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Presentation Notes
The FDA Presentation will be broken up as follows. I’ll begin with an introduction, followed by presentations on the CREST study design, clinical and statistical conclusions, and considerations for the post-approval study. I will then provide concluding remarks. 


Introduction Outline

ndications for Use
Key Regulatory Milestones
Device Background

Discussion Points
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My introduction will cover: 

the proposed indications for use for the device

an overview of the key regulatory milestones related to this submission

some background on the device 

and the primary discussion points FDA would like you to keep in mind for the afternoon session.


Currently Approved Indication
(for high surgical risk patients)

m P040012 approved on August 30, 2004

m  The RX Acculink Carotid Stent System, used in conjunction with Abbott
Vascular’'s Accunet or Emboshield family of Embolic Protection
Systems (EPS), is indicated for the treatment of patients at high risk for
adverse events from carotid endarterectomy who require carotid
revascularization and meet the criteria outlined below:

1. Patients with neurological symptoms and = 50% stenosis of the common
or internal carotid artery by ultrasound or angiogram OR patients without
neurological symptoms and = 80% stenosis of the common or internal
carotid artery by ultrasound or angiogram, AND

2. Patients must have a reference vessel diameter within the range of
4.0mm and 9.0mm at the target lesion.
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Presentation Notes
I’d like to start with the indication. The subject device, the RX Acculink Carotid Stent System, received approval in 2004 for use in the high surgical risk patient population. The currently approved indication is shown on this slide, with highlighting added by FDA for emphasis and comparison to the newly proposed indication. 


Definition of High Surgical Risk

Patient is considered a non-surgical or a high risk surgical candidate
based on the presence of any one or more of the following medical conditions:

a) Knowledge of two or more proximal or major diseased coronary arteries with 270%
stenosis that have not, or cannot be revascularized

b) Ejecr;]tion fraction <30% or New York Heart Association (NYHA) Functional Class Il
or higher

c) Unstable angina defined as rest angina with ECG changes

d) Currently on a list for major organ transplantation (i.e., heart, lung, liver, kidney) or is
being evaluated for such

e) Malignancy or respiratory insufficiency limiting life expectancy to <5 years or FEV1
<30% (predicted)

f) Dialysis dependent renal failure
g) Uncontrolled diabetes defined as fasting glucose >400 mg/dl and ketones > +2
h) Concurrent requirement for any surgery requiring general anesthesia
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Presentation Notes
For the sake of time, I will not read through these criteria, but high surgical risk patients were defined as those having the co-morbid risk factors listed on this slide… 


O
Definition of High Surgical Risk (cont.)

Patient may be considered a non-surgical candidate for CEA as a result of one
or more anatomic conditions or features which preclude normal surgical access
(a-f), or a high surgical risk defined as the presence of any one or more
anatomic conditions that present an increased potential for adverse events (g-i).

) Patient is status/post radiation treatment to the neck

) Patient is status/post radical neck surgery

) Surgically inaccessible lesions (i.e. lesions above level of C2)

) Spinal immobility — inability to flex neck beyond neutral or kyphotic deformity

) Symptomatic, well-delineated carotid artery dissection below the carotid siphon
f) Ostial lesion of LCCA/RCCA lesion below clavicle

g) Presence of tracheostomy stoma

) Contralateral laryngeal nerve paralysis

i) Previous carotid endarterectomy, extracranial-intracranial or subclavian bypass
procedure ipsilateral to the carotid stenosis

a
b
C
d
e
h


Presenter
Presentation Notes
As well as the anatomic risks factors outlined here. 

Again, for the sake of time, I will not read through these, but they are provided here for your reference.




Newly Proposed Indication
(for standard surgical risk patients)

P040012/S34 proposes the addition of the following to the indications:

Standard Surgical Risk

The RX Acculink Carotid Stent System, used in conjunction with the Accunet
Embolic Protection System (EPS), is indicated for the treatment of patients at
standard risk for adverse events from carotid endarterectomy who require
carotid revascularization and meet the criteria outlined below:

1. Patients with neurological symptoms and = 70% stenosis of the common
or internal carotid artery by ultrasound or = 50% stenosis of the common
or internal carotid artery by angiogram OR patients without neurological
symptoms and = 70% stenosis of the common or internal carotid artery
by ultrasound or = 60% stenosis of the common or internal carotid artery
by angiogram, AND

2. Patients must have a reference vessel diameter within the range of
4.0 mm and 9.0 mm at the target lesion.
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The proposed addition to the indication is for standard surgical risk patients. Standard surgical risk patients would include those patients requiring revascularization who are not at high risk for adverse events from surgical intervention as outlined in the previous 2 slides. Again, highlighting has been added by FDA to emphasize differences from the high surgical risk indication. Please note that the percent stenosis criteria have been outlined based on the imaging modality, which is a revision from the materials originally provided in your Panel Pack. 


P040012/S34
Key Regulatory Milestones
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I will now provide some background on the regulatory history of the PMA supplement being discussed today, which spans over 10 years. 






May 11, 1999

= Guidant Corporation (acquired by Abbott
Vascular in May 2006) initiated formal
discussions with FDA regarding a clinical
protocol and statistical analysis plan for the

Carotid Revascularization Endarterectomy vs.
Stenting Trial (CREST).

10
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Formal discussion with FDA relating to the CREST study design was initiated by Guidant Corporation in May of 1999.  

Abbott Vascular later acquired the Acculink Stent System when they acquired Guidant’s vascular device division in May of 2006.  


July 19, 1999

m FDA and Guidant Corp. completed an Agreement
Meeting regarding the CREST trial, which covered:

= study hypotheses
= primary and secondary endpoints
= inclusion/exclusion criteria

= statistical analysis model used to support broadening
the Acculink Carotid Stent System indication

Binding on both FDA and the applicant and can only be
changed:

= with the written agreement of the applicant OR

= when there is a substantial scientific issue essential to
determining the safety or effectiveness of the device

11
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In July of 1999, FDA and Guidant completed an Agreement Meeting regarding the CREST trial.  Agreement meetings are used to reach agreement on key parameters of the investigational plan, including the study protocol.  The July 1999 agreement meeting between FDA and Guidant covered the study hypothesis, the primary and secondary endpoints, the inclusion and exclusion criteria, and the statistical analysis model to be used.  Agreement meetings are binding on both the applicant and FDA and can only be changed with written agreement from the applicant or when there is a substantial scientific issue essential to determining the safety or effectiveness of the device.




April 26, 2000

m FDA approved an Investigational Device
Exemption (IDE) for the CREST trial (GO00080)

= Allowed enrollment of U.S. subjects in the study

m Study protocol and statistical analyses were
consistent with July 1999 agreement meeting

12
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In April 2000, FDA approved the IDE for the CREST trial. The approval allowed for the initiation of US enrollment in the study, whose protocol and statistical analyses were consistent with the 1999 agreement meeting.  


March 20, 2003

m Sponsorship of the IDE for the CREST trial,
along with the administrative responsibilities for
the study, was transferred from Guidant

Corporation to the University of Medicine and
Dentistry of New Jersey

13
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In March of 2003, while Guidant remained the manufacturer of the Acculink device, sponsorship of the IDE for the CREST trial was transferred to the University of Medicine and Dentistry of New Jersey.


January 12, 2005

= FDA approved modifications to the CREST protocol
allowing the inclusion of subjects with asymptomatic
carotid artery disease, in addition to the originally
approved cohort of subjects with symptomatic disease.

The modified protocol included restrictions on enroliment
such that the final percentage of symptomatic subjects
enrolled would be between 32% and 68%.

= Necessary to ensure the validity of the proposed
statistical analyses involving these populations

14
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The CREST lead-in cohort included both symptomatic and asymptomatic patients; however, the original CREST protocol only included symptomatic patients in the pivotal cohort. In January of 2005, FDA approved modifications to the CREST protocol to allow for the inclusion of asymptomatic patients. This was intended to improve the rate of enrollment in the study and to be more representative of current medical practice. To ensure the validity of the proposed statistical analyses, the modified protocol included restriction on the enrollment such that the final percentages of patients would be representative of the general population. 


December 21, 2005

m The July 19, 1999 agreement between FDA and Guidant
was revised to incorporate the inclusion of asymptomatic
subjects in the CREST trial.

Reaffirmed:

= the study hypotheses

= primary and secondary endpoints
= inclusion/exclusion criteria

= statistical analysis model

that would support expanding the indications for the
Acculink Carotid Stent System to include patients with
symptomatic and asymptomatic carotid artery stenosis
who are not at high risk for adverse events from carotid

endarterectomy.
15
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In December of 2005, the 1999 Agreement was revised to reflect this inclusion of asymptomatic subjects. 


October 1, 2010
m FDA filed Panel-Track PMA Supplement
P040012/S34
= the subject of this Advisory Panel meeting

= includes the previously agreed-upon analysis
of the full pivotal study cohort of 2,502
randomized subjects from the CREST trial

16
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On October 1, 2010 FDA received and filed the PMA Supplement being discussed today.  The supplement included the agreed-upon analysis of the 2,502 randomized subjects from the CREST trial.


Device Background

m [he submission contains no non-clinical testing

= The design of the device remains the same as the
currently approved device

m P040012 approved the Acculink (over-the-wire) and RX
Acculink (rapid exchange) stent systems for the high-risk
population

m [he expanded indication is sought only for the RX
version of the device

= Acculink and RX Acculink differ only in their delivery
system

17
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The submission contained only clinical data. Non-clinical testing was determined not to be necessary as the design of the device remains the same as the currently approved device for high surgical risk patients.  It’s important to note that the original Acculink device was available with 2 versions of the delivery system, over-the-wire and rapid exchange, which were both used in the study.  Abbott Vascular is currently seeking approval for the expanded indication for the rapid exchange (or RX) version of the device only. The RX Acculink differs from the over-the-wire Acculink only with respect to the delivery catheter. 


Primary Discussion Points

= Appropriateness of the indication

m Peri-procedural event rates

= Long-term outcomes

m Censored and crossover subjects

= Definition of Ml

= Cranial nerve injury in CEA subjects

m Post-approval study considerations

18
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I would like to point out that FDAs presentation will not cover all of the CREST results, which have been provided in your Panel Pack. Instead, FDA will focus our presentation on what we consider the most significant findings. As the next speakers present, we would like you to keep in mind the following items for our afternoon discussion. 



The appropriateness of the indication for octogenarian and non-octogenarian populations, for symptomatic and asymptomatic populations, and by the percent stenosis criteria specified



Periprocedural event rates, in particular, the clinical significance of the higher death and stroke rate in the stenting arm versus the higher rate of MI in the surgical arm



Long-term outcomes, or the stability of the outcomes after one year



The potential impact of censored and crossover subjects on the study results and conclusions 



The potential impact of the different MI definitions used throughout the study on study results and conclusions 



The clinical significance and severity of cranial nerve injury in the surgical arm



And, finally, considerations for the post-approval study 
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This concludes my introduction, and I would now like to hand over the presentation to other members of the FDA review team, beginning with Dr. Chandeysson who will provide a detailed overview of the CREST study design. 


CREST Study Design

Paul L. Chandeysson, MD
Division of Cardiovascular Devices
Office of Device Evaluation
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Good morning.  My name is Paul Chandeysson and for the next few minutes I will outline the design of CREST.


Background on Stroke
(from NINDS)

= More than 780,000 strokes in U.S. every year
= Third leading cause of death

m Leading cause of long-term disability

m Almost % occur in people > 65 years

m Risk doubles each decade over 55 years

21



Basic Elements of CREST

m Study objective

= Study design

= Study endpoints

= Additional analyses
= Patient population
= Patient treatment
= Patient follow-up

22
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I will first talk about the objective, the design , and the endpoints of CREST.  I will then discuss some additional analyses which were planned.  I will then talk about the selection of the patients, the treatment of the patients, and the follow-up of the patients.  I will then summarize the design of CREST.


Study Objective

m Show comparable results of the one-year
primary endpoint between carotid artery stenting
(CAS) and carotid endarterectomy (CEA) in the
treatment of patients who have carotid artery
stenosis and are at standard risk for surgery

23
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The Acculink Stent System has been approved for patients who are at high risk for adverse events from CEA.  The objective of CREST is to provide clinical data to support extending the indication for use to patients who are at standard risk for adverse events from CEA.


Study Design

CREST design consisted of 2 phases:
= A non-randomized lead-in phase for the training and
credentialing of the CAS operators

= Up to 20 patients per operator
= Up to 119 centers in U.S. and 10 in Canada

m A prospective, multicenter, two-arm, concurrent, randomized
clinical study comparing CAS vs. CEA

= A non-inferiority hypothesis was used with a margin of 2.6%
= A total of 2500 randomized patients was planned

24
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CREST featured a lead-in phase to ensure that the interventionalists were qualified to perform CAS before treating randomized patients. The lead in phase enrolled more patients than either of the treatment groups in the randomized phase.


Primary Endpoint

= A 1-year composite of all-cause death,
stroke, and myocardial infarction (MI)
evaluated at 30 days after the index
procedure, plus ipsilateral stroke evaluated
between 31 days and 365 days

25



Secondary Endpoints

= Primary endpoint stratified by patient
symptomatic status

= A composite of death, stroke, and M| evaluated
at 30 days

= Acute success evaluated using three different
measures: device, procedure, and clinical
success

m [arget lesion revascularization at 12 months
after the index procedure

m Access site complications requiring treatment

m Cranial nerve injury unresolved at 1 and 6
months after the index procedure

26



Additional Analyses

Poolability of symptomatic and asymptomatic patients

Death, stroke and MI at 30 days plus ipsilateral stroke at
4 years after the index procedure

Comparison of the event rates of the lead-in patients
versus the randomized patients.

“‘Recently asymptomatic” versus “Always asymptomatic”
patients

Male patients versus female patients

Evaluation of the treated segment by ultrasound
Multivariate analysis

Analysis by octogenarian status

27



Patient Population

= |nitially, randomized patients had to be
symptomatic. Later, asymptomatic patients
were also randomized.

m The severity of the lesion depended on the
Imaging modality used and the symptomatic

status of the patient.

28
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Both symptomatic and asymptomatic patients were enrolled in the lead-in phase of the study from the beginning of the study, hence the different proportion of symptomatic and asymptomatic patients in the two phases of CREST.


Primary Analysis Group

m For several reasons, different subgroups of the
randomized population occurred.

= [he primary analysis was done on the per-
protocol patient subgroup for regulatory
purposes.

29



Symptom Status

m Symptomatic patients had symptoms referable to
the target lesion occurring within the 180 days
preceding the baseline assessment. Symptoms
iInclude a non-disabling cerebral infarction,
amaurosis fugax, or transient ischemic attack (TIA).

= Asymptomatic patients had no symptoms referable
to the target lesion occurring within the 180 days
prior to the baseline assessment.

30
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Asymptomatic patients may be “recently asymptomatic” if they had symptoms before 180 days before screening or “always asymptomatic” if they never had symptoms referable to their lesion.


Required Lesion Severity

m Carotid arteriogram:
= at least 50% for symptomatic patients, or
= at least 60% for asymptomatic patients

m Carotid artery ultrasound examination:
= at least 70%

m If the stenosis was 50% to 69% by sonography,
a CT angiogram or MR angiogram:

= at least 70% in symptomatic patients; or
= at least 80% in asymptomatic patients

31
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Patient Treatment

m CAS

= The Acculink Stent and the Accunet Embolic Protection
System used per the Instructions for Use

= Medications were heparin, ASA, clopidogrel, or others

m CEA

s Performed as standard of practice of the surgeon
= Medications were ASA, or others

KK]



Patient Follow-up

= A neurological assessment was required 18 to 54 hours
after the procedure in order to ensure the detection of
early strokes.

m Follow-up visits at 30 days, 6 months, 12 months, and
yearly thereafter.

m Telephone follow-up at 3 months, 9 months, 18 months,
and yearly from that date.

Kz



Summary

m The objective of CREST was to show comparable results of
the primary endpoint for CAS and CEA in patients who have
carotid artery stenosis and are at standard risk for adverse
events from surgery.

m CREST was a large, multinational, clinical study with patients
randomized 1:1 to CAS or CEA. CREST also includes a lead-
In phase for training and credentialing of the CAS operators.

m [he 1-year primary endpoint was a composite of death,
stroke, and M| evaluated at 30 days after the index procedure,
plus ipsilateral stroke evaluated between 31 days and 365
days. A non-inferiority hypothesis was used with blinded
endpoint evaluation. Secondary endpoints were evaluated
and additional analyses were done.
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Summary (cont.)

m [o be randomized, patients originally had to be
symptomatic from their carotid artery lesion. Later,
asymptomatic patients were also randomized.

m The severity of the lesion needed for randomization
depended on the imaging modality used and the
symptomatic status of the patient.

m An early neurological assessment was required to
assure the detection of early strokes. Follow-up visits
were required at 30 days, 6 months, 12 months, and
yearly thereafter. Telephone follow- -up was scheduled
between the follow-up visits.

36
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Paul introduces Wolf as next speaker


CREST Study
Clinical Results and
Considerations

Wolf Sapirstein, MD, MPH
Division of Cardiovascular Devices
Office of Device Evaluation



CREST

Study hypothesis employed a Composite Primary Endpoint of specified
adverse events analyzed at one year using the Per-Protocol population
(2307 of 2502 enrolled)

Statistical stratified analyses were undertaken for Pre-Specified
Secondary Endpoints

Additional analyses were conducted
= for example, on impact of Demographic Characteristics

(RX) Acculink Stent System was employed for CAS
= Initially without the Accunet Embolic Protection System

= Accunet system added when it became available

CEA technique was surgeon’s preference.
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Patient Demographics

m Difference in prior neurological events occurring in 2502 patients was
significant only for Amaurosis Fugax.

Event CAS CEA Total 959% ClI
TIA 31.6% 30.4% 31.0% 2.4, 4.9%
W) (390/1234) (367/1208) (757/2442)
Amaurosis Fugax 14.6% 17.0% 15.8% -5.2, 0.6%
(WA (179/1223) (204/1202) (383/2425)
|psilateral Stroke 85.4% 84.3% 84.9% -4.3, 6.5%
WA, (298/349) (279/331) (577/680)

= No clinically significant difference exists in Baseline Demographics and
Medical History of study arms.
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Baseline Demographics

CAS CEA Total Difference
N = 1262 N = 1240 N = 2502 [95% CI]
Age - Mean + S.D. 68.9 £ 9.0 69.2+8.8 69.1+8.9 10 041
Median 69.1 70.0 69.7
Range 39.8 -96.2 40.7 -91.5 39.8 -96.2
Male Gender 63.9% 66.4% 65.1% 6 2%24; 3%]
: o o o 0.3%
Symptomatic 52.9% 52.7% 52.8% [-3.6%, 4.2%]
Diabetes Mellitis 30.5% 30.4% 30.5% oAl
' ' ' [-3.5%, 3.7%]
_ 0
Hypertension 85.8% 86.1% 85.9% (-3 000/(')32/05%]
Coronary Artery 0 0 o 6.4%
Disease AT ST ST [-15.5%, 28.3%)]
_ 0
Dyslipidemia 82.9% 85.8% 84.4% -5 7(2'9_(/;’ 0%]
: : o o o -1.0%
Smoking History 65.2% 66.2% 65.7%

[-4.7%, 2.8%]
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Study Endpoint Compliance

Primary Endpoint Evaluation (1 Year):

CAS CEA
Eligible 1131 1176
Evaluated 1085 (95.9%) 1132 (96.3%)
Not evaluated 46 (4.1%) 44 (3.7%)

Primary Endpoint Not Evaluated Due to:

CAS CEA
Death 18 (1.6%) 12 (1.0%)
Withdrawal 16 (1.4%) 26 (2.2%)
Lost 6 (0.5%) 5 (0.4%)
Other 6 (0.5%) 1 (0.1%)




Primary Endpoint

Death, stroke, and myocardial infarction (DSMI) peri-operatively (0 - 30 days),
plus ipsilateral stroke 31 - 365 days post-procedure.

Per-Protocol Analysis of Primary Endpoint:

CAS CEA
N 1131 1176
Rate 7.1% 6.6%
Difference 2.26% UCL

Propensity Adjusted Per-Protocol Analysis of Primary Endpoint :
Difference 2.41% UCL

Non-Inferiority Delta for Primary Endpoint Comparison: 2.6%
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Peri-Procedural Endpoint

Components
CAS CEA Difference
(N=1131) (N=1176) (UCL, NI margin)
DSMI 65 (5.8%) 60 (5.1%) 2.2%, 2.3%
Death 6 (0.5%) 3 (0.3%)
Stroke (All) 46 (4.1%) 22 (1.9%)
Major 10 (0.9%) 5 (0.4%)
Ipsilateral 10 4
Minor 36 (3.2%) 18 (1.5%)
Ipsilateral 33 15
Myocardial Infarction 22 (2.0%) 40 (3.4%)
Stroke and Death 47 (4.3%) 22 (1.9%)
Major Stroke and Death 12 (1.1%) 5 (0.4%)
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Stroke Events

Minor stroke defined as lasting > 24 hours with NIHSS < 9 at 3 months

CAS CEA
(N=1131) (N =1176)

Peri-Procedural Stroke (0 - 30 Days):

Major 10 (0.9%) 5 (0.4%)

Minor 36 (3.2%) 18 (1.5%)

Total 46 (4.1%) 22 (1.9%)
Late Ipsilateral Stroke (31 - 365 Days) 19 (1.7%) 18 (1.6%)
Procedural Minor Strokes returning to 17 (51.5%) 7 (43.8%)
baseline at 1 month




Procedural Myocardial Infarction

m Ml definition: Biomarker and/or ischemic ECG/symptoms
m (20 cases adjudicated by biomarkers only)

m  Adjudication:
m Based on all randomized subjects (N=2502)

Mortality Outcome of Peri-Procedural Myocardial Infarction:
13 (19%) of 67 adjudicated cases died during a 4-year follow-up

CAS CEA Total
Definite 15 24 39
Possible 10 18 28
Total 25 42 67

m 9 deaths in 39 Definite Ml cases
m 4 deaths in 28 Possible MI cases

2 of all deaths specified as cardiac
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Primary Endpoint Results
by Symptomatic Status

m Symptomatic definition: TIA, Amaurosis Fugax, Minor or
Non-Disabling Stroke within 180 days of intervention

Difference N-|
CAS CEA (UCL) Margin
_ 8.7% 7.5%
Symptomatic (N=599) | (N =620) 3.84% 3.87%
_ 5.3% 5.6%
Asymptomatic (N=532) | (N=556) 1.95% 3.40%




Primary Endpoint Results by Age

Octogenarian

Non-Octogenarian

CAS CEA CAS CEA
N 106 103 1025 1073
0 - 30 Day Events:
Death 1 (0.9%) 1 (1.0%) 5 (0.5%) 2 (0.2%)
Mi 2 (1.9%) 7 (6.8%) 20 (2.0%) 33 (3.1%)
All Stroke and
Death 7 (6.6%) 4 (3.9%) 41 (4.0%) 18 (1.7%)
Major Stroke
o, (; Donth 3 (2.8%) 1(1.0%) 9 (0.9%) 4 (0.4%)
31 - 365 Day Events:
|psilateral Stroke | 5 (4.7%) 2 (1.9%) 14 (1.4%) 16 (1.5%)




Pre-Stenting Angiographic Lesion

Characteristics (Core Lab)

Lesion Length:

Data available (n/N; %)

1029/1131 (82.4%)

Mean (mm) 13.6
Median (mm) 12.9
Range (mm) 1.0-44.0

Lesion Location Relative to Bulb (n; %):

Contiguous 686 (66.7%)
Remote 254 (24.6%)
Both 88 (8.6%)
Distance From Ostium:

Mean (mm) 2.0
Range (mm) 0.0-27.1
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Device Usage

m 2817 stents used
= Exact number implanted is unclear

= Embolic protection devices used in 94.9%
(1073/1131) of CAS cases

m Stent lengths used:
= 20, 30, 40 mm
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Restenosis

m Site Reported Ultrasound Review:

= Duplex evaluation of 1623 patients at 6-months and 1668 patients
at 12 months

= Samples drawn from Per-Protocol cohort

12-month results: CAS (N=834) | CEA (N=835) Difference
Occluded 0] 4 (0.5%) -0.5%
70-99% 30 (3.6%) 22 (2.6%) 1.0%
50-69% 130 (15.6%) 107 (12.8%) 2.8%

1-Year Target Lesion
Revascularization:

Symptomatic: > 50% stenosis LAS CeA
Asymptomatic: > 80% stenosis

n 10 12
Pre-operative 50-69% Stenosis: CAS (N=993) | CEA (N=1031)

n (%) 113 (11.4%) | 108 (10.5%)
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Acute Success

m CAS

m CEA

Device Delivery/Deployment/Retrieval Failure:
Acculink Stent 2 (0.2%)
Accunet EPD 38 (3.4%)
Procedural Failure (Residual stenosis 250%) 28 (2.5%)
Clinical Failure (AE & procedural failure) 91 (8.1%)
Procedural Failure (Neuro event, CNI day 0-1) 75 (6.4%)

Clinical Failure (DSMI & procedural failure)

120 (10.2%)
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Cranial Nerve Injury

As-Treated CEA

(N = 1246)

Cranial nerve injury (n; %) 65 (5.2%)

Deficit persisting at 1 month (n; %) 44 (3.5%)

Deficit persisting at 6 months (n; %) 25 (2.0%)
Facial (lip droop) 8
Possible Vagus/RLN (Hoarseness) 14
Glossopharyngeal (Dysphagia) 3
Hypoglossal (tongue deviation) 3
Trigeminal (facial numbness) 2
Unknown 2
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Gender Interaction

0 Similar Gender distribution in study arms

CAS CEA
% Male 64.6% 66.7%
n/N 731/1131 | 784/1176
o Interaction between treatment and gender on primary endpoint:

Hazard Ratio

Variable Coefficient (SE) (95% ClI) p-value
CAS vs. CEA 0.06 (0.26) 1.06 (0.64, 1.76) 0.82
Male vs. Female -0.19 (0.24) 0.83 (0.52, 1.31) 0.41

Treat vs. Gender 0.03 (0.33) 1.03 (0.54, 1.97) 0.92




4-Year Mortality

m Post Hoc Kaplan-Meier evaluation out to 4 years (median 3 years):

CAS CEA
Onset Sample Size 1131 1176
4-year Sample Size 963 966
m 4-year Mortality:
CAS CEA
n ([0) 88
Rate 8.8% 8.2%
HR 1.08




Survival Curves — 4-Year Mortality
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Summary

Study met the prespecified primary hypothesis for non-inferiority of CAS to
CEA for the per-protocol analysis

Study limitations:
m Study design utilized criteria derived from studies in 1991 - 2004
m Study conducted over 8 - 10 year period

Additional analyses found that:
m  Stroke in CAS treated patients occurred twice as frequently as in the CEA arm

m Stroke and death components of the primary endpoint occurred twice as
frequently in the CAS than in the CEA patients

m Restricted octogenarian enrollment precluded robust interpretation of higher
event rates

m CAS met non-inferiority criterion less strongly for symptomatic than
asymptomatic patients
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Summary (cont.)

Restenosis occurs with a similar incidence in CAS and CEA arms
during an intermediate period of follow-up. The effect of and
management of CAS restenosis are not well documented.

The description of CAS treated lesions suggests that the available
stents were suitable for treatment of localized stenosis rather than
vessel disease.

Stroke occurred significantly more frequently with CAS. NIHSS
score used for categorizing strokes as minor or major serves only to
predict recovery from disability.

Procedural Ml occurred more frequently in the CEA arm but did not
significantly impact 4-year mortality.
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Presenter
Presentation Notes
Wolf introduces Nelson as next speaker


CREST Study
Statistical Conclusions
and Considerations

Nelson Lu, Ph.D.
Division of Biostatistics
Office of Surveillance and Biometrics


Presenter
Presentation Notes
Thanks, Dr. Sapirstein. Good morning. My name is Nelson Lu, from division of biostatistics in Office of Surveillance and Biometrics. 


Outline

Endpoints and main statistical method
Analysis populations

Primary endpoint results
Peri-procedural event results

Results by symptomatic status
Results by patient’s age

Summary
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In this presentation, I am going to first present the study endpoints and the main statistical method, followed by a discussion of various analysis populations.

Then I’ll present the results of primary endpoint, peri-procedural events, subgroup analysis by symptomatic status, and by patient’s age.

At the end, I’ll conclude with a summary.


Endpoints

= Primary endpoint:

s Composite of Death, Stroke, and Myocardial
Infarction (DSMI) in 30 days + ipsilateral stroke from
day 31 to 365

= Peri-procedural endpoint:
s Composite of DSMI in 30 days

= Endpoint events evaluated by the Stroke and the
Myocardial Infarction Adjudication Committees
(blinded to the assigned treatment)
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The primary endpoint is a composite endpoint of all-cause death, stroke and myocardial infarction at 30 days plus ipsilateral stroke between 31 days and 1 year.  The peri-procedural component of the primary endpoint is DSMI within the first 30 days. The endpoint events were evaluated by the Stroke and the Myocardial Infarction Adjudication Committees, which were blinded to the assigned treatment. 


Main Analysis Method

m Event rates estimated by Kaplan-Meier method
= NI test performed using z test statistic

63


Presenter
Presentation Notes
The primary endpoint and peri-procedural event rates are estimated by Kaplan-Meier method. The non-inferiority test is based on the z test statistic. 


Non-Inferiority Test

= Hypothesis

Hy: TTeag 2 TTega + O
Hpl TToas < TTega + O

m TIcag: true event rate at 1-year for CAS
= Ticea: true event rate at 1-year for CEA
= O: non-inferiority margin

0 = 2.6% for primary endpoint; 2.3% for peri-procedural
event

= o= 0.05 (one-sided)

m 1T estimated using Kaplan-Meier method at the endpoint
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This slide presents more information on the non-inferiority test. The mathematical form of the hypothesis is listed. The alternative hypothesis is that the true event rate of CAS is not worse than the true event rate of endarterectomy by a margin of delta.

The delta is set to be 2.6% for the primary endpoint and 2.3% for peri-procedural events.

The test is one-sided and conducted at the significance level at 0.05.


Analysis Populations

= Intent-To-Treat
= Including most subjects who were enrolled and randomized
= Analyzed in treatment groups to which they were randomized

m As-Treated

= All subjects who actually received a treatment (regardless of the
treatment assignment)

= Analyzed in treatment groups to which they actually received

m Per-Protocol
= All subjects who actually received the assigned treatment
= A subset of the intent-to-treat
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Several analysis populations were pre-defined for data analyses. Among them are intent-to-treat, as treated, and per-protocol.

The intent-to-treat population includes most subjects who were enrolled in the study and randomized to receive a treatment.  In data analysis, the treatment group of each subject is based on the treatment assignment.

The as treated population includes all subjects who actually received a treatment, regardless of the treatment assignment. In data analysis, the treatment group of each subject is based on the actual treatment this subject received.

The per-protocol population includes all subjects who actually received the assigned treatment. 

Note that the per-protocol is a subset of the intent-to-treat population. 


Analysis Populations

CAS CEA Total
Intent-to-treat 1259 1237 2496
As Treated 1151 1246 2397
Per-protocol 1131 1176 2307
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Presentation Notes
The table here lists the number of subjects in each arm for these three analysis populations.


ITT vs. PP

m Proportion of PP/ ITT
m CAS - 89.8% (1131/1259)
m CEA-95.1% (1176/1237)

Exclusion Category Atsosig:gd Atsosiggpe\d
Withdrew informed consent prior to procedure | 22 (1.7%) 26 (2.1%)
No study procedure attempted 28 (2.2%) 23 (1.9%)
Crossover before procedure 63 (5.0%) 10 (0.8%)
Crossover after procedure attempted 7 (0.6%) 2 (0.1%)
Other 8 (0.7%) 0 (0.0%)
Total 128 (10.2%) | 61 (4.9%)
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Presentation Notes
The table on this slide lists different types of subjects who are counted in the intent-to-treat population but not in the per-protocol population. A crossover subject means that a subject received the alternative treatment to whatever was assigned.

It can be observed that the proportions are comparable between two arms for subjects in first two exclusion categories. However, the proportion of subjects who were assigned in CAS but crossed over to CEA is much higher than the other way around. 

The proportion of per-protocol to intent-to-treat indicates the proportion of subjects who actually received the assigned treatment. This proportion is lower in the stenting arm than that in the surgery arm. The main reason for this imbalance is due to the unbalanced number of crossover subjects. 


Distribution of Baseline Covariates

m Distributions of baseline covariates between two
arms are more likely to be similar in the |TT
population, due to the randomization.

m Distributions of baseline covariates between two
arms may be less similar in the PP population,
due to patients in the exclusion categories.
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In ITT population, distributions of baseline covariates between two arms are more likely to be similar due to the randomization mechanism. 

However, such distributions between two arms may be less similar in the PP population, due to subjects in various exclusion categories as mentioned in the previous slide.


Propensity Score Adjusted Analysis

m Propensity Score (PS):

= Probability of treatment assignment conditional on
observed baseline covariates

= With same propensity score, treatment assignment
not confounded with measured baseline covariates

m Pre-specified PS adjusted analysis:
s PS are derived based on a logistic model

= Each observation is weighted by its inverse
propensity score of being in a certain arm

= Weighted Kaplan-Meier estimate for each arm and
associated standard error are then calculated
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One way to handle this issue is to use propensity score adjusted analysis.

The propensity score is the probability of treatment assignment conditional on observed baseline covariates. One property of the propensity score is that, with the same score, the treatment assignment is not confounded with measured baseline covariates.

The pre-specified method for propensity score adjusted analysis is described here. First, propensity scores are derived based on a logistic model. Then, each observation is weighted by its inverse propensity score of being in a certain arm. Then, the weighted Kaplan-Meier estimate and the associated standard error for each arm are calculated. The z test statistic is derived accordingly.


Comparability of Propensity Scores

CAS

Percent

Propensity Score
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Presentation Notes
This side-by-side histograms display the distributions of the derived propensity scores by treatment. Furthermore, the distributions of important baseline covariates are balanced within each propensity quintile. It appears that the propensity scores are comparable between two arms. 


Primary Endpoint Analysis


Presenter
Presentation Notes
Now I’ll start to present the primary endpoint analysis.


Primary Endpoint
KM Curves to 1 Year
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Presenter
Presentation Notes
Here are Kaplan-Meier curves up to the one-year endpoint. The stenting is represented by the red solid line, which is slightly below the black dashed line for endarterectomy.


Primary Endpoint Events
KM Curves to 4 Years
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Presentation Notes
Here are Kaplan-Meier curves extended to four years for the primary endpoint events.


Primary Endpoint Analysis

m NI test result (NI margin = 2.6%)

Difference

CAS CEA o

Rate [N] | Rate [N] | (UB of 95% CI) | value
PP [711;1/‘]’ ?ﬁ% 0.52% (2.26%) | 0.025
custment) | (131 | (176 | 067%(241%) | 0.034
T [71'22(31’ ﬁg;;ﬁ 0.11% (1.80%) | 0.008
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The table in this slide presents the non-inferiority test results based on the per-protocol analysis with and without propensity score adjustment and the intent-to-treat analysis. Note that the per-protocol analysis is the primary analysis, and it is highlighted.

In each analysis, the upper bound of 1-sided 95% confidence interval is less than the non-inferiority margin of 2.6% and the p-value is less than 0.05. 

Therefore, the primary endpoint appears to be met. 


Subjects Having Missing Value
In ITT Population

Subjects not observed any primary endpoint event nor completing the
1-year endpoint may be due to the following:

= Death between 31 days and 1 year
= Withdrawal from study
= Lost to follow-up

In ITT, # of subjects with missing value / Total # of subjects :
CAS: 84/1259 (6.7%) CEA: 72/1237 (5.8%)

Kaplan-Meier estimate may be biased if
= the pattern of censoring is not independent of the survival times, or

= the survival rate of subjects who had missing value is not consistent
with the rate in subjects remaining in the study.
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In CREST trial, there were some subjects who were not observed with any primary endpoint events nor completed the 1 year endpoint. This is mainly because subjects who died between 31 days and 1 year, subjects who withdrew from the study, and subjects who were lost to follow-up. 

As a result, we have incomplete information, or missing value for these subjects. 

In the ITT population, there were 84 subjects with missing value in the stenting arm and 72 in the surgery arm. 

The potential problem created by these subjects with missing value is that the Kaplan-Meier estimate and its associated variance could be biased. The biasness occurs if the pattern of censoring is not independent of the survival times, or the survival rate of censored subjects is not consistent with the rate in subjects remaining in the study. 


Primary Endpoint Analysis
Tipping Point Analysis

Among subjects who had missing value in each arm,
some of them assumed to experience events

Events imputed at the date of the last information
available for these subjects

NI Test conducted based on this imputation

A tipping point identified if the case resulting in a change
of conclusion
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To investigate the impact of these subjects with missing value, we performed a type of sensitivity analyses, named tipping point analysis, as described in this slide.

Among subjects having missing values in each arm, some of them are assumed to experience events. Primary endpoint events are imputed at the date of the last information available for these subjects. Other subjects are treated as censored. Then the non-inferiority test is conducted based on this imputation. If the result shows an opposite direction of the conclusion, it is identified as a tipping point.


Tipping Point Analysis

Based on ITT Population

* * * Tipping points
* ¢ * Bpected # having events
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Presenter
Presentation Notes
Here is a plot for the tipping point analysis. The horizontal axis represents the number of subjects with missing information who are imputed to experience an event in the stenting arm. Likewise, the vertical axis does for the surgery arm.

All the black dots represent the tipping points. The p-value associated with each dot is greater than 0.05, which does not support the non-inferiority claim. The p-value for any case falls in the upper left plane, or the white region, is less than 0.05.

Assuming that event rates between these censored subjects and others are similar, the expected number of subjects who would have experienced primary endpoint events is 7 among CAS subjects and 5 among CEA subjects. A red dot is placed for this scenario. 

If the red dot is close to the boundary of these tipping points, it indicates that the conclusion from the statistical test result is sensitive to change. The conclusion could easily be reversed with a few more CAS subjects with events and/or a few less CEA subjects with events. 


Peri-Procedural Endpoint
Analysis


Presenter
Presentation Notes
Now let’s turn our focus to the Peri-Procedural Endpoint Analysis.


Peri-procedural Events K-M Curves
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Presenter
Presentation Notes
Here are the Kaplan-Meier curves up to 30-day endpoint. Stenting is represented by the red solid line and endarterectomy by the black dashed line.


Peri-procedural Events Analysis

= NI test result (NI margin = 2.3%)

CAS

CEA

Difference

p_
Rate [N] | Rate[N] | (UB of 95% CI) | value
(0) (0]
PP [51221/; [51'1%3 0.65% (2.20%) | 0.040
PP (with PS | 5.80% | 5.00% ] ]
adjustment) | [1131] O Rl = e
(0] (0)
T %gg]’ [51‘21:73% 0.30% (1.83%) | 0.016
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Presentation Notes
This slide displays the non-inferiority test result based on three analyses. 

For the primary, per-protocol analysis and itt analysis, the upper bound of the 1-sided 95% confidence interval of the difference is less than the non-inferiority margin of 2.3%. 

However, when the per-protocol analysis is adjusted by the propensity scores, the upper bound is 2.34%, which is slightly above 2.3%. The p-value is 0.055. Therefore, the evidence of stenting being non inferior to the endarterectomy during the peri-procedural period seems to be marginal.


Subgroup Analysis by
Symptomatic Status


Presenter
Presentation Notes
Now I’ll present the subgroup analysis by symptomatic status.


Symptomatic vs. Asymptomatic

m CREST originally designed for symptomatic
patients only

= Randomized within each group
m Pre-specified subgroup analysis

m 52.8% (1321/2502) of randomized subjects were
symptomatic subjects
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The CREST study was originally designed for symptomatic patients only, the asymptomatic population was later included to be randomized. The randomization was done within each group. The subgroup analysis was pre-specified in order to demonstrate the safety and effectiveness of the device for both groups. 

About 53% of randomized subjects were symptomatics.


Asymptomatic Patients

Event(s) that a
subject experienced

CAS [N=532]
Count (%)

CEA [N=556]
Count (%)

Within 30 days

Death 1(0.2) 2 (0.4)

Stroke 13 (2.5) 7 (1.3)

Death and Stroke 13 (2.5) 7 (1.3)

Mi 9(1.7) 17 (3.1)

DSMI 20 (3.8) 24 (4.3)
At 1 year

Primary Endpoint 28 (5.3) 31 (5.6)
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Let’s first examine the data in the asymptomatic group. This table displays the breakdown of the type of events and the number of subjects who experienced such events in each category. It can be observed that, although the rates of DSMI and primary endpoint events, as shown in the bottom two lines, are relatively comparable, the death and stroke rates in the stenting arm is almost doubled the death and stroke rate in the surgery arm, while the Myocardial Infarction rate in CEA arm is higher. 


Asymptomatic Patients

K-M curves for primary endpoint event —up to 1 Year
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Presenter
Presentation Notes
Here are the Kaplan-Meier curves for primary endpoint events within the asymptomatics. Stenting is represented by the red solid line while endarterectomy by the black dashed line.


Asymptomatic Patients

K-M curves for primary endpoint event — up to 4 Years
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Presenter
Presentation Notes
Displayed in this plot are the Kaplan-Meier curves extended to 4 years.


Symptomatic Patients

Event(s) that a
subject experienced

CAS [N=599]
Count (%)

CEA [N=620]
Count (%)

Within 30 days

Death 5(0.8) 1(0.2)

Stroke 33 (5.9) 15 (2.4)

Death or Stroke 35 (5.9) 15 (2.4)

W 13 (2.2) 23 (3.7)

DSMI 45 (7.5) 36 (5.8)
At 1 year

Primary Endpoint 52 (8.7) 46 (7.5)
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Now, let’s observe the data based on the symptomatic patients. This table provides the information on number of subjects for each event category. It can be observed that, the death and stroke rates in the stenting arm is more than doubled the death and stroke rates in the surgery arm, while the myocardial infarction rate of surgery arm is higher. The DSMI rate and the primary endpoint rate in the stenting arm are also higher. 


Symptomatic Patients

K-M curves for primary endpoint event —up to 1 Year
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Presenter
Presentation Notes
Here are the Kaplan-Meier curves for primary endpoint events within symptomatic patients. 


Symptomatic Patients

K-M curves for primary endpoint event — up to 4 Years
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Presenter
Presentation Notes
Displayed here are the Kaplan-Meier curves extended to 4 years.


Statistical Results by Subgroup

Primary Endpoint of Rate Difference

NI Margin=3.4
PP (p=0.004)
PP by PS (p=0.005)
ITT (p=0.004)
NI Margin=3.875
ass PP (p=0.048)
iass PP by PS (p=0.055)
ITT (p=0.018)

PP (p=0.025)
PP by PS (p=0.034)

T (p=0.008)

% Rate difference (CAS — CEA)


Presenter
Presentation Notes
This plot presents the 1-sided 95% confidence intervals and p-values of non-inferiority test for asymptomatics, symptomatics, and combined patients. For each group, the results based on Per-protocol analysis with and without propensity scores adjustment, and the Intent-to-Treat analysis are displayed. Note that the primary analysis is based on the per-protocol population, and the related results are marked in red. The dots are placed at the observed rate difference. The vertical blue lines are placed at the non-inferiority margin for each case.

For asymptomatic patients, it is clear that all of the upper confidence limits are lower than the associated non-inferiority margin. This indicates that there is evidence to support the non-inferiority claim.

For symptomatic patients, the upper confidence limits are right around the associated non-inferiority margin based on two per-protocol analyses. The evidence of non-inferiority seems to be marginal.

The results for the overall patients were presented earlier in the tabular form, and are shown graphically here at the bottom. 


Treatment Effect vs. Age


Presenter
Presentation Notes
In the next slide, I will discuss the relationship of treatment effect and patient’s age.


Hazard Ratio vs. Patient’s Age

Hazard ratio for primary endpoint by age estimated from proportional
hazards model, adjusted by symptomatic status and gender

Based on PP population
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Solid line : estimated HR by age at procedure
Dashed line: point-wise 95% confidence limits
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To examine the relationship between the treatment effect and patient’s age at procedure, the Cox proportional hazards model was performed. Variables included in the Cox model were treatment, age, treatment by age, symptomatic status and gender. The analysis was based on data up to 1 year endpoint using the per-protocol population.

The result is displayed in this plot. The solid line represents the estimated hazard ratio by age, and the dashed lines are placed at the 95% confidence bounds of the hazard ratio at each age.

From the plot, it seems that the CAS may work better for younger patients but CEA better for older patients.

/* However, the p-value of this interaction of age by treatment is 0.18. Also, based on the 95% confidence bounds, it can not be ruled out that the hazard ratios are nearly constant around 1.

Therefore, there is no strong statistical evidence to suggest that the treatment effect is associated with the patient’s age from the CREST study.*/


Summary

m The primary endpoint is met, if the statistical test result is
unlikely to be changed due to subjects with missing value.

m Peri-procedural events

m death and stroke rate in CAS about double the rate in CEA
= Ml rate in CAS lower than the rate in CEA

= marginal evidence of non-inferiority of CAS to CEA

m By symptomatic status

= Asymptomatics — there is evidence of non-inferiority of CAS
to CEA at 1 year

s Symptomatics — there is marginal evidence of non-inferiority
of CAS to CEA at 1 year
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This slide lists the summary. First of all, the primary endpoint is met if the statistical test result is unlikely to be changed due to subjects who had missing value.

Secondly, for peri-procedural events, the death and stroke rate in CAS is about doubled the rate in CEA, the myocardial infarction rate in CAS is lower than the rate in CEA, and the evidence of non-inferiority of CAS to CEA seems to be marginal during the peri-procedural period.

Lastly, for the subgroup analysis by symptomatic status, there is evidence of non-inferiority claim for asymptomatic patients but there is only marginal evidence for symptomatic patients.

This concludes the FDA statistical presentation. Now, Dr. Hesha Duggirala will present the post-approval study.
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Presentation Notes
Nelson introduces Hesha as next speaker


Post-Approval Study (PAS)
Considerations

Hesha J. Duggirala, PhD
Division of Epidemiology
Office of Surveillance and Biometrics


Presenter
Presentation Notes
-Good morning. My name is Hesha Duggirala, and I am in the Division of Epidemiology, Office of Surveillance and Biometrics and the epidemiologist assigned to this PMA supplement.

-I will now present the Post-approval study considerations.


Reminder

m The discussion of a PAS prior to FDA determination of
device approvability should not be interpreted to mean
FDA is suggesting that the device is safe and effective.

= The plan to conduct a PAS does not decrease the
threshold of evidence required by FDA for device
approval.

m [he premarket data submitted to the Agency and
discussed today must stand on its own in demonstrating
a reasonable assurance of safety and effectiveness and
an appropriate risk/benefit balance.
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Before we talk about post-approval studies please allow me to clarify a few things: … [read slide]






General Principles
for Post-Approval Studies

Objective is to evaluate device performance and potential
device-related problems in a broader population over an
extended period of time after premarket establishment of
reasonable evidence of device safety and effectiveness

Post-approval studies should not be used to evaluate
unresolved issues from the premarket phase that are
important to the initial establishment of device safety and
effectiveness
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There are two general principles for post-approval studies,

The main objective of conducting post-approval studies is … [read the slide]




Need for Post-Approval Studies

m Gather postmarket information

= Long-term performance including effects of re-
treatments and device changes

= Real-world device performance (patients and clinicians)
= Effectiveness of training programs

= Sub-group performance

= Outcomes of concern (safety and effectiveness)

m Account for Panel recommendations
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The reasons for conducting post-approval studies are:



To gather postmarket information, including:

--Longer-term performance of the device.

--Data on how the device performs in the real world, in a broader patient population that is treated by physicians of varied experience, as opposed to highly selected patients treated by investigators in the clinical trials. 

--Evaluation of the effectiveness of training programs for use of devices.

--Evaluation of device performance in sub-groups of patients, since clinical trials tend to have limited numbers of patients, or no patients at all, in certain vulnerable sub-groups of the general patient population.

--monitor adverse events, especially rare adverse events that were not observed in the clinical trials.



In addition, post-approval studies can also address any other issues that may be identified by panel members based on their expertise


Post-Approval Study
Components

m Fundamental study question or hypothesis
m Safety endpoints and methods of assessment

= Acute and chronic effectiveness endpoints and
methods of assessment

= Duration of follow-up
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Post-approval studies should contain …

A fundamental study question or hypothesis

Safety endpoints and methods of assessment

Acute and chronic effectiveness endpoints and methods of assessment

The PAS should specify the duration of follow-up


Important Postmarket Issues

m Risk of peri-procedural death and stroke in symptomatic
and asymptomatic patients

= Death and stroke rates from CREST CAS arm
m 2.5% In asymptomatic
m 5.9% In symptomatic

m Evaluation of additional long term follow-up to a real world
population

m Learning curve issues associated with CAS*

* Smout J, et al. Int J Stroke. 2010 Dec;5(6):477-82.
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Should the supplement be approved, the FDA review team identified the following post market issues for this device :



Even though the peri-procedural death and stroke rate is within AHA guidelines, it is still significantly higher for the symptomatic subjects and is of concern.  A post-approval study should further investigate the risk of peri-procedural death and stroke in symptomatic and asymptomatic patients as well as provide additional long term follow-up to a real world population. 



It should be noted that there have been a few OUS randomized trials comparing CAS to CEA and the results have not been as favorable for stenting patients.  One reason that has been proposed for this finding is that the interventionalists were not as experienced as they might be in a US pivotal study.  This learning curve issue should be addressed by the sponsor, perhaps in the post-approval study.  In a recent comprehensive review, the authors found that published stroke and death rates for carotid artery stenting show improvements over time. Temporal improvement in outcomes suggests the presence of a learning curve. In active carotid artery stenting units, it may take almost 2-years before the stroke/death rates fall below an arbitrary 5% threshold. 


Outline for Proposed PAS

Title Carotid Artery Stenting Outcomes in the
Standard Risk Population for Carotid
Endarterectomy (“CANOPY”’ Study)

Study Design Prospective, multi-center, non-randomized,
single arm, post-approval study

Sample Size Up to 350 clinical sites in the United States. At
least 1200 sequentially-enrolled subjects
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Abbott Vascular intends to conduct the CANOPY Study to fulfill post approval requirements. 



This table presents an overview of the Applicant’s proposed PAS to evaluate the device’s longer term safety.



CANOPY is a prospective, multi-center, non-randomized, single arm, study conducted at up to 350 clinical sites in the United States. With at least 1200 sequentially-enrolled subjects


Outline for Proposed PAS (cont.)

Study Hypothesis

H,: Composite of death and stroke rate at 30
days plus ipsilateral stroke at 1 year

= 9.4% Objective Performance Goal (OPG)

H,: Composite of death and stroke rate at 30
days plus ipsilateral stroke at 1 year

< 9.4% Objective Performance Goal (OPG)

Primary Endpoint

Evaluate the composite of death and stroke at
30 days plus ipsilateral stroke between day 31
and 1 year (365 days)

Secondary
Endpoints

1. Death and stroke at 3 years for symptomatic
subjects

2. Death and stroke at 3 years for
asymptomatic subjects
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The study hypothesis is based on a composite of death and stroke rate at 30 days plus ipsilateral stroke at 1 year and an Objective Performance Goal of 9.4%



The primary endpoint is to evaluate the composite of death and stroke at 30 days plus ipsilateral stroke between day 31 and 1 year (365 days).

Secondary endpoints include death and stroke at 3 years for symptomatic and asymptomatic subjects.


PAS Assessment

= Review team agrees with primary and secondary
endpoints at 1 year and 3 years

m Review team would like to see sponsor enroll a separate
cohort to evaluate peri-procedural event rates comparing
symptomatic and asymptomatic patients

m Events associated with learning curve should be evaluated
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Presentation Notes
FDA agrees the sponsor should evaluate the composite of death and stroke at 30 days plus ipsilateral stroke between day 31 and 1 year as a primary endpoint. We also agree that the secondary endpoint of death and stroke at 3 years for symptomatic and asymptomatic subjects should be evaluated.



FDA would like to see the sponsor enroll a separate cohort to evaluate peri-procedural rates comparing symptomatic and asymptomatic patients at 30 days. The sample size for this would powered to detect a difference in the two groups based on a death and stroke rate of 2.5% in asymptomatic subjects and 5.9% in symptomatic subjects. Both of these rates are derived from the CREST data.



Since evidence exists that carotid stenting has an associated operator learning curve and it is not clear that the learning curve results from a high surgical risk population are applicable to a non-high-risk population. FDA asked the sponsor to explain how any potential comparisons will be made in the post-approval study comparing experienced with less experienced operators.  The sponsor notes that the number of previous CAS cases performed by each operator will be collected in CANOPY to determine physician experience stratification for comparative analysis.  


Panel Questions

m Please comment on appropriateness of a separate
analysis at 30 days to evaluate peri-procedural
death and stroke in symptomatic vs. asymptomatic
patients

m Please comment on whether there is a need for the
post-approval study to evaluate the learning curve
for CAS operators and how this can be done

103


Presenter
Presentation Notes
Based on the applicant's proposed PAS and our initial assessment,  we will be asking the Panel, during your afternoon deliberations, to discuss whether the proposed PAS plans are appropriate to address long term safety and effectiveness in the US population and to make recommendations.



In particular, we will be asking the panel to discuss the following issues: 

[read from slides]



I will now hand the presentation over to Sadaf Toor for the FDA summary.


FDA Presentations

Sadaf Toor
Introduction

Dr. Paul Chandeysson
CREST study design

Dr. Wolf Sapirstein
CREST study clinical results and considerations

Dr. Nelson Lu
CREST study statistical conclusions and considerations

Dr. Hesha Duggirala
Post-approval study considerations

Sadaf Toor
Conclusions
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Hesha hands presentation back over to Sadaf to conclude


Conclusions

CREST met the pre-specified primary hypothesis

The results indicate a higher death and stroke rate in the
CAS arm vs. a higher rate of Ml in the CEA arm

Secondary analyses show higher peri-procedural event
rates in octogenarian subjects in both CAS and CEA
arms

Non-inferiority of CAS to CEA is stronger for
asymptomatic subjects vs. symptomatic subjects

Potential sources of bias:
s Censored subjects
= Imbalance in number of crossovers between study arms
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I'd like to conclude FDA's presentation with a brief summary of our primary observations about the data used to support this PMA supplement, which we believe will be the most relevant to your subsequent deliberations.

First, the study appears to have met the pre-defined primary safety and effectiveness endpoint. 

Second, the results indicate a higher death and stroke rate in the stenting arm versus a higher rate of MI in the surgical arm.

Third, the secondary analyses show higher peri-procedural event rates in octogenarian subjects in both the stenting and surgery arms.

Fourth, the evidence supporting non-inferiority of stenting to surgery is stronger for the asymptomatic group than the symptomatic group.

And lastly, bias could be introduced by missing data from the censored subjects and by the difference in the number of crossovers between the 2 study arms.




Thank you


Presenter
Presentation Notes
I’d like to thank all members of the FDA review team for their very valuable input, with special thanks to Dr. Cavanaugh for his support and guidance throughout the review. I would also like to thank the members of the Panel for their attention and consideration. This concludes our presentation. 
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