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1.0 INTRODUCTION 

This  document  is  a  statistical  analysis  plan  for the AMPLATZER™  Amulet™  Left  Atrial 

Appendage  Occluder  Randomized  Controlled Trial  (refer  to CIP 10114 for  the  clinical 

investigational plan).  

2.0 TRIAL OBJECTIVES 

 
The objective of this clinical trial is to demonstrate that the safety and effectiveness of the Amulet 

device is non-inferior to that of the Boston Scientific LAA closure (LAAC) device in subjects with 

non-valvular atrial fibrillation. The trial will test whether the device meaningfully improves health 

outcomes through evaluation of the primary safety endpoint, primary effectiveness endpoint, and 

mechanism  of  action  endpoint.  The  intended  patient  population  for  this  trial  would  be  those 

already  indicated  for  the  Control  device,  therefore,  a  randomized  device-to-device  comparator 

trial is appropriate for evaluating the outcomes of those with non-valvular atrial fibrillation and an 

increased risk of stroke. 

3.0 TRIAL DESIGN 

 
This is a prospective, randomized, multi-center active control trial intended to demonstrate non-

inferiority  of the  Amulet device  to the  commercially  available  Boston  Scientific  LAAC  device  in 

subjects with non-valvular atrial fibrillation. 

The  trial  will  randomize 1878 subjects  at  up  to  150 investigational sites worldwide. To  ensure 

enrollment balance across sites, no investigational site will be permitted to enroll more than 20% 

of the maximum sample size (376 subjects) without prior written approval of the sponsor. 

Subjects will be randomized in a 1:1 ratio between the Amulet device (i.e., treatment group) and 

the  commercially  available  Boston  Scientific  LAAC  device (i.e.,  control  group)  according  to  a 

computer-generated randomization scheme.  Randomization  will be stratified  by  investigational 

site. 

Subjects will be considered enrolled in the trial once informed consent has been obtained and the 

subject  is randomized. The  trial  is  expected  to  take  approximately  3  years  to  enroll,  and  each 

subject will be followed for 5 years. Follow-up visits may occur as part of a post-approval study, 

should the Amulet device gain approval for commercial distribution prior to the subject’s 5-year 

visit.  
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The trial will utilize a Clinical Events Committee (CEC) to review adverse events for adjudication 

of trial endpoints. 

4.0 TRIAL ENDPOINTS 

4.1 Primary Safety Endpoint 

The  primary  safety  endpoint  is  a  composite  endpoint  of  CEC  adjudicated procedure-related 

complications (refer to Appendix P in the CIP for definition), or all-cause death or major bleeding 

(defined as Type 3 or greater based on the Bleeding Academic Research Consortium (BARC) 

definition) through 12 months.  

4.2 Primary Effectiveness Endpoint 

The  primary  effectiveness  endpoint  is  a  composite  endpoint  of  ischemic  stroke  or  systemic 

embolism through 18 months. 

4.3 Mechanism of Action Primary Endpoint 

Device closure (defined as residual jet around the device ≤ 5 mm) at the 45-day visit documented 

by transesophageal echocardiogram (TEE/TOE) defined by Doppler flow. 

4.4 Secondary Endpoints 

The trial has the following secondary endpoints: 

• A  composite  of  all stroke,  systemic  embolism,  or cardiovascular/unexplained death 

through 18 months  

• Major  bleeding  rate through 18  months  (defined  as  Type  3  or  greater  based  on  BARC 

definition) 

• A  composite  of  procedure-related  complications,  or  all-cause  death,  or  major  bleeding 

through 12 months (superiority analysis) 

• A  composite  of  ischemic  stroke  or  systemic  embolism  through  18  months  (superiority 

analysis) 

• Device  closure  (defined  as  residual  jet  around  the  device ≤ 5  mm)  at  the  45-day  visit 

documented by TEE/TOE, defined by Doppler flow (superiority analysis) 

4.5 Descriptive Endpoints 

The trial has a number of descriptive endpoints. See Section 5.3 for a full listing. 
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5.0 STATISTICAL METHODS  

5.1 Primary Endpoints  

This trial has one primary safety endpoint, one primary effectiveness endpoint, and one 

mechanism of action primary endpoint.  

5.1.1 Primary Safety Endpoint  

The primary safety endpoint is a composite endpoint of procedure-related complications, or all-

cause death or major bleeding (defined as Type 3 or greater based on the Bleeding Academic 

Research Consortium (BARC) definition) through 12 months. The primary safety endpoint will be 

reported and analyzed based on event adjudication by the CEC. 

5.1.1.1 Hypothesis 

Let p1(Amulet) be the probability of a primary safety endpoint event with the Amulet device, while 

p1(Control) is the corresponding probability with the Control device.  The following hypothesis will 

be tested: 

H0: p1(Amulet) – p1 (Control) ≥ Δ1 

H1: p1(Amulet) – p1(Control) < Δ1 

where  Δ1 is  the  absolute  value  of  the  non-inferiority  margin  for  the  safety  endpoint.   The  null 

hypothesis will be tested at the 2.5% significance level and will be rejected if the 97.5% upper 

confidence bound (UCB) for the difference in Amulet and Control rates is less than Δ1.    

The procedure-related complication rate is assumed to be 5% and the 12-month probability of all-

cause death or major bleeding is assumed to be 10% in each of the randomized groups.  The 

assumption of 5% procedure-related complication rate is based on a reported rate of 4.2% in the 

PREVAIL trial for 7-day procedure-related complications1 and a peri-procedural complication rate 

of 4.97%2 in a large cohort of patients treated with St. Jude Medical’s previous generation of the 

Amulet device (AMPLATZER Cardiac Plug or ACP) device. The assumption of 10% rate of all-

cause  death  or  major  bleeding  is  based  on  a  Kaplan-Meier  all-cause  mortality  rate  of  4.7% 

reported in the 2013 Sponsor’s Executive Summary3, and an annualized major bleeding rate of 

5.5 events per 100 patient-years reported in the PREVAIL Trial4 (which equals a 12-month rate 

of 5.3%).  Therefore, the expected rate of the safety endpoint in the Amulet and Control groups 

respectively (i.e. p1(Amulet) and p1(Control)) are assumed to be 15%. The non-inferiority margin, 

Δ1, is chosen to be 5.8%, which represents a relative risk of 1.39. 
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5.1.1.2 Analysis Method 

The probability of a primary safety endpoint event with the Amulet device and the Control device, 

p1(Amulet) and p1(Control), will be estimated by the Kaplan-Meier method. The 97.5% UCB for 

the difference between Amulet and Control rates will be calculated using Greenwood’s formula 

for  the  variance  of  the  Kaplan-Meier  estimate. Subjects  who  withdraw  or  are  lost-to-follow-up 

without experiencing an endpoint event will be censored on the date of withdrawal/loss-to-follow-

up. 

5.1.1.3 Sample Size 

The sample size is estimated to have adequate power to reject the primary safety null hypothesis 

under the assumption that the 12-month probabilities in the Amulet and Control groups are equal 

to  15%.  The  operating  characteristics  of  the  statistical  test  for  the  primary  safety  endpoint  are 

calculated by simulating 10,000 trials for a given sample size using custom-written code in the R 

software package (refer to code in Appendix A).   

For a 5.8% non-inferiority margin, a sample size of 1580 subjects will provide 90% power to reject 

the null hypothesis at the 2.5% significance level.  Accounting for 2% of subjects randomized but 

not  treated  (RNT)  and  7.5%  of  subjects  withdrawn  or  lost-to-follow-up  at  12  months,  the  total 

number of randomized subjects required for the primary safety endpoint is 1746 (=1580/(1-0.095)).  

This sample size ensures that the endpoint is powered at 80% if the event rate were higher at 22%.  

5.1.1.4 Analysis Populations 

Per-protocol (PP) population: 

The primary analysis will include subjects who meet all inclusion criteria and none of the exclusion 

criteria, who undergo an implant attempt with the device as randomized. A subject is defined as 

having undergone an “implant attempt” if the subject is wheeled into the catheterization lab with 

anesthesia and vascular access is initiated. Subjects who are not attempted with the device as 

randomized will be excluded from this analysis. This implies that subjects who are randomized to 

one group but undergo implant attempt with the other device will be excluded from this analysis. 

The procedure day will be considered Day 0 when referring to a specific number of days for the 

Kaplan-Meier analysis.   

As Attempted (AT) population: 

In  addition,  the  primary  safety hypothesis will  be  tested  for  subjects  who  undergo  an  implant 

attempt regardless of the device attempted or implanted. Subjects will be analyzed according to 
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their randomized group regardless of the device attempted or implanted. 

5.1.1.5 Sensitivity Analyses 

The following sensitivity analyses of the primary safety hypothesis will be carried out: 

Multiple imputation 

Multiple imputations will be carried out to impute the occurrence of events for each subject using 

the binomial model where subjects who experience a primary safety endpoint event will be 

treated as “1” and subjects who do not experience a primary safety endpoint event will be 

treated as “0”. The following baseline characteristics will be used to carry out multiple 

imputations: age, gender, the CHA2DS2-VASc score, and the HAS-BLED score. Imputed events 

will be assumed to have occurred on the date of withdrawal or loss-to-follow-up. At least 10 

imputed data sets will be generated, with the difference in 12-month event rates being assessed 

in each imputed data set. A final assessment of the treatment group difference will be obtained 

from combining the results for the treatment assessments across the imputed data sets.  

• Tipping point analysis 

A tipping point analysis will be carried out to include all subjects. Subjects who withdraw or are 

lost-to-follow-up without experiencing an endpoint event (i.e., censored subjects) will be treated 

as having experienced a primary safety endpoint event one  at  a time.  Each  time  a  new safety 

endpoint event is added the analysis will be re-run. The following strategy will be used for the 

tipping point analysis: 

1. In each of the two treatment groups, the censored subjects will first be ordered according 

to the censoring time (earliest to latest). 

2.  Graphical display of the tipping point analysis will be provided for the following scenarios: 

a. Progressively change the censoring time in the treatment group to a primary safety 

endpoint  event  time,  starting  from  the  latest  to  the  earliest.  Meanwhile, 

progressively change the censoring time in the control group to a primary safety 

endpoint  event  time,  starting from  the  earliest to  the  latest. Repeat this process 

until all censored subjects are considered events. 

b. Progressively change the censoring time in the control group to a primary safety 

endpoint  event  time,  starting  from  the  latest  to  the  earliest.  Meanwhile, 

progressively change the censoring time in the treatment group to a primary safety 

endpoint  event  time,  starting from  the  earliest to  the  latest.  Repeat this process 

until all censored subjects are considered events. 
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5.1.1.6 Components of Primary Safety Endpoint 

The components of the primary safety endpoint will be summarized and examined in each of the 

randomized groups.  

5.1.2 Primary Effectiveness Endpoint  

The  primary  effectiveness  endpoint  is  a  composite  endpoint  of  ischemic  stroke  or  systemic 

embolism (SE) through 18 months. 

5.1.2.1 Hypothesis 

Let p2(Amulet) be the probability of a subject experiencing a primary effectiveness endpoint event 

in the Amulet group, while p2(Control) is the corresponding probability in the Control group. The 

following hypothesis will be tested: 

H0: p2(Amulet) – p2(Control) ≥ Δ2 

H1:  p2(Amulet) – p2(Control) < Δ2 

where Δ2 is the absolute value of the non-inferiority margin for the effectiveness endpoint.  The 

null hypothesis will be tested at the 2.5% significance level and will be rejected if the 97.5% upper 

confidence bound (UCB) for the difference in Amulet and Control rates is less than Δ2.   

The  18-month  rate  of  ischemic  stroke  or SE is  assumed  to  be  4.2%  in  each  of  the  treatment 

groups  based  on  reported  rates  of  ischemic  stroke  or  SE  for  the  Watchman  device  from  the 

PREVAIL trial5. The non-inferiority margin, Δ2, is chosen to be 3.2%, which represents a relative 

risk  of  1.76.  This  non-inferiority  margin  allows  a  maximum  18-month  event  rate  of  7.4% 

(4.2%+3.2%) for the Amulet group assuming an 18-month event rate of 4.2% in the Control group. 

An 18-month rate of 7.4% is equivalent to an annualized event rate of 0.051 events per patient-

year assuming an exponential survival distribution.  The event rate of 0.051 per patient-year rate 

is  compared  to  the  expected  rate  for  untreated  atrial  fibrillation.  The  observed  distribution  of 

CHADS2 scores in the PREVAIL trial is shown in Table 1.  
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Table 1: Proportion of Subjects for Each CHADS2 Score and Expected Stroke Rates for 

Untreated Atrial Fibrillation 

CHADS2 
score 

Observed 
Proportion 
of Subjects 
in PREVAIL 

Expected 
Proportion of 
Subjects in 
Amulet IDEa  
 
(A) 

Expected Ischemic Stroke 
Rate per 100 patient-
years for Untreated AF 
(Unadjusted) within 
CHADS2 score category 
(B) 

Expected 
Ischemic Stroke 
Rate for Untreated 
AF within CHADS2 
score category 
(AxB) 

1 0.08 0.00 3.0 0.0 
2 0.47 0.50 4.2 2.1 
3 0.25 0.30 7.1 2.1 
4 0.14 0.14 11.1 1.6 
5 0.06 0.06 12.5 0.8 
6 0.00 0.00 13.0 0.0 
Total 1 1 N/A 6.5 
a All subjects in AMULET IDE trial will have CHADS2 ≥ 2 

 

The Amulet IDE trial will enroll subjects with CHADS2 ≥ 2, therefore, the distribution of CHADS2 

score is expected to be skewed slightly to higher CHADS2 scores, i.e., subjects at higher risk of 

stroke compared to PREVAIL subjects. The expected rate of ischemic stroke for untreated atrial 

fibrillation for each CHADS2 score is also shown in Table 16, from which the overall ischemic 

stroke rate is calculated as 0.065 events per patient-year. This rate is consistent with the event 

rate predicted for untreated atrial fibrillation based on baseline CHA2DS2-VASc scores in the 

PREVAIL trial (0.069 per patient-year).7 The event rate of 0.051 events per patient-year is also 

compared with the expected event rate for patients treated with warfarin. In an early trial of 

warfarin versus placebo, the rate of ischemic stroke or systemic embolism on warfarin was 

shown to be 0.023 events per patient-year8. In a meta-analysis of six trials of warfarin compared 

with placebo9, Hart et al. estimated a stroke (ischemic or hemorrhagic) rate of 0.022 per patient-

year (53 events in 2396 patient-years) for patients randomized to receive warfarin. The ischemic 

stroke/SE event rate of 0.051 per patient-year is approximately twice the event rate observed 

with warfarin treatment.  

The event rate of 0.051 per patient-year is also compared with event rates on warfarin or novel 

oral anticoagulants from recently completed randomized trials of novel anticoagulant therapies. 

Figure 1 shows that annualized rates for stroke or SE on warfarin or a novel oral anticoagulant 

range from 0.011 to 0.026 events per patient-year showed. The ROCKET-AF trial of 
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rivaroxaban had the highest rate of stroke or SE, as expected, given that this trial had the 

highest mean CHADS2 score (~3.5). The proposed non-inferiority margin ensures that the rate 

observed in the Amulet group in this trial will be at most twice the rate expected with oral 

anticoagulant therapy (warfarin or novel oral anticoagulant). 

Figure  1:  Rate  of  Stroke  or  Systemic  Embolism  Per  100  Patient-Years  in  Randomized 

Controlled Trials of Novel Oral Anticoagulant Therapy (+/- 95% Confidence Intervals) 

Note: 95% confidence intervals were calculated by estimating the total follow-up duration within each 

group by dividing the reported number of events by the corresponding rate. 

W:  Dose-Adjusted  Warfarin;  DH:  Dabigatran  150mg;  DL:  Dabigatran  110mg;  R:  Rivaroxaban  20mg  or 

15mg; A: Apixaban 5mg or 2.5mg; EH: Edoxaban 60mg; EL: Edoxaban 30mg 

5.1.2.2 Analysis Method 

The probability of a subject experiencing a primary effectiveness endpoint event in the Amulet 

group and the Control group, p2(Amulet) and p2(Control), will be estimated by the Kaplan-Meier 

method. The 97.5% UCB for the difference between Amulet and Control rates will be calculated 

using Greenwood’s formula for the variance of the Kaplan-Meier estimator. Subjects who 

withdraw or are lost-to-follow-up without experiencing an endpoint event will be censored on the 

date of withdrawal/loss-to-follow-up. 

5.1.2.3 Sample Size 

The  sample  size  is  estimated  to  have  adequate  power  to reject the  primary  effectiveness null 

hypothesis under the assumption that the 18-month probabilities in the Amulet and Control groups 

are equal to 4.2%. The operating characteristics of the statistical test for the primary effectiveness 

endpoint are calculated by simulating 10,000 trials for a given sample size using custom-written 

code in the R software package (refer to code in Appendix A).   

For a 3.2% non-inferiority margin, a sample size of 1690 subjects will provide 90% power to reject 

the null hypothesis at the 2.5% significance level. Accounting for 10% of subjects withdrawn or 

lost-to-follow-up at 18 months, the total number of randomized subjects required for the primary 

effectiveness  endpoint  is 1878 (=1690/(1-0.1)).   This  sample  size  ensures  that  the  endpoint  is 

powered at 80% if the event rate were higher at 5.8%. 

5.1.2.4 Analysis Populations 

Intent to treat (ITT) population: 

The  primary  analysis  will  include  all  subjects  randomized.  Subjects  will  be  analyzed  on  an 
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intention  to  treat  basis,  i.e.,  according  to  their  randomized  group  regardless  of  the  device 

attempted  or  implanted.  The  randomization  day  will  be  considered  Day  0  when  referring  to  a 

specific number of days for the Kaplan-Meier analysis. 

Per-protocol (PP) population: 

In addition, the primary effectiveness analysis will include subjects who meet all inclusion criteria 

and none of the exclusion criteria, who undergo an implant attempt with the device as randomized. 

Subjects who are not attempted with the device as randomized will be excluded from this analysis. 

This implies that subjects who are randomized to one group but undergo implant attempt with the 

other  device  will  be  excluded  from  this  analysis.  The  procedure  day  will  be  considered  Day  0 

when referring to a specific number of days for the Kaplan-Meier analysis. 

5.1.2.5 Sensitivity Analyses 

The following sensitivity analyses of the primary effectiveness hypothesis will be carried out:  

Multiple imputation 

Multiple imputations will be carried out to impute the occurrence of events for each subject using 

the binomial model where subjects who experience a primary safety endpoint event will be treated 

as “1” and subjects who do not experience a primary safety endpoint event will be treated as “0”. 

The following baseline characteristics will be used to carry out multiple imputations: age, gender, 

and the CHA2DS2-VASc score. Imputed events will be assumed to have occurred on the date of 

withdrawal or loss-to-follow-up. At least 10 imputed data sets will be generated, with the difference 

in  18-month  event  rates being  assessed  in  each  imputed  data  set.  A  final  assessment of  the 

treatment  group  difference  will  be  obtained  from  combining  the  results  for  the  treatment 

assessments across the imputed data sets.  

• Tipping point analysis 

A tipping point analysis will be carried out to include all subjects. Subjects who withdraw or are 

lost-to-follow-up without experiencing an endpoint even (i.e., censored subjects) will be treated 

as having experienced a primary effectiveness endpoint event one at a time.  Each time a new 

effectiveness endpoint event is added the analysis will be re-run. The following strategy will be 

used for the tipping point analysis: 

1. In each of two the treatment groups, the censored subjects will first be ordered according 

to the censoring time (earliest to latest). 
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2.  Graphical display of the tipping point analysis will be provided for the following scenarios: 

a. Progressively  change  the  censoring  time  in  the  treatment  group  to  a  primary 

effectiveness  endpoint  event  time,  starting  from  the  latest  to  the  earliest. 

Meanwhile,  progressively  change  the  censoring  time  in  the  control  group  to  a 

primary effectiveness endpoint event time, starting from the earliest to the latest. 

Repeat this process until all censored subjects are considered events. 

b. Progressively  change  the  censoring  time  in  the  control  group  to  a  primary 

effectiveness  endpoint  event  time,  starting  from  the  latest  to  the  earliest. 

Meanwhile, progressively change the censoring time in the treatment group to a 

primary effectiveness endpoint event time, starting from the earliest to the latest. 

Repeat this process until all censored subjects are considered events. 

• Cox regression with warfarin or other OAC use as a time varying covariate 

A Cox proportional hazards regression will be used to analyze ischemic stroke or SE events, with 

warfarin or other OAC use being a time-varying covariate. The relative risk of ischemic stroke or 

SE for Amulet versus control will be estimated. 

• Analysis of primary effectiveness endpoint after 45-days follow-up 

This sensitivity analysis will attempt to isolate the effect of each device by excluding the first 45 

days during which anticoagulant medication use may be different between the two groups.  In this 

analysis, the primary analysis of primary effectivenesss endpoint will be repeated by replacing 

the  date  of the 45-day  follow-up  visit  as  Day  0  in  the  Kaplan-Meier  analysis. Subjects  who 

experience a primary effectiveness endpoint event or who withdraw or die before the 45-day visit 

will be excluded from this analysis.   

5.1.2.6 Components of Primary Effectiveness Endpoint 

The components of the primary effectiveness endpoint will be summarized and examined in each 

of the randomized groups.  

5.1.3 Mechanism of Action Primary Endpoint  

The  primary  endpoint  of  device  closure  is  the  device  closure  rate  at  the  45-day  visit.  Device 

closure is defined as residual jet around the device ≤ 5 mm, documented by TEE/TOE. Closure 

will be determined by Doppler flow and adjudicated by an independent Echocardiography Core 

Laboratory. 
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5.1.3.1 Hypothesis 

Let  p3(Amulet)  be  the  45-day  closure  probability  in  the  Amulet  group,  while  p3(Control)  is  the 

corresponding probability in the Control group. The following hypothesis will be tested: 

H0: p3(Amulet) – p3(Control) ≤  -Δ3 

H1: p3(Amulet) – p3(Control) >  -Δ3 

where Δ3 is the absolute value of the non-inferiority margin. The null hypothesis will be tested at 

the 2.5% significance level and will be rejected if the 97.5% LCB for the difference between Amulet 

and Control rates is greater than -Δ3.  

The 45-day closure rate with the Control device is assumed to be 95%, which is a weighted rate 

calculated from the reported rates of warfarin cessation at 45 days in the PREVAIL trial (91.9%), 

PROTECT-AF trial (86.8%), CAP trial (95.8%)7, and the closure rate reported in EWOLUTION 

registry  (99.3%)15.  The  Amulet  device  is  expected  to  be  superior  to  Control  by  1%.  The  non-

inferiority margin, Δ3, is chosen to be 3%, which represents a relative risk of 1.60. 

5.1.3.2 Analysis Methodology 

The Farrington Manning test will be performed for the device closure endpoint. The hypothesis 

test will be tested at 2.5% significance level. 

5.1.3.3 Sample Size 

The  expected  45-day  closure  rate  in  the  Control  and  Amulet  groups  are 95%  and 96%, 

respectively. For a 3%  non-inferiority margin, a sample size of 1206 subjects will provide 90% 

power to reject the null hypothesis at the 2.5% significance level.  Accounting for 2% of subjects 

randomized  but  not  treated  (RNT)  and  2%  of  subjects  who  have  no  device  closure  data  at  45 

days, the total number of randomized subjects required for this endpoint is 1258 (=1206/(1-0.04)).   

5.1.3.4 Analysis Population 

The primary analysis will include subjects who received the device (i.e., successfully implanted) 

as  randomized  and  who  have  closure  status  determined  by  the  Echocardiography  Core  Lab 

reviewed 45-day TEE/TOE. 

5.1.3.5 Sensitivity Analyses 

• Analysis including unsuccessful implant  

This sensitivity analysis will include all subjects in whom a device is attempted as randomized. 
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Subjects  who  have  an  unsuccessful  implant  or  do  not  have 45-day  closure  status data will  be 

treated as not having achieved device closure (device closure failure).  This analysis accounts for 

potential differences in implant success rates between the Amulet and Control groups influencing 

the closure rates.  

• Tipping point analysis 

A tipping point analysis will be carried out to include all randomized subjects. Subjects who are 

not attempted or withdraw or are lost-to-follow-up before the 45-day visit, or do not have 45-day 

closure status will be treated as not having achieved device closure (device closure failure) one 

at a time.  Each time a new device closure failure is added the analysis will be re-run.  

5.2 Secondary Endpoints  

The  following  secondary  endpoints  will  be  tested  if  the  primary  safety  and  effectiveness  non-

inferiority null hypotheses are both rejected: 

5.2.1 Composite endpoint of all stroke, systemic embolism, or 
cardiovascular/unexplained death through 18 months  

The following hypothesis will be tested: 

H0: p4(Amulet) – p4(Control) ≥ Δ4 

H1: p4(Amulet) – p4(Control) < Δ4 

where p4(Amulet) and p4(Control) are the probabilities of subjects in the two groups experiencing 

a composite endpoint of all stroke, systemic embolism, or cardiovascular (CV)/unexplained death 

through  18  months  and  Δ4 is  the  absolute  value  of  the  non-inferiority  margin. P4(Amulet)  and 

p4(Control) will be estimated by the Kaplan-Meier method with Greenwood’s standard errors. The 

analysis will include subjects in whom a device is attempted as randomized.  The 18-month rate 

of the composite event is assumed to be 7.6% in each of the two randomized groups based on 

reported rates for the Watchman device from the PREVAIL trial.  The non-inferiority margin, Δ4, 

is chosen to be 4.5%, which represents a relative risk of 1.59. The null hypothesis will be tested 

at the 2.5% significance level and will be rejected if the 97.5% UCB for the difference between 

Amulet and Control rates is less than Δ4. 

5.2.2 Major bleeding through 18 months   

The following hypothesis will be tested: 

H0: p5(Amulet) – p5 (Control) ≥  0 
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H1: p5(Amulet) – p5(Control) <  0 

where p5(Amulet) and p5(Control) are the 18-month major bleeding probabilities in the two groups 

and  will  be  estimated  by  the  Kaplan-Meier  method  with  Greenwood’s  standard  errors.    Major 

bleeding is defined as Type 3 or greater based on the BARC definition. The analysis will include 

subjects  in  whom  a procedure  was  attempted.   The  null  hypothesis  will  be  tested  at the 2.5% 

significance level and will be rejected if the 97.5% UCB for the difference between Amulet and 

Control rates is less than 0. 

5.2.3 Superiority test of the primary safety endpoint  

If non-inferiority of safety of Amulet over control is demonstrated, a reflex test for superiority will 

be performed to determine if the Amulet device is superior to the Control device. The hypothesis 

is as follows: 

H0: p1(Amulet) – p1(Control) ≥ 0 

H1: p1(Amulet) – p1(Control) < 0 

The hypothesis will be tested at the 2.5% significance level.  If the 97.5% UCB for (p1(Amulet) – 

p1(Control)) is <0, superiority of safety for the Amulet device will be claimed. The 97.5% UCB for 

the difference between Amulet and Control rates will be calculated using Greenwood’s formula 

for the variance of the Kaplan-Meier estimator. The same analysis populations described for the 

primary safety endpoint will be used to test this hypothesis.  

5.2.4 Superiority test of the primary effectiveness endpoint  

If  non-inferiority  of  effectiveness  of  Amulet  over  Control  is  demonstrated,  a  reflex  test  for 

superiority will be performed to determine if the Amulet device is superior to the Control device. 

The hypothesis is as follows: 

H0: p2(Amulet) – p2(Control) ≥ 0 

H1: p2(Amulet) – p2(Control) < 0 

The hypothesis will be tested at the 2.5% significance level.  If the 97.5% UCB for (p2(Amulet) – 

p2(Control)) is <0, superiority of effectiveness of the Amulet device will be claimed. The 97.5% 

UCB for the difference between Amulet and Control rates will be calculated using Greenwood’s 

formula for the variance of the Kaplan-Meier estimator. The same analysis populations described 

for the primary effectiveness endpoint will be used to test this hypothesis. 
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5.2.5 Superiority test of device closure rate at the 45-day visit  

If non-inferiority of device closure endpoint of Amulet over control is demonstrated, a reflex test 

for superiority will be performed to determine if the Amulet device is superior to the Control device. 

The following hypothesis will be tested: 

H0: p3(Amulet) – p3(Control) ≤  0 

H1: p3(Amulet) – p3(Control) >  0 

The hypothesis will be tested at the 2.5% significance level. If the 97.5% LCB for (p3(Amulet) – 

p3(Control)) is > 0, superiority of device closure for the Amulet device will be claimed. The LCB 

will be calculated by the Farrington Manning method. The same analysis populations described 

for the primary device closure endpoint will be used to test this hypothesis. 

5.3 Descriptive Endpoints 

The following descriptive endpoints will be summarized by treatment group: 

• Technical success rate (refer to Appendix P in the CIP for definition)  

The numerator for the event rate is the number of subjects who have technical success. The 
denominator is the number of subjects having undergone an “implant attempt”. 

• Procedural success rate (refer to Appendix P in the CIP for definition) 

The numerator for the event rate is the number of subjects who have technical success with 
no  procedure-related  complications  except  for  uncomplicated  (minor) device  embolization. 
The denominator is the number of subjects having undergone an “implant attempt”.   

• Device success rate (refer to Appendix P in the CIP for definition)  

The numerator for the event rate is the number of subjects who have a successful implant. 
The denominator is the number of subjects having undergone an “implant attempt”.   

• Number of subjects on oral anticoagulant at each follow-up visit 

The count and proportion of subjects who are on oral anticoagulant at each follow-up visit will 
be summarized. 

• Procedure duration 

The  procedure  duration  will  be  summarized  using  descriptive  statistics  including  mean, 
standard deviation, median, and range. 

• Procedural complications by operator  

The count and proportion of subjects who have procedural complications will be summarized 
by operator. 
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• Device thrombosis  

The count and proportion of subjects who have device thrombosis will be summarized. 

• Transient ischemic attack (TIA)  

The count and proportion of subjects who experience TIA will be summarized.  

• Hemorrhagic stroke  

The count and proportion of subjects who experience hemorrhagic stroke will be summarized.  

• Systemic embolism  

The count and proportion of subjects who have systemic embolism will be summarized.  

• All-cause mortality  

The  number  of  deaths  will  be  summarized  by  frequencies  and  percentages at  12  months. 
Kaplan-Meier survival curves will be used to present deaths through longer term follow-up.  

• Cardiovascular mortality  

The number of cardiovascular mortality will be summarized by frequencies and percentages 
at 12 months. Kaplan-Meier survival curves will be used to present deaths through longer term 
follow-up.  

• Major  bleeding,  by  site  and  severity  (defined  as  Type  3 or  greater based  on  BARC 
definition) 

The count and proportion of subjects who have major bleeding by site and severity will be 
summarized. 

• Minor bleeding, by site and severity (defined as Type 1 or 2 based on BARC definition)  

The count and proportion of subjects who have minor bleeding by site and severity will be 
summarized. 

5.4 Overall Sample Size 

The  sample  size  required  for  evaluation  of  the  primary  safety  endpoint,  primary  effectiveness 

endpoint, and primary endpoint of device closure are 1746, 1878, and 1258 randomized subjects, 

respectively.  The  primary  effectiveness  endpoint  requires  a  larger  sample  size  (N=1878)  and 

therefore  determines  the  sample  size  for  the  randomized  subjects  in  the  trial.  To ensure 

enrollment balance across study sites, no investigational site will be permitted to enroll more than 

20% of the maximum sample size (376 subjects) without prior written approval of the sponsor. 

5.5 Poolability Analysis 

Each endpoint will be assessed for poolabiltiy across (1) Regions:  US vs. outside the US (OUS) 
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and (2) Sites as follows, Cox proportional hazard regression or logistic regression models will be 

constructed including treatment group, Region (or Site), and treatment group by Region (or Site) 

interaction. If the interaction term is significant at the 0.15 significance level, additional analyses 

will be performed to determine if differences in the distributions of baseline factors account for 

Site/Region differences.   

Individual  sites that  have  less  than  ten  (10)  subjects  will  be  grouped  as  one  ‘small’  site.  If the 

number of treated subjects in this ‘small’ site exceeds the total number of treated subjects in the 

‘biggest’  site,  then  two  or  more  ‘small’  sites will  be  created  based  on  geographic  region  as 

appropriate. 

Poolability will be assessed for the following endpoints:  

• Composite of procedure-related complications, or all-cause death or major bleeding (defined 

as Type 3 or greater based on the BARC definition) through 12 months (Cox model) 

• Composite endpoint of ischemic stroke or systemic embolism through 18 months (Cox model) 

• Device closure at the 45-day visit (logistic regression model) 

• Composite  endpoint  of  all  stroke,  systemic  embolism,  or  cardiovascular/unexplained  death 

through 18 months (Cox model) 

• Major bleeding through 18 months (Cox model) 

5.6 Subgroup Analyses 

Subgroup  analyses  will  be  performed  to  examine  the  consistency  of  endpoints across  study 

subgroups for the following baseline variables:  

• Age: < 70 years vs. ≥ 70 years  

• Gender:,male vs. female  

• Race: White vs. Others  

• Ethnicity: Hispanic or Latino vs. non-Hispanic or non-Latino  

• CHADS2 score: < 3 vs. ≥ 3  

• CHA2DS2-VASc score: < 4 vs. ≥ 4 

• HAS-BLED score: < 2 vs. ≥ 2 

• Device size: small (Amulet 16mm, 18mm, 20mm, 22mm; Watchman 21mm) vs. medium 

(Amulet  28mm,  31mm;  Watchman  27mm,  30mm)  vs.  large (Amulet  34mm;  Watchman 

33mm), and  

• AF pattern: paroxysmal vs. persistent vs. permanent.  
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The 95% confidence intervals for the difference in Amulet and Control rates will be reported by 

study  subgroups.  In  addition,  an  assessment  of  the  treatment  by  subgroup  interaction test for 

each of the aforementioned baseline variables will be carried out at a 0.15 significance level using 

Cox proportional hazard regression or logistic regression models, as appropriate.   

Subgroup analyses will be conducted for the following endpoints:  

• Composite of procedure-related complications, or all-cause death or major bleeding (defined 

as Type 3 or greater based on the BARC definition) through 12 months (Cox model) 

• Composite endpoint of ischemic stroke or systemic embolism through 18 months  (Cox model) 

• Device closure at the 45-day visit (logistic regression model) 

• Composite  endpoint  of  all  stroke,  systemic  embolism,  or  cardiovascular/unexplained  death 

through 18 months (Cox model) 

• Major bleeding through 18 months (Cox model) 

5.7 Secondary Analyses of Primary Endpoints 

In June 19, 2017, Abbott implemented a number of steps to improve procedural training for field 

clinical personnel and implanters in the US.  Therefore, supportive secondary analyses for each 

of the three primary endpoints will be performed excluding subjects randomized in the US before 

June 19, 2017. These analyses will involve the same analyses populations and methods as those 

employed  in  the  primary  analyses. A  total  of  346  subjects  were randomized  in the  US  prior  to 

June 19, 2017, therefore, the sample size of 1532 (=1878-346) randomized subjects will provide 

at least 80% power for each primary endpoint in the secondary analyses under the assumptions 

described  within  each  endpoint. Abbott  understands  that  FDA  will  treat  these  analyses  as 

supportive secondary analyses and that FDA will review the totality of the data in the pre-market 

approval application.  

5.8 Trial Success 

The  trial  has  three  primary  endpoints  for  safety,  effectiveness,  and  device  closure to  compare 

safety  and  effectiveness  of  the  Amulet  device  against  the  Control  device.  All  three  primary 

endpoints must be met in order to claim comparable outcomes between the Amulet device and 

the  Control  device.    However,  it  is  important  to  note  that  with 1878  randomized  subjects,  the 

overall power to demonstrate trial success (i.e., success in all three primary endpoints) is 80% 

(With 1878 randomized subjects, the power for each individual primary endpoint is 92%, 90%, 

and 97%. Therefore the overall power to demonstrate success in all three primary endpoints is 

80% =.92*.90*.97)).  It is possible that the Amulet device achieves superiority in the endpoint of 
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device closure, yet the primary effectiveness endpoint may not be met due to a differential use of 

OAC between the two groups. Multiple sensitivity analyses have been included to understand the 

impact of OAC use on the primary effectiveness endpoint. It is Abbott’s understanding that the 

totality of the data, including the sensitivity analyses results and secondary analyses of primary 

endpoints, will be evaluated by the FDA in making a determination of approvability.  

5.9 Analysis for Pre-Market Approval (PMA) Application  

The analyses for the pre-market approval (PMA) application will be conducted on a dataset locked 

after all randomized subjects have had the 18-month study visit (excepting deaths, withdrawals 

and  loss-to-follow-up  before  18  months)  or  crossed  the  18-month  visit  window  without  a  visit 

(missed visit).   

5.10 Multiplicity Adjustment  

Multiplicity adjustment for the primary and secondary endpoints will apply to hypothesis testing 

for the non-inferiority tests of three primary endpoints and the five tests of secondary endpoints 

(composite endpoint of all stroke, systemic embolism, or CV/unexplained death, major bleeding, 

superiority  test  of  the  primary  safety  endpoint,    superiority  test  of  the  primary  effectiveness 

endpoint, and superiority test of device closure). 

If all three primary endpoints of non-inferiority of are met, the Hochberg procedure15 will be used 

to  adjust  for  multiple  comparisons  for  testing  secondary  endpoints  and  superiority  of  primary 

endpoints described in Section 5.2. P values are ordered largest to smallest, p(1), p(2), p(3), p(4), p(5), 

where p(1) is the largest and p(5) is the smallest p value. 

• If all the endpoints meet statistical significance at the 0.025 level (i.e., p(1)<0.025), then 

all are considered to have passed the multiple comparisons test. The steps described 

below would not be taken. 

• Otherwise 

o The endpoint with largest p value (p(1)) is removed from consideration 

o If all the remaining 4 endpoints meet statistical significance level of 
0.025/2, then all these 4 endpoints are considered to have passed the 
multiple comparison test 

• Otherwise 

o The endpoint with largest p value is removed from consideration 

o The evaluation is repeated as above, now using 0.025/3 
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• If necessary the process repeats. The very last endpoint with the smallest p value (p(5)) 
would be evaluated at the significance level of 0.025/5. 

6.0 ADDITIONAL DATA 

6.1 Baseline and Demographic Characteristics 
 
Descriptive statistics of continuous variables with be presented by treatment group and include 

sample  size,  mean  median,  standard  deviation,  minimum  and  maximum.  For  categorical 

variables, the number and percentage of subjects in each category will be presented by treatment 

group. Baseline  characteristics  will  be  tabulated  and  compared  between  the  two  treatment 

groups. Categorical variables will be tested using Fisher’s exact test and continuous variables will 

be tested using two sample t-test.  

6.2 Mortality 

The number of deaths will be summarized by frequencies and percentages by treatment group 
at 12 months. Kaplan-Meier survival curves will be used to present deaths through longer term 
follow-up.  

6.3 Adverse Events 

Adverse events, serious adverse events and unanticipated adverse device effects (UADE) will 
be  summarized  from  the  time  of  consent in  terms of number  of  events, the  percentage  of 
subjects with events, and event rate estimated as # event/patient-years.   

6.4 Withdrawal 

Withdrawals will be summarized for subjects who have withdrawn from the trial and will 
include days to withdrawal and reason for withdrawal. 

6.5 Protocol Deviation 

Protocol deviations will be summarized for subjects in whom a protocol deviation was reported. 
There is no plan to deviate from this Statistical Analysis Plan. If any deviations from the original 
statistical plan occur, such deviations will be documented in the clinical study report or statistical 
report containing the analysis results. 
 

6.6 Data for Roll-in Subjects 

No hypotheses tests will be performed for the roll-in subjects. Data collected for the roll-in 

subjects will be summarized using descriptive statistics.  
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APPENDIX A: POWER AND SAMPLE SIZE CALCULATIONS 

The R code below was used to evaluate the operating characteristics of the statistical tests for the primary safety and effectiveness 
endpoints. 

#### Purpose: Power analysis for primary safety endpoint #### 
set.seed(2) 
library(survival) 
randomize.fun <- function(N, rand){ 
  ## Generate randomization group 
  ## N is sample size 
  ## rand is 1 if 1:1 and 2 if 2:1 
group <- NULL 
if(rand==2){ 
   temp <- ceiling(N/3)*3 
   for(i in 1:(temp/3+1)){ 
   group <- c(group, sample(c(1,2,2), 3)) 
} 
   group <- group[1:N] 
} 
if(rand==1){ 
   temp <- ceiling(N/4)*4 
   for(i in 1:(temp/4)+1){ 
   group <- c(group, sample(c(1,1,2,2), 4)) 
} 
   group <- group[1:N] 
} 
return(group) 
} 
Exp.tte.fun <- function(N, lambda, group){ 
  ## Generate time to event based on Exponential distribution 
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  ## N is sample size 
  ## lambda is 3x2 vector  
  ## the 3 rates are 0-45 days, 45 days-6 month, 6-12 months 
  ## group is randomization group(1 or 2) 
out <- rep(NA,N) 
for(i in 1:N){ 
  draw <- rexp(3,lambda[,group[i]]) 
   
out[i] <- ifelse(draw[1]<45/365.25, draw[1], 45/365.25+ 
ifelse(draw[2]<(6/12-45/365.25), draw[2], (6/12-45/365.25)+draw[3]))} 
  x <- out  
  ev <-  1 
return(cbind(x,ev)) 
} 
 
sim.data.fun <- function(N, group, lambda){ 
  ## Generate dataset 
  ## N is sample size 
  ## group is 1 for 1:1 rand or 2 for 2:1 randomization group 
  ## lamdbda is 3x2 matrix of rate parameters 
        rand.group <-  randomize.fun(N, group) 
        tte <-  Exp.tte.fun(N, lambda, rand.group) 
 return(cbind(1:N, rand.group,tte)) 
} 
 
KM.fun <- function(N, data, ci=0.975, endpt){ 
  ## Generate KM estimates for the simulated dataset 
  ## N is sample size 
  ## data is data matrix above: pts ID, group,time to event, whether event is observed (1) 
  ## CI is CI width, e.g. .975 
  ## endpt is the time to study, e.g. 1 for 12 months. 
  ## This can return errors if there is no one with "endpt" yrs of follow-up 
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## Generate dataset 
  time.ev <- ifelse(data[,3] < endpt, data[,3], endpt) 
  obs.ev <- ifelse( data[,3] < endpt, data[,4], 0) 
 
## KM analysis 
   kms <- survfit(Surv(time.ev[1:N], obs.ev[1:N]) ~ data[,2][1:N]) 
   km  <- summary(kms, time=endpt) 
   
   a <- qnorm(ci) 
   est <- km$surv[2] - km$surv[1] 
   se <- sqrt(km$std.err[1]̂2 + km$std.err[2]̂2) 
   lb <- est - a*se 
   ub <- est + a*se 
   return(c(est, se, lb, ub, km$n.event[1], km$n.event[2], km$surv[1], km$surv[2])) 
   ## returns KM estimate, SE, CI, # Control events, # Treatment events, Control & Treatment survival 
estimates 
} 
 
power.fun <- function(nsims, Nmax, group,  lambda, endpt){ 
  ## Calculate power 
  ## nsims is number of simulations 
  ## Nmax is sample size 
  ## group is 1 for 1:1 rand or 2 for 2:1 randomization group 
  ## lamdbda is 3x2 matrix of rate parameters 
  ## endpt is the time to study, e.g. 1 for 1 year. 
KM.est <- matrix(nrow=nsims, ncol=8) 
for(i in 1:nsims){ 
data <- sim.data.fun(Nmax, group, lambda) 
KM.est[i,] <- KM.fun(Nmax, data, ci=0.975, endpt) 
#print(i) 
} 
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pow <- data.frame(NonInfMargin=seq(.10,.03,by=-0.001), Power=c( 
mean(KM.est[,3] > -0.10), mean(KM.est[,3] > -0.099), mean(KM.est[,3] > -0.098),mean(KM.est[,3] > -
0.097),mean(KM.est[,3] > -0.096), 
mean(KM.est[,3] > -0.095), mean(KM.est[,3] > -0.094), mean(KM.est[,3] > -0.093),mean(KM.est[,3] > -
0.092),mean(KM.est[,3] > -0.091), 
mean(KM.est[,3] > -0.090), mean(KM.est[,3] > -0.089), mean(KM.est[,3] > -0.088),mean(KM.est[,3] > -
0.087),mean(KM.est[,3] > -0.086), 
mean(KM.est[,3] > -0.085), mean(KM.est[,3] > -0.084), mean(KM.est[,3] > -0.083),mean(KM.est[,3] > -
0.082),mean(KM.est[,3] > -0.081), 
mean(KM.est[,3] > -0.080), mean(KM.est[,3] > -0.079), mean(KM.est[,3] > -0.078),mean(KM.est[,3] > -
0.077),mean(KM.est[,3] > -0.076), 
mean(KM.est[,3] > -0.075), mean(KM.est[,3] > -0.074), mean(KM.est[,3] > -0.073),mean(KM.est[,3] > -
0.072),mean(KM.est[,3] > -0.071), 
mean(KM.est[,3] > -0.070), mean(KM.est[,3] > -0.069), mean(KM.est[,3] > -0.068),mean(KM.est[,3] > -
0.067),mean(KM.est[,3] > -0.066), 
mean(KM.est[,3] > -0.065), mean(KM.est[,3] > -0.064), mean(KM.est[,3] > -0.063),mean(KM.est[,3] > -
0.062),mean(KM.est[,3] > -0.061), 
mean(KM.est[,3] > -0.060), mean(KM.est[,3] > -0.059), mean(KM.est[,3] > -0.058),mean(KM.est[,3] > -
0.057),mean(KM.est[,3] > -0.056), 
mean(KM.est[,3] > -0.055), mean(KM.est[,3] > -0.054), mean(KM.est[,3] > -0.053),mean(KM.est[,3] > -
0.052),mean(KM.est[,3] > -0.051), 
mean(KM.est[,3] > -0.050), mean(KM.est[,3] > -0.049), mean(KM.est[,3] > -0.048),mean(KM.est[,3] > -
0.047),mean(KM.est[,3] > -0.046), 
mean(KM.est[,3] > -0.045), mean(KM.est[,3] > -0.044), mean(KM.est[,3] > -0.043),mean(KM.est[,3] > -
0.042),mean(KM.est[,3] > -0.041), 
mean(KM.est[,3] > -0.040), mean(KM.est[,3] > -0.039), mean(KM.est[,3] > -0.038),mean(KM.est[,3] > -
0.037),mean(KM.est[,3] > -0.036), 
mean(KM.est[,3] > -0.035), mean(KM.est[,3] > -0.034), mean(KM.est[,3] > -0.033),mean(KM.est[,3] > -
0.032),mean(KM.est[,3] > -0.031), 
mean(KM.est[,3] > -0.030) 
)) 
KM.est <- data.frame(KM.est) 
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names(KM.est) <- c("Difference","SE","LB","UB","C.ev","T.ev","C.surv","T.surv") 
ss <- round(apply(KM.est,2,summary),3) 
return(list(pow, ss)) 
} 
#safety endpoint 
#control group 
lam.c <- c(rep(-log(1-.15),3)) 
#device group 
lam.d <- lam.c 
lam <- cbind(lam.c,lam.d) 
p1580 <- power.fun(10000, Nmax=1580, group=1, lambda=lam,  endpt=1) 
p1580 
#### Purpose: Power analysis for primary effectiveness endpoint#### 
set.seed(1) 
library(survival) 
randomize.fun <- function(N, rand){ 
  ## Generate randomization group 
  ## N is sample size 
  ## rand is 1 if 1:1 and 2 if 2:1 
group <- NULL 
if(rand==2){ 
   temp <- ceiling(N/3)*3 
   for(i in 1:(temp/3+1)){ 
   group <- c(group, sample(c(1,2,2), 3)) 
} 
   group <- group[1:N] 
} 
if(rand==1){ 
   temp <- ceiling(N/4)*4 
   for(i in 1:(temp/4)+1){ 
   group <- c(group, sample(c(1,1,2,2), 4)) 
} 
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   group <- group[1:N] 
} 
return(group) 
} 
 
Exp.tte.fun <- function(N, lambda, group){ 
  ## Generate time to event based on Exponential distribution 
  ## N is sample size 
  ## lambda is 3x2 vector  
  ## the 3 rates are 0-45 days, 45 days-6 month, 6-18 months 
  ## group is randomization group(1 or 2) 
out <- rep(NA,N) 
for(i in 1:N){ 
  draw <- rexp(3,lambda[,group[i]]) 
  out[i] <- ifelse(draw[1]<45/365.25, draw[1], 45/365.25+ 
       ifelse(draw[2]<(6/12-45/365.25), draw[2], (6/12-45/365.25)+draw[3])) 
} 
  x <-  out 
  ev <-  1 
return(cbind(x,ev)) 
} 
 
sim.data.fun <- function(N, group, lambda){ 
  ## Generate dataset 
  ## N is sample size 
  ## group is 1 for 1:1 rand or 2 for 2:1 randomization group 
  ## lamdbda is 3x2 matrix of rate parameters 
        rand.group <-  randomize.fun(N, group) 
        tte <-  Exp.tte.fun(N, lambda, rand.group) 
 return(cbind(1:N, rand.group, tte)) 
} 
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KM.fun <- function(N, data, ci=0.975, endpt){ 
  ## Generate KM estimates for the simulated dataset 
  ## N is sample size 
  ## data is data matrix above: pts ID, group,time to event, whether event is observed (1) 
  ## CI is CI width, e.g. .975 
  ## endpt is the time to study, e.g. 1.5 for 18 months. 
  ## This can return errors if there is no one with "endpt" yrs of follow-up 
   
## Generate dataset 
  time.ev <- ifelse( ( data[,3]) < endpt, data[,3], endpt) 
  obs.ev <- ifelse( (data[,3]) < endpt, data[,4], 0) 
 
## KM analysis 
   kms <- survfit(Surv(time.ev[1:N], obs.ev[1:N]) ~ data[,2][1:N]) 
   km  <- summary(kms, time=endpt) 
   
   a <- qnorm(ci) 
   est <- km$surv[2] - km$surv[1] 
   se <- sqrt(km$std.err[1]̂2 + km$std.err[2]̂2) 
   lb <- est - a*se 
   ub <- est + a*se 
   return(c(est, se, lb, ub, km$n.event[1], km$n.event[2], km$surv[1], km$surv[2])) 
   ## returns KM estimate, SE, CI, # Control events, # Treatment events, Control & Treatment survival 
estimates 
} 
 
power.fun <- function(nsims, Nmax, group, lambda, endpt){ 
  ## Calculate power 
  ## nsims is number of simulations 
  ## Nmax is sample size 
  ## group is 1 for 1:1 rand or 2 for 2:1 randomization group 
  ## lamdbda is 3x2 matrix of rate parameters 
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  ## endpt is the time to study, e.g. 1.5 for 18 months. 
 
 KM.est <- matrix(nrow=nsims, ncol=8) 
 
for(i in 1:nsims){ 
data <- sim.data.fun(Nmax, group, lambda) 
KM.est[i,] <- KM.fun(Nmax, data,  ci=0.975, endpt) 
#print(i) 
} 
pow <- data.frame(NonInfMargin=seq(.04,.02,by=-0.001), Power=c( 
mean(KM.est[,3] > -0.04), mean(KM.est[,3] > -0.039), mean(KM.est[,3] > -0.038),mean(KM.est[,3] > -
0.037),mean(KM.est[,3] > -0.036), 
mean(KM.est[,3] > -0.035), mean(KM.est[,3] > -0.034), mean(KM.est[,3] > -0.033),mean(KM.est[,3] > -
0.032),mean(KM.est[,3] > -0.031), 
mean(KM.est[,3] > -0.03), mean(KM.est[,3] > -0.029), mean(KM.est[,3] > -0.028),mean(KM.est[,3] > -
0.027),mean(KM.est[,3] > -0.026), 
mean(KM.est[,3] > -0.025), mean(KM.est[,3] > -0.024), mean(KM.est[,3] > -0.023),mean(KM.est[,3] > -
0.022),mean(KM.est[,3] > -0.021), 
mean(KM.est[,3] > -0.02) 
)) 
 
KM.est <- data.frame(KM.est) 
names(KM.est) <- c("Difference","SE","LB","UB","C.ev","T.ev","C.surv","T.surv") 
ss <- round(apply(KM.est,2,summary),3) 
 
return(list(pow, ss)) 
} 
 
 
 
#effectiveness endpoint 
#control group 
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lam.c <- c(rep(-log(1-.042)/1.5,3)) 
#treatment group 
lam.d <- lam.c 
lam <- cbind(lam.c,lam.d) 
 
p1690 <- power.fun(10000, Nmax=1690, group=1,  lambda=lam, endpt=1.5) 
p1690  
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