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EXECUTIVE SUMMARY

Amiodarone is a marketed drug and the need for a new drug application is dictated by the new dosing formulation
and dosing regime. The currently marketed amiodarone (Cordarone 1V), the reference listed drug product for this

505(b)(2) application, produces hypotension in patients that is attributed to the co-solvents used in its formulation
(polysorbate 80 and benzyl alcohol). The dosage and administration section of the Cordarone [V labeling

recommends infusing the product over 10 minutes to minimize the potential for hypotension. The sponsor believes
o)

C - b4

The sponsor provided nonclinical pharmacology data supporting this distinction. Captisol-Enabled Amiodarone
(PM101) at the recommended human dose (2.14 mg/kg over 2 seconds + 0.014 mg/kg/min iv) did not produce
hypotension in anesthetized dogs, whereas the positive comparator, Cordarone IV given at a dose of 2.14 mg/kg
over 10 minutes + 0.014 mg/kg/min produced hypotension in this study. A 10-fold higher dose of either Captisol-

-Enabled Amiodarone or Cordarone IV produced hypotension secondary to drug-related reductions in cardiac output
and cardiac contractility. This distinction could not be made in conscious telemeterized monkeys, in which both
Captisol-Enabled Amiodarone and Cordarone 1V given intravenously at a dose of 5 mg/kg over 3 minutes were
without effects on blood pressure. In these studies (anesthetized dogs and conscious telemeterized monkeys), neither
Captisol-Enabled Amiodarone nor Cordarone IV affected ECGs.

A

In another study, Captisol-Enabled Amiodarone and Amiodarone 1V given intravenously at 2.14 mg/kg over 2
seconds -+/- 0.014 mg/kg/min for 20 minutes tested negative for electrophysiological effects in anesthetized open
chest dogs. Increasing the bolus dose 10-fold to 21.4 mg/kg or the maintenance dose 50-fold to 0.7 mg/kg/min for
20 minutes yielded elecirophysiological effects consistent with depression of AV and sinus nodal function
(decreased Wenckebach rate, increased AH and HV intervals, increased sinus nodal recovery time), as well as an
increase in atrial effective refractory period. Fatal AV block was observed with both drug products at the 10-fold
higher bolus dose, and the 50-fold higher maintenance dose. The LOAEL (bolus dose) for this effect was 21.4
mg/kg over 2 seconds for both drug products. Additionally, both drug products were associated with pacing-induced
ventricular tachycardia degenerating into VF. The LOAEL (bolus dose) for this effect was 2.14 mg/kg over 2
seconds for Captisol-Enabled Amiodarone and 21.4 mg/kg over 2 sec for Amiodarone 1V, respectively. Intermediate
doses were not evaluated; therefore the LOAEL could be lower than the present estimate. This highlighted the
potential for life-threatening arrhythmias with rapid administration of either drug product.

The sponsor evaluated Captisol-Enabled Amiodarone and Cordarone IV in a 2 week canine intravenous toxicology
study. There were no adverse effects observed at the dose administered (5 mg/kg + 10.3 mg/kg/day for 14 days).
The steady state plasma amiodarone concentrations observed in this study were similar between these 2 treatment
groups, and therefore independent of the change in formulation.

In no study did the sponsor compare plasma amiodarone concentrations following a 2 sec vs a 10 minute initial
dosing regime. Therefore, there is no nonclinical pharmacokinetic data comparing these 2 dosing regimes.

Captisol-Enabled amiodarone produced hemolysis in vitro in human blood, but only at a concentration of 50 mg/ml,
which suggest this is not an issue clinically. Captisol-Enabled amiodarone appeared to precipitate in plasma and pH.
7.63 buffer, similar to Cordarone IV. The precipitating concentrations were as low as 1.0 mg/ml and 1.5 mg/ml,
respectively, for Captisol-Enabled amiodarone and Cordarone IV concentrations. Given similar findings with these 2
formulations, and abundant clinical experience with Cordarone IV, this finding also seems clinically irrelevant.

Recommendation for Additional Nonclinical Studies

This reviewer recommends further nonclinical evaluation of the proarrhythmic potential of the rapid, 2 second, bolus
dosing regime of Captisol-Enabled Amiodarone using programmed electrical stimulation to determine if the
ventricular tachycardia/fibrillation observed in anesthetized dogs with ventricular pacing is a drug effect.

The rationale for this study follows. Induction of ventricular tachycardia/ventricular fibrillation suggests that at high

doses, or rapid administration, amiodarone non-uniformly slows conduction velocity or alters refractoriness, which in

turn allows for development of unidirectional block and reentry loops that is revealed by ventricular pacing. If this is a
“true drug effect, programmed electrical stimulation designed to induce ventricular tachycardia should reveal it.
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Labei Recommendations

The sponsor’s proposed label allows for T . i -
T w b
®  Reviewer recommendation: This should be deleted from the proposed label — —aseee ( 4)
v -
“ J

Section 8. USE IN SPECIAL POPULATIONS
Section 8.1 Pregnancy and Section 8.2 Labor and Delivery

®  Reviewer recommendation: No changes are needed since the wording is identical to the Cordarone IV
label.

Section 12. CLINICAL PHARMACOLOGY
12.2 Pharmacodynamics

®  Reviewer recommendation:

The paragraph-

_ .9 b@)

®  should be deleted since

’
—

“

*  orthe paragraph could be expanded to include the Jollowing: “Higher doses produce negative inotropic

. and hemodynamic effects in animals similar to Cordarone IV,

Section 13. NONCLINICAL TOXICOLOGY
13.1 Carcinogenesis, Mutagenesis, Impairment of Fertility

®  Reviewer recommendation: No changes are needed since the wording is identical to the Cordarone IV
label.
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PHARMACOLOGY STUDIES
Study Title: An Examination of the Cardiovascular Effects of PM101, Captisol, and

Cordarone IV on Anesthetized Female Beagle Dogs (CorDynamics Study
Number 798-0601)

Key Findings: PMI01 (2.14 mg/kg) given intravenously as a bolus over 2 seconds to
anesthetized female beagle dogs did not affect hemodynamics or heart rate.
PM101 given as a bolus over 2 seconds at a 10 fold higher dose (21.4 mg/kg)
decreased blood pressure, systemic vascular resistance, cardiac output, left
ventricular developed pressure and contractility (+- LV dP/dt), and heart rate.

Amiodarone IV, given intravenously decreased blood pressure, cardiac
output, and left ventricular +/~ dP/dt at all dose levels evaluated. The LOEL
was 2.14 mg/kg over 10 minutes. Heart rate was altered in a biphasic manner,
with elevations seen at 2.14 mg/kg and little to no change observed at 21.4
mg/kg, suggesting reflex tachycardia at the lower dose and direct depression

at the higher dose.
PM101 (21.4 mg/kg) and amiodarone (21.4 mg/kg) given over 2 seconds
prolonged PR interval.
Study Number: N103
Report Status: Final and quality assured
Study Initjation Date: 13Nov2006
Study Facility: Cerynamics, Inc.
2242 W. Harrison St.
Chicago, IL 60612
GLP Compliance: Yes
Animals: Female Beagle Dogs
Number/dose: 7
Age: 7-13 months
Body weight: 6-12 kg
Drug: PM101
Lot Number: 7041
Vehicle: D5W (5% dextrose in water)
Vehicle: Captisol (lot# CD083.87)
Reference Drug: Amiodarone IV solution (50 mg/ml, lot# 401858)
Vehicle Polysorbate 80/benzy! alcohol

Methods

Female beagle dogs were anesthetized (morphine, o-chloralose) and instrumented for measurement of arterial blood
pressure, left ventricular pressure, +/- LV dP/dt, cardiac output, systemic vascular resistance, heart rate and lead I1
ECGs. ECG parameters monitored were PR, QRS, QT, QTc (Bazett), QTcFredericia, and QTc (van der water)
intervals. PM101, amiodarone 1V, and vehicle were administered intravenously over a 2 second or 10 minute time
period. Each dog received a single treatment and was monitored for 60 minutes prior to sacrifice. Blood samples
were taken from dogs given PM101 (2.14 mg/kg over 2 seconds) at 0, 1, 5, 10, 20, 40, 60, 90 and 120 minutes for
determination of plasma amiodarone levels. Plasma amiodarone levels were not evaluated in any other treatment

groups.
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Treatment groups are shown below.

_ ) Duration Duration Number
Group | Test Compound Dose Dose | Volume of of of
Concentration | (mg/kg) | (mL‘kg) Dosi Experitnent | Female
osing )
(hours) Dogs
I D3W NA NA 0.043 2 sec, | 7
2 Captisol 225 mg/mL NA 0.043 2 sec. 1 7
3 Captisol 225 meg/mL NA 0.428% 2 sec. 1 7
4 PM 101 50 me/mL” 214 0.043 2 sec. 2 7
5 PM]01 50 me/mL® 21.4 0.428 2 see, 1 7
6 Amiodarone TV | 1.5 mg/mlL ° 2.14 143 | 10min.® 1 7
7 Anmiodarone IV 50 mp/mbL 2.14 0.043 2 sec. 1 7
8 Amiodarone 1V 30 me/mi 21.4 0.428 2 sec. ) 7
) Amiodarone 1V NA NA 1.43 10 min, ! 1 7
Excipients®
10 Amiodarone IV NA NA 0.043 2 sec. I 7
Excipients®
1 Amiodarone IV NA NA 0.428 2 sec. 1 7
Excipients®
7 Sham control was instrumented and dosed with DSW 1o match-by-volume Group 4 regimen.
® Contained 225 mg/mL Captisol. .
¢ 2 hour dosing period cnabled extended test compound in plasma bleed points to correlate with possible
future studies. ,
30 mg/miL preparation diluied with D53W to match current human dosing regimen for Amiodarone 1V,
“ Amiodarone IV excipient mixture contained 202 mginL benzyl aleohol (FW 108.14), 100 mg
polysorbate 80 (density = 1,064 o/mL), remainder water for injection,
" Amiodarone 1V excipient mixture diluted as in Group 6 with D5W,
Note: Amiodarone IV dosing was with Amiodarone IV Reference Listed Drug (ANDA 75-761;
Lot#401858)

Results
All animals survived until scheduled sacrifice.
Bolus (2 sec) administration of DSW and captisol (groups 1, 2, and 3) did not affect hemodynamics.

PM101 (2.14 mg/kg) given as a 2 second bolus (group 4) did not affect hemodynamics. PM101 (21.4 mg/kg) given
as a 2 second bolus (group 5) decreased mean aortic pressure, systemic vascular resistance, cardiac output, and left
ventricular developed pressure and contractility (+/- LV dP/dt) within one minute of administration with rapid
recovery of cardiovascular function starting at approximately 10 minutes after dose.

Amiodarone IV at all doses and dose regimens tested (groups 6-8) decreased cardiac output, mean aortic pressure,
systemic vascular resistance, and left ventricular contractility (+/- LV dP/dt) within one minute of administration.
Systemic and left ventricular pressures in Amiodarone IV-treated animals did not recover during the 60 minutes of
the study.

Heart rate was elevated in dogs given Amiodarone IV at 2.14mg/kg (groups 6, 7); this tachycardia is likely reflex
given the decrease in blood pressure. Tachycardia was not observed in dogs given Amiodarone IV 21 Amg/kg
(group 8), suggesting a direct drug effect to depress heart rate.

Administration of amiodarone 1V excipients (groups 9-11), produced effects on cardiovascular parameters similar to
those seen in dogs given Amiodarone IV, suggesting that the effects of Amiodarone IV were at least partially due to
these excipients.

PM101 (21.4 mg/kg) and amiodarone (21.4 mg/kg) increased PR interval (groups 5 and 8, respectively). No other
ECG effects, including effects on QTc were observed in any treatment group (data not shown).
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Systemic Vascular Resistance

90
80
70
60
50
40
30
20
10

0

0

1

% L T

10 15 30 45 60 90 120
min min min min min min min  min_ min

Time {min)

~—GROUP 1 - D5W
- GROUP 2 - CAPTISOL A
GROUP 3 - CAPTISOL B
e~ GROUP 4 - PM101 A
~#-GROUP 5 - PM101 B
~a~GROUP 6 - CORDARONE A
——GROUP 7 - CORDARONE B
— GROUP 8 - CORDARONE C
e GROUP 9 - TWEEN A
GROUP 10 - TWEENB .

GROUP 11 - TWEENC

Cardiac Output (L/min)

0

1

10

15 30 45 60 90 120
min min min min min Min min Mmin- min

Time (min)

:—+—GROUP 1 - D5W

~&~GROUP 2 - CAPTISOL A
GROUP 3 - CAPTISOL B
-GROUP 4 - PM101 A

| =#=GROUP 5 - PM101 B

! ——GROUP 6 - CORDARONE A

| +—GROUP 7 - CORDARONE B

——GROUP 8 - CORDARONE C

-~ GROUP 9 - TWEENA
GROUP 10 - TWEENB
GROUP 11 - TWEENC

- dP/dt (mm Hg/sec)

"o I

0

1

10

1% 30 45 60 90 120

min min min Mmin_ min min Mmin M min

Time (min)

~+-GROUP 1 - DSW
-#--GROUP 2 - CAPTISOL A
GROUP 3 - CAPTISOL B
GROUP 4 - PM101 A
«x~GROUP 5 - PM101 B
~#-GROUP 6 - CORDARONE A
-+~ GROUP 7 - CORDARONE B
— GROUP 8 - CORDARONE C
- GROUP 9 - TWEEN A
GROUP 10 - TWEEN B
GROUP 11 - TWEENC




NDA 22325

dP/dtmn (mm Hglsec)

10 15 30 45 60 90 1%
min min min min min min min min min

S —GROUB 1-D5W
+ ~=-GROUP 2 - CAPTISOL A

GROUP 3 - CAPTISOL B
: GROUP 4-PM101 A
- GROUP 5- PM101 B
| =~ GROUP 6 - CORDARONE A
~—~GROUP 7 - CORDARONE B8
|| ~—GROUP 8 - CORDARONE ¢
- GROUP 9 - TWEEN A
GROUP 10 - TWEEN B
GROUP 11 - TWEENGC

1

10

1% 20 45 80 90 120
min. mih min min min min min min
Time (min)

——GROUP 1 - DSW
~#-~GROUP 2 - CAPTISOL A
CGROUP 3 - CAPTISOL B
-~ GROUP 4 - PM101 A
~#~GROUP 5 - PM101 8
~+~GROUP 6 - CORDARONE A
~+~GROUP 7 - CORDARONE B
~—GROUP 8 - CORDARONE C
-------- GROUP S - TWEEN A
GROUP 10 - TWEEN B
GROUP 11 - TWEEN C

i




NDA 22325 10

Pharmacokinetic parameters for plasma amiodarone levels determined in dogs given PM101 (2.14 mg/kg over 2
seconds) are shown below. Amiodarone plasma levels peaked at 1 minute following dosing and declined
biexponentially with a mean terminal ti2 0f 64.1 minutes,

Dose
Dose  Level Cons Cy T AlICq 1 AUC,., [§F) CL vV,
Group (mg/ky) Gender ng/ml) (ngiml) ( min) (ngemin‘ml.) (ngemin‘mL) (min) mLminkg mliky
= MeRg) Gender  (ngin)
4 214 F Mean 13571 21462 1.00 75169 - 83301 64.1 26.7 2481
S 34514 s419 0 17867 19017 59 55 568
N 7 7 7 7 7 7 7 7

Cmax, maximum observed concentration in plasma

CO, plasma concentration extrapolated to time zero

Tmax, time to maximum observed concentration

AUCO-120, area under the plasma concentration-time curve from time 0 to 120 minutes
AUCO-c0, area under the plasma concentration-time curve from time 0 to infinity

t1/2, terminal elimination phase half-life, determined by In )Nz

CL, total drug clearance,

Vz, volume of distribution

Individual and mean amiodarone concentrations for these same animals are shown below.

Plasma Amiodarone Concentrations (ng/ml)

Dose  Dose Level Time After Dosing (Minutes)

Group  (mgkg)  Gender Animal 0 1 5 10 20 . 40 60 90 120
4 214 I 3 <250 20700 3290 1090 408 211 149 120 109
11 <250 1200 1560 549 229 118 915 789 034
15 <250 11600 2000 645 284 181 140 113 859
18 <250 13000 2540 785 322 165 202 136 107
21 250 0600 1470 spy 204 120 963 g8 67.0
29 <250 13000 2060 592 284 16Y 123 957 872
39 <25.0 1490 2370 83y BE 149 128 112 965
Mean - 13571 2184 711  28% 160 133 106 88.0
SD 0 3454 624 204 66 32 37 20 17.9 -
CV%  NA 25 29 29 23 20 28 19 20

Note: Values below the Fnit of quantitation (< 25.0) were treated as zero in descriptive statistical calcnlations.
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Study Title:

Key Findings:

Study Number:

Report Status:

Study Initiation Date:

Study Facility:

GLP Compliance:
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Number/dose:
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Body weight:

Drug:

Lot Number:
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Vehicle:

Reference Drug:

Methods

1

A Six-Hour Examination of the Cardiovascular Effects of PMI0! and
Cordarone IV on Anesthetized Female Beagle Dogs (CorDynamics Study
Number 798-0702)

PM101 (2.14 mg/kg, iv) given as a bolus over 2 seconds followed by a
constant infusion of 0.014 mg/kg/min for 6 hrs did not affect hemodynamics,
heart rate or the ECG in anesthetized female beagle dogs.

Amiodarone IV (2.14 mg/kg iv) given over 2 seconds or 10 minutes followed
by a constant infusion of 0.014 mg/kg/min for about 6 hrs decreased blood
pressure, cardiac output, left ventricular +/- dP/dt, and PR interval, and
increased systemic vascular resistance and heart rate. Effects were similar in
these 2 dose groups. '

Amiodarone IV given as a constant infusion of 0.014 mg/kg/min for 6 hrs
produced similar effects as the bolus plus infusion regime, but with a
somewhat slower onset.

N107
Final and quality assured
7Aug2007

CorDynamics, Inc.
2242 'W. Harrison St.
Chicago, IL 60612

Yes

Female Beagle Dogs
7

8-17 months
6.8-12.7 kg

PM101

7041

D5W (5% dextrose in water)
Captisol (lot# CD083.87)

Amicdarone IV solution (50 mg/ml, lot# 401858)

Female beagle dogs were anesthetized (morphine, o-chioralose) and instrumented for measurement of arterial blood
pressure, left ventricular pressure, +/- LV dP/dt, cardiac output, systemic vascular resistance, heart rate and lead II
ECGs. ECG parameters monitored were PR, QRS, QT, QTc (Bazett), QT cFredericia, and QTc (van der water)
intervals. PM101, amiodarone 1V, and vehicle were administered intravenously over a 2 second or 10 minute time
period. Each dog received a single treatment and monitored until sacrifice 6 hours later.

Treatment groups are shown below. '
*  Group 1. Vehicle (D5W): 0.043 mg/kg iv over 2 seconds + 0.0078 ml/kg/min iv for 6 hrs

Group 2. PM101: 2.14 mg/kg iv over 2 seconds + 0.014 mg/kg/min iv for 6 hrs

Group 3. Amiodarone IV: 2.14 mg/kg iv over 10 minutes + 0.014 mg/kg/min iv for 5 hrs 50 min
Group 4. Amiodarone IV: 2.14 mg/kg iv over 2 seconds + 0.014 mg/kg/min iv for 6 hrs

Group 5. Amiodarone 1V: 0.014 mg/kg/min iv for 6 hrs
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Results

PM101 (2.14 mg/kg, iv) given as a bolus over 2 seconds plus a constant infusion of 0.014 mg/kg/min for 6 hrs did
not affect hemodynamics, heart rate or the ECG in anesthetized female beagle dogs.

Amiodarone IV (2.14 mg/kg iv) given over 2 seconds or 10 minutes, followed by a constant infusion of
0.014 mg/kg/min for about 6 hrs decreased blood pressure, cardiac output, left ventricular +/- dP/dt, and PR interval,
and increased systemic vascular resistance and heart rate. Effects were similar in these 2 treatment groups.

Amiodarone IV given as a constant infusion of 0.014 mg/kg/min for 6 hrs produced similar effects as the bolus plus
infusion regime, but with a somewhat slower onset.
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Study Title:
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Ireatment group:
Age:

Body weight:
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Lot Number:
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Vehicle:

Reference Drug:

An Examination of the Cafdiovascular Electrophysiology Effects of PM101,
Captisol and Amiodarone HCI IV Reference Listed Drug in Anesthetized
Female Beagle Dogs (CorDynamics Study Number 7 98-07 0x)

PM101 (2.14 mg/kg iv over 2 seconds +/- 0,014 mg/kg/min iv for 20 minutes)
tested negative for electrophysiologic effects in anesthetized open chest dogs, as
did Captisol.

Increasing the maintenance doses of PM101 and Amiodarone IV by 50-fold to
0.7 mg/kg/min iv following a 2 second bolus infusion of 2,14 mg/kg decreased
Wenckebach rate (both treatment groups) and increased AH and HV intervals

(Amiodarone 1v).

Increasing the bolus dose of PM 101 and Amiodarone IVby 10 foldto 21.4
mg/kg iv increased AH interval, decreased Wenckebach rate, increased atrja]
effective refractory period, and increased sinus node recovery time,

Fatal AV block was observed in dogs given high doses (bolus or maintenance) of
PM101 and Amiodarone IV. The LOAELSs for this effect were 21.4 mg/kg iv
bolus over 2 seconds and 0.7 mg/kg/min maintenance infusion for both drugs.

Pacing-induced ventricular tachycardia degenerating into VF was observed in
dogs given PM101 and Amiodarone I'V. The LOAEL for this effect was 2.14
mg/kg iv over 2 seconds for PM101 and 21 4 mg/kg iv over 2 sec for
Amiodarone IV, respectively.

N104

Final and quality assured
28 March 2007
CorDynamics, Inc.

2242 W. Harrison St.
Chicago, IL 60612

Yes

Female beagle dogs

7

8-15 months

5.7-144 kg

PM101

7043

D5W (5% dextrose in water)
Captisol (lot#'CD083.87)

Amiodarone IV solution (50 mg/ml, tot# 401 858)
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Methods .

Female beagle dogs were anesthetized (propofol, isoflurane and morphine), the chest was opened, and the animals
instrumented for measurement of arterial blood pressure and electrocardiographic parameters: plunge electrodes
were implanted for measurement of atrial and ventricular effective refractory periods; a multipolar electrophysiology
catheter was positioned distal to the tricuspid valve via the femoral vein to record His bundle electrograms (AH and
HYV intervals); a catheter was placed into the left ventricle to record left ventricular monophasic action potential
duration. Surface ECGs were monitored via electrodes placed on the right arm, left leg and the chest of the animal.
PM101, amiodarone I'V, and vehicle were administered intravenously over either a 2 second or 10 minute time
period, followed in some cases by a constant infusion. Each dog received a single treatment and was monitored for
20 minutes following the initial dosing during which time the following parameters were measured: atrial effective
refractory period {AERP), ventricular effective refractory period (VERP);, AH interval, HV interval, monophasic
action potential duration to 90% repolarization (MAPDY0), Wenckebach cycle time, sinus node recovery time
(SNRT). Animals were sacrificed following this electrocardiographic evaluation.

Treatment groups are shown below.

Bolus/ Durationof | Number
Group Test Infusion Bolus Bolus Infusion Infusion Bolus/ .of
Compound Dose Dose Volume Volume Dosage Infusion Female
Conc. (mgke) (mLkg) | (mLikymin) | (mgikg/min) Dogs
{moinl)
I8 Dsw NA/NA NA 0.043 [ E NA <2 sec.t 7
20 min,
2 Captisol 225NA NA 0.043 NA NA <2 sec./NA 7
3 Captisol 22357228 NA 0.043 0.614 NA <2 see.f 7
20 min.
4 PMID] 30%NA 2,14 0.043 NA NA «2 sec./NA 7
5 PMIGL 5075507 2.14 0.043 0.014 0.7 <2 sec.d 7
20 min.
6 | Amiodarone | 1.5 NA 2.14 143 NA NA 10 min,/NA® 7
v
7 Amiodarone S0/NA 214 0.043 NA NA <2 sec./NA 7
v
8 Amiodarone 5050 2.14 0.043 a.014 0.7 <2 sec. 7
IV 20 min,
9 Captisol 225/223 NA 0.043 0.0078 NA <2 sec’ 7
20 min,
i0 Captisol 225/NA NA 043 NA NA <2 seciNA 7
4] Captisol 225225 NA 0.43 0.0078 NA <2 secs 7
20 min.
12 PMIO S0%18F 2.4 0.043 0.0073 0614 <2 sec.f 7
20 min,
13 PMiDI S0 °%NA 214 043 NA NA <2 seciNA 7
14 P01 S0%1.8° 214 0.43 0.0078 0.014 <2 sec.? 7
20 min,
15 Amiodarone | 1.53%71.8° 2,14 143 0.0078 0014 10 min £ 7
1V 10 min,
16 | Amiodarone | S0/1.8°¢ 214 0,043 0.007% 0.014 <2 seet 7
1A 20 min.
17 Amiodarone SONA 214 0.43 NA NA <2 sec./NA 7
v
18 | Amiodarone | 30/1.8°F 214 043 0.0078 0.014 «2 see./ 7
v 20 min.
! Sham control, instrumented. dosed with DIW 1o match-by-volune Group 3 regimen.
" Contained 225 mg/mL Captisol.
* 50 mg/mL preparation diluted with D5W 10 maich current human dosing regimen for Amiodarenc 1V,
NA = Nol Applicable
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Results

Vehicles tested negative for electrophysiologic effects in anesthetized female dogs.
* D5W and Captisol vehicle groups (Groups 1-3, 9-1 1)

The following drug treatment groups also tested negative for electrophysiologic effects. The total dose of
amiodarone given was 2 mg/kg.
* PMI01 (2.14 mg/kg iv) given as a 2 second bolus +/- 0.014 mg/kg/min for 20 minutes (Groups 4, 12)
* Amiodarone (2.14 mg/kg iv) given as a 10 minute infusion +/- 0.014 mg/kg/min for 10 min (Groups 6, 15)
* Amiodarone (2.14 mg/kg iv ) given as a 2 second bolus +- 0.014 mg/kg/min for 20 minutes (Groups 7-16)

Maintaining the bolus doses of PM 101 and Amiodarone IV at 2.14 mg/kg iv over 2 seconds, but increasing the
constant infusion rate to 0.7 mg/kg/min to maintain plasma amiodarone concentration at a constant level similar to
Cmax (shown in a pharmacokinetic simulation) produced the following electrophysiologic effects. The total dose of
amiodarone given was 16 mg/kg,
* PMI01 (2.14 mg/kg iv) given as a 2 second bolus + 0.7 mg/kg/min for 20 minutes decreased Wenckebach
rate (Group 5). . )
* Amiodarone (2.14 mg/kg iv) given as a 2 second bolus + 0.7 mg/kg/min for 20 minutes decreased
Wenckebach rate and increased AH and HV intervals (Group B).

Group 1, D5W
Group 5, PM 101 (2.14 mg/kg iv over 2 seconds + 0.7 mg/kg/min iv for 20 min)
Group 8, Amiodarone IV (2.14 mg/kg iv over 2 seconds + 0.7 mg/kg/min iv for 20 min)

W Baseline
Treatment

100 4

AH Interval (msec)

. Group 1 Group 5 Group &

Note: * Indicates significandly different % change from baseline vompared with Group 1
(p<0.05: ANOVA followed by Dunnett Test;). Bars are mean values and vertical lines
represent the SEM for 7 dogs per group.
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TN Baseline
Treatment

HV Intervat (msec)

Group 1 Group 5 Group 8
Note: * Indicates significantly different % change from baseline compared with Group !
{p<0.03: ANOVA followed by Dunnett Test:). Bars are mean values and versical lines
represent the SEM for 7 dogs per group.

250
M Baseline
Treatment
200 4
T
&
£
£ 450
<
@
©
-
2 108
g
®
=
50
o

Group 1 : Group 5 Group 8

Note: * Indicates significantly. di Berent % change from baseline compared with Group |
(p<0.05. ANOVA foilowed by Dunnett Test), Bars are mean values and vertical lines
represent the SEM Jor 7 dogs per aroup.

Increasing the bolus doses of Amiodarone IV and PM101 by 10-fold produced the following electrophysiologic
effects. The total dose of amiodarone given was 22 mg/kg. :

PM101 (21.4 mg/kg iv over 2 seconds) increased atrial effective refractory period without altering other
parameters (Group 13).

PM101 (21.4 mg/kg iv over 2 seconds) + 0.014 mg/kg/min iv for 20 minutes increased AV interval, atrial
effective refractory period and sinus node recovery time, similar to amiodarone IV (Group 14).
Amiodarone (21.4 mg/kg iv over 2 seconds) +/- 0.014 mg/kg/min iv for 20 minutes increased AV interval,
atrial effective refractory period and sinus node recovery time (Groups 17, 18).

Group 1, D5W

Group 13, PM101 (21.4 mg/kg iv over 2 seconds)

Group 14, PM101 (21.4 mg/kg iv over 2 seconds) + 0.014 mg/kg/min iv for 20 minutes

Group 17, Amiodarone IV (21.4 mg/kg iv over 2 seconds)

Group 18, Amiodarone IV (21.4 mg/kg iv over 2 seconds) + 0.014 mg/kg/min iv for 20 minutes
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250
M Soseline
Treaiment »
*
200 ~
g
@ 150
£
]
e .
<73
£ 100 -
I %
< &
- .
4
:
£
o 3

Group1  Group 13 Group 14 Group 17 Group 18
Note: * Indicates significantly different % change from baseline compared with Group |
(p<0.05: ANOVA followed by Dunnett Test:). Bars are mean values and vertical tines
represent the SEM for 7 dogs per group.

250

MR Bascline
Treatment

Wenckebach Rate (bpm)

Group1  Group13 Group 14 Group 17 Group 18
Note: * Indicates significantly different % change from baseline compared with Group ]
(p<0.05: ANOVA followed by Dunnett Test).

200

BN Saseline %
Treaiment

AERP - PCL 500 {msec)
8 &

8

Groupt  Group 13 Group 14 Group 17 Group 18
Note: * Indicates significantly difTerem % change from baseline compared with Group |
(p<0.05: ANOVA followed by Dunneit Test).
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20

200

W Bascline *
Treatment

150 o

130

" AERP -PCL 333 {msec)

S0 1

Group 1 Group 13 Group 14 Group 17 Group 18
Note: * Iudicates'signiﬁcamly different % change from baseline compared with Group }
(p=<0.05; ANOVA followed by Dunnett Tesy).

8000

I Bsseline
EE) Treatment

6000 A

s

Sinus Node Recovery Time {msec)
L

(=)
-
B
T

Group 1 Group 13 Group 14 Group 17 Group 18

Note: * Indicates sigmificantly different % change from baseline compared with Group 1
{(p<0.05: ANOVA followed by Dunnert Test).
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/ Sinus
Node
Wenckebach | Ay nyv Recovery
Group Drug Rate Interval | Interva) Time AERP | VERP
Duration | (bpm) (ms) (ms) (ms) (ms) | (ms)

6_| Amiodarone v 2.14 | 10 min 0| NA
15 | Amiodarone v 2.14 | 10 min 0.014 | 10 min
7 | Amiodarone v 2.14 | 2sec 01 NA
16 | Amiodarone 1V 2.14 | 2sec 0.014 | 20 min
8 | Amiodarone IV 2.14 | 2 sec 0.7 | 20 min decr incr incr
17 Ainiodarone v 214 | 2sec 0 | NA decr incr iner incr
18 | Amiodarone v 214 | 2sec 0.014 | 20 min decr incr incr incr

AERP, Atrial effective refractory period
VERP, Ventricular effective refractory period
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Twelve dogs died on-study or were sacrificed in extremis as shown below. The sponsor’s narratives for the deaths

(italics) and reviewer’s comment follow. Given the similar findings in both PM101 and Amiodarone IV dosing
groups, this reviewer attributes deaths to administration of amiodarone at the doses given.

r Amiodarone Dose Pacing-induced VF | Fatal AV Block Severe
(Group #) (number of events) |  (number of Hypotension
events) {presence)
2mg/lky
PM10] - Group 4 | no
16mg/ky
PMI01 - Group 5 ’ i ves
PM 101 - Group § i . yes
Amiodarone 1V - Group § i ves
22mg/ke
PM191 - Group )3 ! : yes
PMi) - Group 13 1 _ves
PMI01 - Group 14 | yes
PM101 - Group 14 | ves
(Amiodarone IV) - Group 17 | ves
(Amiodarone JV) ~ Group 17 { yes
(Amiodarone 1V) - Group 18 ! ves
{Amiodarone I'V) - Group (8 I ves

Notes: Severe Hypotension = Diastolic atierial pressure < 20 mmHg

Group 4 — Intended human-equivalent dosing regimen of PM101 (2.14 mg/kg over 2 seconds i.e. ~2 mg/kg)
During programmed electrical stimulation to interrogate refractoriness Jollowing the administration of PM101, one
dog in this group experienced an extrastimulus-induced ventricular tachycardia that rapidly degraded into
ventricular fibrillation. Cardioversion was not attempted. Prior to this event, the dog was normotensive and was not
in acute cardiovascular jeopardy. Based on the cardiovascular condition of the animal and the temporal association
with a short cycle length ventricular extrastimulus, the relationship of VI/VF to test article exposure was
questionable.

Reviewer comment: Given similar findings in animals given higher doses of PM101 and Amiodarone IV, and the
lack of a reasonable alternative explanation, this adverse finding is attributed to amiodarone administration at this
dose level.

Groups 5 and 8 — Plasma Cmax holding regimen of PM101 or Amiodarone 1V (2.14 mg/kg over 2 seconds +

0.7 mg/kg/min for 20 minutes, i.e. intended bolus dose Plus 50 times the maintenance dose; total dose ~16 mg/kg)
Three dogs from these regimens were affected, two animals in Group 5 (PM101) and one animal in Group 8
(Amiodarone IV). During high-rate cardiac pacing, one dog in Group 5 experienced Spontaneous conversion to
ventricular tachycardia that rapidly degraded into ventricular fibrillation. Prior to the initiation of this pacing

Reviewer comment: While induction of ventricular tachycardia degenerating into ventricular fibrillation by high rate
pacing is confounded by hypotension, the relationship of this severe ventricular arrhythmia to a direct drug effect on
the heart cannot be eliminated. Fatal AV block appears to be induced by a high maintenance dose (LOAEL, 0.7
mg/kg/min) of either drug product. The LOAEL mi ght be lower than this estimate since intermediate dose levels
were riot examined.
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(LOAEL, 21.1 mg/kg over 2 seco s). The LOAEL might be lower than this estimate since intermediate dose levels
were not examined.
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Study Title: A Crossover, Single-Dose Intravenous Infusion Comparison Study of
Captisol-Enabled™ Amiodarone, Cordarone® and a Benzyl Alcohol-Free
Amiodarone Formulation in a Male Cynomolgus Monkey Telemetry Mode)
Key Findings: Captisol-Enabled Amiodarone (5 mg/kg, iv over 3 min) did not affect
hemodynamics, heart rate or the ECG in telemeterized monkeys.
Cordarone and benzyl alcohol free amiodarone given at the same dose (5 mg/kg,
ivover3 min) also did not affect hemodynamics, heart rate or the ECG in
telemeterized monkeys.
Study Nurmber: 1548-166
Report Status: Final and quality assured
Study Initiation Date: 31March 2003
Study Facility: [\ 7 b ( 4 )
o 2
GLP Compliance: Yes
Animals: Male Cynomolgus monkeys
Number/dose: 3
Age: 4.5-6.2 yrs
Body weight: 35-43kg
Drugs: Amiodarone in captisol (50 mg amiodarone/ml, 225 mg captisol/mi (lot no. not
provided).

Cordarone (50 mg amiodarone/ml, 100 mg Tween-80/ml, and 20,2 mg benzyl
alcohol/mi)

Benzy! alcohol-free amiodarone (50 mg amiodarone/ml, 100 mg Tween-80/mI)

Vehicle 5% Dextrose in sterile water for injection (Dsw)

Methods

24
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Study Title:

Key Findings

Study Number:
Report Status:

Study Initiation Date:

Study Facility:

GLP Compliance:

Animals:
Number/dose:

Age:
Body weight:

Drug:
Lot Number:
Vehicle:

Reference Drug:

2-Week Continuous Intravenous Infusion Toxicity and Toxicokinetic Study with
PM101 Intravenous (Amiodarone HCI) in Dogs with a 1-Week Recovery Period

No drug related effects were observed.
7770-104

Final and quality assured

06Dec2006

.f— .

. ) b(4)
Yes

Male and female beagle dogs
5

7-8 months
M, 8.2-11.9;F, 6.2-93 kg

PM101
7043
D5w

Cordarone IV (Amiodarone 1%

Lot Number: 402554
Dose Levels:
Loading Initial Infusion  Majntenance Tufusion
No. of Animals" Dose Level* Dose Level® Dose Leve
Group Male Femaje (mg/ke) (meke) {mg'kgiday)
I (Controf)* 5 5 0 0 0
2 (Cordarone 1V aeneric) 5 5 2.1 5 10.3
3(PMI01 1v) 3 ) 2.1 3 10.3

a The fust three animals/sex/group by ascending animal number were designated for terminal sacrifice after
14 days of weatment. The remaining animals were designated for recovery sacrifice after 14 days of
treatment followed by at Jeast 7 days of recovery.

b Balus injection ( Groups | and 3) or loading intusion (Group 2) administered on Day 1.

¢ 6-hour infusion initisted on Day 1 after completion of the loading dose,

d For Groups 1 and 3,

initiated after completion of the G-hour infusion and continued for the remainder of the

dosing phase. For Group 2, initiated on Day 2 and continued for the remainder of'the dosing phase.
e Croup ) received control article, DSW, only.
Note: The loading dose (bolus) injection period durations for DS W and PM101 IV were not provided. Cordarone 1V was
given over a 10 minute period.

Treatment Period:

Recovery Period:

14 days
7 days

25
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Observations/Measurements:

Mortality and clinical findings | Daily
Body weight Weekly
Food consumption Weekly

ECG evaluation

Once pre-dose, Day 14, and near the end of the recovery period

Ophthalmic Examination

Once during the predose phase, on Day

recovery phase.

15, and near the end of the

Clinical Pathology

Blood samples were taken for hematology, clinical chemistry and
coagulation parameters twice predose and once prior to sacrifice.

Hematology
red blood cell (erythrocyte) count
hemoglobin
hematocrit

" mean corpuscular volume
mean corpuscular hemoglobin
mean corpuscular hemoglobin

concentration

‘Coagulation
prothrombin time

- Clinical Chemistry
ghucose
urea nitrogen
creatinine
total protein
albumin

globulia
albumin/globulin ratio
_cholestero}

total bitirubin

Urinalysis

appeatance (clarity and color)
volume

specific gravity

pH

protein

glucose

platelet count

whitc blood cell (leukocyte) count”
differential blood cell count

blood smear :
-reticulocyte count

activated partial thromboplastin time

alanine aminotransferase
alkaline phosphatase
gamma glutamyltransferase
aspartate aminotransferase
calcium :
inorganic phosphorus
sodinm
potassivm
chloride

ketones

bilirubin

blood

microscopic examination of sediment
urobilinogen .

Plasma Drug Levels

Blood samplies were taken from all ani

amiodarone levels.

mals for determination of plasma

* Predose and at 5 and 10 minutes after administration of the loading dose.

* 1, 3, and 6 hours after initiation o
at these time points because dosin
* 24, 48, 96, 168, 240, and 336 ho

infusion.

f the initial infusion; Group 2 was not bled
g was terminated on Day 1.
urs afler initiation of the maintenance

* Recovery animals were bled at 24, 48, 96, and 168 hours after the end of the

maintenance infusion.

Sacrifice

End of treatment period: On Day
two males and three females in G
in Group 3 were sacrificed and n
Recovery period: On Day 8, all r

necropsied.

16, three animals/sex/group in Group 1,
roup 2, and three males and two females
ecropsied.

emaining animals were sacrificed and

_

26



NDA 22325 . 27

a Preserved in modified Davidson's fixative,

Necropsy All (scheduled and unscheduled sactifice) animals were necropsied.
Tissues and organs were evaluated macroscopically.
Organ weights The following organs from all animals were weighed.
adrenal (2) pituitary gland
brain prostate
epididymis (2) salivary gland [mandibular (2)]
heart spleen
kidney (2) testis (2)
Bver with gallbladder (drained) thymus
g thyroid (2 lobes) with parathyroid
ovary (2) .. uterus :
Histopathology The following tissues from all animals were evaluated histologically.
“adrenal (2) v gland (females)
aorta optic nerve (2)
brain “ovary (2)
<cecum pancrens
cervix pituitary gland
colon prostate
. duodenum rectum
epididymis (2) salivary gland [mandibular (3]}
esophagus ‘'sciatic nerve
eye (2)° skeletal muscle (thigh)
femur with bone marrow (articular surface  skin/subeatis
of the distaf end) " spinal cord (cervical, thoracic, and lumbar)
gallbladder spleen
heart sternumy with bone mamrow
iléum ! stomach
infusion and catheterization sites testis (2)°
jejunum thymus
Kiduey (2) thyroid (2 lobes) with parathyroid
Tacrimal gland tongue
Iesions trachea
Bver urinary bladder
Jung with large bronchi uterus
Iymaph rodé {mandibular) vagina
Iymph node (mesenteric)

Drug-Related F indings

Mortality: Two animals were sacrificed on-study due to technical issues.

* Male H46029 in the Cordarone 1V generic group was sacrificed on Dosing Phase Day 6 due to accidental
removal of the needle resulting in a bloody discharge from the needle hole and swelling of the tissue at the

port site.

® Female H46053 in the PM101 IV group was sacrificed on Dosing Phase Day 11 due to the rupture of a

swelling on the right shoulder.

®  Macroscopic observations associated with these two unscheduled sacrifices included thickened skin and
gelatinous appearance at the catheter site in Male H46029, and skin abrasion and thickened subcutaneous

tissue in Female H46053.

*  These observations were due to inflammation involving the catheter and consisted of edema, chronic-active

inflammation, and hemorrhage. These deaths are not considered

Clinieal Findings: During the dosing phase, clinical signs were unremarkable in
H46041 had clinical signs of vomitus (cloudy, foamy, and white) and abnormal

feces) that may be due to the stress during dosing. On Dosing Phase Day

Cordarone IV generic group included hypoactivity, swollen ears, paws, muzzle, and

treatment-related.

the control males. Control Female
feces (mucoid and/or nonformed

1 treatment-related clinical signs in the
periorbital region , and red skin

in the ears. On the advice of the staff veterinarian, dosing was terminated in this group. These clinical signs were
interpreted to be likely due to the release of histamine induced by Polysorbate 80 in the Cordarone IV generic
formulation. Animals were treated with diphenhydramine hydrochloride [Benadryl®, 50 mg/mL, approximately 1.5
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were seen during Tecovery in any of the groups.

Body Weight: No drug related findings

Food Consumption: No drug related findings
Ophthalmic Findings: No drug related findings

ECG Findings: No drug related findings

Clinical Chemistry- No drug related findings
~etiedd Caenmistry
Coagulation: No drug related findings

Organ Weighs: No drug related findings
Macroscopic Findings: No drug related findip g5
Histogathologz Findings: No dry g related findin g8

Plasma Amiodarone Levels: Plasma toxicokinetic parameters are shown for male and female dogs given PM] 01 and
Cordarone. Plasma €Xposures were similar between male and female dogs. Although mean steady state amiodarone
concentrations appeared higher in PMI01 than in Cordarone v treated animals. The sponsor did not compare
plasma drug Jevels Statistically.

Summary of Toxicokinetic Parameters of Amiodarone in Dog Plasma

Doge

Group Aninal C;,

Group Desionation Gender Number {ng/ml)

2 Cordarone v M Mean 272 1.62 NA NA NA
SD 435 0.30 NA NA NA

N s b 0 0 0

¥ Mecan 223 202 NA NA - NA

SD 34 051 NA NA NA

N 3 3 0 0 0
3 PMin} 1v M Menn 4535 0.956 573 00123 70.7
SD 58 . 133 NA NA NA

N 5 5 2 2 2
F Mean khii) 114 658  0.0f05 97.2

SD 37 0.12 NA NA NA

N 3 5 1 1 ]

Nate: Gronp 3 received a 10 minuge miusion and they, dosing v Pped. Dosing resupred on Day 2
with the maintenance infusion, Group 3 received 4 bolus loading dose, 5 G-hour post injtiation
infusion, and the maintenance infusion. Due to the break ip dosing for Group 2, the different
dosing regimens prior to the initistion of maintenance in fusion, and 1he v cry fong half-ife of
amiodarone, (he comparison of Groups 2 and 3 needs to be approached cattiously,
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Study Title: Hemolytic Potentiaj and Plasma Compatibility Testing with PM1 01
Key F indings: The NOAELSs for hemolysis were 25 mg/mland 1.8 mg/ml for PM101 and

Cordarone v, respectively.
The NOAELSs for plasma compatibility were <1.0 and 1.5 mg/ml for PM 101 and

Cordarone I v, Amiodarone likely precipitates at pH valyes greater than its pKa of
5.6, which accounts for the findings in plasma.

Study Number: NI01

Report Status: Final and quality assured

Study Initiation Date- 06 December 2006

Study Facility: ™ B b ( 4}
L v S

GLP Compliance: Yes

Tissue: Human blood from a fasted donor

Variables Evaluated: Hemolysis and plasma compatibility
~atiables Bvaluated

Drug: PM101
Lot Number- 7043

Reference Drug: Cordarone IV
Lot Number- 402554

Vehicle: D5sw

Methods

Hemolytic potential was €xamined by incubating test substance at concentrations of 50, 25, 12.5,1.8, 1.5 and 1.0
mg/ml with 0.5 m] of whole blood for 45 minutes at 37 degrees C, and measuring hemoglobin levels in the
Supernatant plasma of each sample. A positive test is defined by a Supernatant hemoglobin concentration that js >
500 mg/dL greater than the concurrent vehicle control,
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Results
The NOEL for hemolysis was 25 mg/mi for PM101 and 1.8 mg/ml for Cordarone IV,

Hemoglobina
Mixture imgidl) Test Resulb Tube No.
Hunan dlood plus. ’
Vehicle 38 Negative |
Human Plagna 2 Not applicable 2
1% Saponin 6153 Positive 3
Test Anticle (PMip) )
30 mgml. 3047 Positive 4
25 mg/ml, 300 5
12,5 mgzml, 143 6
1.8 meimi. 10 7
1.5 mgimi. 12 8
LOmgimi, i3 9
Test Aticle (Corfaronse Iv)
S0 mpmt, 6386 Positive 10
25 ing'ml, 678 Positive i
12.5 mgmt, S48 Pogitive 12
1.8 meind, 1t Negative 13
LS mgfm], it Negative i3
1.9me/ml 18 Negative

Hemoglobin concentration oF the mixture

sUpcrnatanis,
= No hemolysis: Positjve = Hemolysis,

Human plasma ad
Vehicle
Macro
Micro
PMI101 (50 mginl,)
Macro
Micro
PMi01 (25 mgink.)
Macro
Micro
PMI01 (12.3 mgiml,)
Miicro
Micro
PM101 (1.8 mg/ml,)
Macro
Micro
PMIOI (1.5 mginly
Micro
Miero
PMIOI (1.0 mgrml.)
Macro
Micro
Macro = Macroscopic Observations,
Micro = Microscopic Observations,
NA = Not Applicable,
NC=No Change.

NC
NA

Cloudy, opaque
Precipitate

Cloudy, opague
Precipitate

Cloudy, opaque
Precipitate

Cloudy, opaque
Precipitate

Shightly cloudy
Peecipitate

Hazy

7

8
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Mixture Tesi Result Tube No.
Fluman plasma and

Cordarone IV (50 mg/inl.) 9
Macro Cloudy, opaque
Micro ) Precipitate

Curdarone 1V (25 me/ml.j 10
Macro - Cloudy. opaque
Micra Precipitate

Cordarone IV (12.5 mgiml) 1
Macro Cloudy
Micro Precipitate

Cordarone IV (1,8 ma/ml,) 2
Macro Shightly cloudy
Micro Precipitate

Cordarone IV (1.5 mg/ml.} : 12
Macro’ NC
Micro NA

Cordarone IV (1.0 mgiml.) 14
Macro NC
Micro NA

Macro = Macroscopic Observations.
Micrs = Microscopic Observations.
NA = Not Applicable.

NC=No Change.

PM101 and Cordarone IV at concentrations as low as 1.0 mg/ml in isotonic Sorenson’s buffer, pH 7.63, showed

cloudy precipitates similar to those seen in plasma. The Sponsor argued that the precipitate was occurring at pH
values above amiodarone’s PKa of 5.6. Therefore, the precipitate seen in plasma is considered to be amiodarone.
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