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1 Executive Summary

1.1. Product Introduction

Visipaque (iodixanol) Injection is a dimeric, isosmolar, nonionic, water-soluble iodinated
radiographic contrast medium. Visipaque is approved for intra-arterial administration for
angiography and angiocardiography, and for intravenous administration for CT of the head and
body, excretory urography and peripheral venography. GE Healthcare proposes to add a
coronary CT angiography (CCTA) indication, for the evaluation of patients with suspected
coronary artery disease. CCTA is an intravenous CT study in which the images are acquired
during the arterial phase of contrast enhancement, in order to visualize the coronary arteries.
Visipaque Injection is available in concentrations of 270 and 320 mg of organically bound iodine
per mL. The current efficacy supplement is exclusively for the 320 mg | concentration. The
proposed dose of = ®®@  mL is similar to the dose for other Visipaque CT indications. The
proposed injection rate is®® mL/s. Current labeling does not include an injection rate for the
approved indications.

1.2. Conclusions on the Substantial Evidence of Effectiveness

The sponsor has provided adequate evidence to support the following conclusion: Visipaque
CCTA can assist in the diagnostic evaluation of patients with suspected coronary artery disease.
The data is strongest in supporting the clinical benefit of Visipague CCTA in the triage of
patients with low to intermediate pre-test probability of coronary artery disease (CAD), by
reliably determining the absence of significant CAD and thus avoiding needless invasive
coronary angiography (ICA) procedures for many patients. Sensitivity and specificity results for
the detection of significant coronary obstruction were adequate in two pivotal GE-sponsored
studies, in the first study as compared to the reference standard ICA, and in the second study as
compared to clinical outcomes over one year.

Table 1 Reviewer's executive summary of efficacy

STUDY REFERENCE SENSITIVITY SPECIFICITY
STANDARD (SUBJECT LEVEL, %) (SUBJECT LEVEL, %)

GE-185-002/GE012- ICA 90, 90, 98* 70, 76, 81"

101

GE-012-096 12 month clinical 95 87
outcomes

The three values are for study reader 1, 2, and 3, respectively.
1.3. Benefit-Risk Assessment

CDER Clinical Review Template 2015 Edition 10
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Benefit-Risk Summary and Assessment
Coronary artery disease is a leading cause of morbidity and mortality in the United States. Coronary CT angiography (CCTA) already plays an
important role in the evaluation of patients with suspected coronary disease in routine clinical practice, particularly as a “gate-keeper” to the
more invasive conventional coronary angiography (ICA) procedure. Despite widespread clinical use of iodinated contrast agents for CCTA, none
of the agents are currently approved in the US for CCTA. In this primary clinical review, Visipaque CCTA has been found to be effective in the
evaluation of patients with suspected coronary disease, particularly for accurately demonstrating the absence of significant coronary disease,
thereby allowing for significant numbers of patients with chest pain to avoid the morbidity, mortality, and inconvenience associated with ICA
procedures, as well as unnecessary hospitalizations for suspected coronary disease. The most important risks associated with Visipaque usage
are class-wide, likely independent of efficacy supplement approval, and outweighed by benefit. Approval of Visipaque for CCTA is thus
adequately supported by the available evidence of efficacy and safety.

Dimension Evidence and Uncertainties Conclusions and Reasons
e Coronary artery disease is a leading cause of morbidity and Imaging the coronary arteries plays an important
mortality in the United States role in guiding patients toward appropriate
e Medical interventions and surgical revascularization procedures interventions.

are effective for treating patients with coronary artery disease

e Evaluating the presence or absence of significant coronary
artery disease in patients with chest pain or other cardiac
symptoms requires imaging.

e The diagnostic standard for the evaluation of CAD is ICA. Approval of Visipaque “to assist in the diagnostic

e Commonly used non-invasive tests include echocardiography, evaluation of patients with suspected CAD”
myocardial perfusion imaging, and CCTA. Cardiac MRl is addresses an unmet need whereby CCTA is not
currently less common. addressed in the current labeling of any iodinated

e Contrast-enhanced CCTA is the only non-invasive test that contrast agent despite widespread off-label usage of
allows for anatomic assessments of coronary arteries and is now contrast-enhanced CCTA in everyday clinical
a routine medical test for which several medical societies have practice.

issued guidelines.

CDER Clinical Review Template 2015 Edition 11
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Dimension

Evidence and Uncertainties

Conclusions and Reasons

e The strongest evidence for the benefit of Visipaque comes from

the high sensitivity with which it can exclude significant

coronary artery disease and thus accurately triage patients to
prevent unnecessary invasive procedures. In the prospective
clinical trial comparing Visipaque CCTA to ICA, Visipaque CCTA
was able to exclude stenosis of 250% at the subject level with

>90% sensitivity.

Patients with chest pain without a known history of
CAD can undergo Visipaque enhanced CCTA which
may exclude the presence of significant coronary
artery disease, precluding the need for an invasive
angiogram, and allowing for more timely discharge
of ED patients.

e This review is for an efficacy supplement; Visipaque has already
been approved for general CT and intra-arterial indications. It
has been safely used in the U.S. post-market setting since 1996,

and in Europe since 1993.

e The most important risks associated with the use of Visipaque
are class-wide. The most common adverse reactions are

anaphylactoid reactions. There is a potential risk for

interactions between beta blockers and iodinated contrast
agents, which is newly incorporated into the label. Notably the
risk of interaction with beta blockers is likely higher with high
osmolar contrast agents, and Visipaque is a low (isosmolar)
osmolar contrast agent. Other class-wide risks are adequately

addressed in prior reviews and current labeling.

Given current practice patterns, including wide-
spread off-label use of iodinated contrast agents for
CCTA, approval of a CCTA indication for Visipaque
may not lead to any net increase in overall iodinated
contrast administration. If approval leads to a small
shift from other iodinated contrast agents to
Visipaque, this shift would be unlikely to increase net
risk, since Visipaque has a similar safety profile as
compared to other iodinated contrast agents.

The new inclusion into the label of potential risks of
interactions with beta blockers is appropriate due to
the common use of beta blockers to perform CCTA.
Notably, there are no known cases of negative
interactions between beta blockers and Visipaque
specifically.

e No risk management issues are identified related to the specific

indication for CCTA

No post-marketing commitment is requested from
the sponsor at this time.

CDER Clinical Review Template 2015 Edition
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2 Therapeutic Context

2.1. Analysis of Condition

Cardiovascular diseases are the leading causes of death worldwide, and the most common type
of cardiovascular disease is coronary artery disease. In the United States, coronary artery
disease is the number one cause of death in both men and women, with more than 13 million
Americans diagnosed with coronary artery disease, accounting for more than 500,000 deaths
per year (Mozzafarian 2016). The diagnosis and triage of patients presenting to the ED with
suspected acute coronary syndromes (ACS) has a substantial impact on health care utilization.
More than 9 million patients are seen each year at EDs in the U.S. for acute chest pain and
potential CAD, with related health-care costs of 13 to 15 billion dollars (Bhuiya 2010).

The pathophysiology of CAD involves the narrowing or blockage of the coronary arteries by the
accumulation of atherosclerotic plaque. When one or more of the coronary arteries become
sufficiently occluded by plaque, or when the plaque ruptures and a blood clot forms, the supply
of oxygenated blood and nutrients becomes insufficient to meet the demands of the heart,
most commonly resulting in chest pain. With increasing severity, atherosclerosis may lead to
myocardial infarction (Ml) and eventually to cardiac death.

Characterization of coronary artery disease is critical in patients suspected of coronary artery
disease, as effective medical treatments and surgical interventions are available and are often
life-saving.

2.2. Analysis of Current Treatment Options

Analysis of current diagnostic options can be considered in the context of other CT contrast
agents which can be used for CCTA, and also in the context of other diagnostic tests available
for the evaluation of CAD.

Of the seven iodinated contrast agents approved for CT and available in the United States, none
are currently approved for CCTA, although off-label use of iodinated contrast for CCTA is
widespread. Current practice is supported by performance and appropriateness guidelines
issued by several notable medical societies, as well as vast numbers of published clinical trials.
In general, guidelines and other publications do not favor one iodinated contrast agent over
another. For example, the recent Society of Cardiovascular Computed Tomography (SCCT)
guidelines for the performance of CCTA do not specify any particular iodinated contrast agent,
other than to recommend contrast agents with high iodine concentrations (Abbara 2009).

Most of the commonly used CT contrast agents are available in high concentration formations

CDER Clinical Review Template 2015 Edition 13

Reference ID: 4068412



Clinical Review

Karen Bleich

NDA 020351 Supplement 44 (CCTA)
Visipaque (iodixanol)

(320mgl/mL — 370 mgl/mL) and are largely considered interchangeable in regards to
effectiveness of contrast-enhanced CCTA.

Current options for the diagnosis of CAD certainly include invasive angiography; however, ICA
and CCTA are not currently considered analogous options, in terms of clinical applicability.
Specifically, CCTA in practice (and as presented in this efficacy supplement) is optimally suited
to the patient population with low or intermediate risk of coronary artery disease. ICA, on the
other hand, is no longer widely used for the low or intermediate risk group because of the
availability of less invasive tests. A patient with a high likelihood of coronary artery disease
(based on some combination of clinical history, family history, ECG, stress testing, and blood
tests) is ideally managed with ICA because of the ability to concurrently perform intravascular
treatments such as angioplasty and stenting.

A more meaningful consideration of current options involves a discussion of the non-invasive
tests that are commonly used for the low and intermediate probability patients, all of which like
CCTA are considered gatekeepers to the more invasive ICA. These include the category of
stress tests, most commonly exercise ECG, stress echocardiography, and stress radionuclide
myocardial perfusion imaging (MPI). These tests differ in terms of their diagnostic accuracy and
relative advantages and disadvantages, and they can all provide robust information regarding
the presence or absence of ischemia. MPI is generally considered to have higher sensitivity for
the detection of ischemia, as compared to ECG and echocardiography.

Notably, none of the functional techniques directly visualize the coronary arteries, which is
unique to CCTA among the noninvasive options. Functional data regarding the heart is critical
in the CAD population and stress testing is often done in conjunction with anatomic imaging to
provide a more complete diagnostic assessment. Indeed, hybrid imaging combining CCTA and
MPI, while not currently widely available, will likely be of benefit to many cardiac patients in the
future by combining critical anatomic and functional information.

Finally is a brief consideration of cardiac MRI. While there are no gadolinium products
approved for coronary or cardiac MRl in the U.S., gadolinium contrast agents are used off-label
for cardiac imaging, predominantly for functional stress imaging, demonstrating ischemic and
nonviable myocardium. Cardiac MRl is less widely available than the more commonly used
modalities, but may rise to prominence in the future for the assessment of CAD.

3 Regulatory Background

3.1.U.S. Regulatory Actions and Marketing History

The indicated uses for Visipaque included in the current product label include a variety of intra-
CDER Clinical Review Template 2015 Edition 14
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arterial and intravenous procedures including: angiocardiography; cerebral, peripheral, and
visceral angiography; excretory urography; CT of the head and body; and peripheral
venography. The indication statement on the current label is not substantially changed from
the original labeling at the time of the initial approval in 1996. The current CCTA application
represents the first efficacy supplement to propose a new indication for Visipaque. Table 2
itemizes major milestones in Visipaque’s overall U.S. regulatory history from a primary clinical
reviewer perspective.

Table 2 Reviewer's tabulation of regulatory history underlying approved new indications

Date Application Description

Original NDA approval included the current approved
indications.

12/18/2003 = NDA 020351 @ Approval granted for addition of a “Geriatric Use” subsection
Source: DARRTS

3/22/1996 NDA 020351

3.2. Summary of Presubmission/Submission Regulatory Activity

Regulatory guidance from the FDA regarding the coronary CTA indication began in 2009 and
continued until the current submission was received in 2016, as summarized in Table 3.

Table 3 Reviewer's tabulation of regulatory milestones leading up to the current submission

Date Application Description

Meeting minutes (3/22/2009) from face-to-face meeting
regarding sponsor’s submitted clinical trial results. FDA
concluded “given the inadequacy of the reviewed study data to

8/27/2009 IND 034585 form the basis for an approvable NDA submission, FDA
recommends that additional pivotal studies are needed to
support the use of Visipaque as an imaging agent in CCTA for
diagnosis and exclusion of CAD.”

Sponsor submitted correspondence requesting a meeting to
6/16/2015 IND 034585 discuss Phase 3 study design and clinical program to support a

coronary CTA indication for Visipaque

Face-to-face meeting for re-positioning of sponsor’s request

based on newly available information and guidelines. The
11/10/2015 IND 034585 sponsor-proposed Phase 3 study was deemed unnecessary by

FDA. FDA suggested a future pre sNDA meeting for

presentation of the relevant studies and publications.

5/13/2016 IND 034585 Pre-sNDA meeting requested by sponsor to discuss the studies
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and publications for an sNDA filing for CCTA.
6/13/2016 IND 034585 Meeting package was submitted by the sponsor.
7/11/2016 IND 034585 | Written responses were provided by DMIP

Face-to-face meeting in which FDA agreed that the currently
proposed indication “to assist in the diagnostic evaluation of
patients with suspected CAD” appeared sufficiently supported
for sNDA filing review.

10/6/2016 NDA 020351 | Receipt of SNDA 44
Source: DARRTS

7/13/2016 IND 034585

3.3. Foreign Regulatory Actions and Marketing History

Visipaque was first approved for marketing in Sweden for intra-arterial use (150 mgl/mL, 270
mgl/mL and 320 mgl/mL) in February 1993 and for intravenous use (270 mgl/mL and 320
mgl/mL) in 1994. The sponsor states that “worldwide, particularly in Europe, CCTA is
considered an approved indication under the assumption that examination of the coronary
artery system is covered under the CT body indication” (2.5 Clinical Overview).

In the UK, the Visipaque Summary of Product Characteristics states the following indications
(quoted in the indented text):

This medicinal product is for diagnostic use only. X-ray contrast medium for
cardioangiography, cerebral angiography (conventional), peripheral
arteriography (conventional), abdominal angiography (i.a. DSA), urography,
venography, CT enhancement. Lumbar, thoracic and cervical myelography.
Arthrography, hyersterosalpingography (HSG) and studies of the gastrointestinal
tract. In children it is used for cardioangiography, urography, CT enhancement
and studies of the upper gastrointestinal tract.

Source: https://www.drugs.com/uk/visipaque-injection-320mg-i-ml-leaflet.html

Reviewer comment: With respect to Visipaque CCTA, the UK label includes no specific reference
to CCTA.

4 Significant Issues from Other Review Disciplines Pertinent to Clinical
Conclusions on Efficacy and Safety

After initial review of the sNDA submission by all review disciplines, it was agreed that

reviewers from the Office of Clinical Pharmacology (OCP, Christy John) and the Office of
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Surveillance and Biometrics (OSB, Satish Misra) would write primary reviews in addition to this
clinical review.

A primary review was not provided from the Division of Pediatric and Maternal Health (DPMH)
because the supplement was proposed for adult usage only. DPMH was, however, involved in
the concurrent PLR conversion (Erica Radden). Reviews were also not included from the Office
of Scientific Investigations (OSI) and the Office of Product Quality (OPQ).

4.1. Office of Scientific Investigations (0OSI)
An OSI audit was not requested as part of this review.
4.2. Product Quality

The sponsor reports that no changes have been made to the formulation of the product
throughout the entire clinical development program. There was no new chemistry,
manufacturing, or control (CMC) information in the submission.

4.3. Clinical Microbiology
The sponsor submitted no new clinical microbiology information.
4.4. Nonclinical Pharmacology/Toxicology
The sponsor submitted no new nonclinical pharmacology/toxicology information.
4.5. Clinical Pharmacology
The sponsor submitted no new clinical pharmacology.
4.5.1. Mechanism of Action

Visipaque is a dimeric, isosmolar, nonionic, water soluble, iodinated contrast agent.
Intravascular injection of Visipaque opacifies those vessels in the path of flow of the contrast
agent, permitting radiographic visualization of the internal structures until significant dilution
and elimination occurs.

4.5.2. Pharmacodynamics

As with other iodinated contrast agents, the degree of enhancement following Visipaque
injection is directly related to the iodine content in the administered dose. Peak iodine plasma
levels occur immediately following rapid intravascular injection. lodine plasma levels fall
rapidly within 5 to 10 minutes.
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4.5.3. Pharmacokinetics

Visipaque is predominantly non-metabolized, and is predominantly renally excreted. In adults,
approximately 97% of the injected dose is excreted unchanged in the urine within 24 hours,
with less than 2% excreted in feces within 5 days post-injection.

4.6. Devices and Companion Diagnostic Issues
The sponsor includes no companion device or diagnostic in the submission.
4.7. Consumer Study Reviews

The sponsor submitted no label comprehension, patient self-selection, or other human factors
studies in the submission.

5 Sources of Clinical Data and Review Strategy

5.1.Table of Clinical Studies
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Table 4 Reviewer’s tabulation of clinical trials relevant to this supplement

Trial
Identity

GE-189-
002
(VCT002)

GE-189-
002 reread
(GE-012-
101)

GE-012-
096

ROMICAT

Trial Design

Open-label,
prospective,
multi-
center, non-
randomized

Open-label,
prospective,
multi-
center, non-
randomized,
re-read

Prospective,
multi-
center,
registry

Prospective,
single-
center

Regimen/
schedule/ route

Test bolus: 20 mL
at 4-5 mL/s
Main injection:
70-80 mL
Visipaque at 3.5-
5 mL/s

Re-read (n/a)

Not pre-specified,
mean dose of
91.5mL
Visipaque, range
of 30-180 mL

80-100 mL
Visipaque

CDER Clinical Review Template 2015 Edition
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Study Endpoints

Main Evaluation

GE-Sponsored Studies

Diagnostic performance of
CCTA using LightSpeed VCT
scanner for detection of
presence or absence of
coronary artery obstruction
in subjects with chest pain
when compared against ICA
as SOR

Same as above, with re-
interpretation ICA and
CCTA images from GE-189-
002 according to new
standards

Prognostic value in terms of
sensitivity, specificity, PPV,
and NPV of CCTA compared
to subsequent ICA findings
or binary subject outcomes

Blinded CCTA
image
evaluation using
AHA 15 coronary
segmental
model

Blinded CCTA
image
evaluation using
SCCT 18
coronary
segment model

CCTA compared
to clinical

outcomes or ICA
up to 12 months

Published Visipaque-only Studies

Prognostic value of CCTA
compared to occurrence of
ACS during index

Blinded CCTA
evaluation
compared to

19

No. of
patients
enrolled

245

232

885

368

Study
Population

Outpatients
with chest pain,
scheduled for
ICA

Data from
subjects
previously
dosed with
Visipaque and
imaged in GE-
189-002

Outpatients
with chest pain
scheduled to
undergo CCTA

ED patients
with chest pain,
normal initial

No. of
Centers

16

16

17
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Prospective,
multi-

center, non-
randomized

VCT001

Prospective,
multi-

center, non-
randomized

PICTURE

Prospective,
randomized,
multi-center

PROMISE

Prospective,
randomized,
multicenter

SCOT-
HEART

50-150 mL
Visipaque at 4-5
mL/s

Timing bolus: 10-
20 mL at 4-5
mL/s.

Main injection:80
mL Visipaque at
3.5-5 mL/s.

Multiple contrast

agents/protocols

Multiple contrast
agents/protocols
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hospitalization, MACE
during 6-month follow-up

Diagnostic performance of
CCTA in terms of per
patient and per vessel level
analysis of stenosis > 50%
and = 70% using QCA as
SOR

Diagnostic performance of
CCTA and MPI SPECT in
terms of sensitivity,
specificity, NPV, and PPV of
stenosis 250% and 270%
using QCA as SOR

ACS and MACE
outcomes

Blinded image
evaluation using
AHA 15-segment
coronary artery

model

Blinded
evaluation of
CCTA and ICA

images using the
AHA 15-segment
coronary artery
model; and MPI

Published Studies with Multiple Agents

Comparison of CCTA to

functional imaging for chest

pain assessment

Comparison of CCTA with
standard work-up, to
standard work-up alone

Clinical
outcomes over
25 months

Clinical
outcomes over
1.7 years

77

230

10,003

4,142

20

troponin, and
ECG.

Outpatients
with chest pain
referred for ICA

Outpatients
with chest pain
referred for
nuclear MPI

Symptomatic
outpatients

Symptomatic
outpatients

12

68

12
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5.2.Review Strategy

This primary clinical review is focused on the question of whether Visipaque’s approved
intravenous CT indications (currently for head and body) should be expanded to include a new
indication for coronary CTA. My review strategy was primarily governed by DMIPs concurrence
at the meeting held between GE and DMIP on 7/13/2016 that the GE sponsored studies GE-
189-002 and GE-101-096 were sufficient for the pursuit of an efficacy supplement as a 505b1
application, and that the Visipaque-only published literature reports and the published studies
with multiple contrast agents would provide supportive data.

Table 5 summarizes regulatory milestones occurring between the sponsor’s October 6" 2016
submission and mid-March, 2017.

Table 5 Reviewer's tabulation of post-submission regulatory milestones

S Description
10/6/2016 Receipt of SNDA 44 and start of 21° Century Review Clock

11/29/2016 Fast-track designation granted for unmet medical need

1/5/2017 Mid-cycle meeting
1/25/2017 Labeling meeting #1
1/31/2017 Labeling meeting #2
Response to 1/30/2017 IR received, three questions on post-marketing
2/13/2017 experience with peds and ADRs, as well as packaging issue
3/1/2017 PeRC meeting for requested full waiver
3/1/2017 Response to 2/17/2017 IR received, regarding use in patients < 1 year of age
3/7/2017 Labeling meeting #3

6 Review of Relevant Individual Trials Used to Support Efficacy
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6.1. GE-189-002 and Re-read GE-012-101
6.1.1. Study Design
Overview and Objective

Study GE-189-002 was designed to evaluate the diagnostic performance of CCTA using the 64-
detector row GE LightSpeed VCT scanner with Visipaque Injection (320 mgl/mL) for detecting
the presence or absence of significant coronary artery obstruction in patients suspected of
having CAD, when compared to ICA, as the standard of reference. The study was not
conducted under the IND for Visipaque. GE states that “the study was originally designed to
support the body of evidence around usability of the GE Lightspeed VCT scanner and therefore
was not filed to the Visipaque IND at the time (Module 2.7.3 Summary of Clinical Efficacy).” The
study was published as the ACCURACY trial (Budoff 2008).

GE-189-002 was conducted from 2006-2007. In 2015, a full re-read of the study data from GE-
189-002 was performed, including a re-read of both the CCTA images and the ICA images, as
study GE-012-101. GE states that “the purpose of the re-read was to assess the Visipaque-
enhanced CCTA images in accordance with current published guidelines and clinical practice,
and to address various aspects of the original image reading and assessment methodology that
were judged to be suboptimal by the FDA.”

The two studies are presented together because they are two interpretations of one set of
imaging data from one clinical trial. The notable differences between the studies are that they
used different coronary segmental anatomy models to subdivide the coronary arteries and that
the re-read study included a more robust statistical analysis plan. As with the original study,
the re-read study was not conducted under the IND for Visipaque. Thus there was no input or
guidance provided from DMIP for the re-read study.

Reviewer comment: The rationale for the undertaking of the re-read study can be considered in
the context of the regulatory history of this application. In 2009, at a face-to-face meeting
between DMIP and GE, DMIP concluded that the GE-189-002 study was “not adequate as
confirmatory or pivotal study forming (in part or in isolation) the basis of an approvable NDA
submission” (meeting minutes IND 34585, 9/28/2009). In particular, DMIP expressed concerns
about the reporting of the CCTA results as a consensus read by three readers, and about the
lower than expected specificity result, in terms of the pre-specified win criteria. There is no
evidence that DMIP recommended a re-read of the study data.

Trial Design

The trial design was prospective, multi-center, and open-label. CCTA images were compared to
invasive coronary angiography as the standard of reference, in a population of stable
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outpatients with symptoms suggestive of coronary artery disease, but without a known history
of CAD. The primary endpoint was the diagnostic performance of CCTA for the detection of the
presence or absence of significant coronary artery obstruction when compared against ICA.

Subjects who were scheduled to undergo outpatient evaluation of typical or atypical chest pain
by ICA were screened for study enroliment in 16 centers in the U.S. Subjects with a history of
known cardiac disease were excluded. The study involved blinded reading in that the CCTA
interpretations were performed by independent readers who were blinded to the subjects’
medical histories, as well as to the results of the other modalities. The study was “open-label”
in terms of the awareness of CCTA readers that all subjected received Visipaque.

The main inclusion criterion was that subjects were referred for an elective ICA for typical or
atypical chest pain. Additional inclusion criteria specified age 218 years of age, the presence of
sinus cardiac rhythm, and the willingness to use beta blockers to achieve a heart rate of < 65
beats per minute, if needed. The sponsor itemized 12 exclusion criteria, notably any history of
CAD, allergy to iodinated contrast, serum creatinine of 21.7 mg/dL, resting heart rate >100
beats per minute, contra-indications to beta blockers or verapamil, and contra-indications to
nitroglycerin.

Reviewer comments: Notably, patients in this study were not excluded based on elevated
coronary artery calcium score or elevated body mass index, both factors that have been
suggested previously to limit the accuracy of CCTA. Also notable is the necessity for heart rate
control for CCTA, and the exclusion of subjects who could not, for various reasons, achieve a
heart rate of <65 beats per minute. Heart rate control is not generally considered necessary for
the performance of ICA.

The sponsor’s detailed schedule of evaluations is provided below in Table 6.
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Table 6 Sponsor's schedule of evaluations, GE-189-002

Preprocedure CCTA Post-administration
3}““3;':% Baseline | Exam | S15 | 3mint | 48hrs”
Variables i }‘ (Day 0) (Time 0) min* -1 hr* (=4 hrs)
Informed Consent X
Entry Critenia X X
Demographics, Height Weight X
General Medical/Surgical History X
Cardiac History/Risks X
Seattle Angina Questionnaire X
Laboratory Evaluations X by
Concurrent Medications X X X X X X
Beta-Blocker Administration X X'
Nitroglycerin Administration X
Urine Pregnancy Test (Women Only) X
:ve;t;jlj:iﬂ; ,-(;: ;311 rate, blood pressure, ¥ it X ¥ X X
Calerum Scan X
Confrast (VISIPAQUE) Administration X
Image Acquisttion X
CCTA Image Interpretation
(Incidental Findings / Non-Coronary
Abnormalities)
iiz::if;]em Recording (Continuous X X X X

* CCTA = coronary computed tomography angiography, min = minute, br = hour

for a potential subject.
" beta-blocker administration as necessary
* Vital signs must be taken just prior to nitroglycerin administration

pre-CCTA (screening) value.

* Standard of care (historical) lab values may be used within 14 days of the CCTA procedure to meet inclnsion/exelusion criteria

! Serum creatinine measurement must be performed before the CATH procedure and result should not be 0 3mg/dL above the

Source: pg 21 ge 189-002-Study Report Body

All CCTA procedures were performed using the GE Healthcare LightSpeed VCT scanner with 64-
detector rows. All study sites followed a study-specific CT imaging manual detailing patient

preparation, patient positioning, contrast injection, and scan parameters.
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With respect to study drug administration, the sponsor’s protocol included two options for the
dosing of Visipaque for CCTA. Both protocol options began with a test bolus in order to
determine the scan delay time. The test bolus consisted of 20 mL Visipaque, followed by 20 mL
saline flush, at an injection rate of 4-5 mL/sec. Instructions for the determination of the scan
time delay were specified in the Cardiac CT Imaging Manual.

Table 7 Contrast administration protocols — Option #1

Phasc Product Name Main Volume (mL) Injection Rate
(mL/Sec)
1* phase contrast VISIPAQUE 320 mg-I/mL 70 - 80 4-5
2% phase saline 0.9% sodwum chloride 40 - 50 4-3
solution

Table 8 Contrast administration protocol -Option #2

Phase Praduct Name Main Volume (ml) Injection Rate
(mL/Sec)
1* phase contrast VISIPAQUE 320 mg-I/mL 50-60 4-5
2™ phase contrast + ViISIPAQUE 20 4-5
e SALINE 30
7™ phase saline 0.9% sodium chloride 20 4.5
solution

Source: pg 27-28 ge 189-002 Protocol and Amendments

Reviewer comment: The study design does not include dose optimization of Visipaque for the
performance of CCTA studies. The specified contrast administration protocol including contrast
dose is reflective of common clinical practice for CCTA.

Concurrent administration of medications to achieve heart rate control was administered as
needed. The protocol called for the administration of nitroglycerin for vasodilation to all study
subjects. Vital signs were assessed regularly as delineated in the schedule of events.

While the study sites followed specific protocol instructions for the performance of the CCTA
examinations, the invasive coronary procedures (SOR) were part of each subject’s routine
clinical care and were performed according to each study site’s clinical standard of practice.
The sponsor notes that the angiography procedures were performed using digital angiographic
systems, and in accordance with the imaging standard set by the American College of
Cardiology/Society for Cardiac Angiography and Interventions Expert Consensus Document.
The contrast agents for the ICA were not prescribed, other than that the contrast agents used
were FDA approved. The dose of the contrast agent was determined by procedure needs but
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did not exceed the maximum volume specified in the product package insert.

Image Interpretation

There are four coronary arteries (left main, left anterior descending, left circumflex, and right
coronary artery) and each coronary artery can be divided into standardized models of
segmental coronary artery anatomy for the localization of stenoses. Both the CCTA studies and
the ICA studies were evaluated by assessing each coronary artery segment individually for
stenosis.

Two different models of coronary segmental anatomy are the American Heart Association
(AHA) model, and the Society of Cardiovascular Computed Tomography (SCCT) model. The AHA
coronary arterial segmental model includes 15 coronary segments (Austen 1975), and the SCCT
coronary segment model includes 18 coronary artery segments (Raff 2009).

In the original read study, the CCTAs and ICAs were interpreted in terms of the degree of
stenosis at each of 15 coronary artery segments (AHA model). In the re-read study, the same
set of CCTAs and ICAs were re-interpreted with the results reported at each segment, based on
the subdivision of the coronary arteries into 18 segments (SCCT model). Diagrams of the two
coronary segmental models are provided below. Following the images is a table listing all of the
segments for each model, highlighting the differences between the two models.
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Figure 1 AHA 15 segment coronary artery model
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Figure 2 SCCT 18 segment model
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Table 9 Coronary artery segment model comparison: AHA and SCCT
Coronary Artery AHA 15 Segments SCCT 18 Segments
RCA 1 Proximal RCA 1 Proximal RCA
2 Mid RCA 2 Mid RCA
3 Distal RCA 3 Distal RCA
4 PDA (posterior descending) 4 PDA
16 R-PLB (posterior-lateral)
Left main 5 LM 5 LM
LAD 6 Proximal LAD 6 Proximal LAD
7 Mid LAD 7 Mid LAD
8 Apical (distal) LAD 8 Distal LAD
9 1* diagonal 9 Diagonal 1
10 2" diagonal 10 Diagonal 2
LCx 11 Proximal Cx 11 Proximal Cx
12 OM (obtuse marginal) 12 oM 1
13 Distal Cx 13 Mid and distal LCx
14 PL LCx (postero lateral) 14 oM 2
15 PDA LCx (posterior descending) 15 PDA LCx
17 RI (Ramus intermedius)
18 L-PLB (posterolateral branch)
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Image Interpretation — CCTA

For both the original read study and for the re-read study, each CCTA examination was
independently read by three readers. CCTA readers were instructed to evaluate each coronary
segment individually, as shown below in the sample portion of the case report form. The name
of each coronary segment is listed in the left hand column. The row of text beneath
“EVALUATION OF CTA” demonstrates the information that was obtained for each segment.

Figure 3 Demonstrative portion of CRF

Source: pg 11 ge 189-002-16-1-2-crfs

Each coronary segment was first determined to be evaluable or not evaluable. Segments
categorized as not evaluable were further categorized as either not seen, or poorly seen due to
vessel motion, banding artifact, or calcification. The diameter of the vessel segment was then
recorded as less than 2 mm or 2 2mm. Next, the degree of stenosis was assessed. Readers
could either calculate an exact percentage of stenosis based on their own vessel
measurements, or they could visually estimate each segment into one of the following
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categories: no stenosis, £29% stenosis, 30-49% stenosis, 50-69% stenosis, 70-99% stenosis, or
100% stenosis. Lastly, the segment was evaluated for the presence or absence of plaque, and
the impact the plaque had on evaluation.

Reviewer comment: The representative CRF portion shown here is from the original read study
(GE-189-002). The re-read study (GE-012-101) used a different CRF which directed the
radiologist or cardiologist to collect the same information described above.

Image Interpretation — ICA

The standard of reference ICA images were interpreted by a single independent blinded reader
using commercially-available quantitative coronary analysis (QCA) software. QCA is an
automated vessel border detection program that determines the vessel contours and calculates
the percentage of stenosis. For both studies, only coronary artery segments that were
evaluable by QCA were included in the analysis.

For the original read study, the QCA reader performed the automated QCA assessment on each
coronary segment that was deemed to be >30% stenosed by visual inspection. For the re-read
study, the QCA reader performed the QCA assessment on every coronary segment. As with the
CCTA interpretations, the AHA 15 segmental model was used for the original read study, and
the SCCT 18 segmental model was used for the re-read study.

The CRF for the ICA interpretation was almost identical to the CRF for the CCTA interpretation,
except that there was no evaluation of plaque on the ICA CRF because of the inability to
visualize the vessel wall with ICA.

Reviewer comment: The QCA reader for the original read study and the QCA reader for the re-
read study were two different physicians, trained in interpretation of ICA.

Study Endpoints

The primary endpoint for both the original study and for the re-read study was the sensitivity
and specificity of Visipaque-enhanced CCTA to detect significant stenosis (defined as luminal
narrowing greater than or equal to 50%) as compared to ICA, with vessel segments < 2 mm by
ICA excluded.

Based on the data collected on the CRFs, the sensitivity and specificity of CCTA could be
calculated at the segment level, the vessel level or the subject level. For example, in a segment
level analysis, a segment is categorized as true positive if there is significant stenosis by CCTA
and also significant stenosis of the same segment by ICA. In a vessel level analysis, a vessel is
categorized as true positive if there is significant stenosis in any segment within the vessel by
CCTA, and also significant stenosis in any segment within that same vessel by ICA. In a subject
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level analysis, a subject would be categorized as true positive if there is a significant stenosis in
any segment of any vessel, and also significant stenosis in any segment of any vessel by ICA.

The pre-specified study endpoint for the original read study was the sensitivity and specificity of
CCTA as determined at the subject level; for the re-read study the primary endpoint was
determined at the vessel level.

Reviewer comment: Both subject level and vessel level analyses have merits. A vessel level
analysis is more robust in terms of evaluating the anatomic accuracy of CCTA, which is a
reasonable expectation of a CT-based test. While subject level analyses do not allow for disease
localization, there is clinical benefit to the evaluation of CCTA in terms of the ability of the test to
reliably “rule-out” any significant coronary stenosis at the subject level.

In both studies, the primary endpoint defined significant stenosis as 2 50% luminal narrowing
based on the degree of stenosis entered into the CRF. Thus, all segments categorized as having
50-69% stenosis, 70-99% stenosis, and 100% stenosis were counted as significantly stenosed.
Both studies included an additional endpoint using 270% luminal narrowing as the definition of
significant stenosis.

Reviewer Comment: Determination of coronary artery stenosis in terms of the presence or
absence of > 50% stenosis and > 70% stenosis are commonly accepted reference points for the
interpretation of CCTA examinations and are used to guide management decisions. For
example, the following table is taken from the 2014 SCCT Guidelines on the use of CCTA for ED
patients and demonstrates the clinical practice recommendations based on the degree of
stenosis.

Table 10 SCCT Sample Management Recommendations to ED Physicians

Degree of maximal Management recommendation
coronary stenosis

0%—25% ACS unlikely; discharge is reasonable.
Follow-up for minimal CAD at
physician discretion

26%—49% ACS unlikely; discharge is reasonable.
Outpatient follow-up recommended
for preventive measures

50%—69% ACS possible; further evaluation
indicated before discharge
=>70% ACS likely; admit for further evaluation

ACS, acute coronary syndrome, CAD, coronary artery disease.
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Source: Raff 2014

Below 50% stenosis, acute coronary syndrome is considered unlikely. Above 70% stenosis, ACS is
considered likely. Between 50% and 70% stenosis is considered indeterminate and requires
further evaluation.

Finally, a comment about vessel size in terms of the primary endpoint. All segments were
categorized as < 2 mm or 2 2 mm in diameter on the CRFs. The pre-specified study endpoint
excluded segments < 2 mm from the analysis in both the original read and the re-read analyses.
Additionally, all segments that were unevaluable (anatomically missing, distal to occlusion, or
non-diagnostic) by ICA were excluded.

The measurement cut-off used was 2 mm, because vessels with a diameter of less than 2 mm
are generally considered too small for intravascular intervention (such as stenting or
angioplasty) and are thus not considered clinically relevant in terms of evaluating the sensitivity
and specificity of CCTA vs ICA (Hausleiter 2007).

Statistical Analysis Plan

Unevaluable segments

Within the context of a diagnostically adequate CCTA study, individual coronary artery
segments could be categorized as unevaluable by the readers. The SAP differed between the
original read study and the re-read study in terms of the disposition of these segments in the
analysis.

In the original read study, segments that were non-evaluable on CCTA were assigned the same
result as the adjacent evaluable segment. In the re-read study, segments that were
unevaluable by CCTA were assigned as false negative or false positive, depending on the SOR
result. (l.e. If the ICA result in any given segment was >250% stenosis, and the CCTA result in that
same segment was unevaluable, then the result was included as a false negative. Alternatively,
if the ICA read was no significant stenosis, and the CCTA result was unevaluable, then the result
was included as a false positive.)

Reviewer comment: Segments that could not be evaluated on the SOR ICA images were
necessarily excluded from the analysis.

Majority reads

The SAP specified the use of majority reads for the original read study, in which the CCTA
results were based on the consensus of two of the three CCTA readers. (The consensus rules
were applied to the results of independent interpretations of the studies; the studies were not
read collectively.) Discordant results, in which the three reads on any given segment consisted

CDER Clinical Review Template 2015 Edition 32

Reference ID: 4068412



Clinical Review

Karen Bleich

NDA 020351 Supplement 44 (CCTA)
Visipaque (iodixanol)

of all possible results (stenosis, no stenosis, unevaluable) were excluded from the analysis.
The re-read study reported the results in terms of each reader independently.

Win criteria
For the original study, the sponsor specified that the subject level sensitivity and specificity
would be estimated with exact two-sided 95% confidence intervals. The null and alternative
hypotheses to be tested are:

Ho Sensitivity < 0.80 verses Hg: Sensitivity > 0.80, and

Ho Specificity < 0.80 versus Ho: Specificity > 0.80.

The initial plan was to enroll a total of 304 subjects, with target number of 258 evaluable
subjects. The sample size estimation was based on the assumption that subjects would have a
50% probability of having significant luminal obstruction by ICA and 15% of the subjects being
non-evaluable. For the re-read study, no win criteria were specified.

Reviewer comment: Additional evaluation of the statistical analysis plan is provided separately
by the statistical review team.

Protocol Amendments

GE-189-002 was initially planned to include outcomes information for the study subjects over
one year of follow-up. The outcomes portion of the study was later abandoned, after outcome
data for a total of 53 of the study subjects was collected up to 6 months. The outcome data is
not included with the submission. Additionally, enrollment in the study was terminated early,
prior to enrollment of the pre-specified 258 study subjects.

The re-read study included no protocol amendments.
Data Quality and Integrity: Sponsor’s Assurance

The sponsor’s documentation and conduct throughout the review period attest to adequate
data quality and integrity.

6.1.2. Study Results
Compliance with Good Clinical Practices

The sponsor states: “this study was conducted in full accordance with the Declaration of
Helsinki, the Good Clinical Practice: Consolidated Guideline approved by the International
Conference on Harmonization (ICH) and any applicable national and local laws and regulations”
(pg 15, ge 189-002-study report body).
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Financial Disclosure

The sponsor provides adequate documentation of having collected or attempted to collect
disclosure forms from all study personnel. Disclosure forms included payments from the
sponsor to three of the clinical investigators, two of which were in the form of research grants.
One investigator was paid a retainer as a speaker/trainer for GE. The absence of financial
disclosure forms for two study personnel and the disclosed details of financial interests of three
of the study personnel do not raise significant questions about the integrity of the data.

Patient Disposition

A total of 245 subjects were enrolled in the study. 232 of the enrolled subjects underwent
CCTA and comprised the safety population. Two of the 232 subjects who underwent CCTA
were excluded from the efficacy population, one because of a protocol violation in which the
CCTA was performed with non-study contrast, and the other because the ICA data was lost.
Thus, 230 of the enrolled subjects completed both CCTA and ICA procedures and were included
in the efficacy analysis.

Figure 4 Sponsor's diagram of subject disposition

Subject enrolled
N=245

No CCTA performed (IN=13)

—]

Subjects had CCTA (N=232) » Safety Population

Exclusion due to protocol violation (N=1)

Y

Exclusion due to CATH reason (N=1)

F Y

A A

Subjects had both CATH and
CCTA available (N=230)

k 4

Efficacy Population

Source: pg 40 ge 189-002-study report body

Reviewer comment: Note that in the diagram the word “CATH” refers to invasive coronary
angiography (ICA).

Protocol Violations/Deviations
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Only one protocol deviation was reported that required exclusion from the study, as
commented upon earlier (non-study drug used for CCTA). There were minor protocol violations
in terms of study drug dosing deviations from the study protocol instructions.

One subject experienced a coronary artery dissection during the ICA procedure and therefore
showed artificially induced results in the first two RCA segments. For this subject, the results
from these segments were not included in any efficacy analyses.

Table of Demographic Characteristics

The study was performed entirely in the U.S., at a total of 16 study centers. The study included
an adequate representation of women (41%), a high percentage of Caucasians (88%), and a
relatively high mean body mass index (BMI) of 31.4. The demographics of all 230 subjects
included in the efficacy population are detailed in Table 11.
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Table 11 Demographic characteristics of the primary efficacy analysis

Treatment Group

Demographic Parameters (N=230)
n (%)

Sex

Male 136 (59.1)

Female 94 (40.9)
Age

Mean years (SD) 57.1

Min, max (years) 31, 82
Race’

Caucasian 202 (87.8)

Black or African American 13 (5.7)

Other 15 (6.5)
Weight (kg)(mean) 92.5
BMI (kg/m?)(mean) 31.4
Coronary Artery Calcium score (mean) 284.0

! Data on race and/or ethnicity other than “Causasian, Black, or other” not provided by study sponsor.
Other Baseline Characteristics (e.g., disease characteristics, important concomitant drugs)

There was a high prevalence of risk factors for heart disease among the study subjects,
including: family history of CAD (73%), hyperlipidemia (68%), hypertension (67%), obesity
(39%), and diabetes (24%). Over half of the study subjects were current or ex-smokers, and
1/3™ reported a sedentary lifestyle. Many study subjects were receiving cardiovascular
medications including: ACE inhibitors (24%), angiotensin Il antagonists (22%), beta blockers
(51%), organic nitrates (21%), and platelet aggregation inhibitors (72%). These are detailed in

Table 12.
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Table 12 Sponsor's summary of cardiac medical history and prior cardiac tests

All Subjects
N=231
n (%)
Cardiac Risk Factors
No risk factors 2(0.9)
Hyperlipidaemia 138 (68.4)
Hypertension 155 (67.1)
Dhabetes 36 (24.2)
Positive family history of CAD 169 (73.2)
Obesity 90 (39.0)
Lack of physical activity/sedentary lifestyle 78 (33.8)
Smoking
Current smoker 46 (19.9)
Ex-smoker 82(35.5)
Prior Non-invasive Cardiac Tests
Stress ECG (no imaging) 26(11.3)
SPECT MPI 102 (44 2)
Stress echo 27(11.7)
Other® 99 (42 9)

CAD = Coronary artery disease; ECG = Electrocardiogram: MPI = Myocardial perfusion imaging;

SPECT = Single photon emission compuied tomography.

N = Total number of subjects 1n the safety population.

n = Number of subjects (out of W) that had an abnormal history for that body system.

Note: Cardiac medical history data were collected in Study GE-189-002.

* If a subject had more than one record of other prior non-invasive cardiac tests. he/she was counted once.

Source: pg 37 ge012-101-study report body
Treatment Compliance, Concomitant Medications, and Rescue Medication Use

The study involved a one-time administration of Visipaque, injected intravenously by the
physicians and/or technologists at the study sites according to the protocol for the performance
of the CCTA, as directed by the sponsor in the CT manual provided to the study sites.

The specified Visipaque dose included a main volume injection of 70-80 mL. The mean
administered main volume dose of Visipaque was 73 mL, with a range of 50.0 — 106.0 mL. GE
reports that one subject received more than the specified dose, 106 mL Visipaque, and 4
subjects received lower volumes than specified (one subject received 62 mL, and 3 subjects
received 50 mL).

The protocol also included a test bolus of 20 mL of Visipaque as part of the dosing protocol,
given immediately prior to the main injection in order to determine the scan time delay. GE

reports that the majority of the subjects received a test bolus of 20 mL of Visipaque, with a
range of 2 mL—40 mL.
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The administered doses and injection rates are captured in Table 13. Note that the table does
not include the test bolus.

Table 13 Sponsor’s summary of main volume dose, efficacy population

All Subjects

Dosing Parameter (N=230)
VISIPAQUE™ admuinistered n (%) 230 (100%)
Administration performed per protocol n (%) 216 (93.9)
Volume of VISIPAQUE™ administration n 230
(mL) Mean 7276

5D (6.030)

Min, Max 50.0.106.0
Injection rate of main VISIPAQUE™ admunistration n 230
(mL/sec) Mean 497

sD (0.221)

Median 3.00

Min, Max 35.35

Min = minimum: Max = maximum: 5D = standard deviation

N = Total number of subjects in the efficacy population.

n = Number of subjects that had non-missing values for that parameter.
Note: Contrast medium data were collected mn Study GE-189-002.

Source: pg 40 ge012-101-study report body

Procedural medications for heart rate control and vasodilation were given to nearly all of the
study subjects: 78% of the subjects received metoprolol, and 98% received nitroglycerin. Table
14 summarizes the concomitant medications given during the study.
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Table 14 Sponsor's tabulation of administered procedural medications - safety population

N=232
Medication n (%)
v b_e?a—blocker or calcium channel blocker 144 (62.1)
recerved
Beta-blocker administered
Metoprolol oral 113 (48.7)
Metoprolol IV 69 (29.7)
Other beta-blockers 0(0.0)
Caleum channel blocker administered 0(0.0)
Nitroglycerin recerved
Spray 187 (80.6)
Tablet 41 (17.7)

Source: pg 45 ge 189-002-study report body
Efficacy Results — Primary Endpoint

Original read results (GE-189-002)

The results for the primary endpoint were initially provided in terms of a majority read of the
CCTA results. The majority read CCTA results for the sensitivity and specificity of the primary
endpoint (= 50% stenosis threshold, subject-level analysis, vessels < 2 mm excluded) were
reported as 96% and 83%, respectively.

The sponsor provided a post-hoc analysis of the original read results in terms of reporting the
CCTA results per CCTA reader, instead of as a majority read. Additionally, the sponsor’s post-
hoc analysis adopted the more conservative method of categorizing unevaluable segments as
“incorrect” (either false positive or false negative, depending on the SOR).

Reviewer comment: The post-hoc analysis described above was not included with the original
presentation of the study data in 2009.

In the post-hoc analysis, the sensitivity results for the primary endpoint were 90%, 90%, and
98%, for readers, A, B, and C, respectively, and the specificity results were 70%, 76%, and 81%,
as shown in the 2x2 tables below.
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Table 15 2x2 tables of subject-level results per reader

ICA | ICA | Total ICA | ICA | Total ICA | ICA | Total
+ - + - + -
CCTA + 44 | 33 77 CCTA + 48 | 54 | 102 CCTA + 44 | 33 77
CCTA - 2 | 137 | 139 CCTA - 1 | 126 | 127 CCTA - 4 | 147 | 151
Un- 3 11 14 Un- 0 1 1 Un- 1 1 2
evaluable evaluable evaluable
Total 49 | 181 | 230 Total 49 | 181 | 230 Total 49 | 181 | 230

Reader 1: Sn, Sp = 90%, 76%

Reader 2: Sn, Sp =

98%, 70%

Reader 3: Sn, Sp =90%, 81%

The comparative results of the subject-level, vessel-level, and segment-level analyses are
shown in Table 16, for the primary endpoint (in terms of definition of stenosis > 50%, and small
vessels excluded), according to the post-hoc analysis parameters, with confidence intervals

included.

Table 16 Summary of sponsor’s original read post-hoc results, for subject-, vessel-, and
segment-level analysis, with 2 50% stenosis threshold, and segments < 2mm by ICA excluded

Sensitivity
% (95% Cl)

Specificity
% (95% Cl)

PPV
% (95% Cl)

NPV
% (95% Cl)

Subject-level

Reader A

89.8 (77.8, 96.6)

75.7 (68.8, 81.8)

57.1(45.4, 68.4)

98.6 (94.9, 99.8)

Reader B

98.0 (89.2, 100)

69.6 (62.4, 76.2)

47.1(37.1,57.2)

99.2 (95.7, 100)

Reader C

89.8 (77.8, 96.6)

81.2 (74.8, 86.6)

57.1(45.4, 68.4)

97.4 (93.4, 99.3)

Vessel-level (summation of all
vessels)

Reader A

76.0 (63.1, 85.5)

85.2 (81.1, 88.5)

45.6 (36.1, 55.4)

98.1 (96.3, 99.0)

Reader B

89.3 (78.8, 95.0)

84.1(80.6, 87.1)

34.7 (27.4, 42.8)

98.9 (97.6, 99.5)

Reader C

77.3 (64.8, 86.3)

89.1(86.1, 91.4)

43.9(35.1, 53.2)

98.1 (96.6, 99.0)

Segment-level (summation of all
segments)

Reader A

62.1(50.5, 72.4)

87.6 (83.6,90.7)

39.1(31.4, 47.5)

98.6 (97.7,99.1)

Reader B

77.0 (66.9, 84.7)

89.4 (87.0,91.4)

30.3 (23.9, 37.6)

99.0 (98.3, 99.4)

Reader C

55.2 (43.8, 66.0)

91.4(89.3,93.1)

32.9(25.9, 40.8)

98.3 (97.4, 98.9)

Source: pg 9 Summary of Clinical Efficacy

Reviewer comment:

Only the results per reader are included in the table, as the majority read

results were considered to be less relevant by the clinical and statistical review team.
CDER Clinical Review Template 2015 Edition

Reference ID: 4068412

40




Clinical Review
Karen Bleich

NDA 020351 Supplement 44 (CCTA)

Visipaque (iodixanol)

Re-read results (GE-012-010)

The following table summarizes the sensitivity and specificity results, as well as PPV and NPV
results, including confidence intervals for the results at the subject-level, vessel-level, and
segment-level of the re-read study.

Table 17 Summary of sponsor’s re-read results, for subject-, vessel-, and segment-level

analysis, with 2 50% stenosis threshold, and segments < 2mm by ICA excluded

Sensitivity
% (95% Cl)

Specificity
% (95% Cl)

PPV
% (95% Cl)

NPV
% (95% Cl)

Subject-level

Reader 1

67.6 (55.5, 78.2)

96.2 (91.9, 98.6)

88.9 (77.4, 95.8)

86.9 (80.9, 91.5)

Reader 2

78.9 (67.6, 87.7)

89.2 (83.3, 93.6)

76.7 (65.4, 85.8)

90.4 (84.6, 94.5)

Reader 3

88.7 (79.0, 95.0)

87.3(81.1,92.1)

75.9 (65.3, 84.6)

94.5 (89.5, 97.6)

Vessel-level (summation of all
vessels)

Reader 1

57.0 (46.5, 66.9)

96.5 (94.6, 97.8)

70.7 (59.7, 79.7)

93.9 (91.7, 95.5)

Reader 2

63.2 (52.5, 72.7)

94.9 (93.0, 96.2)

64.3 (54.3, 73.1)

94.6 (92.5, 96.2)

Reader 3

79.8 (70.8, 86.6)

91.2 (88.5, 93.4)

57.2 (48.6, 65.5)

96.9 (95.3, 97.9)

Segment-level (summation of all
segments)

Reader 1

40.0 (31.4, 49.3)

95.5(94.1, 96.5)

34.2(27.4,41.7)

96.5 (95.3, 97.3)

Reader 2

47.4(37.7,57.4)

95.6 (94.5, 96.5)

38.8 (31.3, 46.8)

96.9 (95.8, 97.7)

Reader 3

60.0 (50.9, 68.4)

93.8(92.1, 95.2)

36.2 (29.4, 43.6)

97.6 (96.7, 98.2)

Reviewer comment: The readers in the re-read study are called “1, 2, and 3” to differentiate
them from the readers in the original read study (“A, B, and C”), because different radiologists
and cardiologists interpreted the CCTAs for the two studies.

Data Quality and Integrity — Reviewers’ Assessment

No significant quality/integrity review issues were identified that would undermine the

sponsor’s reported results.

Efficacy Results — Secondary and other relevant endpoints

Both the original read and the re-read studies included secondary endpoint analyses with >70%
as the threshold for significant stenosis. For both studies, the results at the >70% stenosis
threshold were similar to those at the >50% threshold.

An additional secondary endpoint was an analysis of the results with vessels segments <2 mm
included. The analyses with the small vessels resulted in similar results for both the original
read and the re-read studies, as compared to the analyses without the small vessels.

CDER Clinical Review Template 2015 Edition

Reference ID: 4068412

41




Clinical Review

Karen Bleich

NDA 020351 Supplement 44 (CCTA)
Visipaque (iodixanol)

Additional Analyses Conducted on the Individual Trial

Given two sets of interpretations (original read and re-read) of the same sets of CCTA and ICA
images, yielding two sets of study results, the clinical and statistical review teams concluded
that the most valid analysis consisted of the application of the more robust statistical rules
specified in the re-read study, to the imaging interpretation data of the original read study. The
presence of an unintentional bias in the re-read results, based on the knowledge of the results
of the original read study, could not be excluded. The statistical review team reanalyzed the
data from the original read study, applying the more robust statistical rules from the re-read
study. The results were identical to the sponsor’s post-hoc analysis of the original read data, as
provided above.

Finally, while the results were presented at the subject-level, at the vessel-level, and at the
segment-level, the clinical review team determined that the vessel-level analysis reflected the
most useful data clinically, in terms of providing some anatomic localization of disease, without
the confounding errors inherent in classifying stenosis to belong to a specific portion of a vessel
by imposing anatomic models of segmental anatomy.

The Table 18 below summarizes the data reflecting the review team’s preference in terms of
conveying the study results in the Clinical Trials section of the product label.

Table 18 Summary of most relevant results of Visipaque-enhanced CCTA, compared to ICA, at
the vessel-level, with > 50% stenosis threshold, and with segments <2 mm by ICA excluded

Vessel-level (summation of all Sensitivity Specificity PPV NPV

vessels) % (95% Cl) % (95% Cl) % (95% Cl) % (95% Cl)
Reader A 76.0(63.1,85.5) | 85.2(81.1,88.5) | 45.6(36.1,55.4) | 98.1(96.3,99.0)
Reader B 89.3(78.8,95.0) | 84.1(80.6,87.1) | 34.7(27.4,42.8) | 98.9 (97.6, 99.5)
Reader C 77.3(64.8,86.3) | 89.1(86.1,91.4) | 43.9(35.1,53.2) | 98.1(96.6,99.0)

Reviewer comment: Note that these figures are the same as the vessel-level results in Table 16.
The sponsor’s post-hoc analysis of the data was identical the statistical review team’s re-
analysis of the data.

6.2. GE-012-096 “A prospective, multicenter registry study for clinical
outcomes in subjects undergoing coronary CTA examination”

6.2.1. Study Design

Overview and Objective
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GE-012-096 was a registry study designed to prospectively assess the value of Visipaque-
enhanced CCTA findings in predicting the occurrence of downstream adverse cardiac events in
stable patients with chest pain. Outpatient subjects who were referred to undergo a CCTA
examination as part of their medical care were enrolled into the registry. Prognostic value was
assessed in terms of the sensitivity, specificity, PPV and NPV of CCTA as compared to subjects’
subsequent ICA findings (if performed) or binary subject outcomes during each follow-up
period.

Trial Design

The trial design was a prospective and multicenter registry study. The study was conducted at
17 sites in the U.S. and Canada from 2008-2010. Subject information was collected at baseline,
during and after Visipaque administration for CCTA, and at 1, 6 and 12 months after the
Visipaque-enhanced CCTA procedure. The diagnostic efficacy of Visipaque-enhanced CCTA was
measured in terms of sensitivity and specificity against patient outcomes as the SOR.

The CCTA images were interpreted by the site investigators as part of the subjects’ routine
medical care. The definition of a positive CCTA result was the presence of 250% luminal
diameter reduction in at least one coronary artery segment.

Male and female patients over the age of 18 referred for CCTA at the study centers were
screened for enrollment. The inclusion and exclusion criteria are summarized below.

Inclusion criteria:
e Subjects with chest pain syndrome scheduled to undergo a Visipague-enhanced CCTA
examination for 1 of the following reasons:
o Intermediate pre-test probability of CAD
o An uninterpretable/equivocal stress test (exercise, perfusion, or stress echo).
e The subject was willing to allow the study doctor to make their medical records
available to GE Healthcare.
e The subject agreed to be called at 1, 6, and 12 months for follow-up data.

Exclusion criteria:
e Subjects with known CAD confirmed by 1 of the following:
o Previously myocardial infarction;
o Pervious cardiac catheter angiography showing >50% obstruction;
o Previous coronary revascularization, such as percutaneous coronary intervention
or coronary artery bypass placement.
e Contraindications to receiving Visipaque.
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The planned enrollment was 1000 study subjects at 20 centers. The actual enrollment was 885
subjects at 17 centers. The following is a simple overview demonstrating the linear nature of
the registry study design, with no comparator arm.

Figure 5 Schedule of Events GE-096-101
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While Visipaque 320 mgl/mL was exclusively used as the study drug, the protocol for Visipaque
administration, including total dose and injection parameters, was not pre-specified, and was at
the discretion of the prescribing physician based on the local clinical standards. Accordingly,
there was variation in Visipaque dose and CCTA techniques. The minimum requirement for the
CT scanner was 64-slice technology.

The standard of reference was either the subject’s subsequent coronary artery angiography
findings (if performed) or binary subject outcomes during each follow-up period. A clinical
outcome consisted of the presence of 1 or more of the following events:
e MACE: cardiac death, non-fatal myocardial infarction, or unstable angina requiring
hospitalization.
e All causes of death.
e Coronary revascularization: PCl, CABG.

Subject information captured for the trial on the CRFs included baseline demographics, CCTA
dosage and results, adverse events, and subject outcomes at multiple follow-up time points. In
the event that a subject reached an endpoint (death, MACE, or coronary revascularization), the
subject was deemed to have completed the study with no further follow-ups obtained. An
independent adjudicator who was not blinded to the results of the CCTA performed a review of
all patient clinical information from subjects who had a coronary revascularization, MACE or
death to determine if a qualified clinical outcome had occurred.

Study Endpoints
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The primary study endpoint was the sensitivity and specificity of Visipaque-enhanced CCTA for
the detection of downstream cardiac events (SOR) in subjects who were clinically referred to
undergo CCTA.

Statistical Analysis Plan

The statistical analysis plan included information regarding sample size and power analysis, and
definitions of the analysis endpoints and the analysis populations, most of which is covered in
the trial design. In determining the sample size, the sponsor anticipated that 25% of the
subjects would have disease. It was also estimated that the sensitivity would be about 90% and
the specificity about 80%.

Reviewer comment: Additional evaluation of the statistical analysis plan is provided separately
by the statistical review team.

Protocol Amendments

There were no protocol amendments during the study.

Data Quality and Integrity: Sponsor's Assurance

The sponsor states that the handling of data, including data quality control, complied with all
applicable regulatory guidelines. No concerns regarding the sponsor’s documentation were
identified during the review.

6.2.2. Study Results
Compliance with Good Clinical Practices

The study was not conducted under the IND for Visipaque. The sponsor states that the study
was conducted in full accordance with the Declaration of Helsinki and the Good Clinical
Practice: Consolidated Guideline approved by the International Conference on Harmonization.

Financial Disclosure

The sponsor provides adequate documentation of financial disclosure forms and reports no
disclosable information for any investigator.

Patient Disposition

Subject disposition is summarized in Table 19, which includes the primary indications for the
referral for CCTA. Multiple indications could be included for a single patient.
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Table 19 Sponsor’s summary of subject disposition by primary indication

Primary Indication®

Study®. n (%)

Dyspnea Stress

Chest Shortness on Post- Stress Echo
Disposition of Subjects | Overall Pain of Breath | Exertion MPI ECG Test Other
Number of Enrolled 885 723 312 182 311 100 56 174
Subjects, N
Subjects 1in Safety
Population®. n (%) 874 (99) | V15(99) | 304(97) | 178 (98) | 308 (99) | 98 (98) |56 (100)|173 (99)
Subjects in Efficacy N - - -
Population®, n (%) B37(97) | 701 (97) | 299(96) | 175(96) | 302 (97) | 95(95) | 55 (98) | 170 (98)
Subjects Completing the | o545 96y | 604 (96) | 292 (94) | 174 (96) | 303 97) | 95 (95) | 54 (96) | 166 (95)
Study . n (%)
Subjects Prematurely
Discontinuing the 54 29 (4) 20(6) 5(4) 2(3) 59 2(h L)

N = number of subjects enrolled; n = number of subjects in the category; % = n/N*100%;
ECG = electrocardiogram. MPI = Myocardial perfusion imaging: Echo = echocardiography.
* Subjects may have more than one primary indication for CCTA.
® Subjects who were administered VISIPAQUE.
® Subjects in the safety population without any major protocol violation. and with evaluable baseline CCTA
images and at least 1 follow-up assessment. except for subjects with an event (death, major adverse cardiac event
[MACE]. or coronary revascularization), in which case. no follow-up assessment 1s required.
® A subject is considered to have completed the study if the subject has had an event or has completed 12 months

follow-up.

® Percentages based on the number of prematurely discontinued subjects.

Source: Source: pg 31 ge012-096-study report body

A total of 885 subjects were enrolled in the study. The safety population consisted of 874
subjects who were administered Visipaque. The efficacy population consisted of 857 subjects
who had completed at least one follow-up evaluation. Within the efficacy population, 857, 853,
and 843 subjects completed follow-up at 1 month, 6 months, and 12 months, respectively.
Notably, 95% of the enrolled subjects completed the 12 month follow-up evaluation.

Nine subjects did not have at least one follow-up evaluation. Seven subjects (0.8%) were

discontinued from the study because of too much calcium in the arteries, and two subjects
(0.2%) were discontinued because of failure to achieve adequate heart rate control. As detailed
in the next section, eight subjects were discontinued due to protocol violations.

Protocol Violations/Deviations
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Eight protocol deviations occurred in 8 subjects; the data for all 8 subjects were excluded from
the efficacy analysis. The most common deviation involved the discovery of a history of CAD
(thus meeting exclusion criteria) after enrollment. Table 20 summarizes the protocol

deviations.

Table 20 Sponsor’s summary of protocol deviations by subject

Subject Number Deviation Tvpe Actual Deviation
: After the subject signed the informed consent. it was discovered
001-0019 minor ; . i i T
that the subject did not meet the mclusion criteria.
002-0053 major Prior catheterization documents coronary calcification.
005-0054 minor Subject did not mention history of CABG during interview.
006-0003 major Left heart catheterization procedure performed 1997, mild CAD
of LAD.
006-0010 major Left heart catheterization less than 30% plaque found in LAD.
— — : o A
006-0013 major Left heart catheterization done 1n 2006, less than 30% disease
LAD.
006-0023 maior Left heart catheterization done m 2001, no intervention done,
B Y less than 50% CAD.
011-0026 minor Informed consent signed after VISIPAQUE adnunistered.

Source: pg 32 ge012-096-study report body

Table of Demographic Characteristics

The overall mean age of the study subjects was 58.8 years, with a range from 19-89 years. 51%
were males and the subjects were predominantly white (78%). The subject demographics are
summarized in Table 21 below.
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Table 21 Sponsor’s summary of subject demographics (safety population)

Overall
Variable N=874
Age at Consent Mean (5D) 38.8(11.96)
(vrs) Range (min—max) 19— 89
Age category < 63 years, n (%) 568 (63)
= 63 years, n (%) 306 (33)
Gender Male, n (%) 443 (51)
Female. n (%a) 431 (49)
Race, n (%) White, n (%) 684 (78)
Black or African American. n (%) 86 (10)
Asian, n (%) 38 (4)
American Indian or Alaska Native, n (%) 51
Other, n (%) 61 (7)
Height (cm) Mean (5D) 1699 (10.28)
Range (min—max) 122-198
Weight (kg) Mean (5D) 26.0(20.41)
Range (min—max) 45-177
BMT" (kg/m?) Mean (SD) 20.7 (6.39)
Range (min—max) 15.2-71.0

N = number of subjects in the population; n = number of subjects in the category; SD = standard

deviation: % = n/N*100%; ECG = electrocardiogram.

* Subjects may have more than one primary indication for CCTA.

Source: pg 33 ge012-096-study report body

Other Baseline Characteristics (e.g., disease