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1 Executive Summary

1.1  Overview

Solvay Pharmaceuticals submitted a United States (U.S.) New Drug Application (NDA) for
Tedisamil Injection 20 mg/10 ml (Tedisamil) to the U.S. Food and Drug Administration (FDA)
in December 2006. Tedisamil is a Class III antiarrhythmic agent for the proposed indication:

The rapid conversion of recent onset (3 hours to 45 days) atrial fibrillation (AFib) or
atrial flutter (AF1) to normal sinus rhythm

The clinical development program for intravenous (IV) tedisamil included two Phase II studies
and seven Phase IlI studies in subjects with AFib or AFI. In this program, 1401 AFib/AF]
subjects were treated: 931 subjects received IV tedisamil and 470 subjects received placebo.
Based on experience during the clinical program, a gender-specific dosing regimen is being
recommended to produce the most favorable benefit/risk balance for this compound:

e AFib/AFI in Males: 0.48 mg/kg administered intravenously using a two-step,
30-minute infusion regimen.

e AFib/AFI in Females: 0.32 mg/kg administered intravenously using two-step,
30-minute infusion regimen.

The benefits of tedisamil include rapid and sustained conversion to normal sinus rthythm
(NSR), which has been demonstrated across several important subject subgroups including
populations: over age 65 years; with mild to moderate renal impairment; with congestive heart
failure (New York Heart Association [NYHA] Class 1I/II); using beta-blocking agents; with
AFib/AFI of longer than 48 hours in duration; and with recurrent AFib/AFI episodes. Safety
has been demonstrated at the recommended doses.

Tedisamil treatment requires appropriate selection of patients, careful calculation of dose, and
administration in a monitored in-hospital setting. Solvay is committed to implementing a Risk
Minimization Action Plan (Risk MAP) to reinforce the labeling instructions and help assure
optimal patient outcomes in clinical practice.

1.2 Disease Background

Atrial fibrillation is the most common, clinically relevant arrhythmia with an overall
prevalence that increases with age.' This common sustained cardiac rhythm disorder results in
a substantial mortality and morbidity from stroke, thromboembolism, heart failure and
impaired quality of life.>” Atrial fibrillation affects an estimated 2.3 million adults in the
United States, with more than 160,000 new cases diagnosed each year.*

In the Framingham study, the lifetime risks at age >40 years for developing atrial fibrillation
were 26% for men and 23% for women.™® As women tend to live longer than men, and
because the disease is more prevalent in older people,” the disease burden on women is high
and growing.
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The symptoms of atrial fibrillation (e.g., palpitation, presyncope, fatigue, dyspnea) are
primarily caused by fast ventricular rates, which can be controlled by using atrio-ventricular
node blocking drugs (rate control) or by converting atrial fibrillation to sinus rhythm (rhythm
control). Restoration of sinus rhythm reduces the need for the use of atrio-ventricular node
blocking drugs for rate control, decreases chances of thromboembolism, prevents tachycardia-
related cardiomyopathy, and lessens atrial mechanical dysfunction and electrophysiological
remodeling.®

1.3 Unmet Medical Need

There is no one single best approach to treating AFib/AFI. Physicians today select from several
treatment strategies and options and tailor their treatment to the individual patient’s medical
needs and personal expectations. Cardioconversion to NSR by direct electric current (DC) is
very effective. The potential drawbacks of DC cardioversion include the need for anesthesia,
risk of aspiration, pain, skin burning, pulmonary edema, pacemaker malfunction,
thromboembolism, and adverse cardiac effects such as sinus arrest and ventricular
fibrillation.”'" In addition, patient anxiety related to the procedure is frequently a
consideration. Pharmacological cardioversion, while typically less effective than DC
cardioversion, has the advantages of generally being simpler and convenient, free of the
anesthesia requirement, and being feasible if the patient has recently eaten (recent post-prandial
state). The potential disadvantages include drug-related side effects and limited effects in
patients with AFib/AFI of long duration.

The drugs used for rhythm control in recent onset atrial fibrillation patients are Class IA (e.g.,
quinidine, procainamide, disopyramide), Class IC (e.g., flecainide, propafenone), and Class III
(e.g., ibutilide, dofetilide, sotalol, amiodarone) antiarrhythmic agents, both by oral and
intravenous routes.'”'" Some of these agents are used “off-label” for conversion of atrial
fibrillation or flutter in that they have not been approved by FDA for this use. In general, these
drugs work by prolonging atrial refractoriness. Both Class I and Class III agents have
significant proarrhythmic effects, which are intensified in patients with structural heart disease.
These agents individually may cause other severe adverse effects.'*"®

Due to the limitations of Class I and III antiarrhythmic agents currently available, there is
unmet medical need for a drug with a well-characterized efficacy and safety profile,
predictable pharmacokinetics, a sustained effect, efficacy in atrial fibrillation of longer
duration, well-characterized proarrhythmic potential, and good tolerability in patients with
cardiac disease. Tedisamil, a Class III antiarrhythmic agent, provides such pharmacological
alternative to fill this unmet medical need.

Of particular note, there are well documented differences in QT between males and females."’
Women tend to have longer QT intervals between puberty and at least 55 years of age, perhaps
due to lower parasympathetic tone, or estrogen- or metabolic-related changes. They are more
susceptible to malignant arrhythmias than men, and there is an increased incidence of Torsades
de Pointes (TdPs) among women when treated with Class III antiarrhythmics, which is a
consistent finding with all Class III agents approved for atrial fibrillation.”**'** The reason for
the female predominance in drug-induced TdP remains unclear. These gender-based
differences have been investigated in the tedisamil AFib/AF1 development program.

© 2007 Solvay Pharmaceuticals 10

Volume: 1 Page: 0016



Tedisamil Injection 20mg/10mL Briefing Packet
NDA No. 22-123 Solvay Pharmaceuticals

1.4 Mechanism of Action and Clinical Pharmacology

Tedisamil is a multiple potassium channel blocker which blocks the rapid (IK;), slow (IK;) and
ultra-rapid (IK,r) components of the delayed rectifier current, the transient outward current
(Ito) and the ATP sensitive (IKatp), and the acetylcholine-activated (IKacm) potassium
currents, two of them (IK,; and IKscy) being atria specific. Tedisamil is a Class II1
antiarrhythmic drug that prolongs the cardiac action potential duration and refractory period,
and at higher concentrations (10 times that required to block IK;) also possesses sodium
channel blocking properties in animal and human cardiac tissue preparations. Prolongation by
tedisamil of the cardiac action potential duration and refractory period is seen predominantly in
the atria compared to the ventricles.

Tedisamil clinical pharmacology has been characterized in Phase I studies and in clinical
studies in AFib/AFI subjects. Key findings include the following:

e After intravenous administration, plasma concentrations decline in a multiexponential
fashion. The elimination half-life of tedisamil is 4.5-6.9 hours following IV
administration. Time of peak plasma concentration (Tp.x) shows a median value of
12.5 min when tedisamil is administered using the proposed two-step 30-min IV
infusion.

e Tedisamil pharmacokinetics is linear and is not affected by gender or by congestive
heart failure (NYHA Class I-11I).

e Tedisamil metabolism is very limited. Elimination is almost exclusively as unchanged
drug via the renal route.

e Tedisamil is associated with a dose-dependent QT/QTc prolongation which is not
dependent on gender.

e Tedisamil clearance decreases in AFib/AF] subjects with moderate renal impairment,
with no substantial effect on Cy,,x following a single dose short infusion. The safety
profile and the magnitude of QTc¢ effects are similar in subjects with moderate renal
impairment when compared to subjects with normal renal function. Dose adjustments
in subjects with mild to moderate renal impairment are not needed for single dose short
infusions of tedisamil.

e The volume of distribution of tedisamil increases with lean body mass (LBM). This is
reflected in the recommended dosing regimen for tedisamil.

e The small decrease in tedisamil clearance following co-administration of tedisamil and
verapamil does not affect the relationship between tedisamil exposure and QT in
AFib/AFI subjects. Coadministration of tedisamil with verapamil does not necessitate a
dosing adjustment.

e Tedisamil is a strong inhibitor of CYP 2D6. Caution should be exercised for co-
administration with other drugs metabolized by CYP2D6, such as Type 1C
antiarrhythmics (e.g., propafenone, flecainide, encainide), antidepressants (e.g.,
paroxetine, imipramine) and beta-blocking agents (e.g., metoprolol, carvedilol).
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1.5 Clinical Development Program

Tedisamil was initially developed as an oral anti-angina compound in subjects with chronic
stable angina pectoris. Given the antiarrhythmic profile of tedisamil and the availability of a
variety of antianginal agents for first and second line treatment of chronic stable angina
pectoris, it was considered appropriate to focus further development efforts on rapid
conversion of AFib/AFI to NSR. Subsequently, work on the angina indication was
discontinued and the development program was refocused to conversion of AFib/AFI to NSR.

Phase II studies with tedisamil in AFib/AFI1 subjects began in June 1998. Study S219.2.102
was designed to determine the percentage of AFib/AFI subjects who converted and remained in
NSR at one hour after the start of a 10-minute infusion of tedisamil at 0.16 mg/kg and

0.24 mg/kg. This study was discontinued due to slow recruitment and lack of efficacy. Based
on pharmacokinetic and pharmacodynamic (PK/PD) modeling, the dose and infusion regimen
were adapted in subsequent studies.

The tedisamil doses were increased to include doses of 0.32 mg/kg and greater and the infusion
time was lengthened to 30 minutes utilizing a two-step infusion process (half the dose in the
first 10 mins and the other half in the remaining 20 mins). These doses and the revised infusion
regimen were tested in a Phase II “proof of principle” study (S219.2.107), which enrolled
subjects who had an AFib/AFI episode of <48 hour duration. This study showed efficacy in
both doses compared to placebo. The rate of conversion within 2.5 hours was 46.2% (24/52)
for 0.32 mg/kg and 57.1% (24/42) for 0.48 mg/kg tedisamil compared to 8.7% (4/46) for
placebo.

Phase III studies, using the two-step, 30-minute infusion regimen, began in November 2002.
Following several reports of serious events in female subjects, Solvay decided to suspend the
studies in March 2003 after consultation with the program’s drug safety monitoring board (the
Adjudication and Oversight Committee - AOC). A thorough investigation showed that
arrhythmic events in female subjects occurred at doses of tedisamil 0.48 mg/kg and higher.
Following a review of available data and consultation with the FDA and Medicines and
Healthcare Products Regulatory Agency (MHRA), the antiarrhythmia program was revised to
adopt a dose-finding strategy separated by gender. The two studies investigating doses above
0.32 mg/kg were amended to enroll only male subjects and three gender-specific Phase I11
studies were added to the program (one male and two female gender-specific studies). A total
of 931 AFib/AFI subjects were exposed to IV tedisamil and 470 AFib/AFI subjects were
exposed to placebo in the antiarrhythmia program (Table 4-1). The numbers of subjects
exposed to the recommended doses were 207 males at 0.48 mg/kg and 225 females at

0.32 mg/kg, compared to 231 males and 239 females exposed to placebo.

Efficacy of tedisamil in the AFib/AFI population is based on results from five multicenter,
randomized, double-blind, placebo-controlled, parallel, Phase III studies conducted in subjects
with recent onset (3 hours — 45 days) of AFib/AFl. Three studies were primarily in males and
two studies were in females only. All five studies had the same study design and differed only
in the tedisamil doses tested and the gender of subjects enrolled. Efficacy data were compared
across studies and then integrated for subgroup analyses.
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Key inclusion and exclusion criteria -- Subjects had to have documented AFib or AFI for at
least 3 hours but not more than 45 days as a first or recurrent episode, be hemodynamically
stable (SBP > 90mmHg, DBP <105mmHg), and be at least 18 years of age. Anticoagulation
was to be undertaken at the discretion of the investigator, according to current guidelines.

The exclusion criteria included:

Congestive heart failure of NYHA functional Class IV

Clinical evidence of hyperthyroidism

History of life-threatening ventricular arrhythmias including TdP
Myocardial infarction (MI) within 30 days before randomization

Cardiac surgery within three months before randomization

Congenital long QT syndrome

QTec interval >470 msec prior to randomization

Serum creatinine >1.8 mg/dL (159 mmol/L) or serum potassium <4.0 mEq/L
(<4.0 mmol/L)

Concurrent treatment with antiarrhythmic drugs (except for digitalis, diltiazem, or beta-
blocking agents) was not allowed. Subjects could not have been treated with amiodarone in
the three months before randomization.

If entry criteria were met, subjects were randomized to receive one of the doses of tedisamil or
placebo. Subjects were hospitalized for study drug infusion and monitored for 24 hours by
Holter electrocardiogram (ECG), which was started 10 minutes before the start of the study
drug infusion. The Holter tapes were analyzed centrally (by a specialized contract research
organization) to identify the primary endpoint of conversion to NSR (for at least 60 sec), and in
the case of conversion, to assess maintenance of NSR for 24 hours.

The Holter tapes were also analyzed to assess tedisamil’s proarrhythmic potential. This
analysis was a supplement to the more traditional reporting of adverse events (AEs) by the
investigators. Ventricular tachycardia events were coded by prespecified definitions (see
Section 6.8.1) and adjudicated by the AOC as non-sustained monomorphic, non-sustained
polymorphic, sustained monomorphic, sustained polymorphic, and Torsade-like. (A copy of
the AOC Charter is provided in Appendix 1.) In addition, a 12-lead ECG, including 120 sec
rhythm strips, was administered at regularly scheduled intervals.

The study design for the five Phase III studies is shown in Figure 1-1 and described in detail in
Section 5.2.
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Figure 1-1 Schematic for Study Design of Pivotal Studies in Tedisamil Clinical Development Plan
Screening Double-blind Treatment Period Follow-up Period
1 LA 1 1
R

_ A
S N
C D Placebo
R (0)
E M o
E I 30 min infusion
N Z
I A
N T I IV Tedisamil

o (0)

N
Up to 48 hrs _ 24 hrs observation 4 wks
1 | 1] 1 1
Screening Randomization End-of-24-hr Follow-up
observation
period

Efficacy Parameters

The primary efficacy parameter was the percentage of subjects who converted to NSR for at
least 60 seconds at anytime within 2.5 hours after the initiation of the study drug infusion.

Secondary efficacy parameters included the percentage of subjects achieving the primary
endpoint (ie, conversion to NSR within 2.5 hrs) and who were:

e in NSR at 2.5 hours after start of infusion

e in NSR at 24 hours

e remaining in NSR for 24 hours (analyzed only with integrated efficacy dataset)

e in NSR at hospital discharge.

Time to conversion (time from start of infusion to first conversion to NSR) was also a
secondary efficacy parameter.

Subject Demographics

Subjects participating in the IV tedisamil studies were almost exclusively Caucasian with 98%
classified as white. In the integrated safety dataset, the tedisamil groups consisted of 759 males
(528 tedisamil; 231 placebo) and 642 females (403 tedisamil; 239 placebo) (Table 4-1). The
female population tended to be older (by ~8 years), more likely to have more severe congestive
heart failure (NYHA Class II/III), and have an arrhythmia episode of greater than 48 hours
duration. A summary of the baseline characteristics for the efficacy dataset for the individual
Phase III studies is provided in Section 5.3 and for the integrated safety dataset in Appendix 2.
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Overall, medical history and use of concomitant medication were comparable across studies,
across the dose groups, and between treatment groups (tedisamil vs. placebo). The main
categories of medical conditions were vascular disorders and cardiac conditions. The major
classes of concomitant medications taken, anti-thrombotic agents, beta-blocking agents and
cardiac therapy, are consistent with this population. In addition to those medications, tedisamil
was used during the studies with a broad range of concomitant medications, including calcium
antagonists, nitrates, lipid-lowering agents, hypoglycemics, hormone replacement therapy,
diuretics, acetylsalicylic acid, NSAIDS, H, antagonists, and ACE-inhibitors. When compared
by gender, females took a wider variety of concomitant medications than males.

1.6 Efficacy Summary

Five multicenter, randomized, double-blind, placebo-controlled Phase III studies demonstrate
the efficacy of tedisamil in subjects with recent onset (3h — 45 days) AFib/AFI1. Integrated
Phase III efficacy analyses from the five Phase III studies included data from 580 male subjects
(403 in tedisamil groups and 177 in placebo groups) and 543 female subjects (341 in tedisamil
groups and 202 in placebo groups (Table 5-1). Tedisamil dose groups were 0.16, 0.24, 0.32,
0.48, or 0.64 mg/kg. Efficacy results for the integrated data were consistent with the individual
studies for both the primary and secondary efficacy parameters.

Efficacy Data from Individual Phase Il Studies

All studies met their primary objective and demonstrated efficacy of tedisamil compared to
placebo at the recommended doses of 0.48 mg/kg for males (three studies) and 0.32 mg/kg for
females (two studies), thus demonstrating reproducibility of results (as shown in Table 1-1).
The rates of conversion to NSR in the three male studies of 0.48 mg/kg were 52.9%, 31.1%,
and 29.2%, compared to 5.7%, 9.8%, and 6.3%, respectively, for placebo. In the two female
studies, the rates of conversion for 0.32 mg/kg tedisamil were 21.5% and 17.9%, compared to
2.9% and 4.5% for placebo.
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Table 1-1 Summary of Primary Efficacy from Individual Studies
Study Tedisamil Dose | NSR for at least 60 sec at any
mg/kg time within 2.5 h after start of
study drug infusion P-value” Confidence
AFib ITT* Interval
n/N (%)
Phase 111 Male Studies
S219.3.112° 0.32 13/56 (23.2%) 0.0096 2.1,33.0
0.48 27/51 (52.9%) <0.0001 29.0, 65.6
0.64 29/43 (67.4%) <0.0001 43.1,80.4
Placebo 3/53 (5.7%)
S219.3.114 0.16 12/50 (24.0%) 0.057 -3.3,31.7
(Post 0.32 15/51 (29.4%) 0.013 1.4,37.8
Amend )¢ 0.48 14/45 (31.1%) 0.0089 2.1, 40.5
Placebo 5/51 (9.8%)
S219.3.117 0.48 14/48 (29.2%) 0.003 8.3,37.5
Placebo 3/48 (6.3%)
Phase I1I Female Studies
S219.3.116 0.24 10/106 (9.4%) 0.047 -0.8,13.9
0.32 23/107 (21.5%) <0.0001 9.0, 28.3
Placebo 3/105 (2.9%)
S219.3.118 0.32 12/67 (17.9%) 0.014 3.0,23.9
Placebo 3/67 (4.5%)

# Predefined primary efficacy analysis in the individual studies was performed using AFib ITT sample.

> Comparison between tedisamil dose group and placebo.

¢ Study S219.3.112 included 36 female subjects, which were not included in these results; they are included in the
integrated Phase I1I efficacy dataset and its female subgroup.

4 Study $219.3.114 was amended to enroll only male subjects.

In addition, tedisamil’s effect was sustained, with the vast majority of subjects who converted
within 2.5 hours remaining in NSR for at least 24 hours (representing at least 92% of those
who converted in the initial 2.5 hours). The percentages of converters who were in NSR at

24 hours were 92.6%, 100%, and 100% for males in the 0.48 mg/kg tedisamil group in the
three male studies and 95.6% and 91.7% for females in the 0.32 mg/kg tedisamil group in the
two female studies.

Tedisamil’s effect was rapid. The mean time to conversion at the recommended dose

(0.48 mg/kg) in the three male studies was 37.7, 18.5, and 22.2 mins compared to 45.0, 84.0,
and 92.7 mins, respectively, for the placebo groups. In females at the recommended dose

(0.32 mg/kg), the mean time to conversion with tedisamil was 24.2 and 27.4 mins compared to
88.7 mins with placebo in both studies.

Integrated Efficacy Data

Based on the integrated efficacy dataset of the five Phase Il studies, at the recommended
doses, 34.5% of males (at 0.48 mg/kg) and 18.3% of females (at 0.32 mg/kg) converted to NSR
within 2.5 hours (vs. 6.2% and 4.5% in the respective placebo groups). Table 1-2 shows the
percentage of converters for males who received 0.48 mg/kg and for females who received
0.32 mg/kg compared to those who received placebo for all subjects by duration of episode
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(<48 hours or >48 hours). A higher percentage of subjects converted to NSR if the duration of
arrhythmic episode was <48 hours than if the subjects had their current episode for longer than
48 hours. This finding is consistent with clinical experience, where AFib/AF] of longer
duration is more difficult to cardioconvert.

Table 1-2 Percentage Conversion within 2.5 Hrs in Subjects with AFib/AF] — Integrated Phase I11
Efficacy Dataset by Recommended Dose and Duration of Episode

Tedisamil | e Conversion to Normal Sinus Rhythm (NSR) for at least 60 secs within 2.5 hrs
Gender Dose Duration AFib/AFI1
Group 3 Hours to 45 Days <48 Hrs >48 Hrs
Tedisamil Placebo Tedisamil Placebo | Tedisamil Placebo
(N=171)* (N=177) (N=82) (N=89) (N=83)" (N=88)
Male 0.48 34.5% 6.2% 52.4% 12.4% 18.2% 0.0%
Subjects mg/kg p <0.0001; p<0.0001 p<0.0001
CI: 20.5, 36.3 CI: 26.5, 52.6 CI: 10.6,
28.1
(N=202) (N=201) (N=71) (N=60) (N=131) (N=141)
Female 0.32 18.3% 4.5% 32.4% 10.0% 10.7% 2.1%
Subjects mg/kg p <0.0001; p=0.0022 P=0.0041
CI: 7.6, 20.0 CI: 8.8, 36.2 Cl: 2.3, 14.7

Note: Dose listed is recommended therapeutic dose. CI describes comparison of treatment group versus placebo.
Percentages are based on the total number of subjects in the ITT sample, Phase I1I grouping, who did not undergo DC
cardioversion within 2.5 hours after the start of study drug infusion.

# Excludes one subject who had DC cardioconversion within 2.5 hours.

Based on the integrated efficacy data, tedisamil at the recommended doses was also effective
across other subgroups. Subject age (<65; >65 years), NYHA status (Class I; Class II/I1I),
concomitant use of beta-blocking agents, first episode or recurrent episode, and renal status
(CrCL <60; >60 mL/min) did not affect the efficacy of tedisamil at those doses (Table 5-7 for
males and Table 5-8 for females).

Tedisamil’s effect was sustained in subjects who converted within the 2.5 hours. Table 1-3
shows that at the recommended doses, 53 of the 59 (89.8%) males who converted at 2.5 hours
with 0.48 mg/kg tedisamil, and 32 of 37 (86.5%) females who converted at 2.5 hours with
0.32 mg/kg tedisamil remained in NSR at 24 hours. This was also true for the very small
number of placebo subjects who converted to NSR within 2.5 hours.

Tedisamil reduced the time to conversion. The mean time to conversion to NSR for male
subjects who received 0.48 mg/kg was 28.6 mins compared to 75.7 mins for placebo males.
The mean time to conversion for female subjects who received the 0.32 mg/kg was 25.1 mins
compared to 92.1 mins for placebo females (Table 5-10).
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Table 1-3 Results from the Secondary Efficacy Parameters for Recommended Dose by Gender
Secondary Efficacy Parameter

Gender; Conversion within 2.5 hours and:

Tedisamil In NSR at 2.5 hrs In NSR at 24 hrs Remaining In NSR at In NSR at Hospital

Dose n (%)* n (%)* 24 hrs Discharge
n (0/0)a n (0/0)a

Male

0.48 mg/kg 57/59 (96.6%) 56/59 (94.9%) 53/59 (89.8%) 47/59 (79.7%)

Placebo 10/11 (90.9%) 10/11 (90.9%) 10/11 (90.9%) 9/11 (81.8%)

Female

0.32 mg/kg 36/37 (97.3%) 35/37 (94.6%) 32/37 (86.5%) 30/37 (81.1%)

Placebo 9/9 (100%) 8/9 (88.9%) 8/9 (88.9%) 7/9 (77.8%)

*Denominator is the number of converters from the Primary Efficacy Parameter i.e., the number converting to
NSR for at least 60 secs within 2.5 hrs of infusion; subjects who required DC cardioconversion during these time
points were excluded from analysis.

A summary of the efficacy results from the individual studies and from the integrated Phase II1
efficacy dataset are provided in Section 5.3.

1.7 Safety Summary

The safety profile of tedisamil, when administered at the gender-specific recommended doses,
appears to be comparable to that reported in the literature for other Class III antiarrhythmic
medications.'*'>**2? No additional safety concerns were identified.

The integrated safety dataset consists of data collected on 931 AFib/AFI subjects exposed to
tedisamil and 470 placebo AFib/AFI subjects enrolled in nine clinical studies (two Phase II and
seven Phase III studies).

Adverse Events

A summary of treatment-emergent adverse events (TEAEs) are summarized in the following
paragraphs. These events were collected and reported by the investigators in the standard
manner for clinical trials.

TEAEs: Treatment-emergent adverse events (TEAEs) were reported for a similar percentage
of subjects in the tedisamil and placebo groups (66.9% vs. 61.9% for males; 66.5% vs. 62.8%
for females). In most cases TEAEs were transient, and mild or moderate in severity. The most
commonly occurring TEAEs were cardiac disorders, which were reported in a dose-dependent
pattern. The percentage of subjects reporting cardiac disorders at the recommended dose

(0.48 mg/kg) in males was 48.3% with tedisamil versus 42.0% with placebo, and at the
recommended dose (0.32 mg/kg) in females was 40.4% with tedisamil versus 28.0% with
placebo (Table 6-10 for males and Table 6-11 for females).

Ventricular tachycardia (VT) and bradycardia were the most commonly reported cardiac
TEAES in both male and female subjects. The incidence of VTs reported as TEAEs was
slightly higher in the male tedisamil subjects (11.6%) than the male placebo subjects (6.9%),
but the incidence was similar in the female treatment groups (4.7% vs. 5.0%). At the
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recommended doses, the incidence of VT was 12.6% in males (0.48 mg/kg) and 3.1% in
females (0.32 mg/kg). Bradycardia reported as a TEAE was not different between the tedisamil
and placebo male subjects (4.5% vs. 5.6%), and only slightly higher in the tedisamil female
subjects than the placebo female subjects (5.2% vs. 3.3%).

The most commonly occurring non-cardiac TEAEs in males at the recommended dose were
headache (reported by 2.9% of tedisamil subjects vs. 2.2% placebo subjects), infusion site
burning (2.4% vs. 0.4%), injection site pain (2.4% vs. 0.0%), hypotension (1.4% vs. 0.9%), and
oral paraesthesia (1.9% vs. 0.4%). In females at the recommended dose, the most common
were headache (3.6% vs. 3.3%), hypotension (2.2% vs. 3.3%), and dizziness (1.8% vs. 1.7%).
Infusion site burning, injection site pain, and oral paraesthesia were reported by 0.9%, 1.3%,
and 0.9% of females at the recommended dose (vs. 0.4%, 0.0%, and 0.4%, respectively, with
placebo). Except for injection/infusion site reactions and oral paraesthesia, no meaningful
difference was observed between tedisamil and placebo (see Table 6-6).

TESAEs: Treatment-emergent serious adverse events (TESAEs) were reported for 9.7% of
tedisamil and 8.9% of placebo subjects. Cardiac disorders were the most common type of
TESAESs. The incidence of cardiac TESAEs was comparable between the combined tedisamil
and placebo groups in males at the recommended dose of 0.48 mg/kg (6.8% vs. 6.1%). There
was no apparent dose response pattern in males. In females, the incidence of cardiac TESAEs
at the recommended dose of 0.32 mg/kg was 5.3% compared to 4.2% with placebo. The most
commonly reported cardiac TESAE was atrial fibrillation, which was reported for 4.3% of
males at the recommended dose of tedisamil compared to 3.0% of placebo males, and for 1.3%
of females at the recommended dose compared to 2.1% of placebo females (see Table 6-12 and
Table 6-13).

Deaths: Eleven deaths (4 males and 7 females) occurred in the IV tedisamil antiarrhythmia
program. Two of the 11 subjects were randomized, but died before receiving treatment. The
other nine deaths are included in the integrated safety dataset and occurred at an equal rate in
both treatment groups: 0.64% (6/931 tedisamil and 3/470 placebo subjects). The majority of
deaths were cardiac related and none were considered related to study drug. (Table 6-9 in
Section 6.5 provides a brief description of these deaths.)

Discontinuations due to TEAEs: The number of subjects who terminated from the study due to
a TEAE was low and they were distributed evenly across dose groups. Discontinuations due to
a TEAE at the recommended doses were: 4 (1.9%) of 207 tedisamil males (vs. 0.9% in
placebo) and 5 (2.2%) of 225 tedisamil females (vs. 1.3% in placebo) (see Table 6-14 and
Table 6-15).

ECG Measurements

Mean QTc Bazett (QTcB) values increased in a dose-dependent manner in the tedisamil
groups, reaching a maximum at 30 minutes after start of infusion. QTcB values had generally
stabilized at 2.5 hours after the initiation of infusion and the majority of maximum QT values
occurred during the initial 2.5 hours from baseline. The incidence of QTcB measurements
>550 msec was generally low, with a higher incidence at the higher dose groups.
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Holter data were analyzed to evaluate tedisamil for proarrythmia events. The Holter tapes were
centrally analyzed for arrhythmias according to specific definitions. All events of 3 or more
abnormal/aberrant ventricular complexes with a rate of >100 bpm were defined as single
episodes of adjudicated VT, coded (as monomorphic or polymorphic, sustained or non-
sustained, or Torsade-like) and adjudicated by the AOC according to predefined categories (see
Appendix 1).

Adjudicated Torsade-like VTs, as assessed by the AOC based on Holter analysis, were
reported for 12 subjects, 10 tedisamil subjects and 2 placebo subjects. However, one of the
placebo subjects (female) experienced a Torsade-like VT as a result of a non-synchronized DC
cardioversion and was excluded from consideration. Another Torsade-like VT was identified
from an ECG reading in a female (at 0.48 mg/kg tedisamil) for which no Holter data was
available, but which was reported as an adverse event as "drug-induced prolonged QT
syndrome with non-sustained polymorphic ventricular tachycardia". Therefore, the accurate
count of adjudicated Torsade-like VTs in the arrhythmia studies was 11 (1.2%) tedisamil
subjects and 1 (0.2%) placebo subject. Of these 12 adjudicated TdPs, seven were classified as
non-sustained and five sustained polymorphic VTs. The latter all received DC cardioversion.
Only in two cases was the adjudicated TdP actually reported as an adverse event of TdP (i.e.,
as a TEAE) by the investigator; one female case in the 0.48 mg/kg dose group, and one female
case in the 0.64 mg/kg dose group.

A dose relationship was observed in the incidence of the adjudicated Torsade-like events, with
increases occurring at doses >0.48 mg/kg in males and >0.32 mg/kg in females, as shown in
Table 1-4. For males in the recommended dose group (0.48 mg/kg), 1 adjudicated Torsade-like
event (0.5%) was occurred; for females in the recommended dose group (0.32 mg/kg
tedisamil), 1 adjudicated Torsade-like event (0.4%) occurred. With placebo, one (0.4%) male
subject and no (0.0%) female subject experienced an adjudicated Torsade-like event. Also
worth noting is that most (10/12) adjudicated Torsade-like events occurred within 50 minutes
after initiation of infusion; the other two occurred at 4.5 and 18 hours after initiation of
infusion (see Section 6.8.3). All sustained Torsade-like events occurred within 40 minutes after
the start of infusion. DC cardioconversion was applied to the subjects who experienced a
sustained, polymorphic, Torsade-like VT, and NSR was achieved. Subjects who had non-
sustained polymorphic VTs, including Torsade-like events, did not require DC
cardioconversion.
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Table 1-4 Adjudicated Torsade-like Events by Dose - Integrated Safety Dataset
No. of Adjudicated Torsade- % of
Dose Total no. like Events subjects 95% CI”
of Polymorphic | Polymorphic with
subjects® and and Adj.
nonsustained sustained Torsade-
VT vT like
Events
Male
> 0.48 mg/kg © 67 2 1 4.5 0.9; 12.5
0.48 mg/kg ¢ 217 0 1 0.5 0.0;2.5
0.32 mg/kg 172 0 1 0.6 0.0;3.2
0.16 mg/kg 66 0 0 0.0 0.0;5.4
Placebo 231 1 0 0.4 0.0;2.4
Female
>0.32 mg/kg® 55 3 2 9.1 3.0;20.0
0.32 mg/kg 225 1 0 0.4 0.0;2.5
0.24 mg/kg 122 0 0 0.0 0.0; 3.0
Placebo 239 0 0 0.08 0.0; 1.5

* Incidence and confidence intervals (CIs) are not given for 0.24 mg/kg for males and 0.16 mg/kg for females
due to small numbers; no adjudicated Torsade events occurred at these doses.

® Clopper-Pearson confidence interval

¢ Doses included: 0.64 mg/kg and 0.48-0.72 mg/kg

¢ Including 10 male subjects on 0.32-0.48 mg/kg

¢ Doses included: 0.32-0.48 mg/kg, 0.48 mg/kg, 0.64 mg/kg and 0.48-0.72 mg/kg

T One of these 3 subjects was diagnosed from an ECG reading, while the others were all identified by Holter
analysis.

€ One female placebo subject had a non-synchronized DC-induced Torsade-like event and was not included in
this summary.

Safety in Subgroups

Safety was assessed in subgroup populations including subjects over age 65 years, with
congestive heart failure (NYHA Class II/11I), using beta-blocking agents; and with renal
impairment. Tedisamil was found to have a favorable safety profile as follows:

e No clinically relevant differences between tedisamil and placebo were observed at the
recommended doses in the incidence of TEAEs or TESAESs in subjects <65 and >65
years of age.

e In patients with NYHA Class I and in NYHA Class II/IlI, no meaningful differences
were observed between tedisamil and placebo in the incidence of TEAEs at the
recommended doses. Therefore, tedisamil is recommended for use in male and female
subjects who are categorized up to NYHA Class III. (NYHA Class IV was excluded
from the clinical studies and therefore no safety information is available.)

e Tedisamil can be used in patients with mild to moderate renal impairment
(<60 mL/min) without dose adjustment. Subjects with severe renal impairment
(<30 mL/Min) were excluded from the efficacy studies and use in this population is
contraindicated.
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e For subjects not taking concomitant beta-blocking agents, a slightly higher rate of
TESAES in tedisamil treated male subjects was observed in comparison to placebo
subjects. This phenomenon was not observed in female subjects. Otherwise, the
occurrence of adverse events was comparable in the tedisamil and placebo groups at the
recommended doses, whether or not the subject was receiving concurrent beta-blocking
agents.

1.8 Benefit/Risk Assessment

As noted above, there is clearly an unmet medical need for treatment alternatives to provide
rapid, effective restoration of NSR in patients with AFib/AFl. When used according to the
label recommendations, tedisamil’s clinical benefits are significant and directly address the
areas of unmet medical need. The clinical program has evaluated tedisamil in both male and
female populations, and has allowed for an appropriate characterization of the efficacy and
safety profile in each, leading to a gender-specific dosing regimen that produces the most
favorable benefit/risk ratio of this compound:

e AFib/AFl in Males: 0.48 mg/kg

e AFib/AFl in Females: 0.32 mg/kg

e Dosage regimen for both genders is a two-step, 30-minute IV infusion (half of the dose
over 10 min and remainder over 20 min)

At the recommended doses, the benefits of tedisamil include:
e Conversion to NSR at recommended doses
e Rapid conversion to NSR
e Sustained conversion, i.e., remaining in NSR for 24 hours and at hospital discharge

e The benefits of tedisamil use are seen across subgroups. It should be noted that
tedisamil has:

- Efficacy in patients over 65 years of age
- Efficacy in AFib of longer duration (up to 45 days)
- Efficacy in congestive heart failure (through NYHA III)
- Adequate safety data in males and females, including subjects over age 65 years
- Tolerability, with a low incidence of AEs and discontinuations
- Safety when used in subjects with mild to moderate renal impairment (no dose
adjustment needed)
e Hepatic impairment not expected to have a significant effect on tedisamil elimination

e Can be administered concurrently with a broad range of medications, with very limited
potential for drug interactions, because tedisamil is not metabolized in humans

The risks associated with tedisamil are similar to those already identified for other Class III
antiarrhythmics. Solvay has clearly and completely disclosed these risks in the proposed
labeling and in the recommended dosage regimen. Moreover, these risks will be further
minimized by gender-specific doses and the implementation of the RiskMAP.
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The risks associated with tedisamil are cardiovascular in nature and include:

TdPs

Other types of ventricular arrhythmias
Bradycardia

Hypotension

The level of risk may be altered if patient selection, dose calculation, or drug administration is
inappropriate or incorrect.

Tedisamil must be administered in a setting that allows for continuous ECG monitoring for at
least 2 hours (i.e. the 30 minute infusion period and the following 1.5 hours). This is important
for the early identification and treatment of potential life-threatening ventricular arrhythmias,
particularly polymorphic sustained ventricular tachycardia.

In summary, with careful selection of patients and adherence to the recommended doses and
infusion regimen, the benefits of tedisamil treatment outweigh the risks. A Risk Minimization
Action Plan (RiskMAP) has been developed to reinforce correct use according to the label and
help health care professionals use tedisamil properly.

1.9 Risk Minimization Action Plan

As with other Class III antiarrhythmic drugs with pro-arrhythmic potential, the greatest
concern about tedisamil use is the risk of TdP. However, other cardiac risks exist, including
ventricular tachycardia and bradycardia. Risks of tedisamil use can be minimized with
appropriate dosing and administration consistent with the proposed product label. A RiskMAP
has been developed to reinforce correct use according to the label and help health care
professionals achieve the following objectives:

e Appropriate patient selection
e Correct dose and administration
e Treatment in appropriate setting (in hospital with ECG monitoring)

e Monitoring for 2.0 hours

The Risk MAP achieves these objectives via a targeted education and outreach program to
health care professionals who are likely to use tedisamil. Several reminder systems will be
provided to encourage correct, while avoiding unsafe, product usage. These reminders include:

e Algorithm checklist for appropriate prescribing with a focus on patient selection
and identification of necessary assessments prior to use (e.g. checking electrolytes
prior to administration)

e Detailed gender-specific dosage guides (included in the label and in additional
materials, including a dose guide and calculator)

e Administration and monitoring requirement guide (designed to be posted in the
patient care area)

© 2007 Solvay Pharmaceuticals 23

Volume: 1 Page: 0029



Tedisamil Injection 20mg/10mL Briefing Packet
NDA No. 22-123 Solvay Pharmaceuticals

The RiskMAP is described in more detail in Section 8.

1.10 Conclusions

Tedisamil is a Class III antiarrhythmic agent indicated for the restoration of NSR in subjects
with AFib/AFI. The efficacy and safety of tedisamil has been established during a
comprehensive clinical development program that has led to a gender-specific dosage regimen
to produce the most favorable risk/benefit relationship for the product.

Tedisamil provided rapid (within 30 minutes) and sustained (through 24 hours) restoration of
NSR for a significant proportion of the population. This effect remained consistent across a
range of subgroups, including gender, age, concomitant use of beta-blocking agents, NYHA
class, first and recurrent arrhythmia episodes, and in mild to moderate renal impairment.
Tedisamil was more effective in AFib subjects and in subjects whose current arrhythmic
episode was 48 hours or less in duration. Subjects continued on rate control agents (digoxin,
beta-blocking agents) throughout the studies and multiple other drugs were used concomitantly
without causing drug interactions.

Safety data for tedisamil did not reveal any unexpected safety findings compared to other drugs
in the class. It was well-tolerated by various subgroups including subjects with congestive
heart failure (NYHA I-1II), and mild or moderate renal insufficiency. The most common
TEAESs were cardiac disorders, which were also the most common cause of study withdrawal.
As with other Class III antiarrhythmics, tedisamil can cause QT prolongation, and TdP is a
concern. In the clinical program, the risk of adjudicated Torsade-like events at the
recommended doses was 0.5% or less for both males and females. The proposed labeling calls
for two hours of ECG monitoring from the initiation of the infusion to enable early
identification and treatment of potential life-threatening ventricular arrhythmias, particularly
sustained polymorphic ventricular tachycardia, should it occur.

The tedisamil RiskMAP has been developed to increase the care devoted to patient selection,
help make dosing more accurate, and generally improve compliance with the requirements
related to administration and monitoring. The end result is expected to be close alignment
between product usage and product labeling, effectively minimizing the risk to patients.

In conclusion, considering the efficacy and safety profile, the positioning of tedisamil in the
armamentarium of treatments for arrhythmia, and the risk management plan, tedisamil shows a
positive risk/benefit balance and merits approval for the proposed indication:

The rapid conversion of recent onset (3 hours to 45 days) atrial fibrillation (AFib) or
atrial flutter (AFl) to normal sinus rhythm.
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2 Background

Atrial fibrillation is the most common, clinically relevant arrhythmia with an overall
prevalence that increases with age.' This common sustained cardiac rhythm disorder results in
a substantial mortality and morbidity from stroke, thromboembolism, heart failure and
impaired quality of life.”” Atrial fibrillation affects an estimated 2.3 million adults in the
United States, with more than 160,000 new cases diagnosed each year.”

In the Framingham study, the lifetime risks at age >40 years for developing atrial fibrillation
were 26% for men and 23% for women.”® As women tend to live longer than men, and
because the disease is more prevalent in older people,” the disease burden on women is high
and growing.

In most patients, atrial fibrillation can be easily recognized from the surface electrocardiogram
with the presence of rapid, irregular fibrillatory waves, and irregular ventricular response.
Electrocardiogram tracings between atrial fibrillation and atrial flutter greatly overlap.

The symptoms in atrial fibrillation (palpitation, presyncope, fatigue, dyspnea) are primarily
caused by fast ventricular rates, which can be controlled by using the atrio-ventricular node
blocking drugs (rate control) or by converting atrial fibrillation to sinus rhythm (rhythm
control). Restoration of sinus rhythm reduces the need for the use of atrio-ventricular node
blocking drugs for rate control, decreases chances of thromboembolism, prevents tachycardia-
related cardiomyopathy, and lessens atrial mechanical dysfunction and electrophysiological
remodeling.8

There is no one single best approach to treating AFib/AFl. Physicians today select from
several treatment strategies and options and tailor their treatment to the individual patient’s
medical needs and personal expectations. Cardioversion to NSR by direct electric current (DC)
is very effective. The potential drawbacks of DC cardioversion include the need for anesthesia,
risk of aspiration, pain, skin burning, pulmonary edema, pacemaker malfunction,
thromboembolism, and adverse cardiac effects such as sinus arrest and ventricular
fibrillation.”'® In addition, patient anxiety related to the procedure, is frequently a
consideration. Pharmacological cardioversion, while typically less effective than DC
cardioversion, has the advantages of generally being simpler and convenient, free of the
anesthesia requirement, and being feasible in recent post-prandial state. The potential
disadvantages include drug-related side effects and limited effect in atrial fibrillation of longer
duration.

The drugs used for rhythm control in recent onset atrial fibrillation patients include Class IA
(e.g., quinidine, procainamide, disopyramide), Class IC (e.g., flecainide, propafenone), and
Class III (e.g., ibutilide, dofetilide, sotalol, amiodarone) antiarrhythmic agents, both by oral
and intravenous routes.'”'' Some of these agents are used “off-label” for conversion of atrial
fibrillation or flutter in that they have not been approved by FDA for this use. In general, all
these drugs work by prolonging atrial refractoriness. Both Class I and Class III agents have
significant proarrhythmic effects, which are intensified in patients with congestive heart
failure.

© 2007 Solvay Pharmaceuticals 25

Volume: 1 Page: 0031



Tedisamil Injection 20mg/10mL Briefing Packet
NDA No. 22-123 Solvay Pharmaceuticals

Class IC antiarrhythmic drugs, flecainide and propafenone, are generally considered to be
better than Class IA agents for the cardioversion of atrial fibrillation because of their higher
success rates and favorable adverse effect profile.'>"” These drugs do not prolong the
repolarization phase of the cardiac action potential and thus, do not precipitate TdPs.
Nonetheless, Class IC drugs prolong the depolarization, which may result in transient widening
of the QRS complex and conduction disturbances. Due to this mechanism, these agents are
contraindicated in patients with structural heart disease.

Among Class III drugs (e.g., ibutilide and dofetalide), the potential concern is prolongation of
the QT interval and an incidence of 3-6% of TdP, which should preclude the use of these
agents outside a monitored environment.'*"> Efficacy of sotalol for conversion of atrial
fibrillation appears to be modest and not proven through clinical studies.'® Amiodarone is
approved for life-threatening ventricular arrhythmias and is often used off-label for conversion
of atrial fibrillation, but is associated with a number of adverse effects, the most important of
which is organ toxicity. Amiodarone and dofetilide are the only antiarrhythmic considered safe
and effective in patients with moderate-to-severe left ventricular dysfunction. However
amiodarone should be used cautiously due to the risk of organ toxicity such as pulmonary
fibrosis, hepatic and thyroid dysfunction, and neurological and dermatological effects that may
develop at high doses after extended long-term use.'”'®

Due to the limitations of Class I and III antiarrhythmic agents currently available, there is
unmet medical need for a drug with a well-characterized efficacy and safety profile,
predictable pharmacokinetics, a sustained effect, efficacy in atrial fibrillation of longer
duration, well-characterized proarrhythmic potential, and good tolerability in patients with
cardiac disease.

Of particular note, there are well documented differences in QT between males and females."
Women tend to have longer QT intervals between puberty and at least 55 years of age, perhaps
due to lower parasympathetic tone, or estrogen- or metabolic-related changes. They are more
susceptible to malignant arrhythmias than men, and there is an increased incidence of TdP
among women when treated with Class III antiarrhythmics, which is a consistent finding with
all Class III agents approved for atrial fibrillation.”*'*? The reason for the female
predominance in drug-induced TdP remains unclear. These gender-based differences have been
investigated in the tedisamil AFib/AF1 development program.

3 Clinical Pharmacology

The current application is for IV administration of tedisamil, and therefore, this section focuses
on studies that evaluated the PK/PD of IV tedisamil in healthy subjects. Data from a population
PK/PD meta-analysis of five Phase III studies of IV tedisamil in subjects with AFib/AFI1
administered IV tedisamil is also included in this section. Finally, data from the oral tedisamil
program for the angina indication will also be discussed where relevant to the IV tedisamil
AFib/AF] indication.

Two salt formulations of tedisamil have been used in the development program. The tedisamil

sesquifumarate (SQF) formulation proposed for marketing is bioequivalent with the
dihydrochloride (DHCL) formulation and was used in the Phase III program.
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3.1 Mechanism of Action

Tedisamil is a multiple potassium channel blocker which blocks the rapid (IK;), slow (IK;) and
ultra-rapid (IK,r) components of the delayed rectifier current, the transient outward current
(Ito) and the ATP sensitive (IKatp), and the acetylcholine-activated (IKacm) potassium
currents, two of them (IK,; and IKscy) being atria-specific. Tedisamil is a Class 111
antiarrhythmic drug that prolongs the cardiac action potential duration and refractory period,
and at higher concentrations (10 times that required to block IK;) also possesses sodium
channel blocking properties in animal and human cardiac tissue preparations. Prolongation by
tedisamil of the cardiac action potential duration and refractory period is seen predominantly in
the atria compared to the ventricles.

3.2 Basic Pharmacokinetic Characteristics

After IV administration, tedisamil plasma concentrations decline in a multiexponential fashion.
The PK of tedisamil can be described by a three-compartment model. Tedisamil exposure
(area under the curve, AUC) increases proportionally with dose over the tedisamil dose range
0f 0.01 to 0.32 mg/kg in healthy subjects and 0.16 to 0.64 mg/kg in AFib/AF1 subjects.
Systemic clearance (CL) is dose-independent, ranging from 204 to 267 mL/min in healthy
subjects and 142 to 239 mL/min in AFib/AFI subjects. The volume of distribution (Vss)
ranges from 68 to 70 L in healthy subjects and 72 to 90 L in AFib/AFI subjects. The
elimination half-life (t,,) of tedisamil ranges from 4.5 to 6.9 h. Time of peak plasma
concentration (Tp,yx) shows a median value of 12.5 min when tedisamil is administered using
the two-step 30-min IV infusion.

The pharmacokinetic parameters calculated from the PK meta-analysis at the recommended
doses during a two-step 30-min IV infusion regimen are given in Table 3-1.

Table 3-1 Pharmacokinetic Parameters at the Recommended Doses in AFib/AFI Subjects (meta-
analysis)
Dose Number AUC (ng-h/mL) Cnax (ng/mL)
of subjects
Females: 0.32 mg/kg 201 3203 1000
(50 % in 10 min, 50 % in 20 min)
Males: 0.48 mg/kg 169 3802 1319
(50 % in 10 min, 50 % in 20 min)

3.3 Basic Pharmacodynamic Characteristics

After IV administration, tedisamil is associated with dose-dependent QT/QTc prolongation and
mild bradycardia. These effects closely follow the time course of tedisamil plasma
concentrations. At a dose level of 0.32 mg/kg in healthy male subjects, the maximum placebo
corrected QTcB prolongation was 34 msec. The placebo corrected heart rate reduction was 4
bpm.

In AFib/AFI subjects, the observed maximum QTcB prolongation is 41 msec in male subjects
at a dose of 0.48 mg/kg and 25 msec in female subjects at a dose of 0.32 mg/kg.
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3.4 Two-Step Infusion Regimen

The infusion regimen used in the Phase III program was designed using PK/PD modeling,
processing data generated in two healthy volunteer studies. QT/QTc prolongation was chosen
as the major pharmacodynamic parameter for PK/PD modeling, as it was regarded as a
surrogate for the pharmacodynamic action of tedisamil and a surrogate for safety.

The PK/PD modeling process identified the two-step infusion regimen with a starting dose
high enough to ensure a relevant and stable QT/QTc prolongation versus baseline over at least
30 minutes, and with a maximum dose level that is not expected to lead to a maximum absolute
QT value exceeding 550 msec in the majority of subjects.

The correlation between plasma concentrations of tedisamil and QT/QTcB in healthy male
subjects during a two-step, 0.32 mg/kg 30-min infusion regimen was examined. The expected
pharmacodynamic action, i.e. a prolongation of QT and QTc interval was observed over a time
period of 2 hours after the start of the infusion. The mean plasma concentration and mean
QTcB curves over time are shown in Figure 3-1.

Figure 3-1 Two-Step Infusion Regimen (0.32 mg/kg) in Healthy Male Volunteers: Plasma
Concentration and QTcB- Time Profile (Study S219.1.116)

900 500
<_l—> Two-step infusion —©— Plasma concentration
800 A —®— QTcB tedisamil - 480
—a&— QTcB placebo
700 - r 460
600 r 440
5
r 420
500 4+
E 3
? F 400 £
400 -+
E r 380
L 300 {
r 360
2001 r 340
100 A | 300
[0} T T T T T 300
0 0.5 1 1.5 2 2.5 3

time (hrs)

3.5 Population Pharmacokinetics/Pharmacodynamics

A meta-analysis evaluating data collected across five Phase I1I studies was carried out to
further define the PK/PD characteristics of IV tedisamil in AFib/AF]1 subjects. The

QTec Fridericia (QTcF) was taken as the PD parameter. A total of 9,141 tedisamil
concentrations from 770 subjects with recent onset AFib/AF1 were included in the population
PK meta-analysis. Serial PK sampling was obtained from subjects enrolled in studies
S219.3.112, S219.3.114, and S219.3.116. Sparse PK sampling at multiple timepoints was done
in studies S219.3.117 and S219.3.118. A total of 13,599 QTcF measurements from 1,132
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subjects (i.e., 4,391 QTcF measurements from 381 placebo-treated subjects and 9,208 QTcF
measurements from 751 tedisamil-treated subjects) were included in the population PK/PD
analysis.

The following factors were identified to significantly influence tedisamil clearance or volume
of distribution: renal function (as estimated by creatinine clearance, CrCL), lean body mass
(LBM), and co-administration of verapamil.

e The increase in volume of distribution with lean body mass is consistent with the
recommended consideration of weight in dosing tedisamil (see Section 3.6).

e Tedisamil CL decreases by 42% in AFib/AF]1 subjects with moderate renal impairment
compared with subjects with normal renal function or mild renal impairment. As Cjax
is not affected by the decreased clearance in moderate renal impairment this does not
warrant a dosing adjustment (see Section 3.8).

e Co-administration of tedisamil and verapamil is associated with a 13% decrease in
tedisamil CL in AFib/AF]I subjects, without significant effect on QTcF. This does not
warrant a dosing adjustment (see Section 3.9).

The PK of IV tedisamil in AFib/AF] subjects is not influenced by gender, smoking status,
severity of congestive heart failure based on NYHA classification, albumin level, total protein
level, or the concomitant use of ACE inhibitors, diuretics, vasodilators, digoxin, and substrates
or inhibitors of organic anion and cation renal transporters.

PK/PD modeling has shown that the total tedisamil dose is the only factor identified to
significantly influence the relationship between tedisamil exposure and QTcF. The effect of
tedisamil on QTcF is not influenced by demographics or clinical covariates.

3.6 Body Size

In the Phase III program dosing was done on a mg/kg basis. Since distribution of the non-
lipophilic drug tedisamil is limited to total body water, the actual body weight was only used
for subjects with a BMI up to 28 kg/m?. For overweight and obese subjects (BMI > 28 kg/m?)
dosing was based on a body weight associated with a fixed BMI of 28 kg/m” (e.g. for a person
with a BMI of 33 kg/m? and a height of 1.85 m, dosing was based on a body weight of
28*1.85°= 96 kg). This is consistent with the observed increase in volume of distribution with
lean body mass in the meta-analysis.

3.7 Age and Gender

The meta-analysis did not reveal any effect of gender on the pharmacokinetics of tedisamil.

In clinical studies, tedisamil C,,,x was only slightly higher (3-6 %) in subjects >65 y compared
to those <65 y. AUC was 11-19 % higher in subjects >65 y compared to those <65 y. The
meta-analysis did not reveal any effect of age as such on the main pharmacokinetic parameters,
namely clearance and volume of distribution. The increased exposure in the elderly is likely
related to their reduced renal function, which was identified as a significant covariate affecting
tedisamil clearance.
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3.8 Elimination

Tedisamil is almost exclusively eliminated as unchanged drug via the renal route. Upon IV
administration, about 97 % of the dose excreted in the urine was attributed to the parent
compound. Hepatic impairment would not be expected to have a significant effect on tedisamil
elimination. Tedisamil CL decreases by 42% in AFib/AFI subjects with moderate renal
impairment (30<CrCL<60 mL/min) compared with subjects with normal renal function or mild
renal impairment (CrCL>60 mL/min). As expected from a drug administered as a single dose
short infusion, Cpay is not affected by the decreased clearance in moderate renal impairment.
This is illustrated in Figure 3-2 in which the average PK profile following a two-step 30-min
IV infusion in AFib/AFI subjects with normal renal function or mild renal impairment and
subjects with moderate renal impairment at a 0.32 mg/kg dose level is depicted. Similar results
were observed at the 0.48 mg/kg dose level.

Figure 3-2 Average PK Profile Following a 2-Step, 30-min, I'V Infusion of Tedisamil in Normal and
Renally Impaired Subjects at a Dose Level of 0.32 mg/kg (meta-analysis)
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The safety profile and the magnitude of QTc effects are similar in subjects with moderate renal
impairment when compared to subjects with normal function. No dosing adjustment is
proposed in AFib/AF] subjects with mild or moderate renal impairment. Tedisamil should not
be administered in subjects with severe renal impairment; such subjects were not studied in the
tedisamil clinical development program.

3.9 Drug Interaction Potential

The metabolism of tedisamil is very limited. There is no in vitro evidence that the human
cytochrome P450 (CYP) isoenzymes contribute to the metabolism of tedisamil. Consequently,

it is unlikely that significant changes in tedisamil exposure would occur from a CYP-related
drug interaction.
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Tedisamil is a strong inhibitor of CYP 2D6. Tedisamil is not an inducer of CYP isoenzymes in
vitro. Based on observations from the Phase III studies in AFib/AF]1 subjects, there is no
evidence for any relevant drug interaction issues with co-administration of tedisamil with beta-
blocking agents that are metabolized by CYP2D6, such as carvedilol or metoprolol. In general
caution should be exercised for co-administration with beta-blocking agents and other drugs
metabolized by CYP2D6 such as Type 1C antiarrhythmics (e.g., propafenone, flecainide,
encainide) and antidepressants (e.g., paroxetine, imipramine).

Tedisamil is a substrate for the human P-glycoprotein (Pgp) transporter. The Pgp-mediated
transport of tedisamil is inhibited in vitro by verapamil. Upon IV administration, co-
administration of tedisamil and verapamil is associated with a 13% decrease in tedisamil CL in
AFib/AFI subjects, without a relevant effect on the QT interval. Coadministration of tedisamil
with verapamil does not necessitate a dosing adjustment.

The in vitro protein binding of tedisamil is 96.5%. No significant PK/PD interaction was
observed upon co-administration of oral tedisamil with warfarin, suggesting a lack of
displacement of protein-bound tedisamil by warfarin, and vice-versa.

No significant PK/PD interaction exists between oral/IV tedisamil and digoxin and between
oral tedisamil and glibenclamide.

4 Clinical Development Program for Atrial Fibrillation/Atrial Flutter

4.1 Overview of Studies

Tedisamil was initially developed as an oral anti-angina compound in subjects with chronic
stable angina pectoris. Given the antiarrhythmic profile of tedisamil and the availability of a
variety of antianginal agents for first and second line treatment of chronic stable angina
pectoris, it was considered appropriate to focus further development efforts on rapid
conversion of AFib/AFI to NSR. Subsequently, work on the angina indication was
discontinued and the development program was refocused to conversion of AFib/AFI to NSR.

The primary objective of the antiarrhythmia clinical development program was to detect a
difference between any dose of tedisamil and placebo on the ability to convert atrial
fibrillation/flutter to NSR.

Phase II studies with tedisamil in AFib/AFl subjects started in June 1998. Study S219.2.102
was designed to determine the percentage of AFib/AFI subjects who converted and remained in
NSR at one hour after the initiation of a 10-min infusion of tedisamil at 0.16 mg/kg and

0.24 mg/kg. It was discontinued following slow recruitment and lack of efficacy. Based on
PK/PD modeling, the dose and infusion regimen were adapted in subsequent studies.

The tedisamil doses were increased to 0.32 mg/kg and 0.48 mg/kg, and the infusion time was
lengthened to 30 minutes utilizing a two-step infusion regimen (half the dose in the first 10
mins and the other half in the remaining 20 mins). (See Section 3.4 for the rationale for this
change.) These doses and the revised infusion regimen were tested in a Phase II “proof of
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principle” study (S219.2.107), which enrolled subjects who had an AFib/AF] episode of

<48 hour duration. This study showed efficacy in both doses compared to placebo. The rate of
conversion within 2.5 hours was 46.2% (24/52) for 0.32 mg/kg and 57.1% (24/42) for

0.48 mg/kg tedisamil compared to 8.7% (4/46) for placebo.

Phase III studies, using the two-step infusion regimen, began in November 2002. Following
several reports of serious events in female subjects, Solvay decided to suspend the studies in
March 2003 after consultation with the AOC. A thorough investigation showed that
arrhythmic events in female subjects, occurred at doses of tedisamil 0.48 mg/kg and higher.
Following a review of available data and consultation with the FDA and MHRA, the
antiarrhythmia program was revised to adopt a dose-finding strategy separated by gender. The
following modifications were made to the clinical development plan:

e Study S219.3.112 was amended to exclude females.

e S219.3.114 was amended to exclude females and to adapt the dose; the option to extend
the infusion to 50 minutes was deleted, eliminating the extended doses of
“0.32-0.48 mg/kg” and “0.48-0.72 mg/kg”.

e Three gender-specific studies were added: Study S219.3.117 enrolled only male
subjects, and Studies S219.3.116 and S219.3.118 enrolled only female subjects.

e In addition, the post-cardiac surgery studies S219.3.111 and S219.3.113 were
terminated due to low enrollment.

A total of nine clinical studies have been conducted for IV tedisamil as an antiarrhythmic: two
Phase II studies and seven Phase III studies. The numbers of subjects who received study drug
in these studies are summarized by dose in Table 4-1. These nine studies provide information
on the safety of tedisamil. A total of 1401 subjects received study drug in these studies

(931 received tedisamil and 470 received placebo). This is defined as the integrated safety
dataset.
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Table 4-1 Overview of Clinical Studies for IV Tedisamil Antiarrhythmia Project
Tedisamil dose group (n)
Total subjects treated (n) Combined
- - . . Placebo
Study 1V Tedisamil (mg/kg) Tedisamil )
Safety 0.32- 0.48-
Population® Male | Female 0.16 | 0.24 | 0.32 048" 0.48 072" 0.64
Phase 11
S219.2.102 ¢ 26 20 6 9 8 - - - - - 17 9
$219.2.107 180 109 71 - - 65 - 54 - - 119 61
Phase III post-cardiac surgery*
$219.3.111¢ 14 14 0 - - 5 - 4 - 2 11 3
$219.3.113¢ 3 2 1 - - - - - 2 - 2 1
Phase I11
S219.3.112 272 236 36 - - 71 70 - 60 201 71
S219.3.114
(Post Amend)® 228 228 0 58 - 59 - 54 - - 171 57
S219.3.114
(Pre Amend)” 51 33 18 - - 17 - 17 - 34 17
S219.3.116 358 0 358 - 120 | 120 - - - - 240 118
S219.3.117 117 117 0 - - - 59 - - 59 58
S219.3.118 152 0 152 - - 77 - - - - 71 75
Total IV 1401° 759 642 67 128 | 397 17 241 19 62 931 470

“ Safety Population included all subjects who received any amount of study drug.

® Study $219.3.114 was amended to exclude females and removed the option to extend the infusion to 50 minutes, Prior to the amendment, subjects who
received an initial dose of 0.32 mg/kg and were still not in NSR, received an extended dose of 0.16 mg/kg over the next 20 mins giving a total dose of
0.48 mg/kg over 50 mins (noted as “0.32-0.48 mg/kg” dose). Subjects who received an initial dose of 0.48 mg/kg using and were still not in NSR, received
an extended dose of 0.24 mg/kg over the next 20 mins giving a total dose of 0.72 mg/kg over 50 mins (noted as “0.48 mg/kg — 0.72 mg/kg” dose).

“Phase II Study used 10 min IV infusion

4 Post-cardiac surgery studies were terminated due to low enrollment.

¢ This number includes the 931 tedisamil subjects and 470 placebo subjects who were in the integrated safety dataset.
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5 Clinical Efficacy

5.1 Efficacy Overview

Seven Phase III studies were conducted. The two studies in subjects treated after cardiac surgery
(S219.3.111 and S219.3.113) were terminated early due to low enrollment, and therefore, were
not included in efficacy analyses. Efficacy assessments of tedisamil are based on the five
gender-specific multicenter, randomized, double-blind, placebo-controlled, Phase III studies that
evaluated the efficacy of IV tedisamil in subjects with a recent onset (3 hours — 45 days) episode
of AFib/AFI:

e Studies S219.3.112, S219.3.114, and S219.3.117 in males; and
e Studies S219.3.116 and S219.3.118 in females.

The primary objective of these clinical studies was to detect a difference between any dose of
tedisamil and placebo in converting atrial fibrillation to NSR. Study drug (tedisamil or placebo)
was administered as a two-step 30-min infusion, with half of the dose given during the first 10
minutes and the remaining dose given over the next 20 minutes.

The efficacy population was based on the “full analysis set” as described in the International
Conference on Harmonisation (ICH) guidelines E-9 (Statistical Principles for Clinical Trials)
and is referred to in this briefing document and in the NDA as the AFib/AF1 ITT sample. It
consisted of all treated subjects who:

e Had post-baseline efficacy data (Holter and/or ECG recording available), and
e Did not convert to NSR before the initiation of the study drug infusion.

In the individual studies, randomization was stratified by type of arrhythmia (AFib or AFl). The
primary efficacy analyses were performed on the AFib subjects (AFib ITT). In addition, analyses
were done on the combined population of AFib and AFI subjects (AFib/AF1 ITT). Efficacy
results from the integrated Phase III efficacy dataset focus on the AFib/AF1 ITT.

As shown in Table 5-1, 27 subjects randomized to tedisamil (22 males; 5 females) and 15
randomized to placebo (8 males; 7 females) were not treated and are excluded from the efficacy
and safety populations. Four subjects were excluded from ITT analyses across the five studies.
Reasons for being excluded were 1) conversion before start of infusion (n=3) and no post-
baseline efficacy data (n=1).
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Table 5-1 Overview of Phase III, Multicenter, Double-Blind, Randomized, Placebo-Controlled Studies of IV Tedisamil
Male Studies $219.3.112° S219.3.114 (Post Amendment 5) S219.3.117 Combined
Population Sample Tedisamil Tedisamil Tedisamil
0.32 0.48 0.64 Placebo 0.16 0.32 0.48 Placebo 0.48 Placebo | Tedisamil | Placebo
mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg

Randomized 72 73 66 72 61 60 60 60 61 62 453 194

- No study drug 1 3 6 1 3 1 6 3 2 4 22 8
Safety 71 70 60 71 58 59 54 57 59 58 431 186
- Conversion before start of 0 0 0 0 0 1 0 0 0 0 1 0
infusion
AFib/AFLITT
- Males 65 59 50 62 58 58 54 57 59 58 403 177

(56/9) (51/8) (44/6) (53/9) (50/8) (52/6) (46/8) (51/6) (48/11) (48/10) (347/56) (152/25)
- Females 6 11 10 9 27 9
(5/1) 972) (7/3) 8/1) (21/6) (8/1)
AFib ITT
- Males 56 51 44 53 50 52 46 51 48 48 347 152
? Before amendment, the study randomized 29 AFib females and 7 AF1 females.
Female Studies $219.3.116 S$219.3.118 Combined
Population Sample Tedisamil Tedisamil
0.24 0.32 Placebo 0.32 Placebo Tedisamil Placebo
mg/kg mg/kg mg/kg

Randomized 122 123 122 77 78 322 200

- No study drug 2 3 4 0 3 5 7
Safety * 120 120 118 77 75 317° 193°
- Conversion before start of infusion 1 0 0 1 0 2 0
- No post-baseline efficacy data 1 0 0 0 0 1 0
AFib/AFLITT
- Females 118 (106/12) 120 (107/13) | 118 (105/13) | 76 (67/9) | 75(68/7) | 314 (280/34) | 193 (173/20)
AFib ITT
- Females 106 107 105 67 68 280 173

? The integrated safety dataset included 27 tedisamil and 9 placebo female subjects exposed in Study S219.3.112, for a total
safety female population of 344 in the combined tedisamil group and 202 in the placebo group. In the integrated dataset,
202 female subjects received the recommended dose of 0.32 mg/kg tedisamil.
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5.2 Study Design
The study design used in all the Phase III studies is shown in Figure 5-1.

Figure 5-1 Schematic for Study Design of the Phase III Studies in the Tedisamil Clinical
Development Plan
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Subjects for enrollment were screened from the investigator’s practice and referral base. At
screening, subjects were to be in AFib or AF1 as documented by 12-lead ECG (120 second
rhythm strip with at least 60 seconds of an evaluable recording).

The Phase III studies had the same inclusion/exclusion criteria, except for subject gender. All
subjects had to have documented AFib or AFl for at least 3 hours but not more than 45 days as a
first or recurrent episode, be hemodynamically stable (SBP > 90mmHg, DBP <105mmHg), and
be at least 18 years of age. Anticoagulation was to be undertaken at the discretion of the
investigator, according to current guidelines.

The main exclusion criteria included:

Congestive heart failure of NYHA functional Class IV

Clinical evidence of hyperthyroidism

History of life-threatening ventricular arrhythmias including TdPs
MI within 30 days before randomization

Cardiac surgery within three months before randomization
Congenital long QT syndrome

QTc interval >470 msec prior to randomization

© 2007 Solvay Pharmaceuticals 36

Volume: 1 Page: 0042



Tedisamil Injection 20mg/10mL Briefing Packet
NDA No. 22-123 Solvay Pharmaceuticals

e Serum creatinine >1.8 mg/dL (159 mmol/L) or serum potassium < 4.0 mEq/L
(< 4.0 mmol/L)

Concurrent treatment with antiarrhythmic drugs (except for digitalis, diltiazem, or beta-blocking
agents) was not allowed. Subjects could not have been treated with amiodarone in the three
months before randomization.

If entry criteria were met at baseline, subjects were randomized to receive one of the doses of
tedisamil or placebo. Subjects were hospitalized for study drug infusion and 24-hour telemetry.

Study drug was administered by a two-step, 30-min infusion. The infusion was completed
whether or not the subject converted to NSR. Other antiarrhythmic drugs were allowed after
24 hours after the start of infusion. Doses of tedisamil ranged from 0.16 to 0.64 mg/kg (see
Section 3.6).

Subjects were hospitalized for at least 24 hours after the start of the infusion and monitored for
safety. If clinically indicated, the investigator could restore NSR immediately or at any time
during the study by DC cardioversion. To avoid interference with the primary endpoint, DC
cardioconversion within 2.5 hours after initiation of the infusion was discouraged.

A Holter tape was started 10 minutes before start of study drug infusion and continued for

24 hours. The Holter tapes were analyzed centrally to document the first conversion into NSR
(for at least 60 sec) and to monitor rhythm for 24 hours. The Holter tapes were also analyzed for
arrhythmias according to specific Holter analysis definitions and ventricular events were coded
according to a predefined coding system (as described in Section 6.8.1). These codes were
adjudicated by an independent AOC (its charter is provided in Appendix 1). In addition, 12-lead
ECGs, including 120 sec thythm strips, were obtained at regularly scheduled intervals.

Efficacy Parameters

The primary efficacy parameter was the percentage of subjects who converted to NSR for at least
60 seconds at anytime within 2.5 hours after the initiation of the infusion of study drug.

Secondary efficacy parameters included the percentage of subjects achieving the primary
endpoint (i.e., converting to NSR within