen for that pair, a score of 0 is 
assigned to the pair of patients.  

Step 1: Compare all-cause mortality over the common survival follow-up times for two patients 

• During the common survival follow-up times for two patients, if one patient is alive 
and the other is deceased, the alive patient is assigned a score of +1 and the deceased 
patient is assigned a score of -1.  

• If both patients are alive or deceased exactly on the same day, proceed to Step 2. 

Step 2: Compare frequency of CV events over the common event follow-up times for two patients 

• During the common event follow-up times for two patients, the patient with fewer CV 
events is assigned a +1 score and the other patient with more CV events is assigned a 
score of -1. 

• If the numbers of CV events are the same, the two patients are tied and assigned a 
score of 0. 

The survival data (including death, heart transplantation and LVAD placement) collected after 
study discontinuation will be used for calculating the survival duration and for the first step of 
pairwise comparison described above. 

The point estimate of the stratified win ratio (WR) is defined as  

𝑾𝑾𝑾𝑾 =  
∑ 𝑛𝑛𝑡𝑡

(𝑚𝑚) 𝑁𝑁(𝑚𝑚)⁄𝑀𝑀
𝑚𝑚=1

∑ 𝑛𝑛𝑐𝑐
(𝑚𝑚) 𝑁𝑁(𝑚𝑚)⁄𝑀𝑀

𝑚𝑚=1
 

Where M is the number of strata, 𝑛𝑛𝑡𝑡
(𝑚𝑚)and 𝑛𝑛𝑐𝑐

(𝑚𝑚) are the number of vutrisiran/placebo pairs in 
stratum m in which the vutrisiran patient is the winner and in which the placebo patient is the 
winner, respectively, and 𝑁𝑁(𝑚𝑚) is the total number of patients in stratum m.  

[Dong 2018] note that the logarithm of the stratified win ratio is asymptotically normally 
distributed with mean 𝜐𝜐log (𝑊𝑊𝑊𝑊) and variance 𝜎𝜎log (𝑊𝑊𝑊𝑊)

2 . The point estimate of the logarithm of the 
stratified win ratio, 𝜐𝜐�log (𝑊𝑊𝑊𝑊), is the logarithm of the stratified win ratio statistic defined above. 
The variance estimate, 𝜎𝜎�log (𝑊𝑊𝑊𝑊)

2 , is calculated from equation (8) of their paper under the null 
hypothesis of the same treatment effect in the vutrisiran and placebo groups. 

Then 𝑧̂𝑧 =
𝜐𝜐�log (𝑊𝑊𝑊𝑊)

�𝜎𝜎�log (𝑊𝑊𝑊𝑊)
2

 follows a standard normal distribution, from which the p-value is readily 

obtained. 

The 95% confidence interval for the logarithm of the stratified win ratio is constructed as 

𝜐𝜐�log (𝑊𝑊𝑊𝑊) ± 1.96 ∗  �𝜎𝜎�log (𝑊𝑊𝑊𝑊)
2  
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The limits of this confidence interval for the logarithm of the stratified win ratio will then be 
exponentiated to construct the 95% confidence interval for the stratified win ratio. 
 

SAS Sample Code to Determine Winner/Loser for Stratified Win Ratio Method 

Generate ‘WR’ dataset containing winner/loser indicator from ‘pairs3’ dataset for each pair by 
stratum. ‘DTH(V|P)=1’ means (Vutrisiran|Placebo) patient died for the common survival follow-
up time. ‘NHOSP(V|P)’ stands for the number of cv events for (Vutrisiran|Placebo) patient 
during the common event follow-up time.  
 
*Calculate win and lose categories; 
data WR; 
set pairs3; 

length WINCAT $100; 
if DTHV = 1 and DTHP = 0 then WINCAT = "A. Placebo patient won at Step 
1"; 
if DTHV = 0 and DTHP = 1 then WINCAT = "B. Vutrisiran patient won at 
Step 1"; 
if DTHV = DTHP and NHOSPV > NHOSPP then WINCAT = "C. Placebo patient 
won at Step 2"; 
if DTHV = DTHP and NHOSPV < NHOSPP then WINCAT = "D. Vutrisiran patient 
won at Step 2"; 
if DTHV = DTHP and NHOSPV = NHOSPP then WINCAT = "T. Patient pair 
tied"; 
if SUBSTR(WINCAT, 1, 1) in ("A", "C") then WINSCORE = -1; 
if SUBSTR(WINCAT, 1, 1) in ("B", "D") then WINSCORE = 1; 
if SUBSTR(WINCAT, 1, 1) = "T" then WINSCORE = 0; 

run; 
 

SAS Sample Code to derive estimates and confidence interval for Stratified Win Ratio Method 

See lbps_a_1397007_sm1516.sas in the supplemental of [Dong 2018] for the derivation of 
stratified win ratio estimates and confidence interval.  

The following is a sample code to derive the win ratio estimate for each stratum:  
 
data wr_stra;      set wr_stra; 
       stratum = 1;  
 win_trt = &nt_s1.; win_con = &nc_s1.;  total = &n_s1.; 
 theta_KL0 = (win_trt + win_con)/(2*total); 
 winratio = win_trt/win_con; 
 output; 
 stratum = 2;  
 win_trt = &nt_s2.; win_con = &nc_s2.; total = &n_s2.; 
 theta_KL0 = (win_trt + win_con)/(2*total); 
 winratio = win_trt/win_con; 
 output; 
 stratum = 3;  
 win_trt = &nt_s3.; win_con = &nc_s3.;  total = &n_s3.; 
 theta_KL0 = (win_trt + win_con)/(2*total); 
 winratio = win_trt/win_con; 
 output; 
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 stratum = 4;  
 win_trt = &nt_s4.; win_con = &nc_s4.;  total = &n_s4.; 
 theta_KL0 = (win_trt + win_con)/(2*total); 
 winratio = win_trt/win_con; 
 output; 
  label win_trt = 'Number of winners for Treatment group' 
        win_con = 'Number of winners for Control group' 
        theta_KL0 = 'Theta K0/L0' 
        winratio = 'Win ratio'; 
  keep stratum win_trt win_con theta_KL0 winratio total; 
run; 

9.3. Multiple imputation for CV events 
A two-stage multiple imputation (MI) process, following the procedure for monotone missing 
data [Rubin 1987], will be used to assess the sensitivity of primary analysis for any missing CV 
events due to early study discontinuation. Missing CV events will not be imputed after all-cause 
mortality events (death, heart transplant or LVAD placement). The imputation will be up to the 
last survival follow-up date in DB period for patients who discontinued study earlier but are still 
alive at the last survival follow-up date in DB period. For patients who discontinued study early 
but subsequently died during the DB period, the missing CV events between the study 
discontinuation date and death date will be imputed. There are four types of patients summarized 
in below table: 

Type Status during the DB period Imputation for CV events 

1 Patients who complete the DB period No imputation 

2 
Patients who discontinued study due to death 
(including heart transplant and LVAD 
placement) 

No imputation 

3 Patients who discontinued study (not due to 
death) and died after study discontinuation 

Imputing CV events from study 
discontinuation to death 

4 Patients who discontinued study (not due to 
death) and were alive at the end of DB period 

Imputing CV events from study 
discontinuation to the last survival follow-up 
date in DB period 

The follow-up duration of 33 to 36 months will be divided into two intervals: 0 to 18 months and 
beyond 18 months. The imputation will be done by treatment arm and baseline tafamidis status 
group, sequentially for two intervals and separately for patients who died versus alive within the 
same interval. The two stage MI process are described as following: 

Interval 1 (0-18 months):  

• Stage 1: Sampling for CV event rates  

The CV event rates will be sampled separately from the Poisson regression model for 
patients who were alive or died in the interval, by treatment arm and baseline 
tafamidis status group. The model for sampling will include frequency of CV events 
during interval 1 (through study discontinuation date) as response variable, and 
baseline NT-proBNP as a covariate while adjusting for the event follow-up time 
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during interval 1. The SAS PROC MCMC procedure will be used for the sampling. 
With the simulated samples of parameters of intercept and coefficient of covariate 
from the PROC MCMC Poisson regression model, the samples of CV event rates for 
Period 1 can be obtained for each patient with the corresponding baseline NT-
proBNP within each group. 

• Stage 2: CV event time imputation for individual patients (type 3 or 4) 

The imputation will be done separately for patients who were alive and who died 
during the interval.  

− For patients who discontinued study in Interval 1 and were alive 18 months 
(either type 3 or 4):  

For each patient, the event times after study discontinuation will be generated 
from random samples from the exponential distribution based on the sampled CV 
event rate in stage 1. Event times within Interval 1 will be kept and those after 18 
months will be discarded.   

− For patients who discontinued study and died in Interval 1 (type 3):  

For each patient, the event times after study discontinuation will be generated 
from random samples from the exponential distribution based on the sampled CV 
event rate in stage 1 Event times before the patient’s death will be kept and those 
after death will be discarded.   

Interval 2: 18-33/36 months  

• Stage 1: CV event rate estimation 

The CV event rates will be sampled separately from the Poisson regression model for 
patients who were alive or died in the interval, by treatment arm and baseline 
tafamidis status group.  The model for sampling will include frequency of CV events 
during Interval 2 (through study discontinuation date) as response variable, and the 
observed number of CV events in Interval 1 and baseline NT-proBNP as covariates 
while adjusting for the event follow-up time during interval 2. With the simulated 
samples of parameters of intercept and coefficients of covariates from the sampling 
Poisson regression model, the samples of CV event rates for Period 2 can be obtained 
for each patient using the patient’s baseline NT-proBNP and the total number of CV 
events during Interval 1 (observed and imputed).   

  

• Stage 2: CV event time imputation for individual patients (type 3 or 4) 

− For patients who discontinued study in either Interval 1 or Interval 2 and 
were alive during Interval 2 (type 4):  

For patients who discontinued study in Interval 1, the entire Interval 2, i.e., from 
18 months to the last survival follow-up date in the DB period, will be imputed. 
For patients who discontinued study in Interval 2, only the interval from the study 
discontinuation to the last survival follow-up date in the DB period will be 
imputed. The imputation steps are similar as Interval 1. 
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− For patients who discontinued study in either Interval 1 or Interval 2 and 
died in Interval 2 (type 3):  

For each patient, The imputation steps are similar as above. 

The above 2-stage MI process will be repeated for 500 times, e.g., 500 imputed datasets. For 
each imputed dataset, the same LWYY model as the primary analysis will be applied. The results 
will finally be combined using Rubin’s rule [Rubin 1987]. 

Sample SAS Code:  

 

Stage 1 (CV event rate estimation model):  

 

Poisson model will be used to fit CV event data and will then be used to impute the missing data. 
The “OFFSET” in the linear model implemented by PROC GENMOD is the adjustment for the 
event follow up time in the interval (those who entered the interval but did not complete 
through).  
proc sort data=tot; by flg_dthevt_p1 trt01p tafabsl; run;  

proc mcmc data=tot outpost=mcmc_p1 nmc=500 propcov=quanew nbi=2000 
mintune=500 seed=7;     
   ods select PostSumInt; 
   array data[2] 1 logbnp; 
   array beta[2] alpha beta_logbnp; 
   parms alpha beta:; 
   prior alpha beta: ~ normal(0, prec = 1e-6); 
   call mult(data, beta, mu); 
   model nevt_p1 ~ poisson(exp(mu+logdur_p1)); 
   by flg_dthevt_p1 trt01p tafabsl;   
run; 
 

where variable ‘nevt_p1’ is the number of cv events during Interval 1, ‘logdur_p1’ is the log 
transformation of the event follow up time in Interval 1. 

For Interval 2, the model covariates will also include ‘ncv1’ as an additional model term for the 
number of the cv events occurring during the Interval 1.  

 

Stage 2 (event time imputation model): 

 

The macro below can be used to perform the multiple imputation to generate the predicted 
missing event time.  
data aftersample; 
    /* Set the seed for reproducibility */ 
    call streaminit(1234); 
 set needimput; 
 /* Generate random event times until cumulative time reaches the end of the 
interval */ 
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        time = 0; 
        cumulative_time = 0; 
        event_count = 0; 
 
        /* Loop until cumulative time reaches the end of the interval */ 
           do while (cumulative_time < gapfu); 
            /* Generate random event time from exponential distribution */ 
            time = rand("Exponential", 1/rate); 
           /* Update cumulative time */ 
            cumulative_time + time; 
 
            /* Output the result for each event */ 
            if cumulative_time < gapfu then do; 
  event_count + 1;      output; 
  end; 
 else do; 
  time = .;  cumulative_time = gapfu; output; 
  end; 
 end; 
run; 

The dataset ‘needimput’ will contain all the subjects that will be imputed. The variable ‘rate’ will 
be their individual sampled monthly event rate, which is exp (𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + ∑𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 ∗
𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐) where coefficients are samples drawn from the PROC MCMC procedure for each 
iteration to account for variation. (Note, for interval 2, covariates will also include the imputed 
event count in interval 1). The variable ‘gapfu’ represents the relative duration in months for 
which the event needs to be imputed for the patient in that interval.  

Once imputed event times are generated, they will be stacked with the observed data to serve as a 
complete data to feed into PROC PHREG for conducting the LWYY analysis. The observed data 
for patients without imputation will be counted through the last event follow-up date (defined in 
Table 3), while the observed data for patients with imputation will be counted through last 
survival follow-up date (defined in Table 2). The results then will be combined using Rubin’s 
rule [Rubin 1987]:  
 
proc mianalyze data=final; 

modeleffects estimate; 
stderr stderr; 
where parameter = 'trt01pn'; 
ods output ParameterEstimates=mi_result; 

run; 

9.4. Pattern Mixture Model 
Patients are classified into four patterns for missing 6-MWT/KCCQ-OS data during the DB 
period: 

1. Patients who died (including HT and LVAD placement) or unable to walk due to 
progression of ATTR amyloidosis (including hospitalization due to ATTR amyloidosis; 
applicable to 6-MWT only) before Month 30 visit: the missing change from baseline 
values at a postbaseline visit will be imputed as sampling with replacement from the 
worst 10% of observed change from baseline values from all patients at the same visit 
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and in same treatment group and same baseline tafamidis group, capped by the worst 
possible change for the patient (i.e. 0 – baseline value).    

2. Patients in the vutrisiran arm who are not in Pattern 1 and have missing visits within 126 
days of the last dose of vutrisiran: the missing change from baseline values are 
considered MAR and will be imputed using multiple imputation (MI) estimated from 
vutrisiran patients with non-missing data collected on treatment (i.e., data on visits within 
126 days from last dose) in the same baseline tafamidis group. The window of 126 days 
is chosen as 1.5× the dosing interval of 84 days.  

3. Patients in the vutrisiran arm who are not in Pattern 1 and have missing visits that are 
more than 126 days after the last dose of vutrisiran:  

a. If there are sufficient (i.e., at least 10) retrieved dropouts at Month 30 in the same 
baseline tafamidis group, i.e., vutrisiran patients who discontinued treatment but still 
had assessment that are more than 126 days after the last dose, the missing data will 
be imputed using data from these retrieved dropouts. 

b. If there are insufficient retrieved dropouts, missing change from baseline values will 
be assumed to be MNAR and imputed (using data from placebo patients in the same 
baseline tafamidis group) using the copy reference (CR) approach.  

4. Patients in the placebo arm who are not in Pattern 1 and have missing data for other 
reasons:  

a. If there are sufficient (i.e., at least 10) retrieved dropouts at Month 30 in the same 
baseline tafamidis group, i.e., placebo patients who discontinued study treatment but 
still had assessment that are more than 126 days from the last dose, the missing data 
will be imputed using data from these retrieved dropouts. 

b. If there are insufficient retrieved dropouts, missing change from baseline values will 
be considered as MAR and imputed using MI estimated from all placebo patients in 
the same baseline tafamidis group. 

Imputed change from baseline from any of the above methods will be capped by the worst 
possible change of the patient (0 – baseline value).     

Details of MI: 

For patients in Pattern 1, the imputation details are described above. For patients in Pattern 2 and 
Pattern 4b, all missing data for the placebo arm and missing data for the vutrisiran arm during the 
on-treatment period (ie, assessments within 126 days of the last dose of study drug) will be 
imputed using MI under the MAR assumption. Since the pattern of missing data within patients 
may be non-monotone, multiple imputation will be conducted separately by treatment arm and 
baseline tafamidis use group using the Markov Chain Monte Carlo (MCMC) method. For each 
treatment arm/baseline tafamidis use group, the imputation model will include type of 
amyloidosis (hATTR vs. wtATTR), NYHA class (I/II vs. III), age at randomization (<75 vs. 
≥75), NT-proBNP (≤3000 ng/L vs >3000 ng/L), baseline value, and all post baseline change 
from baseline values at protocol specified visits. The input dataset DATAIN will exclude data 
from vutrisiran patients that were collected after treatment discontinuation (ie, more than 126 
days after the last dose of study drug). Below is a sample SAS code for the multiple imputation: 
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proc mi data=DATAIN out=DATA_STEP1 seed=xxx nimpute=100; 
by treatment bltaf; 
em maxiter=300 converge=1e-4 itprint outem=outem; 
var baseline_variables base chg6m chg12m chg18m chg24m chg30m; 
mcmc chain=multiple initial=em; 

run; 

The MI procedure generates imputed values for all missing values. For patients in Pattern 1, the 
imputed data will be discarded and replaced by the imputed values using method described in 
Pattern 1 above. For vutrisiran patients, the imputed data from the on-treatment period will be 
kept while the imputed data after treatment discontinuation will be discarded and replaced by 
either the observed non-missing values (if available) or the imputed values using the CR 
approach described below (Pattern 3b). The imputation model is the same as that for Pattern 2 
and 4. 
proc mi data=DATA_STEP1_2 out=DATA_STEP2 nimpute=1 seed=xxx; 

by _imputation_ bltaf; 
class treatment; 
fcs nbiter=30 reg (chg30m = baseline_variables base chg6m chg12m chg18m 
chg24m); 
mnar model (chg30m / modelobs=(treatment=’placebo’)); 
var baseline_variables base chg6m chg12m chg18m chg24m; 

run; 

For imputation using the retrieved dropouts (Pattern 3a and 4a), the  multiple imputation 
approach described in [Wang 2022] is adopted.  
Combining Results 
Missing values will be imputed 100 times to generate 100 complete datasets using the procedures 
described above (via MI, CR or other methods described above). An analysis of covariance 
(ANCOVA) model will be fit to each imputed dataset for the change from baseline in 6-
MWT/KCCQ-OS at Month 30. The ANCOVA model will include baseline 6-MWT/KCCQ-OS 
as a covariate and treatment arm, baseline tafamidis use, treatment by baseline tafamidis use 
interaction, ATTR disease type, and age group as factors. For the vutrisiran monotherapy 
subgroup analysis, baseline tafamidis use, and treatment by baseline tafamidis use interaction 
will be removed from the model. The LS mean and SE estimated from the ANCOVA model fit 
to each imputed dataset will be combined by applying Rubin’s rules,[Rubin 1996; Rubin 1987] 
using SAS PROC MIANALYZE to produce inferential results including the treatment difference 
in LS means, 95% CI for the treatment difference, and the p-value. 

9.5. Multiple Imputation for NYHA Class analysis 
CMH method incorporating multiple imputation (MI) will be the primary analysis method for 
NYHA class. The change from baseline in NYHA class at Month 30 will be dichotomized into 
two categories: stable or improved vs. worsened. For missing due to death (including heart 
transplant and LVAD placement), missing NYHA class values will be imputed as Class IV. For 
missing not due to death, the missing NYHA class values will be assumed as MAR and multiply 
imputed using the MCMC procedure for each treatment and baseline tafamidis use group, with 
information including baseline NYHA class, type of amyloidosis (hATTR vs. wtATTR), age at 
randomization (<75 vs. ≥75), baseline NT-proBNP, and all postbaseline NYHA class 
assessments at the scheduled visits as covariates. The sample code is provided below: 
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proc mi data=DATAIN out=DATA_STEP1 seed=xxx nimpute=100 round=1; 
em maxiter=1000 converge=1e-10 itprint outem=outem; 
var baseline_variables base aval6m aval12m aval18m aval24m aval30m; 
by treatment bltaf; 
mcmc chain=multiple initial=em impute=full prior=ridge=0.75 niter=500 
nbiter=500; 

run; 

One hundred imputed datasets will be generated from the MI MCMC procedure using SAS 
PROC MI. Each of the imputed datasets will then be analyzed using the CMH method stratified 
by baseline NT-proBNP. The overall population analysis will also be stratified by baseline 
tafamidis use. 

The resulting estimates (common risk difference and standard errors) from the 100 imputed 
datasets will be combined using SAS PROC MIANALYZE to produce inferential results 
(difference in proportion of being stable or improved, 95% CI, and the P value) [Rubin 1996]. 
Combined difference will be calculated as the average of the 100 complete-data estimates. A 
total variance estimate will be calculated as a weighted sum of within-imputation variance, 
which is the average of the complete-data variance estimates, and a between-imputation variance 
term. Complete details may be found in the SAS documentation for the MIANALYZE procedure 
(see Combining Inferences from Imputed Data Sets under Details: 
http://support.sas.com/documentation/onlinedoc/stat/131/mianalyze.pdf). 

9.6. Joint Frailty Model for the Analysis of Recurrent CV Events  
Joint frailty models (JFM)[Rondeau 2007] not only address the dependency among the recurrent 
events, but also the dependency between recurrent events and the terminal event as well as 
informative censoring of recurrent events due to the terminal event. They model the recurrent 
events with a random-effect proportional intensity model where the subject-level random-effect 
vi is called the frailty parameter, which has a gamma distribution with unit mean and variance θ. 
The frailty parameter accounts for the heterogeneity among patients on the intensity/rate of 
recurrent event (and the risk of the terminal event) that cannot be explained by the covariate 
vector Zi. θ=0 indicates that there is no subject-to-subject variation beyond that explained by 
covariate vector Zi.  

The terminal event is modeled via a random-effect proportional hazard model with the random 
effect being 𝑣𝑣𝑖𝑖

γ and γ indicates the strength of association between the terminal event and 
recurrent events. A positive value of γ indicates that risk of the terminal event is positively 
correlated with the intensity of recurrent events; a negative value of γ indicates that risk of the 
terminal event is negatively correlated with the intensity of recurrent events; and γ=0 indicates 
that risk of the terminal event is uncorrelated with the intensity of recurrent events. This method 
estimates the regression parameters α (for the terminal event) and β (for recurrent events) as well 
as θ and γ. 𝑟𝑟0(𝑡𝑡) and 𝜆𝜆0(𝑡𝑡) are the baseline hazard functions for the recurrent events and the 
terminal event, respectively. A parametric model – piecewise constant functions – will be used to 
approximate the baseline hazard function for both recurrent events and the terminal event.  

𝑟𝑟𝑖𝑖(𝑡𝑡) = 𝑣𝑣𝑖𝑖 exp(𝛽𝛽𝑇𝑇𝑍𝑍𝑖𝑖) 𝑟𝑟0(𝑡𝑡) 

𝜆𝜆𝑖𝑖(𝑡𝑡) = 𝑣𝑣𝑖𝑖
𝛾𝛾 exp(𝛼𝛼𝑇𝑇𝑍𝑍𝑖𝑖) 𝜆𝜆0(𝑡𝑡) 



Statistical Analysis Plan, Study ALN-TTRSC02-003 vutrisiran (ALN-TTRSC02) 
Amendment 2, 30 May 2024 

Alnylam Pharmaceuticals Confidential 62 

Simulation studies[Liu 2004; Rondeau 2007] show that when γ = 0, the JFM and reduced model 
(i.e., modeling recurrent events alone) give very similar regression parameter estimates and 
variance estimates for the recurrent events. In this case, the reduced model is acceptable. 
However, when γ > 0 indicating positive correlation between rate of recurrent events and death, 
reduced model generates biased regression parameter estimates for the recurrent events (biased 
towards null or underestimated effects on recurrence rate), while regression parameter estimates 
from JFM are practically unbiased.  

Model fit criteria 

Model fit for JFM will be checked via the testing of γ = 0. An insignificant result indicates little 
correlation between recurrent events and death which supports a reduced model.  

Software implementation 

The JFM model will be estimated using R package “frailtypack” version 3.5.1 ([Rondeau 
2012];[Krol 2017]).  

9.7. Imputation for Partial or Missing Dates  
Inpatient admission or urgent/unscheduled healthcare visits: 

For partial/missing dates, the imputation will be done for discharge (end) dates first, followed by 
admission (start) dates.  

If the location of the visit is not ‘inpatient admission’: 

End date imputation:  

• If only day is missing: if the start date is complete, impute the end date as the start 
date, otherwise impute as the last day of the month.  

• If both month and day are missing:  

− if the start date is complete, impute the end date as the start date. 

− if the start date has missing day only, impute the end date as the last day of the 
same month as the start date. 

− if the start date has both month and day missing, impute the end date as June 30. 
If this results in a date before the first dose date, set the end date to the last day of 
the month and year of the first dose date. 

• If the date is complete missing:  

− if the start date is complete, impute the end date as start date. 

− if the start date has missing day only, impute as the last day of the same month of 
the start date. 

− if the start date has missing month and day, the month and day are imputed as 
June 30, and year is the same the start date. If this results in a date before the first 
dose date, set the end date to the last day of the month and year of the first dose 
date. 

Start date imputation:  
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• if only day is missing and the year and month are the same as the end date, impute the 
missing day the same as the end date.  

• if both day and month are missing, impute the missing day and month the same as the 
end date.  

• if complete missing, impute the missing date the same as the end date. 

If the location of the visit is ‘inpatient admission’: 

End date imputation:  

• If only day is missing: if the start date is complete, impute the end date as the day 
after the start date, otherwise, impute as the last day of the month.  

• If both month and day are missing:  

− if the start date is complete, impute the end date as the day after the start date. 

− if the start date has missing day only, then impute the end date as the last day of 
the same month as start date. 

− if the start date has missing month and day, impute the end date as June 30, if this 
results in a date before the first dose date, then set to the last day of the month and 
year of the first dose date.  

• If the date is complete missing:  

− if the start date is complete, impute the end date as the day after the start date. 

− if the start date has missing day only, impute as the last day of the same month of 
the start date. 

− if the start date has missing month and day, impute as the last day of the month 
and year as the first dose date. 

Start date imputation:  

• if only day is missing  

− if the start date and end date have the same month, impute the missing day as the 
day before the end date. 

− if the start date and end date have different months, impute as the last day of the 
month. 

• if both day and month are missing, impute as the date before the end date.  

• if complete missing, impute the missing date as the date before the end date. 

Medications: 
• For medications with missing month/day for start or end dates:  

− For start dates, missing month will be imputed as January and missing day will be 
imputed as the first day of the month. 
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− For end dates, missing month will be imputed as December and missing day will 
be imputed as the last day of the month. 

• For medications with completely missing start or end dates:  

− Missing start date will be imputed as one day prior to the first dose of study drug. 
If the imputed start date is after the collected end date, the end date will be used as 
the imputed start date.  

− Missing end date will be imputed as the earliest date of study discontinuation 
date, cutoff date, or death date. 

Adverse events and Procedures: 
Partial or missing AE or procedure end dates will not be imputed. For AE or procedure start date: 

• If year is missing, set to the first dose date. If this leads to a date after the end date 
(when end date is available with partial or complete information), set to the end date. 

• If year is not missing, but both day and month are missing: 

− If year of the start date is equal to the year of the first dose date, set to the first 
dose date.  

− If year of the start date is not equal to the year of the first dose date, impute the 
missing day and month of the start date as January 1st. 

− If the imputed date leads to a date after the end date, impute the missing day and 
month of the start date using the day and month of the end date. 

• If only day of the start date is missing:  

− If the year of the start date is equal to the year of the first dose date, and the month 
of the start date is equal to the month of the first dose date, impute the missing 
day of start date using the day of the first dose date.  

− Otherwise, impute the missing day of the start date as 1. 

− If the above leads to a date after the end date, impute the missing day of the start 
date using the day of the end date. 

9.8. Questionnaire Scoring  
In questionnaires, if multiple responses are provided to a single-response question, the question 
is deemed as missing. 

Kansas City Cardiomyopathy Questionnaire (KCCQ) 

The Kansas City Cardiomyopathy Questionnaire is a 23-item self-administered questionnaire 
developed to independently measure the patient’s perception of their health status, which 
includes heart failure symptoms, impact on physical and social function, and how their heart 
failure impacts their quality of life within a 2-week recall period. 

There are 6 domain scores and 2 summary scores for the KCCQ tool, which are calculated as 
follows: 
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1. Physical Function 

Code responses to each of Questions 1a-1f as follows: 

• Extremely limited = 1 
• Quite a bit limited = 2 
• Moderately limited = 3 
• Slightly limited = 4 
• Not at all limited = 5 
• Limited for other reasons or did not do the activity = <missing value> 

If at least 3 of Questions 1a-1f are not missing, then compute 

Physical function score = [(mean of the non-missing Questions 1a-1f) – 1]/4 * 100 

2. Symptom Stability 

Code the response to Question 2 as follows: 

• Much worse = 1 
• Slightly worse = 2 
• Not changed = 3 
• Slightly better = 4 
• Much better = 5 
• I’ve had no symptoms over the last 2 weeks = 3 

The symptom stability score = [(Question 2) – 1]/4 * 100. 

3. Symptom Domain  
Symptom Frequency: 

Code responses to Questions 3, 5, 7 and 9 as follows: 

• Questions 3 and 9 
− Every morning/night = 1 
− 3 or more times a week but not every day = 2 
− 1-2 times a week = 3 
− Less than once a week = 4 
− Never over the past 2 weeks = 5 

• Questions 5 and 7 
− All of the time = 1 
− Several times a day = 2 
− At least once a day = 3 
− 3 or more times a week but not every day = 4 
− 1-2 times a week = 5 
− Less than once a week = 6 
− Never over the past 2 weeks = 7 

If at least two of Questions 3, 5, 7 and 9 are not missing, then compute 
• S3 = [(Question 3) – 1]/4 
• S5 = [(Question 5) – 1]/6 
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• S7 = [(Question 7) – 1]/6 
• S9 = [(Question 9) – 1]/4 

The symptom frequency score = (mean of S3, S5, S7, S9)*100. 

Symptom Burden 

Code responses to Questions 4, 6 and 8 as follows: 

• Extremely bothersome = 1 
• Quite a bit bothersome = 2 
• Moderately bothersome = 3 
• Slightly bothersome = 4 
• Not at all bothersome = 5 
• I’ve had no swelling/fatigue/shortness of breath = 5 

If at least one of Questions 4, 6 and 8 is not missing, then compute 
• Symptom burden score = [(mean of the non-missing Questions 4, 6 and 8) – 1]/4 * 

100 

Total Symptom Score 

Total symptom score = mean of the following available summary scores 

• Symptom Frequency Score 
• Symptom Burden Score 

4. Self-efficacy 

Code responses to Questions 10 and 11 as follows: 

• Question 10 
− Not at all sure = 1 
− Not very sure = 2 
− Somewhat sure = 3 
− Mostly sure = 4 
− Completely sure = 5 

• Question 11 
− Do not understand at all = 1 
− Do not understand very well = 2 
− Somewhat understand = 3 
− Mostly understand = 4 
− Completely understand = 5 

If at least one of Questions 10 and 11 is not missing, then compute 

Self-efficacy score = [(mean of the non-missing Questions 10 and 11) – 1]/4 * 100 

5. Quality of Life 

Code responses to Questions 12, 13 and 14 as follows: 

• Question 12 
− It has extremely limited my enjoyment of life = 1 
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− It has limited my enjoyment of life quite a bit = 2 
− It has moderately limited my enjoyment of life = 3 
− It has slightly limited my enjoyment of life = 4 
− It has not limited my enjoyment of life at all = 5 

• Question 13 
− Not at all satisfied = 1 
− Mostly dissatisfied = 2 
− Somewhat satisfied = 3 
− Mostly satisfied = 4 
− Completely satisfied = 5 

• Question 14 
− I felt that way all of the time = 1 
− I felt that way most of the time = 2 
− I occasionally felt that way = 3 
− I rarely felt that way = 4 
− I never felt that way = 5 

If at least one of Questions 12, 13 and 14 is not missing, then compute 

Quality of life score = [(mean of the non-missing Questions 12, 13 and 14) – 1]/4 * 100 

6. Social Limitation 

Code responses to each of Questions 15a-15d as follows: 

• Severely limited = 1 
• Limited quite a bit= 2 
• Moderately limited = 3 
• Slightly limited = 4 
• Did not limit at all = 5 
• Does not apply or did not do for other reasons = <missing value> 

If at least 2 of Questions 15a-15d are not missing, then compute 

Social limitation score = [(mean of the non-missing Questions 15a-15d) – 1]/4 * 100 

7. Overall Summary Score 

Overall summary score = mean of the following available summary scores 

• Physical Function Score (Questions 1a-1f) 
• Total Symptom Score (Questions 3-9) 
• Quality of Life Score (Questions 12-14) 
• Social Limitation Score (Questions 15a-15d) 

8. Clinical Summary Score 

Clinical summary score = mean of the following available summary scores 

• Physical Function Score 
• Total Symptom Score 
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