These records are from CDER’s historical file of information
previously disclosed under the Freedom of Information Act (FOIA)
for this drug approval and are being posted as is. They have not
been previously posted on Drugs@FDA because of the quality
(e.g., readability) of some of the records. The documents were
redacted before amendments to FOIA required that the volume of
redacted information be identified and/or the FOIA exemption be
cited. These are the best available copies.











































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































‘Tepie R11b Summary of Fetal Variations

p. 35 (5)

: Dossge Levals (mgkgiiay)

| No. of Fetuses with Gross ves | 3m®1 | weT | o3 A?

| Vaziations/No. Examined (%) ad) | @9 | a8 | 00 |

| No. of Fetusgs with Visceral 268 | 8sm1 | 67 | ue3 ﬂ

| Veriations/No. Examined (%) 29) | (88 | - (45 (1.1)

I No. of Fetuses with Skelstal 1669 | 3381 | 2467 | 4093 E o
| Variations/No. Examinod (%) @82 | @on | @s | wso I
| Total No. of Fetuses with 169 | 3991 | 2667 | 4vo3 | fe
| Variations/No. Esamined (%) @6.1) | (429) | (388) | (44.1)

No. of Litters with Gross vis | 85 | 1z | ond

| Variations/No. Examined (%) @D 1 @0 | ®3 | 00

| No. of Litters with Vis wral on3 | w15 | sz | 114

| Variations/No. Examined (%) (15.4) | (2€7) | (26.00 | (7.1)

| No. of Littars with Skeletal ons | 1215 | @12 | 1814

| Varistions/No. Examined (%) ©922 | @©0.0 | (15.0) | (92.9) ﬁ
Total No. of Litters with 9/13 14/15 10712 13/14
-} Veriationa/No. Examined (%) | (62.2) | 93.3) | (83.3) | (925 |

e el T
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Segment XII Peri-Postnatal Study in the Rat: Crl:CD{BR] (Report # 7224/92/046)}

This study is not reviewed in detail, since this NDA is for a maximum of two doses for
termination of atrial fibrillation. 5, 10, and 20 mg/kg/day ibutilide were administered to
groups of pregnant dams (n=24/group) from day 15 of gestaticn through post partum day
20; dams were weighed periodically during pregnancy and the lactation period; no. of live,
dead, and abnormal pups in each litter were recorded; live pups were weighed on days 0,
4, and 21; all pups that died were necropsied at death, and the gurvivors were necropsied
on day 20.

Results: (From the sponsor's summary):

Dams: There were no adverse effects on dams at any dose level; litter size was not affected
by treatment.

Pups:

Wt & viability; Mean pup wt, and pup viability were not affected by treatment.

Yisceral anomalies: Examination of pups on day 20 post partum showed that 0, 2(1), 4(3),

and 5(4) pups(litters) in groups 1{control}-4 respectively had hydronephrosis; C v 4 (for litter

incidence} just misses s-s (p=0.0C5, fisher's exact test, s-rev); Peto's exact trend test is s-5

(p=0.02; s-rev). In the high dose groups, 2(2) had hydrocephaly, and 1/1) had anophthalmia.

These abnormalities were not seen in any litters in the other three groups. Considering ali

abnormalities together, 7(6) (pupstiitiers)) in the high dose group had visceral abnonmalities;

C v 4 (litter incidence) is s-s (p=0.021, {isher's exact test; s-1ev)

aments: The fetal no adverse effect dose is considered to be 5 mg/kg/day by the

isor; the litter incidence of hydronephrosis in this group (4.4%) is within the range for
_astorical control from the lab (in 3 studies: highest incidence: (8.7%); .Mean: {4.5%)), but the
litter incidence in the mid dose group (12.5%)) is cutside this range.

§4: Mutagenicity Studies:

Ames test: (Report # 7227/83/032).
TA97, TA98, TA100, TA102, and TA1535 strains of Salmonella typhimurium were used. Up
to 5000 pg/plate of ibutilide was tested ir the presence and absence of S-9, which was
obtained commercially and stored in liquid N, in small aliquots.

Results: Table M1 shows the detailed results, the drug was not mutagenic in any strain with
or without metabolic activation.

AS552 /XPRT Maminalian Cell Forward Gene Mutation Assay: (Report #7228/90/028; study
done bv Pharmakon Res Int at their lab in Waverly, PA)
Note: According to the sponsor, this cell line is a genetically engineered line gerived from
Chinese Hamster Ovary (CHO), and is more sensitive to chromosome breakage than *he
CHO cell line. Tbutilide was tested at concentrations up to 1000 wg/ml with 5-9, and at
concentrations up to 250 ug/ml without 5-4; these concentration:. were chosen based on the
results of preliminary cytutoxicity tests.



H
Table M1

TABLE 2 Raw plate counts showing lack of mutagenicity of U-70,226E toward strains TA-97,TA-S8, TA-
100, TA-102 and TA-1535. U-70,226E was dissolved in DMSQO at 50 m%lml(highfgt dose) and appropriate
serial dilutions were made and inc rporated into top agar(see {ext). Each value represents a single
independent plate. See legend to TABLE 1 for positive controt information, i.e. identity and

concentrations. e :

U-70,226E _ N ) T/ TA4535 |
RAW DATA *59] 59 ] +59 ] -39 | 4S9 ] 59 | +89] S5 | +58 ] 59 |
Positive control .

i Vehicle control

Dose 5,000 ug/plate

Dose 2,500 ug/plate

Dose 1,250 ug/piate

éi)ose 525 ugip!at?

_—

A

*Ctrain specific positive zontral compourds were used a'tlppto R concentrabons basag andase
response data (TR™268/86/066 Gt TR7268/87/009) as follows: 2-AA {with activation at o -TA-102 and &8t

1ug/pl in the other 4 strains), 2-NF(1Q ug/pi--TAS8 and TA-100 without activation), {2 without
activation in TA-1535), CHP {179 ug/p! without ac.;t_fagtsgn in YA-102}, Dexon (10 ug/pl activation in

ZE0/68/L2eL

i (1) 96 *d

i
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Results: Table: M2 (b) arid M2(c) show the n.utant frequencies in piates containing different
concentrations ot ibutl in the absence of 5-9 in the presence of 5-9 respectively. Table M2 (a)
shows the mutant requencies with negative and positive controls. Ibutilide up to the
concentrativis tested was not mutagenic to this cell system.

Unscheduled DNA. Synthesis (UDS) Assay in Rat Hepatocytes: (Repnrt # 7227/89/079)

Ra* hepatocytes were placed in monolayer cultures, and incubaied in the presence of *H
thymidine, and different concentrations of ibutilide, a positivé control, .nd a negative
control for 18-20 hours; then slides were prepared anc two slides/dose and 30 cells/slide
were scored for grain counts in nuclei, & cytoplasms; net no. of grains/nucleus (NG) were
calculated. The criterion for positivity in this test is stated to be: An NG count of 2
5/nucleus and % cells in repair 210% {(a cell being considered in repair if it has = 5 NG).
Note: the rationale for choosing 2 5 NG as the criterion for considering UDS to have
occurred in a cell is not givery; nor is the reason for both the mean NG to be 2 5, and the %
of cells in repair to be = 10%, as the criterion for a positive test result is given. Bu. it is
stated that the criteria were set pre test)

Results: The results are shown in tab M3. The assay was negative up to 100 pg/mnl drug
concentration; at concentrations of 1000 p_/ml and above, the drug was toxic to the cells
and the slides were not scorable. At concentration of 300 ug/ml and 500 ug/mi(used only
in 1/2 tests), more than 10% celis were in repair according to the criterion of 5 NG/ nucleus.
But at these concentrations, the cytoplasmic grain count was reduced below negative
control; and it is stated that at 500 ug/ml, the cytoplasm showed severe morphological
changes i, Jicative of toxicity. The sponsor's explanation that reduction in the cytoplasmic
grain count artificially led to positive values of NG/nudeus (NG=(nuclear grain count)-
(cytoplasmic grain count in or equal area)) seems reasonable.

Comments: The conclusion that up to the dose of 307 pyg/ml, (500 ug/ml ~vas tested only in
one of the tests) the drug did not increase UUS seems valid,

Micronucleus test in mouse bone marrvw: (Report # 7227/89/074; Study site,

Based on a prciimina'ry range finding study in which deaths occurred at doses 2 250 mg/kg
of the drug given i/p, the highest dose used in the test was 175 mg/kg.

(15m+15f)/ group in groups 14, 5m+5f in group-5; groups 2-4 were given 50, 100, and 175
mg/kg ibutilide i/p respectively; group-1 {control) received vehicle {distilled water), and
group-§ received 0.5 mg/kg triethylenemelamine (TEM) i/p; 5m+5f in groups 1-4 were
sacrificed at 20, 48, and 72 hours post dose; tie bone marrow slides prepared for exaintna-
tion; group-5 animals were sacrificed at 30 hours. The slides were scored blinded. 1000
polychromatic erythrocytes (PCEs) /animal were scored, and the number of micronucleated
PCEsMNI’CEs)/ 1000 PCEs deteymined.
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Table M2a

PH 314-~-UP-005~-88
Amended Final) Repori

U~-70,226E

ASS52/XIRT Mommalian Cell Forward Gene Mutation Assay

Mutagenicity Data - Control Cultures 159

Mutant Fraqugncy

t

Total No. Average
55 Ralative < Mutants Moning (mutanta/io Mutant
Compound pg/ml (1) survival® (%) (5 plates; Efficlency (%) clonabils calle) Frequency
Untreated 0 - 95.41 14 66.67 21.00
Uncreated ¢ - 104.59 18 63.50 28.135% 24.67
Untreated 0 + 68.09 29 61.33 37.28
Untreated 0 + 72.38 17 69.33 24,52 35.90
pusoP 10.0 - 84.C0 12 74.17 14.83
DMSO 10.0 - 88.07 7 43.83 15.97 15.40
oMso 10.0 + 87.08 7 74.33 S.42
D¥SS 106.0 + 85.83 24 48.00 50.00 25.71
EMS 200 - 6§7.6% 76 35,00 217.14
EMS 200 -~ 65.65 107 40.17 264.39 241,77 %%
DMN 100 + 42.81 142 30,50 465,57
DMHN 100 + 40.37 64 33.50 191.04 328.31##

Anbsclute cloning efficlency = 81.75%.

plimz.
t+Signifi

Pooled nagative control cultures: X

zant increase (p<0.01; Snee and Irr, 1981}.

®+30 = H6.42

95% confidence interval = 56.28

26.42 * 14.93 (1S8D)
2X = 52.84

(1) i€ *d
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PH 314-UP-005-88

U-70,226E

AS52/XPRT Mammslian Cell Forward Gene Mutation Assay
Mutagenicity Data ~ Treated Culturea -89

Tatal No. Mutant ?requgncy Average
Relative of Mutants Cloning {autants /10 Mutant
Compound gg/fml survival? (33 (5 platas) Eff{iciency (%) clonable cells) Freguency
U~76,226% 10.0 83.59 14 63.87 21.9¢9
U-70,226E 10.0 81.75 14 67.00 20,90 21.44
U=-706,226¢ 25.90 B2.57 28 59.17 4%.01%
U-70,226E 28.0 86.44 5 640,00 8.33 28.487
U-70,226E 50.0 80.94 10 S54.50 18.35
U-70,22%E 50.0 B1.69 20 62.23 32.0% 25,22
J-70,228E 100 8%.18 5 §9.13 7.21
U-73,226E 106 B5.563 13 58,58 22.22 l4.72
U-70,226E 150 58.10 34 62.33 54.55
U=79,226E 150 74.2% 12 69.83 17.18 i5.86
U~70,226E 260 82.16 14 67.0¢ 20.5%0
U-70,226E 200 6.16 19 66.17 28.72 24.81
U-70,226E 250 57.08 _ i8 64.67 % 27.84¢
U-~70,225E 250 62.79 13 63.75 17.25 22.54
B1.72%.

absclute cloning efficiency-=

() g @



Ta 2

PH 314-UP-005-88

Amengde
U-70,226E

AS52/XPRT Mammalian Cell Forward Gene Mutation Assa’
Mutagenicity Data - Truated Cultures +59

Total No. : Mutant Frequgncy Average

Relative of Mutants Cloning - {mutants/10 Mutant
Compuund #g/ml survival® (%) {5 plates) Efficlency (%) clonuble ceils) Frequency
U-70, 226E 25.0 8o, 94 4 49.17 48.81 .
U-70,226E 25.0 84.00 a 59,50 15.13 31.97
U-70,226E 56.0 78.90 9 61.83 14.56
U~70,226E 50.0 76.25 - 11 58.00 18.97 16.76
U-70,226E 100 89.50 12 . 50.83 23.61
U-70,226E 100 76.86 32 56.83 55.30 39.96
U-70,226E 250 69.93 9 85.83 10.49
U-70,226E 250 68.05 4 74.33 5.38 7.93
~70,226E 500 57.49 13 78.67  16.53
U-70,226E 500 61.00 9 63.33 14.21 15.37
U-70,3226F 750 67.48 7 72.17 9,70
U-70, 226K 750 65.44 5 °G.00 . 6.25 7.97
U-73,226E 1000 5. 05 _ 15 73.50  20.%1
U-7¢,226E 1000 56.07 9 64.50 13.95 17.18

aAbsolqte cloning efficiency = 81.75%.

(€) (g +d



Tatle **2

TABRLE k. _ . .TS OF THE IN VITRO UDS ASSAY WITE U-70,226E ~

FIRST EXPERIMENT SECOHD RXPERIMENT
DOSE. NEAN MEAN MEAN NEDIAN KExd MEAR NEAN MEDIAN
TREATHERT (ug/ml) N XU cy? u.G, S.Ek. ¥.G, L IR ] c crr u.G. 8.E. R.G. t IR
Medium 0 2 17.19 28.30 -1i.l1 G.62 -12.04 0.0 2 20.44 34,06 -13.62 0.50 ~-12.84 2.0
U-70,226E 1 2 12.68 24.66 -11.98 1.03 ~10.70 6.0 - .7,
3 2 17.67 30.87 -13.20 1.36 -11. 17 0.0 2 22.57 38.63 -15.9%€ Q.05 -18.19 1.7
10 2 14.37 25.50 -11,13 2,53 -10.70 1.7 2 18.33 32.78 -14.44 1.00 -12.84 1.2
30 2 22.02 31,47 -5.40 1,66 -3.863 6.7 2 1. 72 31.03 -12.32 4.16 -~18.70 1.7
100 2 18.44 28,30 -3,86 0.84 -8.56 1.3 2 21.36 31.87% -10.30 2.84 -8.56 6.7
306 2 17.03 18,22 -1,18= 2,87 -2.14 23.3§ 2 15,27 17.96 -2.69 3.62 -5.,3%  21.7
500 - N.T. 2 15.23 11.98% 3.28+} 3.67 2.14 35.04
1000 - TOXIC - N.r.
3005 ~ TOXIC - N7,
'~AAFP 0.1 ug/ml 2 $7.08 38.25 58.83 4.37 62.06 1(0.0 2 77.18 33.67 43.51 9.88 41.73 100.0

« Number of slides scored per dose.

UC = Nuclear grain count.

YT = Maximum cytoplasmic grain Count.

.G. = Hat graing/nucleus,

IR = percentage of cells {n repair.

.E, = Standard error of the mean N.G, {slide~to-slide variation}. .

.T. = Not tested st this concentration. %
= Mean of H.G. data (or ranked N.G, data) aignificantly > medium control mean (p<0.08),
= Statisrically significant dosa response (p<0.05).

-AAP « 2-Acetylaminoflucrene, positive control compound.

IXIC = Cytotoxic dose, slides not scorable. "

swarch Notebeck 21701, experiments CI and CX, study 88-430, zcored by SK Wiser.

(%) L€ d
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Results:

Animals in groups 24 exhibited various clinical signs of toxicity (decreased body tone,
abrormal gait, piloerection etc; the high dose group also exhibited writhing). Mear. :t SD of
MNPCEs /1000 PCEs are shown below; n=10 in each case.

Group 30 hours 48 hours 72 hours

Vehicle Control  0.6010.70 0.0040.00 0.40+0.70 ™
50 mg/kg 0.5010.97 0.5040.71 0.90+1.20

100 mg/kg 0.20+0.42 0.60+0.70 1.00:£1.33™

175 mglkg 0.4010.84 0.6040.52'  0.80£143

TEM 456.7049.11"

Note: ™, p<0.01; ¥, according to the sponsor, since the SD in the vehicle group at 48 hours
was 0, t-test cannot be done, and it is stated that mean no. of MNPCEs in the dosed groups
is within the historical range; at 72 hours, in the 100 mg/kg group in which the mean no.
ot MNPCEs is the highest, the difference from control is s-ns (p=0.113, one tailed t-test,
s-rev).

Comments: Ibutl up to 175 mg/kg i/p (which was the highest testab’= dose) did not cause
a s-s increase in the proportion of MNPCEs.

Micronucieus ‘est in mouse bone marrow with Ibutilide containing T f
(Study nc. 7228-94-044, in amendment # 099 to .

Doses for this study were based on the results of a dose range finding study in which
animals that received 2250 mg/kg of ibutl-.v  /p died, and 3/6 animals that received 125
mg/kg had convulsions and irregular breathing that lasted for approximately 40 minutes
post dose.

15/sex/group in groups 14, and 5/sex in group-5; groups 2-4 received 3€, 90, and 180
mg/kg ibutlw ' i/p respectively; group-1(C) received vcehicle; and group-5(P) received 1
mg/kg triethylenemelamine (TEM) i/p. 5/sex/group from groups 1-4 were sacrificed at 24,
48, and 72 hours, all group-5 (P) animals were sacrificed at 24 hours. Bone marrow slides
from each animal were prepared and scored tlind for the number of MNPCEs /1000 PCEs;
1000 PCEs/animal were counted.

Results:

Some animals in the high dose group had convulsions, but recovered 30 minutes post dose.
MeantSD of MNPCEs/ 1000 PCEs are shown below; n=10 in each case. The sponsor has
analyzed malec and females separately, but that reduces the power of the test to detect a
difference as significant (In the study with ibutilide reviewed above, the sponsor analyzed
the results after combining the data from males and females in each group).
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Group 24 hours 48 kours 72 hours
Vehicle Control  0.510.527 0.410.516 0.240.422
36 Img/kg 0.240.422 0.640.543  0.640.516"
90 mg/kg 0.740.675' 0510527  0.440516°
180 mglkg 0.54).527 0.310.433 0.540.527¢
TEM £6.247.349™

Note: ™™, p<0.001; "**¢## all p values given below are from one tailed t-tests (s-rev); "' ns
(p=0.235); ™ ns (n=0.265); ¥ ns (p=0.337); “'s-s (p=0.027235); * ns (p=0.1. 8); ™ ns (p=0.088).

Comments: Except for the low dose group at 72 hours, which had a s-s increase in
MNPCEs /1000 PCEs compared to control (one tailed test is used, as it is only the s-s of the
increase that one is interested in), the results in all othor cases were s-ns compared to
control, and the high dose group value was < control value ut 24 and 48 hours. Since at 72
houre, the increase in the high and mid dose groups was s-ns, the increase in the low dose
group is biologically not relevant. Therefore it can be inferred that micronucleus test with
ibutilide containing e degradation product which is formed during heat
sterilization of ibutilide solution) up to the highest testable dose is negative.

§5: Hemolysis and Plasma Compatibility tect: with Human Blood;

o Hemolysis: (Report # 7236/89/002)
25 mg/ml, 2.5 mg/mi, 1.25 mg/ml and 0.125 mg/ml ibut! formulations were tested for
hemolysis at drug solution/blood ratios of: 24:1, 4:1, and 1:1 each. The sponsor's estimate i
that in the worst case scenario (polus administration in a small vein which could give a
maximur: drug infusion rate of = 24 ml/min and a minimum blood flow rate of 6 ml/min)
drug/blood ratios of 4:1 could be attained.
Results: At the drug solution/blood ratios tested: 25 mg/ml ibutl produced 52%, 5.85%, and
1.02% hemolysis; 2.5 mg/ml produced 1.55, 0.23, and 0.14% hemolysis; 1.25 mg/ml
produced 0.9, 0.19, and 0.28% hemolysis; hemolyses results for 0.125 mg/mi were similar to
those for 1.25 mg/mi. Cormnents: The formulation to be marketed will contain 1 mg/ml
ibutilide; in the worst case scenario estimated by the sponsor, 0.3% of < 6 ml blood in a
patient may be hemolyzed.

o Plasma compatibility: (Report # 7256/89/042)
Solubility, precipitation of plasma proteins, and platelet aggregation were studied in
mixtures of various concentrations of ibutl formulation and plasma/platelet rich plasma (for
studying platelet aggrcgation) in drug-solation/plasma ratios of =1:10 .

Results:

Solubility: The drug was sotuble in platelet rich plasma (PRP’) up to a final concentration of
9 mg/ lﬂl.

Protein precipitation: There was no protein precipitation up to a final drug concentration of
5 mg/ml in the formulation-plasma mixture, but there was some turbidity (probably due to
plasma lipid separaiion as suggested by the sponsor, since drug solubility in plasma is 9
mg/ml, and the turbidity therefore could not be due to drug predipitation). At 1 mg/mil,
there was no turbidity. :
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§5:

t : At final concentrations < 0.5 mg/ml, tiiere was no indication of
platelet aggregahon in PFP; at a final concentration of 2.5 mg/ml, transmittance increase
began at Z niin and was nearly complete at 20 min (in the case of ADP, the positive control,
transmittance increase was complate within two minutes). Microscopic examination of
plasma showed no platelet aggregation but platelets appeared swollen, and the spons 1's
conclusion that transmittance increase was due to platelet lysis seems reasonable.

b

Venous irritation study in the rabbit:

In six rabbits one ear was injected perivenously with .05 ml of 2.5 mg/mi of the drug and
the other with .05 ml of either vehicle, 0.9% NaCl, or 65 mg/ml of sodium pentobarbital
solution (positive control). Six other rabbits had one ear injected in a similar manner with 25
mg/ml of the drug and the other ear with the same controls as mentioned earlier.

The ears were clinically examined and their thicknesses measured daily for eight days; at
the end of that time histopatholegy of the injection site was done.

Results: Neither 2.5 mg/ml of the drug nor the vehicle produced any aross or histopatho-
logical signs of tissue irritation. (25 mg/ml ibutilide was moderately irritating, but 1t ;s
stated to be less irritating than the positive control.

Ondaan byl - Faeer

Pritam Gill-Kwumar, M.D.
1] 287"
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Ibutilide Fumarate Injection NDA
Itemm 2. Application Summary
Section A. Propos=d Package Insert

02/ 01/

The proposed package insert has been annotated to the submission volume and page of the appl{mﬁon
summarv and technical sections (eg, volume 1.18, page 5/1/10). References to individual study reports
appest within brackets in bold print in the text (eg, lﬁxlinthecmﬂml?hurmmhgyncﬁon refers to

reference no. 3 in Hem 5).

Thutilide Fumarate

L . Loestion In
DRAFT PACKAGE INSERT Summary and
s Technical Ssctions
CORVEET™ Injection
(brand of ibutilide famarate fxjection)
For intravenous infusion only
DESCRIPTION
CORVERT Injoction is an sntiarrhythmi: drug with predominantly class T 1.18, 6/1/109;
(cardis~ action potential pralongation) propertice according to the Vaughan 1.1, 2/1/57
Williams Classification. Each milliliter of CORVERT Injection contains 0.1 mg of ‘
fbutilide fumarate ( to 0,087 mg ibutilide free base), 0.189 mg sodium 1.2, 3717
acetats trihydrate, mg sodium chioride, hydrochloric acid to adjust pH to
approximately 4.6, and Water for Injection.
CORVERT Iniection is an isotonic, clear, colorless ~queous solution. 1.2, /19
Ibutilidefummmmchhﬂoentur and exists as n racemate of the (+)apd | 1.2, 812
(-} enantiomers.
The chemical name for fbutilide fumavate ia N-{4-t4-{ethylheptylamino)-1-
hydraxybutyllphesylimethanesulionamide, (E)-2-butenedioate (1:0.5)
(hemifumarate salt), Its molecular formula ia CyHyWN,O,8 and its molecular 1.2, 8/12
weight is 442,62,
Tbutilide fumarate is a white to off-white powder with an aqueous solubility of 1.2, 3/1/3
over 100 mg/mL at pH 7 or lower.
The structural formuls is represented betow:
CH20H3
cﬂa-co,-mi@- ~CH,CH,CF %2-N
?H CHQ(CH,)S(‘H, 12,3172
. 0-6 ﬁH -COG'{
ROOC-CH

Page 1




Tutilide Fumarate Injoction NDA 02/ 01/
Item 2. Applicetion Summary
Section A. Proposed Package Insert

A

4
CLINICAL PHARMACOLOGY

Mechanism of Action: CORVERT Injection nrolongs action potential duration in
isolated adult cardiac myocytes and increases both atrial and ventriculsr
refracto-iness in vivo [6.3-8.8, 8.15-8.15, 5.17-5.20, 5.23-5.28]. Voltage clamp
studiez indicate that CORVERT Injection, at nanomolar concentrations, delays
repolarization by activation of 2 slow, foward current (predominantly sodium),
rather than by blocking oatward potassium currents, which is the K.echantsm by
which raoet othar class ITT antisirhytinnics act (5.£-8.10, 5,12]. -

Mmmmmawmmmnmmmmmmm
to these clams 11 clectrophysialogic propertios, te, prolongation of atrial and
mmmmmmtmvmmm
5.286].

In humana, the predoruinant electrephysiologic property of CORVERT Injection Is
demonstrated by prolongetion of effective refractory periods in atrial and
ventricular m7ecle,

1.18, 5/110%;
1.1, 20157

1.18, B/1/109;
1.1, 21559

Hemodynamics: CORVERT Injection was given intravenously to animals
at doses greater ten times the human dose, mild, negative inotropic effects
were observed (less thau 8% decrease in left ventricular contractility) (5.48].

A study of hemodynamic function in patients stratified for ejection fractions
(greater than or aqual to 35% and less than 35%) demonstrated no eignificant
effects on cardiac eutput, mean pulmonary arterial pressure, or capillary wedge
pressure at doses up to 0.03 mg'kg.

1.18, 5/1/184;
1.1, 2/1/60

1.52, 8/1/469;
1.1, 21112

Pharmecology: CORVERT Injection produces mild glowlnug of the sinus rate and
atrioventricular conduction. CORVERT Injection produces no clinically significant
effect on YRS duraion st intravenous doses up to 0.03 mg’kg administared over a
10-minute period. Although ther is no established relationship of plamma
concentration to antiarrl ythmic effect, CORVERT Injection produces dose-related
prolongation of the QT interval, which is thought o be associated with its
antiarrhythmic activity 16.3, 8.11, 8.12]. (See WARNINGS for relstionship
between Q¢ prolongation and iorsades de pointes-type arrhythmias.) In 8 study
in bealthy volunteers, [6.3, 6.4, 8.12 ] intravenous infusions of CORVERT
Injection resulted in prolongation of the QT intervals that were directly correlated
with ibutilide plasma concentrations during and after 10-minute and 8-bour
infusions. A steep ibutilide coucentration/response (QT prolongation) relationship
was demonstrated. The maximum effect was a function of both the dos: of

CORVERT Injection and the infusion rate (6.3].

152, 8/1/474

152, 8/1/461;
1.1, 2/1/141

1.42, 6/1/40;
1.1, Y191

1.42, 6/1/40

1.42, 6/1/40




Ibutilide Fumsarate Ynjection NDA

Item 2. Application Suamary 02/ o1/
Bection A. Proposed Packnge Insert
Phermacokinotics: AT intravenous infusion, ibutilide plastaa concentrations
rapidly decrease in a multi-exponential inahson. The pharmacokinetics of ibutilide S
are highly variable amopg subjects. Ibutilide hes a high systewic plasma
clearance that approximetes liver blood flow {ahout 28 mL/iuin/kg} and a large 1.42, A/119;
steady-state volume of distribution {about 11 [/g) in bealthy volunteers [6.8, 8.5, | 1.1, 27180
6.8, 6.7}, Ibutilide is 2leo cleared rapidly and highly distributed in patients being _
treated for atrial Nutter or strisl fibrillation (6.1, €2, 815, 8,16). The eliminat 1.42, 641125
hal-life averages abyut 6 hours (fyplcaily ranges from 2 to 12 boure). The
phanmacokinetics of ibutilids are linear with respect to the dose of CORVERT
Injaction over the dose range of 0.01 mg/kg to 0.10 ragfkg (6.1, 831, The 142, 67131
enantiomers of Ihutilida famarate bave pharmacokinstic pruperidze similar to each
other and to jbutilide fumarate [8.5, 8.0, 8.7 1.42, 6/1/19
The pharmacokinstics of CORVERT' Injection in patisnts with ateial flutier or 1.42, 6/1/38
atrial fib: are similar regardleas of the type of axrhythmis, patiert age, 1.42, 671736
8oz, or the concomitant use of digoxin, caiclum channel blockers, or beia blockers ! 1.42, 6/1/37
(6.2, 821 1.42. 6/1/39
Ellmination: In heqlthy male volunteers, ahout 82% of a 0.01 wng/kg dose of
{MClibutilide te was exereted in the urine (about 7% of the dos~ as 1.42, 6/1/34;
unchanged {butilide) and the remainder (19%) was recovered in the feues [8.8]. 1.1, 2150
Metabolizym: Fight mrtabolites of ibutilide were detacted in metabolic profilng
of urine. These metabolites are thought to be formed primarily by w-oxidation
followed by sequential f-oxidetion of the heptyl side chain of ihautilide. These 1.42, /1531,
metabolites have no activity or weak class HI activity relative to ibutilide {6.6]. 1.1, 21790
Dietribution: Ibutilide exhibits moderate plasraa protein binding (41% bound)
over the concentrations achieved in clinical studies, and, therefore is not expected | 1.42, 6/1/35
to displace cther drugs bound to plasma proteins [5.180]). Ibutilide is rapidly and | 1.1, 2/1/9G
extensively distributed extravascularly as evidenced by the large volume of 1 42, /1719
distribution [6.1-€.7, 815, 8.18). 1.42, 6/1/25
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Ibutilide Fumarate Injection NDA
1tem 2. Application Summary
SBection A. Propcsed Package Ingert

02/ 01/

—

Cliuical Studies: A multicenter, placea-controlled study of 242 r.on- Lostsurgical !
patienis was conducted to assess the response 1o a single 1-mg dose of CORVERT |
Injection versus placebo and to allow & second ;nfusion (either 0.6 or | mg) to be
administered to thoge who did noi convert following the initial dose. These results
are discussed below [8.14).

Atrial Fluiter; Followipy administration of placehe, 1 of 41 (24%) patients with
atris] flutter cordioverted to sinus rhythm. In comirest, 18 of 80 (24%) patients
with atrial fiutter converied within 20 mingion of starticg a single, 10-mirute, 1-
mg infugion of CORVERT Injection. Adminisirgtion of 2 second doee of 0:8"mg to
thosa patients who did not respond to tiie first dose resulted in sn averall
cumulutive conversion rats of §4% (21 of 36 pailents), while sdainistration of o
second dose of 1 mg resaited in an svernll cimlative conversion rate of 71% (20
of i1 patients), Consequantly, the sequentiel admbyistration of 1 mg followed by
0.6 mg, 20 minutes a>art, results in an sverall conversion rate in palionts
with atriel futter that is noi statistically differant Lhan the sequential

of two 1-mg doses of COKVERT Injsciion (64% and 71%,

administration
respectively) [8.14].

Atrial Fibriliation: Following administration of placebo, 1 of 40 (2.6%) patienta
with atrial fibvillatidn cardioverted to ginus rhythm, In contreast, 16 of 81 (20%)
patients with atrial fibrillation converted within 20 minutes of starting a single,
10-minuts, 1-mg infusion of CORVERT injection. Administration of & second 10-
minute infusion of 0.6 myg to those patients who did not yespond to the first dose
resulted in an overall camulative conveyeion rate of 36% (14 of 40 patients), while
admiaistration of & second 1-mp dose rerulted in 2n overall cumulative conversion
rate of 27% (11 of 41 patients). Accordir gy, tue sequential administration of 1
mg follovred by 0.5 mg, started 20 minuts » apart, resulis in an oversll conversion
rate in patients with at+ial fibrillation that is not statistically diffarent from the
sequential administratio. of twe 1-me doces (85% and 27%, respectively) [8.14).

1.52, 8/1227;
1.1, ¥1/116

1.52, 8/1/221;
1.1, 21116

1.62, 8/1/227;
1.1, 21118

INDICATIONS AND USAGE

CORVERT Injection is indicated for the rapid converaion of atrisl fibrillation or
atrial flutter to ginus rhythm.

1.52, /17240,
1.1, YV126;
L1, 2/1/152

CONTRAINDICATIONS

CORVERT Injeciion is contraindicated in patierts who have previously
demonstrated hyparsensitiviiy to ibutilide fumaraie or any of the other produt
compor.ents.

CORVERT Injertion is contraivdicated in patients who have proviously
demonstrated torsades de pointes.

1.62, 81,220

Page 4
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Ihatilide Fumarate Injection NDA

Item 2, Apgplication Summary
Section A. Proposed Package Insert

WARNINGS
Erearrhythmia:

Like other entiarrhythmic agents. CORVERT Injection ¢an induce or worsen
ventricular arrhythmias 1o somo patients. This may have potentisll; fatal
consequences. Torsades de printes. a polymorplic veniricular tachycardia thet
devalope in the setting of a prolonged QT interval, may occur beciuse of the effect
CORVERT Injection has on cardiae repolarization. In gemeral, with drugs that
prolong the QT intarval, the risk of torsades de poistes is thought to incrense
progressively as the QT intarval is prolonged and may be worsenad with
bradycardia and a varying heart rate. Also, the freqnon’y of proarshythmia is
higheér in women then men [8.30]. In the nore recent clinical trisls conducted in
petients with atriel fibrillation sxd atvial futter, Mwﬂh%hﬁuﬂﬂs
>“0msoctmmtnllmedtopaﬂldpata[&1ﬁ

During clipical trials, 2.4% of patiunts with atrisi futter or striad fibriliation
treated with CORVERT Injoction developed sustrined polymorphic vertricular
tachycardia requiring cavdigversion; 4.0% experienced nonsustained palymorphic

In thege clinical trials, ell initia! episodes of polymorphic
ventrlacular i occurreq during or within 80 minutss of an infusion.
Management of the polymorphic ventricular tachyeardis inclnded magnesium
zalfate infugions and cardiac pacing., Nonsustained monomorphic ventricular
tachyrardias occurred in 4.0% of the patisnts treated with CORVERT Injection
2.7% were possibly related to drug. (S2¢ Adverse Reactions.)

Proarrhythmic events must be anticipated and proper equinment, such as =
defibxillator, and medication for treatment of sustained ventriculsr tachycardiasg
must be available during adminigtration of CORVERT Injection. Before
treatment with CORVERT Injection, plasma hypokalemia and hypomagnesemis
should be corrected to reduce the potentisl for proarrhythmia,

PRECAUTIONS

General Precautions:

Antiarrhvthmics: Class Ia antiarrhythmic drugs (Vaughan Williams
Classification), such as disopyramide, quinidine, and procalnamide, and other
class I drugs, such as amiodarcne and sctalel, should not be given concomitantly
with CORVERT Injection beca .se of their potential to prolong refractcriness.

1.62, 8/1/484-91;
1.1, 21/161

1.62, 8/1/220;
1.1, 21142

1,52, &1/200
1.52, 8/1/202

1.62, 8N1/449;
1.1, 2/1/136

1.62, 8/1/420

1.52, 8/11220;
1.1, 2/1/152

1.69, 8/8/116
1.68, 817133,
1.1, 2/1/161

Otber Drugs that prolong the QT inlerval: The potential for proarchythmia may
incresse with the administration of CORVERT Injection to patients who are being
treated with drugs that prolong the QT interva!, such as pbhenothinzines, tricyclic
antidepressants, tetracyclic antidepressants, and antihistamine drugs (H1
receptor antagonista).

Lsbhoratory Test Interact'ons; None known.

1.62, 8/1/487,
L1, 21143
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Drug Interactions:

Digozin: Supraventricular arrhiythmias may mask the cardiotoxicity aseociated
with excessive digoxin leve's. Therefore, cordivversion with CORVERT Injection
may be hazardous in patients whoes plasma digoxin levels are above the usual
therapeutic range. Acute dosing with CORVERT Igjection does not affect serum
digoxin levels {8.18, 8.16, 8.18]. The pharmacokinetics of CORVERT Injection are
not different in patients treated concorzitantly with digovin when compared with
thuse who were not soncomitantly treated [8.1, 6.8).

.

Calcium channel blocking sgents: The pharmacokinetios of CORVERT Injection
are not different in patients treatod concomitantly +ith celcium channel blocking
mhmemmmmmmmm[&l.u].

- EnN mmmmamavmwm
mmmmmmumuuuudmmmmm.wbm
agents when compared with those who were not concomitantly treated (6.1, 6.8].

1.52, B/1/254;

1.1, 237131
142, 6/139;
1.1, 2191

1.42, 8/1/39

1.42, 6/1/39

Cucim.gonu!l. Mutapenesis, Impairment of Fertility:

No animal atudies ﬁ;ve been conducted to determine the carzinogenic potentiai of
CORVE 2T Injection; bowever, it was not mutagenic in a battery of mutagenicity
assays including the Ames ssgey, mammalian cell forwend gene muiation assay,
unachednled DNA gynthesis assay, and mouse micronuclens asgny [5.77-5.81).
Similardy, no drug-related effects on fertility or mating were noted in a
reproductive study in rats [5.69].

1.18, 5/1/380;

1.1, 21769
1.18, /1/78;
L1, 27167
1.18, 8/1776

1.18, 5/1/321;

1.1, 71/8

Pregnancy, Labor, and Delivery: Pregnancy Caiegory

CORVERT injection was teretogenic and embryocidal in reproduction studies in
rats. These findings indicate that the potential rigk to the fetus must be
copaidered when anticipating treatment of pregnant womea or women of child-
bearing potential.

1.18, B/VI5;
1.1, 2187
1.18, 6/1/324

Nurstog Mothers:

The excretion of ibutilide into bresst mitk has not been studied; accordingly,
breast{eeding should be discournged during CORVERT Injection therapy.

Pediatric Use:

Clinica} trialz with CORVERT Injection in patients with etrial fibrillation and

atrial fNutter did not include anyone under the age of 18.

o
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Vise in Elderly Patlents?

No age-related pharmacokinetic differences wore observed in a Phase II dose-
response trial conducted in petienta 26 to 82 vears old (mean = 64) in wiilch
pharmacokipetic parameters were compared for patients less than 65 with those
of patients 85 vears and older [6.1]. .

Use in Fatlents with Hepatic or Rei sl Dysfunction:

The safety, effectivensas, and phaxmamkinetics of CORVERT Infection hevt not
bean established in patisnts with hepatic or vens! dysfunction. However, it is
unlikely that doeing adjusiments would be necessary in patients with
compromisod renal or hepatic fanction based on the fhilowing consdlerations:

1) CORVEXT Injoction is indicated for rupid tutravenous therapy (duration < 20
minuies) ar." is dosed to « known, well-defined pharmacologic action {tershination
d'anlml::h) Jr to & maximum of two 10-minute infasions; ) less than 10% of
tha doee of CORVERT Injection {a excreted unchanged in the urine; 8) the hepatic
metabolic clearancs of fkutilide is perfusion-rate tmited [8.5, 6.8]; and 4) drug
distribution appears to be one of the primary mechanisms responsible for
termination of the pﬁmmmlnglc sffect.

In 285 patiants with atriel fibrillation or atrial flutter who were treated with
CORVERT Injection, the clearanca of ibutilide was independent of renal fanction
as measured by creatinine clearancs (runge 21 to 140 mL/min), a2d aigo
independent of hepatic function, as measured by serum (LT 'f‘.i.. AST [83].

1.42, 8/1/36;
L1, 2118}

142, &M
142, &/1/19

1.42, 6/1/38;
L1, 2101
1.42, 6/1/37

ADVERSE REACTIONS

CORVERT Injection was generally well tolerated in clinical trials  Of the 375
patients who received CORVERT Injection, 88 (23%%) reported medical evants
related to the cardiovaacular gystem, induding sustained polymorphic ventricular
tachycardia [2,4%) and nonsustained polymorphic ventricular tachyesrdia (4.0%).

Other clinically important adverse events with uncertain relationship to
CORVERT Igjection include the follywing (0.3% represents 1 patient): sustained
monomorphic ventricular tachycardia (0.3%), nonsystsined monomorghic
ventricular tachycardia (409, AV hlock—18t degree {L6%), A-V block—2od
degree {0.6%), A-V block--3rd degree (0.8%), A-V biock-—variable (0.3%),
ventriculanbigeminal extrasystoles (3.5%), hypotensionpostural hypotansion
(2.99), bradycardia/sinus bradycardia (1.1%), nodal arrhythmin {0.5%), congestive
heart failure (0.5%), supraveatricuiar tachycardia (0.5%), idioventricular rhythm
(0.3%), syncope (0.3%), and renal failure (0.3%). Althongh no cause-effect
relationship has been established, the incidence of these events, except for
syncope, was greater in the CORVERT Injection group than in the placebo group.

Other advores reactions that mey be assoclated with the administration of
CORVERT Injection were nuuses and beadache, both of which occurred with e
froquency greater than 1% more in ibutilide-treated patisnts than those treated
with placebo,

1.52, 8/1/448;
1.1, 2/1/126

152, 8/1/485
1.52, &/1/527

1.52, 8/1/449,
1.1, ¥1/134

et e Py — e —l -
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Tbutilide Fumarats Injection NDA 89/ o1/
Item 2. Application Semmary 1,
Bection A Proposed Package Ingort
Gender NDiffurences in Frequency of Proarrhythmis: As with other class Ll
aotiarrhvthmic agents, the incidznce of proarrhythmia in paiients treated with &,
COXVERT Injecilon is greater in women than mer {8.30]. This was borne out in 1E2, 8/1/487;
ciinical trials condrcted in patients with atrial fibritiation and atrial flutter, in which L1, 21143
more women than men developed polymorphic vertricular tachycerdia {8.14). Also, the
pharmacokinetics of CORVERT Injection are simflar in men and women with atrial 1.42, 6/1/87;
fibrillation and atrial futter (8.1, v.2). Iz studies in healthy volunteers, there weno po | 1.1, 271/51
geader differences in thy pharmacokineties of Setilide [8.7], or with respect to 1.42, 6/1/87
prolongation of the QT intarval [8.71 1.42, 8/1/40
Details of he gender Gistribution of the different ventricular tachycarding in the 152, 871487
38 natients trested with CORVERT Injection ave prvrided in tha following teble. 152, /1,508
Porcentage of Patisnts With Now ar Worsaned Veniricalar Tuchycardia
' Total No. of
S ¢ N Polymorphic VT Monomorphic VT Patients
| n %
e
Male 3129 25 8.0
- ~
Fomale 83+ 3.2 9.5 0 25 13 206
4 One male patient had 2 sustained polymorphic VT ard a sustained monomorphiz VT.
¢ One fomale patient had a sustained and a nonsustained polymorphic VT,

Puge 8
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) The medical events reported for more than 1% of tae patients are shown in the following table.
" Trestment-Emergent Medicai Events with
Freguency of More Than 1% X
Protocols 0003, 0005, 6014, 0015
Placebo All
Ihutilide
Bsns N=127 N«376

] B2 ARt | e

1 0.8 10 1 27
2 16 6 16
3 2.4 6 1€

ersa M Dyspoea 3 24 7 19
CENTRAL NERVGUS SYBTEM
. Hesdache 4 ai 1n 48
Mxﬁ Dizziness 2 1.6 7 1.9
UROGENTTAL
Urinary Retention 2 1.6 - -~ ]
MISCELLANEOUS
Back Pain é 47 7 1.9
Fever 4 3.1 5 1.3
Localized Pain 1 0.8 4 1.1
[1.5E, 8/1/449; 1.1, 2/17134]

Page 9
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OVERDOSAGE :

Acute Exporlence in Animals: Acute overdose in anirmuls results in CNS toxicity;
nota' 1y, CNS depression, rapid gasping areathing, and convulsions. The intravenous
median lethal single dose is more than 60 mg/kg but less than 100 mghkg in two
species; this dose is at least 1600 times more than the maximum recommended
therapeutic dose.

Human Experience: In the cJinical trials with CORVERT Injection, four paticnts
were unintentionaily overdosed. The largest dose was 3.4 mg edministered over 16
minutes. Cne putiont deveioped increased ventricular ectopy and monomorphic
ventricular tachycardia, another petient developed A-V block—Snd dugree atid
nonsuntainad polymorphic VT, and two patients had no medical event reports.
could - mmmir?ﬁmn?m atwmailbzliniml
exaggerate [ seen at usu
doseg. Medical events (eg, proarrhythmia, A-V block) that occur after the overdossage
shoujd be treated with measures appropriate for that condition.

S

8, 5/1/18;

. 2/1/85
8, br1/227;
» 2171

Yk b bt it
ok P o ek

1.5Z, 8/1/548;
1.1, 2/1/146

DOSAGE AND ADMINISTRATION

The recommended dose of CORVERT Injection for patients 60 kg (132 Ib) or more is
1 mg administered by intravenous infusion over & 10-minuie period. For patients
less than 60 kg, & r 0.01 mg/kg over a 10-mioute period. If the arrhythmda
does not terminete within 10 minutes after the end of the initial infugion, a second
10-minute infusion of equal may be administered. More rapid infusion is
not recommended. CORVERT Injection may be administered undiluted or diluted in
50 mL of diluent (see Dilution). If new or worsened - entricular arrhythmia develops
during administration of CORVERT Injection, the infusion should be stopped
immediately. Additional doses are not recommended becauge of the risk of adverse
events associated with QT interval prolongation.

1.62, 8/1/258;
1.1, 2/1/129

Dilution: CORVERT Injection may be added tc 0.9% Sodiuwa Chloride Injection or
5% Dextrose Injection hefore infasion. The contents of one 10-mL vial (0.1 mg/mL)
may be added to a 50-mL infuslon bag to form er admixture of approximstely
0.017 mg/mL ibutilide famarate.

13,821

Compatibliity and Stability. The foll. ving diluents are compatible with
CORVERT Injection {0.1 mg/mL):

5% Dextrose Injection

0.9% Sodium Chloride Injection

The following intravenous solution containers are compatible with admixtures of
CORVERT lInjection (0.1 mg/mL):

polyvinyl chioride plastic bags

polyolefin bags

1.3, 4/2/422

Storage: Store the product at controlled room temperature (15° to 30°C or £9° to
B6°F). Keep the product in its original carton until used. When Lept at controlled
room temperature, CORVERT Injection can be stored for 24 months.

Admixtures of the product, with approved dilueants, are chemically and physically
stable for 24 hours at room temperature (15° to 30°C or 59° to 86°F) and for 48
hours at refrigerated temperatures (2° (o 8°C or 36° to 46°F). Strict adherence to
e uge of aseptic technique during thr preparation of the admixture s
recommended in order to maintain sterilitv.

1.2, 3/2/415
1.3, 3/2/422

HOW SUPPLIED

CORVERT Injection is supplied as an acetate-buffered isotoric solution at a
concentration of 0.1 mg/ml. that has been adjusted to approximately pH 4.6 in
10-m1. clear glass flip-top vials.

1.3, 3/2/1
1.3, 37247

Caution: Federal law probiblts dispensing without prescription,
The Upjohn Company » Kalamazoo, Michigap 45001, USA

Revised: October 1994
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REVIEW FOR HFD-110
OFFICE OF NEW DRUG CHEMISTRY
MICROBIOLOGY STAFF

MICROBIQOLOGIST'S REVIEW $#2 OF NDA 20-491
21 November 1995

1. NDA 20-491
APPLICANT: The Upjonn Company
7000 Portage Road
Kalamazoo, MI 49001

2. PRODUCT NAMES: Corvert® (ibutilide fumarate) Injection

3. DOSAGE FORM AND ROUTE OF ADMINISTRATION:
Sterile solution for intravenous administration at a
concentration of 0.1 mg active drug product/mL.

4. METHODS OF STERILJLZATION:
The drug preduct is sterile filtered followed by aseptic
filling.

5. PHARMACOLOGICAL CATEGORY and/or PRINCIPLE INDICATION:
The product is used for treatment of atrial fibrillation
and atrial flutter.

1. DATE OF INITIAL SUBMISSION: 27 October 1994

2. DATE OF AMENDMENT: 14 November 1995

3. RELATED DOCUMENTS: Three Investigational New Drug
Applications are referenced:
IND -
IND -
IND -

4. ASSIGNED FOR REVIEW: 20 November 19595

REMARKS : The amendmenft. is a response to deficiencies fcund
in che 13 April 1995 review of the New Drug
Application.

CONCLUSIONS: The application is recommended for approval on
the basis of the information supplied.

//7// dt moe Mes

"'Paul Stindvage, EW.D

Qﬁ .ll;\!‘&S
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Consultative Review to HFD-110
DIVISION OF MEDICAL IMAGING, SURGICAL,
and DENTAL DRUG PRODUCTS; HFD-160

Microbiologist’s Review #2
13 April 1995

A. 1. NDA 20-491
APPLICANT: The Upjohn Company
7000 Portage Road
Kalamazoo, MI 49001

2. PRODUCT NAMES: Corvert® (ibutilide fumarate) Injection

3. DOSAGE FORM AND ROUTE OF ADMINISTRATION:

Sterile solution for intravenous administr=iion at a
concentration of 0.1 mg active drug product/mL.

4. METHODS OF STERILIZATION:

The drug product is sterile filtered followed by aseptic
filling.

S. PHARMACOLOGICAL CATEGORY and/or PRINCIPLE INDICATION:
The product is used for treatment of atrial fik illation
and atirial flutter. -

wmend B. 1. DATE OF INITIAL SUBMISSION: 27 October 1994

2. DATE OF AMENDMENT: 16 March 1995

3. RELATED DOCUMENTS: Three Investigational New Drug
Applications are referenced:
IND -
IND -
IND -

4. ASSIGNED FOR REVIEW: 24 March 1995

C. REMARKS: The amendment is a response to deficiencies found

in the 31 January 1995 review of the New Drug
Application.

this preparation and the adequacy of the

filtration process has rnot been demonstrated,the

application is not reccmmended for approval.
Importantly, the Agency is aware of specific
cages of inadequate kacterial retention
validation of filtration processes resulting in
non-sterile product. Specific comments:are

Since filtration is the only sterilizing step for



Opjchn Co., NDA 20-491; CORVERT® Injaction, Microbiclogist‘s Raview #2 PACER 5

provided in *E., Review Notes" and
vMicrobiologist’s Draft of Letter to Applicant*,

=

Paul Stinavage, PR.D.

CL

1€ A} (45

ce: Original NDA 20-491
HFD-160/Stinavage/Consult File
HFD-110/Div File/D. Roeder
Drafted by: P. Stinavage
R/D initialed Ly P. Cooney
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A. 1. NDA 20-491
APPLICANT: The Upjohn Company
7000 Portage Road
Kalamazoo, MI 49001

2. PRODUCT NAMES: Corvert® (ibutilide fumarate) Injection

3. DOSAGE FORM AND RQUTE OF ADMINISTRATION:

Sterile solution for intravenous administration at a
concentration of 0.1 mg active drug product/mL.

4. METEODS OF STERILIZATION:

The drug product is sterile filtered followed by aseptic
filling. )

5. PHARMACOLOGICAL CATEGORY and/or I 'INCIFLE INDICATION:
The product is used for treatment <f atrial fibrillation
and atrial flutter.

B. 1. DATE OF INITIAL SUBMISSION: . 27 October 1994
2. DATE OF BRMENDMENT: (none)
3. RELATED DOCUMENTS: Three Investigational New Drug
- Applications are referenced:
~ IND -
IND ~ ™
iND -
4. ASSIGNED FOR REVIEW: 3 January 1995
C. REMARKS: The application is for a new aseptically filled

CcsO

FEB - 2 1995

Consultative Review to HFD-110
DIVISION OF MEDICAL IMAGING, SURGICAL,
and DENTAL DRUG PRODUCTS; HFD-1&0

Microbiologist’s Review #1
31 January 1995

product. The applicant has provided comments,
information, and data to support the use of
aseptic processing in the manufacture of this

product. At this time thare is no requirement to
terminally sterilize drug products nor to provide

the rationale for use of aseptic processing
rather than terminal sterilization.
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D. CONCLUSIONS: The application is not recommended for approval.
Specific comnrents are provided in "E. Review
Notes" and "Microbiologist’s Draft of Letter to

Applicant®.
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STATISTICAL REVIEW AND RVALUATION
{Addendum)

NDA #: 20-491 SEP 20 965

Applicant: Upjohn Company

Drug Name: Corvert (ibutilide fumarate) injection

Indication: Atvial Fibrillation/Plutter

Document Reviewed: Amendment No. 039, Vels. 1-9
SAS efficacy databage

1. INTRODUCTION

This review pertaina to the non-IND European Study, Study #1939 (
M/7550/0019), submitted as an amendment in cupport of the New Drug
Application for ibutilide in treating patients with atrial flutter ox
atrial fibrillation. Based on the SAS database provided by the sponsor,
the results of this reviewer's analyses are consistent with the results
presented in the NDA report., Thus, only major discrepancy will be
noted.

2. OVERVIEW OF 8TUDY #19 (M/7550/001%) AWD REVIEWER'S COMMENTS

This 40-center, double-blind, randomized, parallel group
trial was conducted to compare intravenous ibutilide (1 and 2 wg
doseg) with intravenous dl-sotalol(il.5 mg/kg) in hemodynamically
stable patients with recent onset atrial flutter (AFL) or atrial
fibrillation (AF). Patlents were stratified based on diagnorsis:
AF or AFL. Those with a mixture AF/AFL were randomized to the
AF stratum. Previous studies, Study #14 (P/7550/0014) and Study
#15 (P/7550/001%), utilized a dose based on weight. According
to the sponsor's report, the doses of 0.061 and 0.025 mg/kg
correlate to doses of 1 and 2 mg, respectively. This study
utilized fixed 1 and 2 mg doses of ibutilide. The dose of 1.5
mg/kg of dl-sotalol was selectzd because it was felt to
represent the maximally effective dose based on input from
investigetors and the medical literature. This corresponds
approximately to a dose of 100 mg for the average person.
Patients were randomized to receive ibutilide 1 mg, ibutilide 2
mg, or 1.5 mg/kg sotaleol in a single 10-min intravencus
infusion.

According to the protocol, to maintain the blinding of the
investigator giving the drugs to the patientes, the investigator
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would be presented with a syringe contairing 25 ml of soclution.
20 mls only will be infuged equivalent to 1 or 2 mg of ibutilide
or 1.5 mg/kg of dl-sotalel. The syringe containing 25 ml would
be prepared by an individual (probably a pharmacist) unseen by
the investigator who would perform the infusions and be
regponsible for all measurements.

Efificacy variableg Treatment was congidered as successful if
the atrial arrhythmia terminated, for any length of time, during
the infusion or within one hour of the start of infusion of the
study drug. The success rate is of primary interest. Other
variables of interest are time to conversion, duration of
conversion (vime in sinus rhythm from analysis of the Holter
tapes and from telephone contact made approximately 72 hours
after start of infusion}), ECG intervals (QRS, QT, QTc¢), dnd
atrial cycle length.

Concomitant medications Current treatment with Class I or III
antiarrhythmic redicaticns, with beta adrenergic blocking agents
(including sotalol), or with the calcium antagonists varapamil
and diltiazem was not permitted.

Sanple. size calculaticon The sample size of 300 patients
(divided equally among the three treatm.:.nt groups) was believed
tc be sufficient to detect a minimum difference in conversion
rates of the atrial arrhythmia of about 20% for the pairwise
comparigson of any two single trxreatment groups, or about 17% for
the comparison of the sotalol and ibutilide combined groups,
with 80% power and at two-sided 5% level of significance,
assuming expected conversion rates of 35% to 60% for the
ibutilide groups.

EFFICACY. BESULTS

A total of 319 patients (59 AFL, 26C AF} were randomized.
The sample size was quite different among centers, ranging from
one (in five centers} toc 34 (in one center). Eleven patients
were considered nonevaluable for efficacy: nine because the
duration of arrhytlimia prior to treatment was greater than 45
days and two because they received an incorrect a.se of study
medications. Nonevaluable patients are approximately evenly
distributed among the three treatment groups.

-2 -
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Baseline balance

There was no statistical evidence of treatment group
imbalaice with respect to demographic and baseline
charactexistics (Table A.1). Eighty-five percent of all
evaluable patients received an infusion that lasted 10 minutes.
The mean duration of infusion was 10 minutes (range 2-15 min).
There were no statistically significant differences among
treatmint groups in duration of infusion. The mean total doses
for success and failure patients were similar, see the -table
below.

Table 18-1. Total dose received (mg) - evaluable patients

Success Patients Failure Patients
Dose
n Mean Range n Mean Range
Ibutilide 1 mg 26 0.94 0.2-1.0 73 0.99 0.5-1.0
Ibutilide 2 mg 52 1.90 0.8-2.5 S4 l.98 1.0-2.3
Sotalol i3 125 73-150 89 121 25-180
Succegg rate

The distribution of succeeses (patients whose arrhythmia
terminated within one hour of the start of infugion) differed
significantly acroses the treztment groups, as shown in the
following tables (Table 19-2, Takle 19-2a).

Table 19-2. Evaluable patients (N=308) with successes

Ibutilide

Eotalol

Stratum I'mg 2 mg p-value

Nlo '%|N|n[%|[N]a %

AFL/AF 1 103 | 13 13 99 {26 | 26 106 | 52 | 49 <0.0001
————

AFL 21 4 19 16 g | 56 20 | 14 | 76 0.0034

AF 82 9 1§ 82 117 |20 86 | 38 44 <0.0001
F.vaine 18 Computed using Pesrson's chi-squary 2a:




Table 19-2Za. All randomized patients (N=319) with successges

Ibutilide

Sotalol
Stratum ) 1mg img ] p-value

M n % N n % N n %
AFLJAF 1108 13 12 1102 | 28 27 1109 |} 52 48 <0.0001
AFL 22 4 18 17 9 53 20 | 14 70 0.0027
AF 86 9 10 35 | 19 22 89 | 38 43 <0.0001..- -

thuﬁ.humm.

Differences between treatment groups and 95% confidence
intervals are provided in the table below (Table 19-3).
Pailrwise comparison indicated that the conversicon rates were
statistically significantly different between any two treatment
groupe, except the difference between the two ibutilide doses
for AFL patients and the difference between the ibutilide 1 mg
and sotalol for AF patients.

Table 19-3. Differences (A) in success ratea (%) for evaluable
patients (N=208)
AVL/AF ArL AF
A 95y cI I p A |9ss cx p A | 95% CI I p
ibutilide 1 mg
minus sotalol 14 | (3,200 | .014 a7 | ¢ 8,67 019 |10 | {-2,21) -09¢
ibutilide 2 mg
wminus sotalol a6 (25,48) <.0001 | 51 (25,77) .001 § 33 (21, 46) «.0001
ibutilide 2 mg
minus ibutilide o1
1 mg 23 | (10,38 001 14§ 1-18,45%) | .39 24 | (20,37 .
,_E ¢ I I ] | ] E l : . )d

The mean time (o termination of arrhythmia was shortest for

the success patients in the ibutilide 2 mg group, as shown in
the following table (Table 19-4).




Table 19-4.

Mean time (min) to te-mination of
for evaluable success patients

atrial arrhythmia

Ibutilide
Sotainl p-valuet
1 my 2 mg
APL/AF (N=91) 5@ 19¢ 13%& 0.0G2
AFL, (Nwm27) 19 23 15 0.083
AF (N=64) 27+e 17& 12& 0.995

overall group comparison {dstect if thers is a pairwise d:fferencs)
* compared to ibutilide 1 mg (p < 0.05)
& compared to iburilide 2 myg (p < 0,08}
& compared to asotaloel (p < ¢.05)

Time qut <L AF or AFL

Holter monitoring recordings were made for about 24 hours
after the patients' discharge f:om the hospital. The sponsor
reported that due to technical errors Holter tapes were only
available from 281 of 319 patients. Once converted, most
patients remained out of AFL or AF until the end of this
agsessment with no apparent difference between the three
treatment groups; see Table 19-5.

Table 19-5. Mean and median time (hours) out of AF or AFL for
avaiuable success patients
Ibutilide
Sotalol p-value
img 2 mg

AFL/AF (N=66) | Mean 14 28 32 0.082
Median 32 31 31

AFL {N=21) Mean 31 25 30 0.18
Median 31 30 3

AF {N=45) Mean 35 30 iz 0.30
Mediun 41 31 31




Ten success patients provided data for estimating the time
elapsed for the success patients who reverted back to AFL or AF
from the Holter tape analyses. There was no sufficient evidence
to show dif ference between treatment groups; see Table 19-6,

Table 19-6. Mean and median time (hours) to reversion tb APL
and AF for evaluable success patients

Ibutilide -
Sotalol p-value
1 mg 2 mg

AFL/AF {(N=10) {Mean 1.2 2.9 5.0 0.36
Median 1.2 2.9 4.6

AFL (N=2) Mean 0.03 2.9 - S
Madian D.03 2.9 -

AF (N=8) Mean 2.4 2.8 5.0 0.69
Median 2.4 2.8 4.6

Subgroup aualygis

Table A.2 {this reviewer's analysis) presents summary
statistics on various subgroups. Ibutilide 2 mg seemed to be
more effective than sotalol in all subgroups. Numerically, the
superiority of ijbutilide 1 mg over sotalel did not seem as
apparent in males, patients with AFL/AF or patients using
digitalis (digoxin or digitoxin) at baseline as in other
subgroups .

Effect of duration of archythsmia on sncess rate There appeared to be a
statistically significant (p<0.05)ass ciation between duration
of arrhythmia prior to treatment and conversion afrer adjuasting
for dose in all evaluable patients. There also appeared to be a
marginally significant (p=0.10}) interaction of dose with the
duration of arrhythmia prior to treatment, = :ggestinge the
possibility of differential degrees of association between
duration of zrrhythmia and conversion for the three treatment
groups. The intent-to-treat patient analysis did not support
this interaction (p=0.28). Success rate was negatively

- -
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aggociated with duration of arrhythmia prior to treatment.. 8o,
generally speaking, the patients with shorter duration of
arrhytamia seemed to have a higher probability of being
converted. This agrees with the observation made in Study 14
and Study 15. 1In this study, the uean duration of arrhythmia
over all doge groups for success patients was 1l days as
compared to 17 days for failure patients; the median duration
was 2 days verecus 11 days, respectively.

Effect of noninvestigational medication on success rate There was no statigtical
evidence of association betwsen conversion and the ute of
digitalis during the 24 hours prior to infusion (p=0.10}, of
association between conversion and the use of calcium channel
blockers (p=9.30).

The PR, QRS, QT, and Qtc interval data were collected at
baseline (screen), Minute 30, Minute 60. and Hour 7. Data at
Minutes 30 and 60 come from all evaluable patients; however,
data at Hour 7 come from success patients and gsome failure
patients who had ECGs recorded at Hour 7.

The sponsor reported that a large number of patients with AF
whose PR interval cannot be accurately measured. The PR
interval data cannot be meaningfully assessed.

The QRS interval increased slightly from baseline at Minute 30,
Minute 60, and Hour 7 in all three treatment groups, genera.ly
in the range of 1-4 msec. Theve was noc statistically
significant differences among treatment groups at any time
point.

All treatment groups showed a significant increase from baseline
in QT and QTc¢ intervals at Minute 30, Minute 40, and Hour 7

(Table 19-7 and Table 19-8). The ibutilide 1 mg and ibutilide =
mg groups appeared to have a signiticantly greater increase in
QTc than sotalol ({p<0.05). The ibutilide 2 mg group appeared to

have a significantly greater increase than the ibutilide 1 mg
group (p < 0.05).



Table 19-7. Mean value and mean change from baseline in QTc
interval (msec) from evaluable patients

Ibutilide

Sotalol

Time

1 mg

2

ng

Mean Change | Mean Change Mean Ciange

Baseline 399 —-——— 401 -—-— 399 .-
Minute 30 458 59*@& 483 | 8l1*@$ 439. |41+
Minute 60 446 49%%& 480 80*@$ 439 40%*
Hour 7 430 18% 434 30+ 422 25%*

v change from baseline {p » 0.0001)
@ different from aotalsl (p < 0.05)
§$ different from ibutilide 1 wg (p <« 0.05)

Table 19-8. Mean value and mean change from baseline in QT
intexval (msec) from evaluable patients
Ibutilide
Sotalol
Time 1 mg 2 mg
Change Change Mean Change

Baseline 325 -——- 321 - 319 —n-
Minute 30 389 aqd*& 432 109+@$ 397 7%
Minute 60 380 54%@& 4%7 105*@s 339 BO*
Hour 7 378 64* 405 84x* 394 90

+* change from baseline (p = 0.0001)
@ different from sotalsl (p < 0.08)

$ different from ibutilide 1 mg {(p « 7.05)

3. CONCLUSION (MAY BE CONVEYED TO THE SPONSOR)

The ibutilide 1 mg and 2 mg groups had a significantly
greater rate of conversion of atrial arrhythmia than the sotalel
Ibutilide 2 mg seemed to he

group

{Table 19-2,

Table 19-2a).
more effective than sotalol in all subgroups (Table A.2,

reviewer's table). Numerically,

this

the superiority of ibutilide 1



mg over sotzlol did not seem as apparent in males, patients with
AFL/AF or patiente using digitalis within 24 hours prier to
infusion as in other subgroups. |

All treatment groups showed a gignificant increase from baseline
in QT and QTc intervals at Minute 30, Minute 60, ard Hour 7
(Table 19-7 and Table 19-8). The ibutilide 1 mg and ibutilide 2
mg groups appeared to have a significantly greater increage in
QTc than sotalol. The ibutilide 2 mg group appeared to have a
significantly greater increase than the ibutilide 1 mg-group.
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H.M. James Hung, Ph.D.
Mathematical Statistician

This review conasists of 10 pages of text, followed by 3
additional tables.

Concur: Dr. Ch#J%EﬁR(
‘&“Dr. Dubeym ql){,f]’

ce: Crig. NDA
HFD-110
HFD-110/0r. Lipickv
HFD-110/Dr. Chen
HFD-110/Dr. Gordon
HFD-110/Dr. Raczkowski
HFD-110/Mrs. Willard/Mrs. Morgenstern
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HFD-713/Dr. Dubey {File: DRU 1.3.2 NDA]
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Tabie A.L. Demographic and Baselise Characteristics of Evaluable Patients (Study 19)

%
9
Race (n, %)
Black 1 ] 2 2 1 1
Other 2 2 2 2 3 3
Sex (n, %) Female 26 25 30 30 37 35
Male 77 75 69 70 69 65
* History of heart Present 52 50 51 52 45 42
jisease (n, %)
Absent 51 50 48 43 61 58
Use of digitalis Yes 32 31 k1.3 k1] 40 38
(n, %)
No 71 69 61 62 66 62




Table A.2. Saceess rates (SR in %) by subgroups [tetal sample size = 308, Study 19]

Sotalol Thuzilide 1 mg Ibutilide 2 mg

n SR(%) in SR() D ClL n SR(®%) D C.L
Male 77 14 6% 25 10 (-2,28) (69 4° 35 (21,49)
Female 26 8 30 30 22 (3,42) 137 49 41 (22,60)
>=70yrs 30 10 27 30 20 (-1, 40) 122 55 45 (21,68)

< 70yrs 73 14 |72 25 11 (1,24) |88 48 34 (21,47
White 100 11 |95 25 14 (425 [102 49 38 (27,49
Black 1 100 |2 100 o 1 100 o
Others 2 50 |2 0 -5 3 33 17
AFL/AF

Yes 53 17 |55 25 8 (7,24 |63 51 34 (18 50)
No 50 8 |44 27 19 (4,38) |43 47 39 (22.55)
Digitalis

Yes 322 9 |38 16 6 (9,22 |40 48 38 (20,57
No 71 14 |61 33 19 (4,33) [66 50 36 (21,50)

D = ibutilide dose group minus sotalol CI. = 95% confidence interval for D :
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STATISTICAL REVIEW AND EVALUATION
{(Addendum)

NDA #: 20-491

Applicant: Upjoin Company

Drug Name: Corvert (ibutilide fumarate) injection
Indication: Atrial PFibrillation/Flutter

Document leviewed: Amendment No. 041

After reviewing this amendment provided by the sponsor, I agree to the
sponsor's corrections. Corrections are made below.

1) On page 11 of my original review {dated April 18, 1995), the last
two sentences from the bottom of the page should read:

"Failure rate appeared to be positively asgociated with the duration
of arrhythmia (p= 0.0096). This observation agreed with the
negative associatioun between success rate and duration of
arrhythmia seen in Study 14."

2) On page 12, there are two typographical erxrrors. In the 'CONCLUSION'
section, ‘fot' of the 5th line ghould be 'for' and '0.15' of the é6th

line should be '0.015',
[V VW 2?)“’“1;////

H.M ames Hung, PhiD.
Math®matical Statistician

This review consists of 1 page of text.

Yy
Concur: F‘t’}r Chi t.-//,;

W—Dubey ;4 )/—ﬁf qus)

ce: Orig. NDA
HFD-110
HFD-110/Dr. Lipicky
HFD-110/Dr. Chen
HFD-110/Dr. Gordon
HFD-110/Dr. Raczkowski
HFD-110/Mrs. Willard/Mrs. Natalia Morgenstern
HFD-344/Dr. Lisook
HFD-713/Dr. Dubey [File: DRU 1.3.2 NDA;
HFD-713/Dr. Chi
HFD-713/Dr. Hung

Jhung/594-5436/SERB/CORVERT . */08-24-95



) {,L‘f { r{i‘ﬂ/t{r

STATISTICAL REVIEW AND EVALUATIOR

NDA ¢#: 20-491
Applicant: Upjoin Company
Drug Name: Corvert (ibutilide fumarate} injection
Indication: Atrial Fibrillation/Flutter
Document Reviewed: Vols. 1.78, 1.85-1.100.
8A8 afficacy database

This review is completed after discussions with the medical reviawars,
Dr. Maryann Gordon and Dr. Victor Raczkowski.

1. INTRODUCTION

This review pertesine to the two major studies (Study 14 and Study
15) contained in the New Drug Application for ibutilide in treating
patients with atrial flutter or atrial fibrillation. Based on the SAS
database provided by the sponsor, the results of this reviewer's
analyses are consistent with the results presented in the NDA report.
Thus, only major discrepancy will be noted.

2. OVERVIEW OF PIVOTAL S8TUDIES AND REVIEWER'S COMMENTS
2.1. 8tudy #14 (P/7550/0014)

This nine-center, double-blind. placebo-contreolled trial
was conducted to determine the dose -response relationship of
ibutilide and conversion of atrial flutter (AFL) or atrial
fibrillation {(AF). A secondary objective is to assess the
effects of ibutilide on heart rate and »lood pressure. Patients
were stratified bamed on diagnosis: atrial flutter or atrial
fibrillation.

In order to assess the safety of ascending doses, the study was
conducted in two tiers. Tier I consisted of 25 patients in each
ptratum randomized in 1:2:2 ratio to receive a 10-minute
infusion of either placebo, 0.205 mg/kg ibutilide, or 0.01 mg/kg
ibutilide. Tier II is identical to Tier I except patients were
randomized to either placebo, 0.015 mg/kg ibutilide, or 0.025
mg/kg ibutilide. Tier I be¢gan first and Tier II followed after
Tier I was completed and safety was ascertained. The study
began in April, 1991. Following the completion of Tier 1X, the
protocol was amended {03/21/92) to permit randomization of 100
additional patients acrosgs all dose groups to further
differentiate between dose groups. Patients treated under the
extension amendment were stratified by AFL or AF, and were
randomized to a i0-wmin infusion of placebo, 0.005, 0.010, 0.015,
or 0.025 mg/kg ibutilide (10 patients per group in each
stratum). The qualified patients must have rhythm of sustained
atrial flutter {duration of 3 hours or greater} or atrial
fibrillaticn {duration greater than 3 hours and less than 90
days) .



During the 10-min infusion periocd, blood pressure and heart rate
were recorded every 5 minutes, Twelve-lead ECGs were obtained
if the arrhythmia terminated or if a significant rhythm change
was observed. Three ECG leads were continuously monitored and
recorded. During the postinfusion period {from the end of
infusion till hour 24), a 12-lead ECG was done if the arrhythwia
terminated or if a significant rhythm change occurred during the
1-hour pericd following the infusion. fThree ECG leads were
monitored and recorded until 30 minutes after the end of the
infusion. From Minute 40 till Hour 24 patjents were wonitore
with a standard single-lead BCG. '

Efficacy variables Treatment was considered as sucaegsful if
the atrial arrhythmia terminated, for any length of time, during
the infusion or within one hour following infusion. The success
rate is of primary interest. Other variables of interest are
blood pressure, heart rate and QTc length.

Concomitant medications Class I or TII antiarrhythmic
medications were not permitted. Use of beta adrenergic blocking
agents and calcium antagonists was permitted.

Efficacy xesulte

A total of 200 patients (100 AFL, 100 AF) were randomized.
Because of two-tiered design and the different recruitment rate
at each center, randomization was done across centexs within
each tier, and for AFL and AF, separately. The sample size was
quite different among centers. Threa patients were considered
nonevaluable for efficacy (patient #1201 received a dose much
higher than any of the doses in the protocol, patient #2118
received an unknown amount of study medication, patient #2307
was not in atrial flutter or fibrillation at baseline}.

Bageline balance

There was no statistical evidence .f treatment group
imbalance with respect to demographic and baseline
characteristics (Table A.l1l}, except that there appeared to be a
larger percentage of patients with prior history of AFL/AF in
the 0.010 mg/kg group (placebo: 70%, 0.05 mg/kg: 54%, 0.010
mg/kg: 85%, 0.015 mg/kg: 66%, 0.025 mg/kg: 62%, p = 0.05 for
group differences}.

Succegsg rate

The distribution of successes (patiente whose arrhythmia
term:nated within one hour of the end of infusion) differed
significantly across dose groups, as shown in the following
table (Table 14-1).



Table 14-1. Evaluable patients with succeses:3 (Study 14)
| Ibutilide
Placebo

Stratum  j00smykg | O0mgkg | 0iSmghkg | 025mghg | pvalue

N o [% [Njol%|N|a]%wi{N|[a[%]|N]a|%

AFL/AF 140 {1 |3 [41 ] 5 {12439 {13133 ]38 ]17 )45 )39 |18 ]46 | <0.0001
AFL 21010 121}3 11412016 J30)19 )11 )58 119 )10 53] 0.0004

!

AF 201 ]520]2 10]19)7 |37{19]6 |32]20] 6]40] 0050
Povalos fs oomputnd sing Facwe's dd-aquene ot

Pairwise comparison indicated that the conversion ratesg were
statistically gignificantly greater in the €.010, 0.015 and
0.025 mg/kg groups than that in the placebo group (p < 0.0001).
The conversion rate of the 0.005% mg/kg group did not differ
significantly from that of the placebo group {(p = 0.09}. Thus,
0.010 mg/kg appeared to be a reagcnable first dose for the
patient population. There was a dose-related increase in
conversion rates for the combined AFL/AF groups. The success
rates appeared to reach a plateau between 0.015 and 0.025 ng/kg.
Similar trend was seen in both AFL and AF strata. The results
of all 200 patients receiving medication were consistent with
thoge of evaluable patiente, as presented in Table 14-1la.

Table 14-la. All randomized patients with successes (Study 14)

Ibutilide

Placebo
Stratum 005 mg/kg 010 mg/kg 015 mg/kg 025 mg/kg p-value

N N |n|%

41 41 | 5 | 38 |17 40 { 19 | 48 | <0.0001
AFL 2010 {0 J21 13 J412016 130119 |11 |58 ;2011 |55 | <0.0001
AF 2111 15 J20 12 J10]020 17 J35 119§ 32120 8 )40 | 0025
Povabue is compatod using Pearson's chi-squar? teet.
A reviged definition of guccess, patients who converted from AFL

EE! » N r_. hl

xhythm by Houxr 1.5 without emergency iptexvention
and remained in sinus rhythm for at leagt 24 hours, was used by
che medical reviewers, Dr. CGordon and Dr. Raczkowski, to
reevaluate the efficacy of ibutilide. <able 14-1b presents the
results of analysis for this new variable. The results are
similar to those from the analysis of the original success rate,
except in the AF stratum that statistical gignificance is only
marginal.




Table 14-1b. Newly defined success rate prior Hour 24 (all
randomized patients) [Study 14)

Ibutilide

Placebo
Stratum | 005mghg | 0l0mghy | O1Smghkg | .025mphg | pvalue
| 11 N %
1 ]2 5
AFL 200 J0 J21 13 ]14]20)6 331931, (58 (2010150 0.001_]
AF 211 |5 J20)]2]10}20]5 §25)19)5 |26120] 7135} 0095
Fovihen s scenguiledl weing Pesrscers 7 aqare taek

The mean time to termination of arrhythmia was 19 minutes
{range of 3 to 70 minutes) for the AFL/AF patients, 20 minutes
{range 5 to 70 min) for the AFL group, and 18 minutes (range 3
to 60 min) for the AF group.

Clinical outcome at Hour 24

The arrhythmia was terminated prior to the end of study
{Hour 24) in 67% {46 of 69) of the AFIL patients and 5.% (38 of
74} of the AF patienta who failed to covert as a result of study
treatment. According to the sponsor's report, methcds of
arrhythmia termination are deacribed in the following table.

Table 14-2. Number of patients converted by methods of
termination

[butilide Placebo Electro- ) _
infusion | _infusion | cardioversion |  Pacing | Medication
AF 23 1 a1 0 4 3
Suwigroup analysis

Effects of duration of arrhythmia, cardiac structure or
function (left atrial diameter, ejection fraction, valvular
heart disease), QTc length, noninvestigational medication
{digoxin, beta blockers, calcium charnel blockers} on
termination of AFL/AF were studied using descriptive statistics
and logistic regression analysis. Table A.2 presents summary
statistics on various subgroups.




Effect of dutrstion of arvirythmia on sucocss rete There was no statistical evidence
indicating a significant dose by the duracion of arrhythmia
(cruncated at 50 days prior to infusion) interaction (p=0.24).
Success rate appeared to be negatively associated with the
duration of arrhythmia (p=0.0i7). 1In the APL/AP patients, “he
nean (or median) duration of arrhythmia truncated at 20 days
over all dose groups was 18 (or 8) days for successes and 27 {ox
21) days for failures.

Bflact of oardiac structure/fanotion 9a suooess reds There was ne statietical evidence
indicaring any difference in the rates of success between the
patisnts with normal left atrial diameters and the patients with
snlarged left atrial diameters (p=0.46).

BEffoot of gjeotion fraction on succesy raic There was no statistical evidence
indicating that the success rategs of the dose groups were
related to decreased ejection fraction (p=0.43).

Effect of valvular heart dissase on success rate There was no statistical evidence
indicating that the success rates of the dose groups were
related to valvular heart disease {(p=0.42),.

Effect of QTc leagth on success rales There was nc statistical evidence
indicating a difference in the prolongation of QTc interval
between succegses and failures (p > 0.15).

Effect of noninvestigational medication on success rute There was nc statistical
evidence of dose by use of digoxin interaction (p=0.23), dose by
ugse of beta adrenergic blocking agents (p=0.58), or dozz by
calcium c¢hannel blockers (p=0.69). Patients not receiving
digoxin seemed to have a higher success rate than patients
receiving digoxin in the AFL/AF group (p=0.03) and in the AFL
group (p = 0.04). Patients taking beta adrenergic blockers
seemed to have a higher success rate than patients not taking
beta blockers in the AFL/AFP group (p=0.073) and in the AF group
(p=0.004). There wat no sgstatistical evidence of a difference in
the success rates between the patients taking c¢alcium channel
blockefs and the patients not taking calcium channel blockers (p
= 0.67).

2.2. 8tudy #15 (P/7550/0018)

This 21-center, double-hlind, placebo-controlled trial was
conducted to demonstrate the effectiveness of 1 mg (0.01 mg/kg
in patients weighing leas than 60 kg) of ibutilide fumarate in
the termination of AFL and AF, and to investigace whether a
second dose of 1 mg (or 0,01 mg/kg in patients weighing less
than 60 Kkg) would increase the termination rate. Patients were
stratiried base?l on diagnosis (AFL or AF).

Patients in each stratum (AFL and AF) were randomized to receive



two 10-minute infusions. placebo/placebo, 1 mg/0.5 mg
ibutilide, or 1 mg/l1 mg ibutilide. If the arrhythmia did not
terminate during or within J0 minutes after the end of the Zirst
infusion, the second infusion was administered. The infusion
was discontinued at the time of arrhythmia termination.

Drug or placebe was infused according to schedule (first 10-
minpute infuegion, a 10-minute walt, second 10-minute infusjon)
unless AFL or AF was terminated or a medical event occurred
necegeitating termination of treztment. During the infueion
period, blood pressure and heart rate were recorded every S
minutes, 12-lead ECGs were obtained at Minute 30 and if the
arrhythmia terminated or if a significant rhythm change was
obgerved, blood was drawn for an ibutilide plasma concentration
{Minute 20}, and the patients' ECGe were continuously monitored.
During the postinfusion period (from the end of Minute 30 till
Hour 24), a 12-lead ECG w 3 done if the arrhythmia terminated or
if a significant rhythm change occurred during the 1l-hour period
followlng the infusions (uatil Hour 1.5). A 12-lead ECG was
also required at Hour 1.5 for patients whose arrhythmia d44i3d not
terminate prior to that time, or if a significant adverse rhythm
changes occurred through Hour 24, Patients' ECGs were
continucualy monitored through Hour 24.

Fificacy variableg Treatment was considered as succeseiful if
the atrial arrhythmia terminated, for any length of time, by
Hour 1.5 {Time 0 = start of infusion). The success rate was of
primary interest. Other variables c¢f interest are blocd
presgure, heart rate and ECG parameters.

Concomitant medications Class 1 or III antiarrhythmic
medications were not permitted. Use of beta adrenergic blocking
agents and calcium antagonists were permitted for heart rate
control.

Efficacy results

A total of 266 (133 AFL and 133 AF) patients were
randomized. Twenty-four patients were considered nonevaluable
for efficacy. Of them, 13 patients were dosed with a dose of
drug inconsistent with the protocol, 3 patients received other
antiarrhythmic drugs within three half-lives of the infusion, 8
patients had duration of the current :pisode of AFL/AF greater
than 4% days, one patient's rhythm at Minute -10 was not AFL/AF,
and one patient was electrically converted prior to Hour 1.5
{excluding those who were emergently electrocardioverted due to
VT) . The total of evalusble patients is 242.

Bageline balance

There was no statistical evidence of treatment dgroup
imbalance with respect to demographic and baseline variables
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{Table A.3), except that there appsared to be a much smaller
percentage of patients in the AF group having other significant
wedical histories (placebo: 95%, 1 mg/0.5 mg: 98%,

1 mg/1 mg: 78%; p = 0.0061 for group differences) and there _
appeared to be a difference in the proportion of the AF patiente
reporting abnormalities of the srtremities across dose groups
{placebo: 30%, 1 mg/0.5 mg: 65%, 1 mg/1 mg: 41%; p=0.0059 for
group differeaces).

Huccess rate

The distribution of successes (patients whose srrhythmias
were terminated at any time within cne and half hour period from
the beginning of the first infusion) differed sig..ificantly
acroas the dose groups (p < ¢.v001, Table 15-1). Pairwise
comparisons indicated highly significant differences in the
success rate between the placebo group (2%) and the 1 mg/0.5 mg
group (44%) and the 1 mg/l mg group (49%}, both p < 0.0001.
Similar results were seen in the AFL patients and in the AF
patients. The results of the all patients {N=266) analysis were
congistent with those of the 2valuable patient analysis, as
shown in Table 15-1a.

Table 15-1. Succesgs rates for the evaluable
patients (N=242) [Study 15]

Ibutilide

Placebo
Stratum Ime/0.5mg | 1mg/lmg | p.yalue
%

AFL/AF 181 {2 |3 |79 135 |44 )82 140 |49 [<0.0001
AFL 41 11 |2 |39 21 |54 |41])29 |71 |<0.000%

AF 40 11 |3 f40 14 |35]141 |11 {27 | 0.0011
P-value is computed using Pewrson's thi-aqare test.

n

Table 15-l1a. Success rates for all randomized
patients (N=266) [Study 15]

Ibutilide

?lacebo

N Ilno {%IN{ni{% INIinl%

AFL/AF 18612 [2 |8 {3945 42 | 45 | <0.0001
AFL 43 11 [ 2 |44 {23 |52 |46 [30 65 | <0.0001
AF 43 | 1 } 2 |42 {16 |38 |48 |12 }25 | <0.000]

Pvalue is computed using Pesrson's chi-sqare tost.



As presented inr Table 15-1b, the results of analysis of the
newly defined success rate at Hour 24 are also consistent with
thogse from analysis of the originally defined success rate.

Table 15-1b. Newly defined success rates for all
randomized patients (N=266) [Study 15]

Ibutilide

Placebo i
Stratum 1mg/0Smg | lomp/img §4.value

<0,0001

8612 12 (86129 134 194 [35 {37

AFL/AF

AFL 43 11 82 144 {20145 146 {27 {5¢ § <0.0001
AF 311 12142) 9321148} 8 }17] 0.0%

Pvalue iz coraputed usitg Pestron's thi-aqare test.

Table 15-2. Success vates for the evaluable patients (N=242)
[Study 15]

1st infusion ; 2nd infusion
Stratum Placebo 1 ng i Placebo | 0.5 mg 1 mg
L NiprNjol» 8 10l
AFL/AF |81 10 { O 2
AFL 41{0 10 1
AF 40| 0| O

Table 15-2 presents the distribution of the proportioci. of
patients who c¢. averted during the firgt infusion and the
distribution of the proportion of patients who did not convert
during or within 10 minutes following the first infusion but
converted from beginning of the second infusion through Hour
1.5. The results were similar to those of the two infusions.

The mean time to termination for successes for AFL/AF
patients was 27 minutes (range 5 to 88). In the AFL group, the
mean was 30 minutes (range 7 to 88) and in the AF group the mean
was 23 minutes (range 5 to 7%5).

For AFL/AF patients, the mean time to termination was 64 minutes
for the placebo group, 25 minutes for the 1 mg/0.5 mg group and
27 minutes for the 1 mg/1 mg group. For AFL patients, the mean

was 53 minutes for the placebo group, 29 minutes for the

1 mg/0.5 mg group and 30 minutes for the 1 mg/1 mg group. For



AF patients, the mean was 75 miautes for the placebc group, 20
minutes for the 1 mg/0.5 mg group and 21 minutes for the 1 mg/1

mg group.

Arrhvihmia gt i h K 24

The following table presents the finel efficacy assessment
data pertaining to the tiwming of texmination of AFL/AF.

Table 15-3.

Final efficacy assessment for evaluable patienta
{N=242) {Study 15}

AFL/AF ) ECmergent | AFL/AF AFL/AF

Term. W/0 | term. term. not term.
interwn prior to between during 24

{ prior to Hour 1.5 Hour 1.5 hours

Hour 1.5 and 24

AFL/AF | placebo 2 { 3%) 0 { 0%) 51 {63%) 28 (35%)
1/0.5 mg 35 (44%) 2 { 3%) 32 (4i%) 10 (13%)
1/1 mg 40 (49%) 0 ( 0%) 25 {30%) 17 (21%)
AFL | placebo 1 ( 2%) 0 ( 0%) | 30 (73%) | 10 (24%)
1/0.5 mg 21 (54%) 2 ( 5%) 12 (31%) 4 (10%)
1/1 wmg 29 ' 1%) 0 ( o%) 8 (20%) 4 (10%)
A placebo 1 ( 3%) o { 0%) 21 (53%) 18 (45%)
1/0.5 mg 14 (35%) 0 { 0%) 20 {50%) 6 (15%)
1/1 mg 11 (27%) o ( 0%) 17 (41%) 13 (32%)

The arrhythmia was terminated prior to Hour 24

in 67% (110 of

165) of the patients who failed to convert as a result of study

treatment.

converted by each method of arrhythmia termination.

Table 15-4.

Methods of termination oi AFL/AF {Study 15]

The following table presente the number of patients

Spontaneous

The following table presents the proportion of successes who
remained in conversion rhythm through Hour 2z4.



Table 15-5. Successes who vemained in conversion
rhythm through Houxr 24 {Study 1t}

Ibutilide

Placebo
Stratum 1 mg/0.5 mg 1 mg/ lmg

n # % n # % § N n %
AFL/AF l 2 2 J100 {35 J 28 1 B | 40 | : 85
AFL 1 1 100 f 21 20 | 95 { 29 { 90
AF

1 1 100 | 14 8 57 11 73

n = munber of sucocsses (patients who had the: AFL/AF terminated prior to Hour 1.5)
# = pumber of sucocsses who remaine in conversion rhythm through Hour 24

w [R|R

At Hour 24 patients were categorized according to their rhythms
during the study:

1} remained in NSR (normal sinus rhythm)

2} remained in rhythm to which they converted
3) reverted to AF and remained in AF

4) reverted to AFL and remained in AFL

5) alternated between AF, AFL, and NSR

6) other

The distribution of these categories is presentud in the
following table (Table 15-6).

Table 15-s. Distribution of resulting rhythm from time of
AFL/AF termination for patients which converted from study
medication [Study 15]

Cat.1 Cat.2 [Cat.3 Cat.4 |Cat.5 |Cat.6

| (a®mlew o awla®mles ,r,nﬂ._ﬂm
AFL/AF | Placebo 1 (50%) 1 (50%) _

1/0.5 wmg | 25(71%) 3( 9%) 1 3%) 5 (14%) 1(?;

1/1 wng 33(83%) | 1( 3%) 205%) | 2( 5%) 2( 5%)
AFL, Placebc 1 (100%)

1/0.5 mg | 1781%) 3 (14%) 1{ 5%)

1/1 mg 25(86%) | 1( 3%) 2( %) 1( 3%)
AF Placebo 1 (100%%)

1/0.5 mg | 8(57%) 5(36%) | 1{ ™)

1/1 mg 8 (73%) | 2¢i8%) ' 1{ 9%) |
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Cat.1: remained in NSR. (normal sinus riythm)
€CM.2: remained in rhythm to which they ooove: ted
Cat.3: reverted to AF and remained ia AF

Cst4: reverted to AFL and remained in AFL
Cat.5: altemated between AF, AFL, and NSR
Cal6: other

Table 15-7. Distributfon of resulting rhythm from time of
AFL/AF termination for patients which converted by means other
than study medication {8tudy 15]

Cat.i | ©at.2 Jcat.3 | cac.4 |cat.s {cat.é
APL/AF | Placebo 43 (BA%) 1{ 2%) 3( 6%) 3(6%) | 1 )
120.5 mg 27(19%) | 2( 5% 1( 3%) 3(9%) | 1(3%)
1/1 mg 22 (88%) 1( 4%) 1( 4%) 1{ 4%)
AFL Placebo 27(90%) | 1(3%) 1(3%) | 1( 3%)
1/0.5 mg | 10(71%) { 2(14%) 2 (14%)
1/1 mg B {100%)
AF Placebo | 16(76%) 3 (14%) 2 (10%)
1/0:5 mg | 17(85%) 1{ 5%) 1(5%) | 1{ 5%)
1/1 mg 14@2%) | 1(6%) | 1{6%) 1( 6%)

Cat.1: remained in NSR (normat sinus rhythm)
Cat2: remained in thythm to which they converted
Cet.3: reverted to AF and remained in AF

Cat4: reverted to AFL and remained in AFL
Cat.5: slternated between AF, AFL, and NSR
Cat.6: other

Subgroup Analyeis

Bffects of duration of arrhythmia, cardiac structure or
function {left atrial diameter, ejection fraction, valvular
heart disease), QTc¢ length, noninvestigational medication
(digoxin, beta blockers, calcium channel blockers) on
termination of AFL/AF were studied using descriptive statistics
and logistic regression analysis. Table A.4 presents summary
statistics on various subgroups.

Féect of duration of arrhythmia on success rate There wasg no statistical evidence
indicating a significant dose by the duration of arrhythmia
interaction (p=0.7%). Success rate appeared to be positively
associated with the duration of arrhythmia (p=0.0096). This
observation contracted the negative association between success
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rate and duration of arrhythmia seen in Study 14. 1In the AFL/AF
patients, the mean (or median) duration of arrhythmia over all
dose groups was 12 (or §) daye for successes and 15 {or 8) dayse
for failures,

Btfoui of cardiac stiucture/function on successrate  There was no statistical evidence
indicating any difference in the rateas of succeer between the

patients with normal left atrial dismetere and the patienta with

enlarged left atrial djameters {(p=0.46).

‘Bifoot of gjection fraction on smiccess rate  Thiere wag no statistical evidence
indicating that the success rates of the doge groups were
related to decreased ejection fraction (p=0.85).

Effect of valvular heart disease on sucoessrate There was no sufficient statigtical
evidence .ndicating that the success ratesa cf the dose gr-ups
were related to valvular heart disease (p=0.08).

Effect of QTc length on successrates There was no statistical evidsnce
indicating a difference in the prolongation of QTc interval
between successes and failures {(p » 0.59).

Effect of noninvestigational medication on successrate There was no statistical evidence
that the success rateg of the dose groups were related to the
uge of digoxin (p=0.45), the use of beta adrenergic blocking
agents (p=0.41}), or the use of calcium channel blockers
(p=0.70). There was no statistical evidence of a difference in
the success rate between the patiente taking digoxin and the
patients not taking it (p = 0.96). There was no statistaical
evidence of a difference in the success rate between the
patiente taking beta adrenergic blocking agents and the patients
not taking it {p = 0.56). Ther: was no statistical evidence of
a difference in the success rates bhetween the patients taking
calcium channel blockers and the patients not taking calcium
channel blockers (p = 0.91). :

3. CONCLUSION (MAY BE CONVEYh. TO THE SPONSOR)

From the results of Study 14, there was a doze-related
increase in conversion rates for the combined AFL/AF group, the
AFL group, and possibly the AF group (Tables 14-1, l4-la, 14-
1b). The 0.C10 mg/kg appeared to be the a reasonable first dose
fot the average patient with AFL/AF. The success rates appeared
to reach a plateu between 0.15 and 0.025 mg/ks. The data of
study 15 confirmed the efficacy of 0.010 mg/kg {Tables 15-1. 15-
la, 15-1b).

Only 16% of the patients were female (10% in Study 14 and
20% in Study 15) and 20% were black (28% in Study 14 and 15% in
Study 15). There was no evidence that the 0.010 mg/kg dose is
not effective in female or black patients. There was nc
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sufficient evidance that the 0.010 mg/kg dose is not effective
in a specific subgroup {Tables A.2 and A.4, following the las*:

page of the text of this review).
;9 %&mﬁs ;E g

Mathematical Btatintlcian

This review consiste of 13 pages of text, followed by 4
additional tables.

Concur: Dr. C‘niO/Lf ;14(
Dr. DubeyZS:L-”“85;173””’#f

cC: Orig. RKDA
HFD-110
HFD-110/Dr. Lipicky
HFD-110/Dx. Chen
HFD-110/Pr. Gerdon
HFD-110/Dr. Raczkowski
HFD-110/Mrs. Willard/Mrs. Natalia Morgenstern
HFD-344/Dr. Lisoock
HFD-713/Dx. Dubey {File: DRU 1.3.2 NDA}
HFL-713/Dr. Chi
HFD-713/Dr. Hung

Jhung/594-5436/SERB/CORVERT.*/04-17-95
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Table A.1 Demographic and Baselino Characteristics of Evainable Patients (Stady 14)

2 e N %
i il R White s “s P 815 14 ni L »9
i R Y A 1
Btak ns o l nz " 39 10 23 s y L]
Othey 0o o LY 1 14 ] 28 1 16
e (o, %) Fanale 15 4 58 2 5.1 [ 132 ; 154
Made ns Y] %0.2 74 949 LY %4 n “s
Ltk Atriad 17 smtac® Narmal n7 10 ] 56 7 189 u 97 1 Nne
(n. %) :
Halarged %3 ) WA 3 3 2 03 | % s
Bjostion Fration® ovmal al " 0 25 €3 13 W 17 s
(n. %)
Diwcrossed 519 19 Sl 13 342 0 06 " 452
"\ Valvoler Hest Presecs 518 19 as n 543 5 88 n &5.7
i
(%) Absent 1”7 25 2 525 " “7 13 2 n M3
Cosvornitant digron Yo f 2 500 ) al B ] mo u | a2 B 94
{n. %)
Neo I 50.0 21 12 1% 410 14 P 16 419
cm)p-hhh “Yme & 150 s 198 s 154 6 (EX] 16 356
(% 3
No M 550 n ns n e 17 7} -] 4.4
Constmitacs el Yo i1 318 14 »o 7 a6 " 474 14 359
dagnel bloclr  (n, %)
No b €s b1} 610 n 364 20 526 2 Gat

* Not all paticnts had echocardiogrem data prior to treatment.



Table A.2, Success rates (SR in %) by subgroups [total sample sive = 200, Study 14]

Placebo 0.005 mg/kg 0.010 mg/kg 0.015 ma/kg 0.025 mghkg
n SR%)j{n SR®%) & CIL n SR%) A CL n SR%) A CI n SR A ClL

Male {38 3 37 14 11 (-1,23) |38 34 32 (16,47 |33 45 43 (25,61 |34 53 S0 (33, 69)
Feale | 3 0 4 0 0 2 50 S0CISNS) | S 60 60 (17003) | 6 33 33 (4, 71
>y | 9 0 12 0 0 16 25 25( 446 |13 46 45 (19.73) | 9 33 33 ( 3,64)
<70ys |32 3 29 17 18 (-1,29 124 42 39 (1859 |25 48 45 (24,65 |31 55 S (33,70
White |32 © 28 11 11 (-1,22) |25 32 32(1450) {27 37 37 (19,55 [N S0 50 (36
Black 9 11 13 15 4 (24,33) |14 36 25(-857) |10 8 69 (37101) | 9 S8 44 (¢ &)
AFLIAF

Yes |29 3 22 14 10 (6, 26) {33 33 30(12,47) |25 44 4] (20,61) |24 SO 47 (2569)
No 12 0 18 11 11 (3,24) [ 7 43 43( 6,80) [13 54 54 (27,81) |16 S0 S0 (26,75)
Digorin .

Yes 120 5 20 5 0 (-1414) |23 30 25( 447 |24 29 24 ( 4,45 |24 S0 45 (23,67
No {21 0 21 19 19 (2,36) {17 41 41(1865) [14 79 79 (57,100) [16 S0 50 (26,75
EF .

decre. |23 4 19 16 11 (-7,30) {13 46 42 (13,70) |20 S50 46 (22,69) |14 ST 53 (26,8D)
pormal | 16 O 18 11 11 (-3,26) |26 31 31(13,49) [13 38 38 (12,65) |18 44 44 (21,67)
LAD

eplarge |29 3 29 10 7 (620 |31 39 35(17.54) |26 S0 47 (26,675 |25 K2 49 (2,69
normal | 10 0 10 10 10(-929 7 29 29(-562) (11 36 36 (865 [11 45 45 (1675
VAD

Yes (24 O 19 11 11 (3,24) |22 45  45(2566) |25 40 40 (21,59 |24 63 53 (43,8
No 17 6 21 14 8 (-10,27) |17 24 18( -541) j13 62 56 (27.84) |12 28 19 ( 4,46

A = active doee group minus placebo

C1 = 95% confidence intervai for A




Table A.3. Demographie and Basoline Characteristics of Evalunbie Patients (Stady 15)

Placelo LONS mg 1019 g
K~ N=¥ Hef2
Agn Mom 5.6 673 e
(pouz)
Range
Weight bam "o 1810 ns
L)
Rauge
Durntics of Déindlan 43 %] 1o
Aorinytavia (days)
Rage £
N % N " N %
Wit " 8.9 ns 63
Kacs
fn. %) Bluk ] 11} 13 163 3 159
COthey 0 0o 0 0.0 4 49
Bex Fomale n 16.1 s 195 0 24.4
{n, %)
dalo o 4.0 4 8.0 82 788
Left Atrial Diametare Noremal 1 0% 12 167 11 143
%)
Enlwged € %2 4] ns 66 857
Ejocticn Fration® Mool b1 41 [y $00 25 "o
{(n, %)
Decygpsed 3 %.9 n no k1) 56.0
Vabvular Homt Disease® Proset & 618 55 7”3 . { ] 751
(n, %)
Absiizg = 12 1t w7 19 2.7
Concomitant digenin Yo L] %4 4“4 &0.3 - 537
(n, %) -
M1 Pl 50.6 it 393 » 463
Conoamitant -biocker Yoo by B3 n 13y 15 183
(n, %)
No 34 6.7 [ ] 84 67 8.7
Coneoenitant calchan channel dlocker You 12 .5 n 41t L] 512
(n, %)
to 40 0.5 “% 582 0 gy

* Not all patients had echocard:ogram datz ;Srior to treatment.



Tabie A4, Bucocess rates (8R in %) by subgroups [iotal ssiuph: sixe = 266, Study 15}
~—

Dlacebo 1.00.5mg i.0/1.0mg
n SR(%)! e SR(%) D CL n SR(%) D Ci

s T PN SENP .

Male 72 3 70 46 43 (31,55 | 42 39 (27, 52)
|Female {14 o 16 31 31 (9,54) {23 48 48 (27, 08) 1
>aToyn |36 3 40 40 37 21,53 141 41 39 (D3, 55)
<70y |50 2 46 46 44 (29,59) [53 45 43 (29, 57)
White |7/ 3 69 39 37 (24,49) |76 39 37 (35 4R
Black 9 0 17 59 59 (35,82) {14 64 64 (39, 89)

AFL/AF
Yes |46 4 A6 4} 37 (22,52) |44 36 32 (17, 4D)
No |40 O 4 45 45 (30,60) [S0 S50 50 (36, 64)
Digoxin
Yes |43 2 2 46 44 (30,5%) [S52 38 36 (22, 50)
No |4 2 34 38 36 (19,53) [42 50 48 (32, 63)
EF

decre. |39 0O 35 43 43 (26,59 |42 52 52 (37, 6D
normal | 28 0 35 46 46 (29,62) {30 40 40 (22, SB)

calarge | 65 3 65 42 38 (26,51) |75 43 4D (28, 52)
nomal | 17 .0 13 46 46 (19,73 {14 SO 50 (24, 76)

Yes (52 2 9 39 37 (24,50) |64 42 40 Q8 S
No |3t 3 20 S5 S22 (29, 74) |25 48 45 (24, 65)

D = active dose group minus placebo C 1 = 95% confidence interval for D
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NDA:20-491 Submission Dars:  October 27, 1954.

October 31, 1994,
Tbutilids fumarste injoction. Januacy 27, 1995.
Corvert® March 1, 1993,
The Upjohn Crpany. March 2, 1995,
0.1 mg/m! solution, March 27, 1995,
March 31, 1995.
April 12, 1995.
Category:18. Reviewer: Pstrick J Marroum.
Type of submission: new molecular entity.
Synopsia:

Corvert® is a novel ciaes Il antimrrhythinic ageat. it contais ibu:lide fumarate which is a
racemate of two enantiomers.

The sponsor has studied the intravenous pharmacokinetics «f uiiliée (both bolus and constant
IV infusion over 8 dours) since the drug will only te given intravenousiy. Human
pharmacokinetic studies have shown that ibutilide has a high systemic clearance (sbout 29
mi/min/kg) that exceeds liver biood flow and a large steady state volume of distribution (about
11 kg). The eliminstion half-life averages 6 hours, The pharmacoldnetics of ibutilide are linear
with respect to the dose over the range of 0.01 to 0.1 mg/kg. The enantiomers of ibutilide have
pharmacokinetic similar o each other and to ibutilide. However the (+) enantiomer
has 73 to 4 times higher ability to prolong the QT interval compared to the (-) enantiomer in
healthy volunteers,

In healthy male volunteers, about 82 % of the dose is excreted in the urine vut of which 7 %
is unchanged ibutilide. The remainder 18 % was reoovered in feces.

8 metabolites were detecied in metnbolic profiling of urine. ‘These meiabolites are thought to be
formed primarily by w oxidation followed by sequential § oxidation of the heptyl side chain of
ibutilide. Only the w hydroxy metabolite of ibutilide ¢+ . to possess class IT] electrophysiologic
properties similar to that of ibutilide in an in vitro isoisied rabbit myocardium model,

The sponsor investigated the effect of gender and age on the pharmacokinetics and
pharmacodynamics of ibutilide and found that these two factors had no effect .

The sponsor studied the effect of atrial flutter, atrial fibrillation, the concomitant administration
of digoxin, calcium channel blockers and 8 blockers, the effect of renal and iiver impairment
on the pharmacokinetics of ibutilide using a population style analysis on plasma concentrations
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obtained from Protocols 14 and 15 (the two major ssfety and efficacy trials).

The sponsor esiabiished a pharmacckinetic pharmacodyssnic model to ocorrelate QTe
prolongation with ibutilide plasma concentrations.

Thutilide is moderately bound to plarms pro . 'ne (41 %). However, the sponsor did not provide
any information about its red blood cell partition coefficient,

The sponsor has adequately validated the chiral HPLC assay used in some of uscse studies.

RECOMMENDATION:

The sponsor’s NDA 20-491 sppears to be acceptable for meeting the biopharmaceutics
requirements provided that the comments on Page 9-10 are adequately addressed by the sponsor.

TABLE OF CONTENTS: Page #
Background 3
Summary of Bio/Pk characteristics 4
Comments ' 9

: tix 1 (Study S ies)

Study The pharmacokinetics and ph/.rmacodynamics 12

7215-93-019 of itutilide after intravenous infusions in
heaithy rale volunteers.

Study Assay method for UJ-70226E in salive and 23
7256-93-129 comparison of saliva and plcsma U-70226E and

enantiomer corcentrations after intravenous

infusion of ibutilide in hesithy mate velunteers.

Study Comparative pharmacokinetics and pharmacody zamics 34
7215-94-026 of iburiiide fumarate and its enantiomers following

singie 10 minute intravenc 28 infusions in healthy

male volunteers.

Study Metabolism and excretion of ibutilide followmg an 42
7215-94-017 intravenovs infusion of *C ibuiilide fumarate in
in healthy male volunwers

Study Pharmacokinetics and pharmacodynamics of ibutilide 54
7215-94-032 fumsrate in healthy maie and femsle volunteers.

Study The pharmacokinetics of ibutilide after one or two 62
7215-94-G23 1V infysions of ibutilide fumarate in patients wih
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arrial flutter or atrial fibrillation.

Study The pharmacokinetics of ibutilide after intvavenous 72
7215-95-004 infusion of ibutilide fumarate in patients with normal

or decreased left ventricular function.
Study The pharmacokinetics of ibutilide after intravenous 78

7215-95-005 infusion of ibutilide fumarate in patients with inducible
ventricular tachycardia undergoing electrophysiclogic
study.

Study Attempts to identify the major isoenzymes of cytrehrome 84
1425-95-007 P450 invoived in the metabolism of PH}-ibutilide in human
liver microsomes.

-Annotated package insert. 87
Compositional formula of the clinical and market formulations. 97
~Plots of ibutilide plasma concentrations vs time for ail the covariates o8
that were investigated in Protocols 14 and 15,

Background:

Tbutilide fumarate is N-[4-[4-(ethylheptylamino)-1-hydroxybutyt]-
phenyijmethanesulfonamide, (E)-2-butenedionate (1:0.5 ) salt. The molecular formula of
ibutitide fumavate is C22H3IZN20S5S and it has 2 molecular weight of 442.62 g/mole. The
structural formula is shown below:

OH,CH,

£

OHy-50;~NH-_ -CH-CHCHLH, N
H CH{CH I CH, y

\ . g5 GH-COOM
\ HOUC ~CH
Thutilide Fomarnte

The compound is a white to off white crystalline powdey with #2 acueous solubility of

greater than 100 my/m! at any pH loes than 7. Betweon the pH 7 a.d 9.4 the agusous
solubility decreases and reaches a 1ains nunt of 6 wg/mi at pH %.4. Above pH 9.5, the
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aqueous solubility increases rapidly and is greater than 100 mg/ml above pid 10.5.

Ibutilide fumarate bebaves as an amphc.yte with pka of approximately 8.4 and 9.6.
Ibutilide fumarate has one chiral center and exists as a racemate of the (-+) and (-)
enantiomers.

Corvert® (ibutilide fumarite) is a nove! class Il antiarrhythmic agent that increases the
refractory period and action potential d:xation of myocardial cells.

Ibutilide fumarate is proposed for the rapid termination of hemodynamically stable atria!
flutter or atrial fibrillation. The drug will be administered as IV infusion of I mg over 10
minutes. If the arrhythmia docs not terminate during the infusion or within 10 minutes after
the end of the infusion, another 1 mg dose administered over 10 minutes may be given. For
patients weighing less than 60 kg, a dose of 0.01 mg/kg should be administered over 10
minutes instead of 1 mg.

SUMMARY OF BIQAVAILABILITY/PHARMACOKINETICS/PHARMACORYNAMICS:
LPHARMACCKINETICS:

Human pharmacokinetic studies have shown u, . ibutilide has a high systemic clearance
(mean value of 29 m!/min/kg) that approximates liver blood flow and a large volume of
distribution at steady siate (mean =11 l/kg). The apparent elimination half-life averaged
approximately 6 hours. Post infusion ibutilide concentrations decreased rapidly in a
multiexpenential fashic« with at least 2 distribution phases followed by an elimination phase.
The following table v unarizes the main pharmacokinetic parameters obtained from the
triexponential mc.'el ot 1).01 mg/kg (mean total dose of (.78 mg) of ibutilide infused over 10
minuvies (Study 7215-93-(119),

A

{ng/mi)
| Mean 24 .8
Sd ) 6.8 . ) 3 . 0 )

Ibatilide pnarmacokinetics exhibited somewhat high interindividual variability. The
interindividual coefficients of variation for Cl, Vss and VYc were estimated to be 69 %, 42 %
and 55 % respectively. The residual variability expressed as % CV was estimated to be 95
%.

The (+) and (-) enantiomers of ibutilide (U-82208 and U £2209) have pharmacokinetic
properties similar to each other and to ibutilide, The mean +/- SD CL (27.6 +/- 7
mi/minkg) and mean Vss (13.2 +/- 6.9 I/kg) of the (+) enastiomer were similar to
respective values estimated for the (-) enantiomer (CL= 30.7 --/- 9 ml/min/kg and
Vss=12.9 +/- 4.3 I/xg) after dosing with each single enantiomer. Moreover, no
concentrations of the other enantiomer were found after dosing with either U-82208E and U-
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82209E indicating no in vivo interconversion between enantiomers. After adminisiration of
the racemate, 52.8 % is present as the () enantiomer while 48 % as the (-) enantiomers.
This ratio did not vary with time

11-PROTEIN BINDING:

Tie in vitro protein binding measured by ultrafii. = ranged from 37 to 46.1 % with a
mean value of 41.4 and was independent of concentration in the rauge of 1.1 to 987 ng/ml.

_ A ol ¥

The sponsor did not report any value for the plasma/red blood cell partition coefficient for
ibutilide.

y
e \)

82 % ot the “C ibutilide fumarate dose was recnvered in the urine while the remaining 12 %
was recovered in the feces. 6.7 % of the radioactivity in the urine is due to unchanged
ibutilide while the remainder 93 % are due to eight metabolites out of which 6 were also
found in the feces.

In vitro studies indicated that the initial metabolite of the primary pathway was the alcohol
iormed by w- oxidation of the heptyl side chain of ibutilide (see metabolic scheme in
Appendix I page 86). The cytochrome P-450 responsible for this major pathway was not
ident:fied. The aldehyde and the acid formed by oxidaticn of the alcohol were identified in
humsan urine. Further metabolism of the acid metabolite occurs by B-oxidation of the heptyl
side chain. Soine of the formed acid metabolites are major metahclites identified in urine
(Study 7215-94-C17),

Initial (%-1)-oxidation of the heptyl side chain and the associated one carbon loss pathway is
a less significant metabolism pathway in humans and is thought to be medisted by CYP2D6.
The formation of the N-deshepiylated metabolite (which was below the limit of detection in
both urine and feces), another minor metabolic pathway of ibutilide, is thought to be
mediated by cytochrome 3A4,

Of all the isolated metabolites in humans, the only one thac secms to have any activity is the
@-alcohol of ibutilide which rzsults from hydroxylation of the terminal methyl carbon of the
aminoheptyl side chair. Preliminary analysis of plasma samples from 4 normal volunteers
seem to indicate that systemic exposure to this metabolite is less than 10 % of the
corresponding ibutilide exposure based on AUC and less than 1 % based on CMAX (Study
7215-94-032)

Y-DOSE AND DOSAGE FORM PROPORTIONALITY:
Study 7215-93-019 showed that the pharmacckinetics of ibutilide is linear with respect to tie

dose between the dose range of 0.01 mg/kg to 1 mg/kg infused over 8 hours as evidenced
by no statistical differences in clearance and volume of distribution. Moreo"«r, both CMAX
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and AUC were increased proportionally to the administered dose.
VI-SPECIAL POPULATIONS:
A-Age:

Age did not have any effect on the pharmacokinetics of ibutilide and its 2 enantiomers as
evidenced by the fect that elderly and young subjects have similar clearance and volume of
distribution.

B-Geoder:

Gender docs not seem to have any effects on either the pharmacokinetic of ibutilide or its
two enantiomers. (Study 7215-94-032)

C-Atrial flutter and atrial fibrillation:

Bayesian estimates of clearance and volume of distribution at steady state obtained from the
population analysis of Protocol 14 and 15 (the two pivotal clinical trials) seem to indicate that
the pharmacokinetic characteristics of ibutilide in patients with atrial flutter or atrial
fibrillation did not differ from those of heaithy normal volunteers.

D-Liver inpaicment:

The effect of liver impairment on the pharmacokinetics of ibutilide could not be determined
since patients with liver impairment were excluded from the clinical trials and the sponsor
did not perform any pharmacokinetic studies in liver impairment subjects.

B Renal impairment:

Bayesian estimates of clearance obtained for patients with impaired renal function were not
different from the bayesian estimates of patients with normal rena! function (Protocol 14 and
15). No significant relationship between creatinine clearance and ibutilide clearance could be
observed from these two clinical studies. Moreover, becauss less than 10 % of the dose is
excreted uachanged in the urine and due to the fact this drug will not be administered
chronically, the sponsor did not perform any pharmacokinetic studies in patients with severe
renal impairment.

F-Patients with decreased left ventrioular function:
Study 7215-95-004 showed that in general there was no difference in the phanmacokinetics of
ibutilide between patients with LVEF < 35 % and patients with LVEF > 35 %. However,

the pharmacokinetics of ibutilide in this study were characterized by atypically high
intersubject variabilicy and atypical concentration time profile. Moreover, a cotrelation
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between QTc prolongation and plasma concentrations of ibutilide could not be established.
This is contrary to what was found in healthy normal volunteers where the change in QTc
was correlated with plasma concentrations via a sigmoidal EMAX model.

This variability in the pharmacokinetic results might be due to the invasive nature of this
study. '

Regults of study 7215-95-005 indicated that patients with inducible ventricular tachycardia
undergoing electrophysiologic study had atypical plasma concentrztion time profiles. The
intersubject variability was atypically very high. Similarly to the above study, no correlation
between QTc prolongation and the ibutilide plasma concentrations could be established. Once
again, the variabiiity in the observed results might also be due to the invasive nature of this
study.

No formal pharmacokinetic drug interaction studies of ibutilide with calcium channel
blockers were undertaken by the sponsor. However, the sponsor caiculated the bayesian
estimates of the clearance and volume of distribution at steady state of the patients that were
on corcomitant calcium channel blockers. The estimated clearance and volume of distribution
of ibutilide in these patients were found not to be different than in the patients not taking
calcium channel blocker. (Protocol 14 and 15).

B-Beta Adrenergic Blockers:

The same approach as with calcium channel blockers was used to study the interaction of
ibutilide with beta adrenergic blockers. It was found that the clearance and volume of
distribution at steady state of ibutilide was not different in patients taking beta blockers from
those that are not,

-Digoxia;
Ibutilide did not seem to affect the digoxin plasma levels since the digoxin plasma levels
were the same prior and 1 hour after ibutilide administration. Moreover the bayesian

estimates of the clearance and volume of distribution at steady state of ibutilide were the
same for the subjects on digoxin as the patients that wers not on digoxin.

IX-PAARMACOKINETIC/PHARMACODYNAMIC RELATIONSHIPS:

A direct correlation seemns {0 exist between dQT and concentration. The sponsor fitted the
dQT vs concentration to the sigmoidai EMAX model for the subjects that participated in the
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three bighest doses in Study 7215-93-019. The estimates of the pharmacodynamic
parameters were as follows:

| Dose mg/kg 0.03 0.06 0.1

| 1nfusion Duration | 10 min 8 hours 8 hours

| # Subjects 8 5 7

| Emax msec 205 (51) 106 (38) 134 (32)
Ec50 ng/ml 1.4 (0.2) 1.5 (0.5) 2307
ads ) s4ed 6165

§ Sigmoidicity

()= SD.

The sponsor concluded that the Emax appears to be indluenced by the rate of infusion as well
as the total dose of ibutilide. The sponsor aitributed this finding to the rapid and extensive
distribution characteristics of ibutilide. However, a simultaneocus fitting of these three doses
using a population: approach seems to indicate that one of the explanations for the differences
in EMAX might be that there is tolerance to the dQT effects of ibutilide. The results of this
modelling undertaken by this reviewer will be presented in a separate report.  Additionally,
the results of Study 7215-94-026 secem to indicate that even though the pharmacokinetics of
each enantiomer were similar, the maximum effect differed for each compouad dosed.
According to the sponsor, this difference was most likely due to a shift in the dose response
curve due to a potency difference in enantiomer activity.

The pharmacodynamic parameters of ibutilide and its two enantiomers can be summarized as
follows:

—— i 3 = g g i et PP Ry 2]

Parameter Estimates | Ibutilide fumarate U-82208E(+) U-82209%(-)
Emax msec 120 (37) 72 (39) 44 (10)

ECS0 ng/ml 0.58 (0.18) 0.55 (0.14) 0.98 (0.69)
Sigmoidicity 5(3)

,,,,,,,,,,

() = SD.

Study 7215-94-032 showed that neither age nor gender seem to affect the QT prolongation of
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ibutilide since similar pharmacodynamic values were obtained in these two populations.

It is to be noted that even though there was a correlation between QT prolongation and
ibutilide piasma concentrations, no relationship between success of treatment (conversion) or
proarrhythmia and plasmz concentrations could be established in either Protocol 14 or 15.

X-FORMULATION:

Two formulations of ibutilide fumarate injection have been developed:2.5 mg/ml and 0.1
mg/mi solutions. The 2.5 mg/ml solution diluted 25 to 506 fold with eitker 5§ % Dextros= or
0.9 % Sodium Chioride Injection prior to administration has been used for ciinical
development. The 0.1 mg/ml formulation has been developed for use as a marketed product
and was used in later clinical trials. It is equivalent to a 1:25 dilution of the 2.5 mg/ml
formulation with 0.9 % Sodium Chicride Injection. The compositionzai formula of ibutilide
fumarate is given in Appendix II ay well as the composition of all the formulas that were
used in the clinical trials.

XI-ASSAY:

Concentrations of ibutilide fumarate along with both of its enantiomers in plasma and urine
were measured with a chiral HPLC method with fluorescence as a detection mode after
derivatization.

‘The e~ncentrations of the -1 hydroxy metabolite (U-860-92) and © hydroxy metabolite (U-
107246) from plasma samples were determined using liquid chromatography coupled with
mass spectrometry.

Overall, these assays were deemed satisfactory.

I-The sponsor should provide information on the red blood cell partition coefficient of
ibutilide.

2-In the '*C ADME study (Study 7215-94-017), data on the recovery of ibutilide and its
metabolites in the feces were given only for two subiects. Conclusions on the recoveries in
feces were based on the data from these two subjects. Due to the very smail sample size
(n=2), the conclusions drawn might not be valid. In future studies, the sponsor is asked to
provide data from more than 2 subjects. (In such ADME studies, a typical n value would be
2t least 6 subjects).

3-In protocol 14 and 15, the sponsor collected blood samples up to 3 hours only, yet the
terminal half-life of ibutilide is estimaied to be 6 hours. This means that the sponsor only
covered less than one t,, of the drug. For this reason, it would be very difficult to develop a
populat:on model that will describe adeguately the pharmacokinetics of ibutilide frowin such a
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data set. Therefore, the conclusions that can be drawn are very limited and should be viewed
within the context of the limitations of these two studies.

4-The mode. chosen by the sponsor to describe the data obtained from Protocols 14 and 15 is
not adequate as evidenced e.g. by a high residual variability (%CV of 95 %). Thus, the data
obtained from this analysis might not have the ability or power to detect the effect of the
various investigated covariates on the pharmacokinetics of ibutilide. The spons~r should have
tried different models to attempt to decrease the % residual variability that was observed with
the two compartment model the sponsor chose.

5-The sporsor concludes from the results obtained from Protocol 14 and 15 that liver
impairment did not have any effect on the pharmacokinetics of ibutilide. Yet in the inclusion
criteria in the protocols, patients with liver impairment were excluded from participation in
the studies. In both these clinical trials there was only one patient that could be considered as
having liver impairtnent. Therefore no conclusion can be made on the effect of liver
impairment on the pharmacokinetics of ibutilide.

6-Labelling Comments:

z2-In the metabolism section of the package insert on page 3: the following statement should
be added: "orly the % hydroxy metabolite of ibutilide possesses class 1IJ electrophysiologic
properties similar to that of ibutilide in an in vitro isolated rabbit myocardium modei.

However, the concentrations of this active metabolite are less than 10 % of that of ibatilide

In the drug interactions section:

b-Under Digoxin: the statement that “the pharmacokinetics of Corvert injecticn are not
different in patients treated concomitantly with digoxin when compared with those who
were not concomitantly treated.” This statement is based on the population analysis of
Protocols 14 and 15. However, due to the reasons outlined in Comments 3 and 4, no
conclusions with regard to drug interactions could be drawn from their analysis.

c-The sections on calcium channel blockers and beta adrenergic blocking agents should be
replaced by the following statement:

"Coadministration of either calcium channel blockers, adrenergic blocking agents or digoxin
did not have any cffects on either the safety and efficacy of ibutilide in the clinical trials,”

Patrick J Marroum Ph.D.

D s———F/51//995

Biopharm Duy on Auguast 4. 1995 (Ludden, Ficischer, Chen, Hepp, Gillespie, Hussain,
Parekh, Gordon and Marroum).
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Study: 7215-63-019 Volume: 1.45 Pages: 06/04/1-202,
Investigators;

Clinical: Dr. James T. Vanderlugt
The Upjohn Research Clinics-BCIU.
Kalamazoo, MI 49007.

Objectives:

To describe and evaluate the pharmacokinetics of ibutilide in healthy male voluntzers in
relation to dose and length of infusion and to investigate the pharmacodynamic relationship
between QT interval prolongation and ibutilide plasma concentrations.

Formulation

-Ibutilide fumarate sterile solution (2.5 mg/ml). Lot # 25561.
-Placebo lot # 25562,

Study Design:

This single dose, double blind, parzliei, placebo-controlled dose escalating study in heaithy
male volunteers between the ages of 18 and S0 years. The volunteers received either an
infusion of ibutilide (n=6 or 8 per dose group) or placebo (n=9 for the 10 minute infusion
groups and n=10 for the 8 hour infusion groups). The doses that were investigated were
0.001 mg/kg, 0.003 mg/kg and 0.03 mg/kg ibutilide infuscd over 8 hours. Originally, the
protocol was designed with only 10 niinute duration ibutilide infusions with doses up to 0.25
mg/kg. However, the protocol was amended and the 8 hour infusion duration treatments
were examined in light of excessive QT interval prolongation observed after the 0.03 mg/kg
dose administered over 10 minutes.

Ibutilide sterile solutions (2.5 mg/ml) was diluted in an appropriate amount of DW (5%
dextrose in water) to acheive the following infusate concentrations for sach dose level:

Dase Infusate concentrations
(mg/kg) (mg/mi)

0.001 0.0025

0.003 0.0075

0.010 0.025

0.03 0.075
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0.06 0.15
0.1 0.25

Signal averaged electrocardiograms were done twice prior to doging and at various times
after the infusions (usually corresponding to a blood sampling time). Heart rate, PR, QRS
and QT intervals were averaged from 25 beats,

Blood samples were collected from subjects receiving the 10 minute infusion at the following
times: 0, 10 minutes (at the end of the infusion), 0.25, 0.5, 0.75, 1, 2, 3, 4, 6, 8, 10, 12
and 24 hours after the start of the infusion.

Blood samples were collected from subjects receiving the 8 hour infusion at the following
times: 0, 1, 2, 4, 6, 7, 8, 8.083, 825, 8.5, 9, 95, 10, 11, 12, 14, 16 and 24 hours after the
start of the infusion. o
Saliva samples were collected from the subjects that received 0.1 mg/kg ibutilide infused
over 8 hours.

Assay:

Concentrations of ibutilide in plasma were determined using HPLC with fiuorescence
datection at 345 nm.

-Specificity: satisfactory. Chromatograms prescnwd

-Linearity: satisfactory. Calibration curves ranging from 0.05 20 ng/ml.

-Sensitivity: the limit of quantification which was set to be the upper 95 % confidence limit
of the intercept was 0.1295 ng/mi.

-Precision: the between day precision expressed as % CV was 6.3 %.

CV for quality control samples ranged from 8 % at 0,2567 ng/ml to 3 % at 5.13 ng/ml.
-Accuracy: The mean recovery for the quality control samples were 97 +/- 7 %.

Pharmacokinetic parameters were calculated using moment analysis methods and also using
a three compariment body model.

Pharmacokinetic parameters were noi estimated from data from the lower ibu. 'ide doses
(0.01 and 0.003 mg/kg infused over 10 minutes and 0.01 ing/kg infused over & hours) due to
the tack of sufficient concentration time noints.

Pharmacodynamic data analysis:

Prolongation of the QT interval (dQT) was calculated as the difterence hetween the measured
QT interval and the average of the two pre-dose values for a given subject. The dQT from
the lower ibutilide doses (0.0G1, 0.003 and 0.01 ng/kg ibutilide infused over 10 minutes and
0.01 and 0.03 mg/kg infused over 8§ hours) was insufficient in magnitude and/or number of
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data points for pharmacodynamic evaluation.

The dQT vs ibudilide concentrations (individual subject) from the larger doses (0.03 mg/kg
infused over 10 minutes and 0.06 and 0.1 mg/kg infused over 8 hours) were fitted to the
sigmowd EMAX model using the NLIN procedure in SAS. Data from 0 to 8 hours, 0-14
hours and 0-16 hours were used for the 0.03 mg/kg/10 min dose, the U.06 mg/kg/8 hour
dose and the 0.1 mg/kg/8- hour dose respectively.

Results:

-Table 1 shows the mean ibutilide pharmacokinetic parameters for some of the dosing
regimens used in this study while Teble 2 shows the calculated pharmacodynamics
parameters for 2 doses.

-Figures 1 and 2 show the composite plots following the 10 minute and 8 hour infusion
respectively. Figure 3 shows the dose proportionality data for AUC and clearance.

-Figures 4 and 5 show the mean ibatilide concentration time profiles for both infusion rates.
-Table 3 gives a summary of the compartmental pharmacokinetic parameters for some of the
subjects that were given 0.01 mg/kg infused over 10 minutes.

-Figures 6 and 7 show the mean QT interval vs time for both infusion rates.

-Figures 8 and 9 show mean QT interval vs mean ibutilide concentration for both infusion
rates.

The results show that ibutilide half-'ife was around 6 hours and could be fitted to a tri-
exponential, lbutilide had a high systemic clearance approximating liver blood flow (30
mi/min/kg).The VDss was large and was estimated (o be 11 1/kg. The inter subject
variability was estimated 0 be around 25 to 30 %. Ibutilide AUC and Cl did not show any
deviation from dose proportionality. A direct correlation beiween dQT and ibutitide plasma
concentration was observed evidenced by a lack of hysteresis in the data during and after the
8 hour infusion,

lbutilide was characterized by having a steep concentration effect relationship with a
relatively consistent EC50 among doses and infusion rates. However, EMAX was influenced
by both the dose and rate of ibutilids infusion with the highest EMAX value obtained with
the infusion of 0.03 mg/kg over 10 minuies,
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. R No.: 7215-83-019

Tabls §

Ibutilide Pharmacokinetic Parameter
Estimates (Mean (% CV)] and Statistical Analysis

| Dose, mgkg 0.01 0.03 0.03 0.06 0.10 ANOVA |
Infusion Duration 10 min 10 min § hours 8 hour . 8 hours p-value
L No. of Subjects 8 8 8 8 8

Cmax, ng/mL 8.8 (36%) | 28 2(38%) { 2.0(25%) 3.3 (26%) 5.2 (14%) C.0001

AUCo~, ng*vmL | 5.7(15%) | 18.5 (21%) | 21.5 29%) | 36.3 27%) | 55.3 17%) |  0.0001
(CL. mL min'kg | 29.8 (17%) | 25.7(32%) | 24.5 (22%) | 29.1 22%) | 20.9 (16%) |  0.4709
Vas, Likg 115 (25%) | 13.7 (45%) | 9.6(26%) | 11.8(26%) | 10.524%) | 03339 |
6.9 6.1 6.1 5.7 0.3108° |

Half-life, hours 5.9 .

* ANOVA p-value from comparison of the eliminaiiun rate constant values.

Tableg,
Ibutilide Pharuacodynamic Parameter Estimates
(Mean 1 SD) e

Dose, mg/kg 0.03 % ] 0.06 0.10 n

Infusion Duration 10 miﬁ 8 hours | 8 hours
| No. of Subjects 8 B : 7

Emax, maec 205 1 51 ‘ 106 + 38 134 £ 32

1.Cro, ng/mL 14202 L3205 23+07
| Slope Factor 40 % f;f':'_ﬁ RS B.1%35 |
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|
‘ TABLE 3
Summary of Nonlinear Curve Fitting of Ibutilide Protocol P.7550-0001

0.01 mg/kg Ibutilidc Dose Infused Over 10 Minutes
{(PCNONLIN Triexponential Model 19)

Subject Paramt.er Estimate I
R S Q a B ¥
17
24 i
25 —HI
» ]
30
31 l
32 |
33 _
Mean 24.8 2.49 1.48 J1.1 ! 5.79 0.125
S5.D. 6.5 0.70 0.36 6.3 0.47 0.018
WOV { 7% 28% 24% 20% 17% 14%
16
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TR No.: 7215-93-019

Figure-§. Composite Plotr of Individual Subject Ibutilide Plasma
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TR No.: 7215-93-019

Figure 2 Compaosite Plots of Individual Subject Ibutilide Plasma
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Figure 3.  Jose: Proportionality of Ibutilide: AUC and Clearance Data
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QT INTERVAL, msec

Flgun‘ Meoen QT interval vensus time
after a 10-minute infusion of butliide fumarate
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Flguro& Mean QT intarval varsus mean lbutliide piasma concentration
after & 10-minuts infusion of hutllide furnarate
Protocol P/7560/0001 [NDA reference 6.9}
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Assav method for U-70226L i aaliva g
memwmmm

Study #: 7256-93-129, Yolume; 1-45 Pages: 06/04/204-233.
Investigator:
Clinical: Dr. James T. Vanderlugt

The Upjohn Kesearch Clinics-BCIU.
Kalamazoo, MI 49007,

Qbjectives;

The purpose of this portion of this study was to determine whether monitoring of ibutilide in
saliva could provide a convenient non invasive means for monitoring concentrations of U-
70226E the racemate and its enantiomers U82208E and U82209E.

Formulation;

-Ibutilide fumarate sterile solution (2.5 mg/m!). Lot # 25561.
-Placebo lot # 25562.

Study Design:

The study design was exactly as described in the previous report since this was an extension
of the same siudy. In this portion of the study, saliva was collected from 8 volunteers who
reccived 0.1 mg/kg infused over 8 hours. Extra blank saliva samples were collected from 2
subjects in the placebo group and were used for method development and for preparation of
spiked contro! samples.Saliva samples were collectesi at the same time when plasma samples
were collected by spitting into a small pre-weighed glass scintillation vial.

Assay: HPLC with fluorescence detection at 340 nm emission and 224 nm for excitation.
ibutilide was deriv tized with 0.1 % i-naphtyl isocyanate and the enantiomers were separated
via a D-phenylglycine chiral analytical column The enanticmers were detected with
fluorescence at 290 nr excitation and 345 nm for emission.

Saliva:

-Specificity:satisfactory. Chromatograms presentad in Figure 1 and 2 1espectively si-owing

the racemate and ihe separation of the two enaniiomers in saliva respectively.
-Linearity: satisfactory. Calibration curves from 0.1384 1o 13.84 ng/ml.
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-Accuracy: the overall % recovery ranged from 84.8 to 92 %.
-Precision: the overall % precision ranged from 2.7 % to 5 %.

No validation data was presented for the enantiomeric assay in either plasma or saiiva.
Data Analysis:

There was no pharmacokinetic analysis of the data.

Results;

-Figure 3 shows the mean plasma and saliva profile for the subjects where both plasma ang
saiiva were assayed for ibutilide concentrations while Figure 4 shows the composite profiles
in both matrices for some of the subjects where ibutilide concentrations were measured.
-Table 1 gives some of the plasma and saliva data for ibutilide and its enantiomers.

-Table 2 gives a summary of the some of the pk parameters in plasma and saliva.

The results show that there was a lag time f 4 hours before saliva acheived the same
concenirations as plasma. The termin.] half-life estimated from saliva was the same as
plasma (4.8 hr vs 5.8 hr for plasma). However, the data that was ootained from saliva was
much more variable (CVs as high as 59 %).

The data show that the % of each enantiomer did not vary with time in either plasma or
saliva. However, the ratio of the two enantiomers were different in the two matrices. In
plasma, 52.8 % was U-82208E (+) while it was 61.9 % in saliva. This suggests that the two
enantiomers do not distribute similarly in the two matrices.

Comments:

The sponsor should submit assay validation data for the racemic assay and for both the two
enantiomers.

le
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Compararive pharmacokinetics and pharmacodynamics of ibutilide fumarate and ite
enantiomers fellowing single 10 minute intravenous infusions in healthy male volunteers.

Study: 7215-94-026 Yolume: 1.46 Pages: 06/05-1-368,
Investigators:
Clinicai: Dr, James T. Vanderlugt

The Upjohn Research Clinics-BCIU.
Kalamazoo, MI 49007.

Ql. v .

1-Evaluate and comnpare the pharmacokinetics and pharmacodynamics of ibutilide, U-82208
and U-82209 following a single intravenous infusion of ihutilide, U-82208E and U-82209E in
healthy volunteers.

2-Determine if the erantiomers are interconverted i vivo following dosing with a single
enantiomer of ibutilide.

3-Determine if one enantiomer affects the disposition of the other.

- Investigate the relationship between QT interval prolongation and plasma concentrativn.

-lbutilide fumarate lot¥ 25735.
-U-82208E (+ ibutilide) lot# 25736.
-U-82209E (- ibutilide} o 25737.

Study Design:

6 healthy male volunteers between the ages of 22 and 50 years participated in this double
blind 3 way crossover study. In all the three phases of the study, a singie dose (0.01 mg/kg)
of ibutilide fumarate, U-8220E or U-82209E was administered by a 10 minute IV infusion.
There was a 7 day washout period between treatments.

Blood samples were collected (pre-dose), at ibe end of infusion {0.167 hours) and at .25,
0.5,0.75,1, 2, 3, 4,6, 8, 10, 12 and 24 hours.

Signai-averaged ECGs for the assessment of QT intervals were obtained at the times of blood
s2mpling.

Urine was collected at the following time intervals: -12-0, 0-2, 2-4, 4-8, 8-12 and 12-24
hours.



Assay: HPLC with fluorescence detection 224 nm excitation and 340 nm emission
wavelength.

Plasma:

-Specificity: satisfactory. Chromatograms of ibutilide and its enantiomers are prescated in
Figure 1 and 2.

-Linearity: satisfactory. Standard Curves from (.0175 »~ 17.55 ng/m! for both enantiomers.
-Precision: interassay precision was 6 % for both enantiomers.

-Accuracy: interassay accuracy as indicated by % recovery was 97 % for U- 822OSE and 96
for U-82207E,

-Sensitivity: The limit of quantification vias 0.0351 ng/ml for both enantiomers.

No Quality contro! samples for intraday assays were available.

Urine:

-Specificity:satisfactory. Chromatograms of ibutilide and its enantiomers are presented in
Figure [.

-Linearity: satisfactory. Standard calibration curves from 0.1755 to 351 ng/ml for both
ghantiomers.

-Sensitivity: the limit of quantification was 0.702 ng/ml for each enantiomer.

-Precision: the hetween day precision was 12 % for both enantiomers.

-Accuracy: tlie between day accuracy expressed as % recovery was 107 % for U-82208E and
98 % for U-82209E.

No qualiity control sam; ‘s for iniraday assays were available.

Data Analysis:
-Data analysis was exactly the same as described in the previous study.
Results:

-Table 1 Shows the pharmacokinetic parameters for ibutilde and its two epantiomers .

-Table 2 shows the pharmacodynamic parameters for ibutilide and its two enantiomers.
-Figure 3 shows the mean plasma concentrations for ibutilide and its two enantiomers
-Figures 4 and 5 show the mean QT interval vs time and .he mean QT interval vs the mean
plasma concentrations of ibutilide and its two enantiomers respectively.

The resuits show that nearly equal cocentrations of the (+) and (-) isomers were achieved
after dosing with the racemate and each enantiomer. No concentrations of the other
enantiomer were observed after dosing with U-82208E or U-82209F indicating no signiticant
in vivo interconversion. However, the CMAX that was acheived after infusion of U82208E
was higher than CMAX acheived after infusion of U82209E (11.1 vs 7.91 ng/ml). It is to
note that there was no difference in any of the other pharmacokinetic parameters between the
twQ enantiomers.

The same could not be said about the pharmacodynamic parameters for the two enantiomers.
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Tbutilide fumarate (the racemate) as well as the {+) isomer had a much steeper concentration
effect reictionship compared to the (-) isomer. The EC,, for both the racenate &id the (+)
isomer was around 0.55 ng/mi while it was almost doub'e the value 0.98 ng/ml for the (-)
enantiomer. EMAX was estimated to be 120 msec for the racemate, 172 for the (+)
enantiomer and only 44 msec for the (-) enantiomer.

Conglusion:

This study shows that there are no pharmacokinetic differences between the two enantiomers
of ibutilide. When the racemate is adminisicred, they are present in alinost equal amounts,
No in vivo interconversion takes place. However, the (+) enanticmer seems to have
increased ability for QT prolongation compared to the (-) enantiomer (3 times more active).



vi , infusion “C ibuilide £

Study: 7215-94-017. Yolume: 1.47 Pages: 06-1-06-194.
lovestigators:

Clinical: Dr. Kirsteen M. Donaldson.
Brighton Upiohn Clinical Research Unit.
Brighten General Hospital,
Elm Grove, Brighton England BN2 3EW,

The objective of the study was 11 determine quantitatively the disposition (metabolism and
excretion) of “C ibutilide in healthy male volunteers after 1V administration in a manner
similar to that recommended for antiarrhythmic therapy. The quantitative analysis of blood
and plasnia was used to evaluate the distribution and clearance of ibutilide and related
metabolites. Analysis of urine and fecal specimens was intiuded to yield information on the
rates and routes of excretion of the ibutilide related materials, as well as information on the
chemicai structures of the excreted metabolites. Metabolite profiles were compared to the
metabolic pathways which have been established in animal models for the purposes of

identifying metaholites and establishing the relevance of the animal species used in
toxicological studies.

HC ibutilide fumarate sterile solution lot # 26657.
Study Design:

Six healthy nonsmoking male volunteers between the ages of 37 and 49 years participated in
this study. 0.8 ml of a 2.5 mg/ml solution were diluted up to 60 m! with 5 % dextrose in
water. 30 mls of this solution was infused at a constant rate (3 ml/nin) over 10 minutes.
Solutions were mixed no earlier than 4 hours before diving.

Blood samples were taken at 0, 10, 15, 30 and 45 minutes and 1, 2, 3, 4, 6, 8, 10, 12, 24,
36, 48, 72 and 96 hours after drug admunistration. An extra 15 mis of blood was obtained at
15 and 30 minutes and ! and 6 hours after dosing.

All urine and faeces were collected during the time interval up to 96 hours,

Breath samples were collected prior to dosing and at 20 minute intervals after dosing for the
next 8 hours {1 mM of CQ, was trapped in the hyamine:etharnol).
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Assay;

Analysis of total radioactivity in urine, faeces, expired sir, plasma and blood was done by
liquid scintiliation counting.

Identification of ibutilide possible metaboliv - ° lasma, urine and fecal samples was
performed using 3 HPL.C methods.

The plasma roncentrations of the two enantiomers of ibutilide were measured using an HPIi.C
method with fluorescence as a detection method. The excitation wavelength was 296 nm
whilc the emission wavelength was 345 nm.

Specificity: satisfactory. Chromatograms of the two separated enantiomers were presented.
Liresrity: satisfactory. Calibration curves from 0.03 to 3 ng/ml.

Precision; betweeen day precision ranged from 2.4 % at 2.52 ng/mi to 6 % at (.0504 ng/mil
for U-82208E. For U-82209E the between day precision ranged from 2.7 % at 2.52 ng/ml
up to 5 % at 0.0504 ng/ml.

Accuracy: between day accuracy expressed as % recovery for U-82208E ranged from 99.1
% at 2.52 ng/ml up to 102 % at 0.054 ng/ml, For U-82209E, the hetween day accuracy
ranged from 99.1 % at 2.52 ng/m! to 102 % at 0.252 ng/ml.

Data Analysis:
The data analysis was performed using standard pharmacokinetic techniques.
Results;

The results of this study showed that 70.5 % of ail the given dose was recovered in 24
hours. Urinary excretion of radioactivity was complete by 96 hours and acounted for 82 %
of the dose. The termunai half-fife of radioactivity estimatedt from urine was 11 hours. Fecal
excretion accounted for the remainder of the administered dose (19.3 %) with the half-life
estimated from the fecal roure 1o be 12,9 hours,

No radioactivity was measured in the expired air samples.

-Table 1 shows the % of the dose recovered in urine and faeces as a function of time while
Figure 1 shows the corresponding profile for the recovered radioactivity.

-Table 2 gives a summary of the most important pharmacokinetic parameters for ibutilide and
its two enantiomers.

-Tables 3 aad 4 show the % of each metwabolite recoverad in the urine and fecal poci
respectively.

-Figure 2 shows the mean concentration of radioactivity iu plasma and “lood while Figure 3
shows the blood/plasma ratio of radioactivity as a fuaction of time.

-Figure 4 shows the plasma concentration time profile for the two enantiomers for ibutilide.
-Figure 5 shows the plasma concentration profiles of wtal radioactivity and unchanged
ibutilide fumarate measured by HPLC vs time,
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-Scheme | shows ihe proposed metabolic pathways for ibutilide in the human,
Metabolite identification:

Metabolite E was the most abundant metabolite recovered in uvine accounting for almost 30
% of the administered dose. It is vesulting from the w oxidation of the heptyl side chain of
ibutilide. 6.7% of intact ibutilide was recovereq in the urine. The % of each metabohte
recovered in the urinary pool is given by Table 3,

Conclusion:

82 % of the totnl radioactive dose was recovered in the urine while the remaining 18 % were
recovered in facces. Ibutiiide as well as 8 previously identified metabolites in aniinals
accounted for the total radioactivity administer~d.

The metabolism of ibutilide in humans appear to proceed primarily through a pathway
consisting of & oxidation of the heptyl side chain followed by a 8 oxidation: of the heptyl
side chain,

(%@-1)-oxidation of the heptyl side chain and the associated one carben loss pathway is a less
significant raetabolism pathway in humans.



volunteers,

Study: 7215-94-032 Volyme: 1.47. Fages: 06-196-06-495.
Investigators:

Clinical: Dr Albert 1. Dietz.
Upjohn Research Clinics
Kalamazoo, MI.

Objentives;

The objective of the study was to evaluate potential sex-related differences in the
pharmacokinetics of ibutilide fumarate. Potential differences between males and females in
pharmacodynamic response to ibutilide fumarate infusion as measured by QT interval
prolongation was also evaluated.

Formulation:

-0.01 mg/kg of ibutilide fumarate (Research lot 27127} given as a single intravenous infusion
over 10 minutes.

Study Design;

Eight healthy male volunteers and 8 healthy female volunteers between the ages of 45 and 80
years participated in this open-iabel, single dose parallel group study. The subjects were age
matched.

Plasma samples and ECG mcasurements were obtained prior to dosing and at the end of
infusion (10 minutes) and at 15, 30, 45 minutes and at I, 2, 3, 4, 6, 8, 10, 12 and 24
hours.

Assay:

Plasma concentrations of the enantiomers of ibutilide were measured using an HPLC method
with fluorescence as a detection mode.

-Specificity: satisfactory. Chromatograms for the 2 enantiomers are presented.

-Linearity: calibration curves between 0.0302 to 30.2 ng/ml for both enantiomers.

-Precision: inter-assay precision expressed as % CV ranged from 0.16 % to 12 % at 0.0504
ng/mi for U-82208E. As for U82209E, the inter-assay precision ranged from 0.16 % at 2.52
ng/ml! to 6 % at 0.05G4 ng/mi.

-Accuracy: inter-assay accuracy expressed as % recovery ranged from 91.9 % to 101 % at
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0.054 ng/ml for U-82208E. As for U82209E, the inter-assay accuracy ranged from 95.1 %
at 0.252 ng/ml to 102 % at 0.0504 ng/ml.

Data Analysis:
Data analysis was exactly the same as described in the previous sdies.
Resuits:

-Table 1 summarizes the main pharmacokinetic parameters for ibutilide and its enantiomers
in males and females while Figure 1 shows the corresponding plasma profiles.

-Table 2 summarizes the pharmacodynamic parameters for both populations.

-Figure 2 shows the mean QTc vs time and Figure 3 show: the mean plasma concentration vs
QTc for both males and females.

-Figure 3 shows the méan plasma concentrations for ibutilide fumarate and U-107246 (the
active metabolite) vs time while Table 3 gives the corresponding plasma concentration

values.

The results show that there was neither a pharmacokinetic nor a pharmacodynamic difference
between males ar? females.

Conclusion:

Gender does not seem to have any effects on either the pharmacokinetics or the
pharmacodynamic effects of cither ibutilide or its 2 enantiomers.
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STUDY # P/7550/14 P/7550/15 VOLUME: 144 PAGEs: 06/03/335.
INVESTIGATOR: Dr James T. Vanderlugt.

Multi Center Trials.

This portion of the study was designed to describe and evaluate the pharmacokinetics of

ibutilide in patients with atrial flutter or atrial fibrillation. This was an initial exploratory
analysis to develop the poulation pharmacokinetic model and begin the assessment of the
influence of patient characteristics on ibutilide diposition.

STUDY DESIGN:

In both multicenter, double-blind, randomized placebo controlied dosz response studies,
patients were stratified based on diagnosis of atrial flutter or atriul fibrillation.

The single dose study was conducted according to Protocol 14. The repeated dose study was
conducted according to Protocol 15 and its two amendments.

Briefly, 466 patients (200 in Protocol 14 and 266 in Protocol 15) with a riiythm of sustained
atrial flutter (duration 3 hours or greater) or atrial fibrillation (duration greater than 3 hours
and less than 90 days; less than 45 days in Protocol 15) aged 25 to 90 years, participated in
these studies. In protocol 14, the patients were randomiz * to receive a 10 minute IV
tnfusion of either placebo (n=20 per arrhythmia) or ibutilide fumarate (n=20 per arrhythmia
per dose group). The doses investigated in Protoce! 14 were 0.005, 0.01, 0.015 and 0.025
mg/kg ibutilide fumarate. In Protocol 15, the patients were randomized to receive a 10
minute infusion of either placebo (n=40 per arrhythmia)or 1 mg ibutilide fumarate (n=40
per arrthythmia) or 1 mg ibutilide {n=40 per arrhythmia). If the patient’s arrhythmia did not
terminate during the infusion or within the 10 minutes following, the patients in the placebo
group received a second infusion of placebe while the patients in the ibutilide fumarate group
received a second inrfusion of 1 mg ibutilide fumarate or an infusion of 0.5 mg ibutilide
fumarate depending upon the grnup to which they had been randomized. Patients enrolled in
Protocol 15 who weighed less than 60 kg were dosed based oa body weight:0.01 mg/kg
rather than 1 mg, and 0.05 mg/kg rather than (.5 mg ibutilide fumarate.

When possible, venous blood samplos were collected at the following time points:

For Protocol 14 prior to dosing (-1G minutes), immeuiately following infusion (10 minutes)
and at 15, 30, 60, 90, 120 and 180 minutes after infusion began.

For Protocol 15, prior to dosing (-10 minutes) at minutes 20 and 40 and at howr 1.5. When
termination of atrial flutter or fibrillaticn occurred within { hour after the end of the infusion



(Protocol 14), prior to hour 1.5 (Protocol 15) or if a significant change in thythm occurred
prior to 1.5 hours after the start of the first infusion, a blood sample was also drawn at this
ame. The actual tims of sample collection was recorded and was used in the pharmacokinetic
analysis.

ASSAY:

Plasma samples collected in both studies were quantitated for racemic ibutilide fumarate
using a sensitive and specific HPLC with fluorescence as detection mode.

-Specificity: satisfactory. Chromatograins prescnted.

-Linearity: satisfactory. Calibration curves between (.1 and 20.2 ng/ml.

-Sensitivity: the Iimit of quantification was 0.1 ng/ml.

-Precision: betw~en day precision averaged 11.1 % at 0.204 ng/ml, 6.2 % at 1.02 ng/mi and
3.9 % at 10.2 ng/ml.

-Accuracy: between day accuracy averaged 2 % at 0.204 ng/ml, 3.4 % at 1.02 ng/mi and
1.5 % at 10.2 ng/ml.

DATA ANAL YSIS:

The data were fit to a 2 compartmeni model using the NONMEM program (ADVAN3
TRANS 3 subroutines}. Interindividual variability in clearance and volume of the central
compartment were modelled using a proportional error model. Residual variability for the
pharmacokinetic analysis was modelled using a proportional error model. The development
of the hasic method was performed using the first order conditional estimation method

In order w perform initial explerator: :nalyses, empiric bayesian estimates of clearance and
volume of distribution at steady-state were obtained for each subject using the POSTHOC
option with NONMEM. Scatterplots and frequency distributions for the bayesian estimates of
clearancc and Vss for age, gender, estimated cre~tinine clearance, SGOT, SGPT,
success/failure, an indicator variable for whether proarrhythmia occurred, and indicator
variables for concomitant digoxin, calcium channel biockers, and beta blockers were
generated.

Because several patierts had missing information for one or more of the laboratory values
measured, the mean value of these measurements in the remaining patients was assigned to
replace the missing values.

To estimate creatinine clearance in this population, the Jellife method was used.

RESULTS:

In otal, the sponsor deemed 285 subjects out of the 339 tnat were treated with ibutilide to be
suitable for the NONMEM analysis. 1298 plasma ibutilide concentrations were measured in
these subjects.

In general the pabients were elderly with a mean age of 66 years. Their mean weight was
83.1 kg and the mean estimaied creatinine clearance was 54.7 ml/min. 82 % were male and
only 39.3 % cf the patient population included in the NONMEM analysis had a successful
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response to therapy. Approximately, 60 % of patients received concomitant digoxin, 40 %
received concomitant calcium channe! blockers and approximately 19 % received corncomitant
beta blockers. Table 1 summarizes the demographic characteristics of this patient popul:tion
while Table 2 gives a summary of the results of the analysis that were undertaken.

The results si.ow that there was a great deal of varibility in the plasma concentrations
specially in the time around the termination of the 10 minute infusion. The residual
variability after deletion of 28 patients who were considered to have large weighted residuals
(> 4) was still 46.7 % which might indicate that there might be a model mispecification.
-Figures 1 and 2 show the coacentration time piofiles from Protocol 14 and Protocol 15
respectively.

-Figure 3 shows the measured vs predicied ibutilide concentrations for the 285 patients
(analysis A).

-Figure 4 shows the weighted residuals vs predicted ibutilide concentrations.

ments.

1-In these two protocols, the sponsor coliected blood samples up to 3 houss only, yet the
rerminal half-life of ibutilide is estimated to ¢ hours. This means that the sponsor only covered
less than one t,, of the drug. For this reason, it would be very difficult to develop a population
model that will describe adequately the pharmacokinetics of ibutilide from such a data set.
Therefore, the conclusion that can be drawn are very limited and should be viewed within the
context of the limitations of these two studies.

2-The plasma levels that were obtained in these studies were characterised by a high degree of
intersubject variability. Therefore the data obatined from this analysis might not have the ability
or power to detect the effect of the various covariates that were investigated on the
pharmacokinetics of ibutilide.

3-The sponsor concludes from the results obaine * from this study that liver impairment did not
have any effect on the pharmacokinetics of ibutiliue, Yet in the inclusion criteria in the protocol,
patients with liver impairment were excluded from participation in the study. In both these
clinical trials there was only one ratient that could be considered as having liver impairment,

Therefore no conclusion ¢z be made on the effect of liver impairment on the pharmacokinetics
of ibutilide.



pormal or decreaseq left venricular function,

Study: 7215-94-004 Yolume: 1 Pages: 06/05-1-368.
wvest
Clinical: Dr. James T. Vanderlugt

Muiticenter trial.
Jhjectives:

The overall puipose of this study was to evaluate the effects of intravenous ibutilide fumarate
on standard electrophysiolcgic and hemodynamic parameters assessed during invasive study. The
objectives of this portion of the study were to determine the pharmacokinetics of ibutilide in
patients undergoing invasive electrophysiologic study and to investigate a potential correlation
between ibutilide serum or plasma concentrations and electrophysiologic effects after treatment
with ibutilide fumarate.

Formulation:

-Ibutilide fumarate lot¥ 26416, 26206, 25735.
-Placebo lot# 26436, 26207,25674.

This multicenter, randomized, placebo-controlled, dose-ranging study in patients undergoing
invasive electrophysiologic study was conducted at five ceniers in the US and two centers in
Europe.

2 groups (strata) of patients were studied concurrently: tnose patients with left venrricular
ejection fraction (LVEF) greater than or equal to 35 % and those with LVEF less than 35 %.
In each stratum, patients were randomized to receive active diug (6 patients) or placebo (2
patients). The low dose (0.01/0.002 mg/kg) was evaluated first in both strata and the du.a were
reviewed by both the medical monitor and the investigators before proceeding to the higher doses
(0.02/0.004 mg/kg and 0.03/0.006 mg/kg}. Dosing consisted of a 10 minute infusion (loading
dose) foilowed by a 30 minute maintenan~e infusion.

Briefly, 47 patients between the age of 21 2nd 80 years participated in this study. Of these
patients, 12 received placebo and 35 received iputilide.

The rationale for these infusion regimens were based on targeted increases in the QT interval
(from very slight increases at the low dose to QTc values at approximately 530 msec at the
highest dose) and the desite to maintain the prolonged QT interval for about 30 minutes during
which the clinical assessment would occur as described in the protocol.

Vernous blood samples were drawn pricr to dosing (-10 minutes), immediately following the
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loading dose (10 minutes), at the midpoint of the maintenance infusion (25 minutes), and
immediately following the maintenance infusion (40 minutes). Blood sasmples were also
determined at 5, 15, 30 minutes and at 1, 2, 4, and 6 hours at the end of the infusion.

Assay: HPLC with fluorescence detection 224 nm excitation and 34C nm emission wavelength.

-Specificity: satisfactory. A small number of samples exhibited peaks that coeluted with ibutilide
fumarate. These peaks were present in the pre-dose samples for the test subject and are
attributed to co-administered drugs. No endogenous plasma peak interference was noted.
-Linearity: satisfactory. Standard Curves from 1.1 to 20.6 ng/mi for ibutilide.

-Precision: precision ranged from 7.8 % at 0.204 ng/ml to 2.3 % for the 10.2 ng/ml QC pool.
-Accuracy: accuracy as indicated by % recovery was 99.1 %.

Daia Aoalysis:
-Data anaiysis was done using standard pharmacokinetic methods.
Resuity:

-Tabie 1 Shows the pharmacokinetic parameters for the different dose levels of ibuiilide
-Figures 1 to 3 show the individual patient ibutilide concentration time profile for the different
dose levels respectively.

-Figure 4 shows the individual patient QTc interval vs ibutilide plas ~a concentrations at the end
of the first infusion (loading dose)

-Figure 5 shows the individual patient change 1n QTc interval (from predose) vs ibutilide plasma
concentration at the end of the first infusion (loading dose).

The results show that there was no difference in the pharmacokinetics of ibutilide between
natients with LVEF > 35 % and patients with LVEF < 35 %.

rhe plasma concentrations time profiles were characterized by very high interindividual
variability with some profiles being erratic . This might be due to the fact that these patients
are un'ergoing invasive clinical measurements which might have an impact on the hemodynamic
status of these patients.

A similar correlation to thar obtained in healthy volunteers between ibutilide concentration and
QTc interval prolongation was to be expected. However, Figures 4 and 5 showed that there was
no correlation betwean QTc change and the levels of ibutilide concentrations observed in this
patient population.

Conclusion;
Thic study shows thal there was no discernable pnarmacokinetic differences between patients of
LVEF> 35 % and 1L.VEF < 35 %. Moreover, cont-ary to expectations, QTc prolongation dia

not correlate with ibutlide plasina concentrations. The reason fov this lack of correlation is not
known and was not explained by the sponsor.
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Study  ~ 7*5-94-005 Yolume: 1 Pages: 239-397.
lovestig. 5:
Clinicai: Dr. James T. Vanderlugt

Muiticenter trial.

The overall purpose of thiz study was {0 evaiuate whether the administration of ibutilide fumarate
would prevent induction of ventricular tachycardia by programmed electrical stimulation as well
as to investigate the effects of ibutilide on various electrophysilogic parameters. The objectives
of this portion of the study were 0 determine the pharmacokinetics of ibutilide in patients
undergoing invasive electrophysiologic study and tc investigate a potcntial correlation between
ibutilide plasma concentrations and electrophysiologic effects after treatinent with ibutilide
fumarate.

Formylation:
-Ibutilide fumarate lot# 26416, 26206, 25735.
Study Design:

Tiis multicenter, dose-ranging study in patieats with inducible veniricular tachycardia
undergoing invasive electrophysiologic study was conducted by 16 invesiigators in the US,
Dosing consisted of a 10 minute infusion (loading dose) of ibutilide fumarate (0.005. 0.0¢ or
0.02 mg/kg) followed by a 30 minuie maintenance infusion of ibutilide tumnarate (0.001, 0.002
or 0.004 mg/kg respectively). The rationale for *hese infusion regimens were based on targeted
increases in the QT interval (from very slight increases at the low dose to QTc vaiues of
approximately 530 msec at the highest dose} and the desire to maintain the prolorged QT
iaterval for about 30 minutes during which the clinical assessment would occur. Ventricular
tachycardia was induced by programmed ventricular stimulation prior to ceatment. Induction of
ventricular tachycardia was attempted during the matntenance infusion (between 20 and 40
minutes).

55 patients between the ages of 40 to 83 years with a history of coronary ariery disease with
inducible sntricular tachycardia participated in this study.

Venous blood samples were withdrawn prior to doging (-10 minutes) and immediately following
the loading dose (10 minutes), at the midpoint of the maintenance infusion (25 minutes) and
unmediately following the maintenance infusion (40 minutes). Plasma concentrations were also
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determined at 5, 15 ard 30 minutes and at [, 2, 4, and 6 hours after the end of the infusion.
Assay: HPLC with fluorescence detection 224 nm excitation and 340 nm emission wavelength.

-Specificiry: satisfactory. A small number of samples exhibited peaks that coeluted with ibutilide
furnarate. These pcaks were present in the pre-dose samples for the test subject and are
attributed to co-administered drugs. Ne endogenous plasma peak interference was noted.
-Linearity: satisfactory. Standard Curves from 0.1 to 20.6 ng/ml for ibutilide.

-Precision: precision ranged from 2.1 % at 0,309 ng/ml to 5.5 % for the 8.24 ng/mi QC pool.
-Accuracy: accuracy as indicaied by % recovery ranged from 91.7 to 98.7 %.

Data Analysis:

-Data analysis wrs done using standard pharmaceckinetic methods.
Results:

-Table 1 Shows the pharmacokinetic parameters for the different dose levels of ibutilide.
-Figures 1 to 3 show the individual patient ibutilide concentration time profile for the different
dose levels respectively.

-Fiswre 4 shows the individual paiient QTc interval vs ibuiilide plasma concentrations at the end
of first infusion (loading dose)

- . § shows the individual patient change in QTc interval (from predose; vs ibutilide plasma
conczntration at the end of the first infusion (loading dose).

The plasma concentrations time profiles were characterized by very high interindividual
variability with some profiles being erratic . This might Ye due to the fact that these patients
are undergoing invasive clinical measurements which might have an impact on the hemndyramic
status of these patiens.

A similac correlation to that obtained in healthy volunteers between ibutilide concentration and
QTc interval prolongation was to be expecled. However, Figures 4 and 5 showcd that there was
no correlation between the Qtc prolongation and the leveis of ibutilide concentrations observed
in this patient population.
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Attempts to identify the major jsoenzymes of cytochrome P4350 involved in the metabolism
of ’Hl-ibutilide in human liver microsomes,

otudy: 1425-95-007 Yolume; Amendment 2. Pages: 1-41.
Investigators:

G. Scott and J. N. Duncan
Upjohn Lahoratories -Europe.
Fleming Way Crawley, W Suss2x
UK RHI02L.Z.

Qbjectives:

The objectives of the vurrent work were to demenstrate that human liver micresomes were a
useful model in vitro for the major routes of metabolism of ibutilide in vivo, and to estabiish the
role of cytochrome P450 in the microsomal metabolism of the drug. Studies were designed to
attempt to identify the specific isoenzymes of cytochrome P450 involved in the formation of
metabolites in microsomal incubates.

Study Design and Results:

A tabulated summary of the study along with the results is presented in the attached table.




internal! Use Only

TR Ho.: 1425-95.007 DESTHOY UPON DISPOSAL RA o v g
TABULATED STUDY REPORT
Name of company Tabulated
The Upjohn Company Study Report
Name of finished product
Thutilide fumarate
Nemme of active | Jient NG44 ... ..., e ee e
U-70226K
Pharmacokinetics Biotransformation
Report 14206-95-007 | Study 94-830 Study Period July 94-March 95
Page 3 of 2
Species/Strain Human Formulation: Agqueous solution 2.5
Metabolism in vitro  human liver mg m!’ or 1.1 pg ml?
miercsomes Nuclide: *H
Specific radicactivity: 4.066 MBq ug'*

Correlation of formetion of metabolites with specific P450 enzyme activities

_h_/!etabolite Isoenzyme R*
U-86092 CYP2D6 N 0.59
U-88465 CYP3A4 0.95
U-107246 No correlation observed o

Additioral information: Three majo- metabolites were cuserved on tadio-HPLC of incubates of
PPHi-lbutilice with human microsom s (sve supplementary sheet for structures). On the basis of
chromatographic retention time. these metabolites appear 1o be U-107246 (e-hydroxylatinn on the heptyl
side chain), U-86092 (-1-hydroxylation on the heptyl side chain} and U-88465 (N-desheptyl ibutilide),
Formaton of these metabolites was demonstrated to be NADPH dependent and was inhibited by selected
known P450) inhibitors (aminobenzotriazele, n-octyiamine and SKF 525A). Formation of U-B8465
correlated with 6-8-hydroxylation of testosterone and inhibition studies with troleandomycin confirmed
CYP3A4 as the isoenzyme responsible for this metabolism. Formation of the o-1-0H (U-86097) meta"olite
correlated with dextromethorphan O-demethylase (CYP2Dé) and further evidence foi .'wolvar.ent of this
jsoenzyme was provided from inhibition studies with quinidine and studies utilizing microsomes prepared
from yeast engineered to express CYP2D$. The major route of metabolism of Ibutilide (to the -OH
metabolite, U-107246} did not appear to be madiated by auy of the isoenzynes of cytochrome P450
characterized in our liver bank and none of the probe substrates used in the study affected the microsomal
production of this metabolite.

Study conducted by Upjohn Laboratories-Europe, Fleming Way, Crawley, W Sussex,
UK. RH102LZ
Study in compliance with GLP Yes {) No () Not required (/)

Page 1 of 2
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Ibutilide Fumarate Injection NDA
Item 2. Applicstion Summary
Bection A. Propossd Package Insert

ANNOTATRED PROPOSED PACKAGE INEERT

02/ 01/

The vroposed package insert has been annotated to the submission volume and page of the applicativn
summary and technical sections (eg, volume 1.18, page 6/i/10). References te irdividual study reports
appear within brackets in bold print in the toxt (eg, {5.3) in the Clinical Pharmacology section refers to

reference no. 3 ix Item 5).

DRAFT PACKAGE INSERT

Location in
SBummary and
Techuical Sections

CORVERT™ Injection
{(brand of ibutilide fumarate injection)
For intravenovs infusion only

DESCRIPTION

CORVERT Injection 1s an antiarthytbmic drug with predominactly class 111
{cardiac sction potential pre.iingation) properties according to the Vaughan
Willian,s Classification. Each milliliter of CORVERT Injection contains 0.) mg of
ibutilide fumarate (equivalent to 0.087 mg ibutilide free hase), 0.189 mg sedium
acetate trihydrate, 8.90 mg sodium chloride, hydrochloric acid to adjust pH o
approximately 4.6, and Water for Injection.

CORVERT Injection is an isotonic, ciear, woloriess aguecur solution.

Tbutllide famarate has one chiral center, and exisis as a racemaie of the {+, and
(-) enanticmers. .

The cbemical peme for ibutllide fumarate i1 N-(4-[4-{ethyiheptylamino)-1-
hydroxybutyliphenvlimethanesulfonamide, (E)-2-butenedioate (1:0.5)
(kemifumarate salit). Its molecular formula 18 CyyHyyN,O,8 and its molecular
weight is 442,62,

butilide fumarnte i3 2 white to off-white powder with an agueous solubility of
over 100 mg/mL at pH 7 or lower,

The structurai formula iz rerresaated below:

1.18, 5/1/108;
L1, 21,7

1.2, 8177

+.2, 318

1.2, 5/1/2

1.2, 3112

1.2, 3/1/3

CH,CH,

/
CH,-SO;--NH-@-?HuCHZCHZCHz-N\

OH CH,{CH,), CH,

.05 §H-COOH
HOOC~CH
fbutilide Fumarate

1.2, 312
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Thutilide Funarate Injection NDA
Item 2. Application Summary
Section A. Proposed Package Insert

02/ oV/

CLINICAL PHARMACOLOGY

Mechanism of Action: CORVERT Injection prolongs action petential duration in
isolated adult cardiac myocytes and increases both atrinl and ventricular
refractoriness in vivo {5.3-5.5, 5.13-5.15, 5.17-5.20, 5.23-5.28]. Voltcge clamp
studies indicato that CORVERT Injection, al nanomolar cencentrations, delays
repolarization by activation of a slow, inward current (predominantly sodium),
rather thax by blecking outward potassiam currents, whick is the mechanism by
which most other class III antiarrhythmics act 5.9-5.10, 5.123.

The astiarrbythmnic effects of CORVERT Injection are thought to be primarily due
to these ciaas Il electrophysiolegic properties, i<, prolongaiisn of atrial and
ventricviar action potential duration and refractoriness, {5.17-6.20, §.23, §.28-
5.28).

In humans, the predominant electrophysiclogic property of CORVERT Injection is
demonstrated by proiongetion of effective refractory periods in atrial and
veatri-ular muscle.

1.18, 5/1/108;
1.1, &1/57

1.18, 65/1/109;
1.1, 2/1/59

Hemodynamics: When CORVERT Injection was given intravenously to animals
at doses greater than ten times the human dose, mild, negative inotropic effects
were observed (less than 8% decrease in left ventricular contractility) [5.48].

A study of hemodynamic function in patients stratified for ejection fractions
{greater than or equal to 35% and less than 35%) demonstrated no significant
effecta on cardiac output, mean pulmenary arterial pressure, or capillary wedge
pressure at doses up to 0.03 mghky.

1.18, 5/1/184;
1.1, 2/1/80

1.52, 8/1/469,
1.1, 21112

Fhaarmacology: CORVERT Injection produces mild slowing of the sinus rate and
atrioventricular conduction. CORVERT Injection produces ro clinically aignificant
effect on QRS duration &¢ intravencus doses up to 0.03 mg/kg administered over a
10-minute period. Although there is no established relationship of plasma
concentration to antiarrbyihmic effect, COPRVERT Injection produces dose-related
prolongation of the QT iniwvrval, which it thought to be associated with its
antiarrt ythmic activity [6.3, 8.11, 8.12). (See WARNINGS for relationship
hetween (Tc prolongation and torsades de pointes-type arrhythminsg) In a atudy
in heaithy volunteers, {8.3, 6.4, 8.12 ] intravenou:. infusions of CORVERT
injection resulted in prolongation of the QT intervals that were directly correiated
with ibutilide plasma copcentrations during and afiter 10-minute and 8-hour
infusivns. A steep ibutilide concentrativn/response (QT prolongation) relationship
was demonstrated. The maszimum effect was a function of beth the dose of
CORVERT Injectior aad it infusion rate [6.3].

1.52, &/1/474

1.52, 8/1/461;
1.1, 21141

1.42, 6/1/40,
1.1, 27191

1.42, 6/1/40

S

1.42, 6/1/40

Page 2
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Thutilide Fumarate Injection NDA

Jtem 2. Application Summary
Sectiocn A Proposed Package Insert

02/ 01/

Pharmucokinetics: Aftar iniravenous infusion, ibutilide plasma concentrations
rapldly decrease in a multi-exponential fashion. The pharmacokinetics of ibutilide
are highly vauaui~ among subjects. Ibutilide has & high systemic plasma
clearance tha. approximstes liver blood flow (about 29 mL/min/kg) and a large
stead-r-state volume of distribution (about 11 1/kg} in healthy volunieers [6.3, 8.5,
6.F, 8.7). Tbutitids is also cleared rapidly and highly distributed in patients being

1.42, 67118,
1.1, 2/1/90

treaied for atrial flutter or atrial fibriliation (8.1, 8.2, 8.18, 8.16]. The elimination] 1.42, 6/1/25

half-life aversges about 6 hours (typically raagea from 2 to 12 hours). The
phurmacokinetica of ibutilide are linear with respect t2 the dose of CORVERT

Injection over the dose range of 0.01 mg/kg to 0.10 mgkg [6.1, 8.3). The 1.42, 61731
enautiomers of thutilide fumavate have pharmacokinetic properties similar to each

cther and to ibutilide fumarate (8.5, 6.8, 6.7]. 1.42, &/1/19
The pharmacokinetics of CORVERT Injection ir. paiients with atrial flutter or 1.42, 671738
atrial fibrillation are similar regardlegs of tie type of arrhythmia, patient age, 1.42, 6/1/36
sex, or the concomitant use of digoxin, calciun channel blockers, or beta blockers | 1.42, 8/1/37
6.1, 6.21. 1.42, 6139
Elimination: In healthy male volunteers, about 82% of a 0.01 mg/kg dose of

[14Clibutilide fumarate was excreted in the urine (about 7% of the dose as 1.42, 6/1/34;
unchanged ibutilide) and the remainder (19%) was recovered in the feces [8.8]. 1.1, 1/90
Metaboliem: Eight metabolites of ibutilide were detected in metabolic profiling

of urine. These metabolites are thought to be formed primarity by w-oxidation

followed by sequential f-oxidation of the heptyl side chain of ibutilide. These 142, 6/1/31;
metabolites have no activity or weak class III activity relative to ibutilide {6.6]. 1.1, 2/1/90
Distribution: Ibutilide exhibits moderat2 plasma protein binding (41% bound) ,

over the concontrations achieved in clinical studies, and, therefore is not expected | 1.42, 6/1/35
to displace other drugs bound to plasma proteins [6.130]. Ibutilide is repidly and | 1.1, 2/1/50
extenrively distribut>d extravascularly as evidenced by the large volume of 1.42, &/V19
distribution {6.1-8.7, 8.16, 8.16]. 1.42, 6/1/25

¥
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Ibutilide Fumarate injection NDA
Item 2. Application Summary
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02/ 01/

Clinical Studies: A multicenter, placebo-controlled study of 242 non-postsurgical
patisnts was conducted to assess the response "o a single 1-mg dose of CORVERT
Injection versus placebo and to allow a second infusion {either 0.5 or 1 mg) to be
administered to those who did not convert following the initial dose. These resuits
are discussed below [8.14].

Atrial Flutter: Following administration of placebo, 1 of 41 (2.4%) patients with
atrial flutter cardioverted to sinus rhythm. In contrast, 19 of 80 (24%) patients
with atrial flutter converted within 20 minutes of starling a single, 10-minute, 1-
mg infusion of CORVERT Injection. Administration of a second dose of 0.6 mg to
thoee patienis who did not respond to the first dose resuited in an overall
cumulative conversion rate of 54% (21 of 39 patients), while administration of a
second dase of 1 mg resulted in an overall cumulative conversion rate of 71% (29
of 41 patients). Consequently, the sequential administration of 1 mg fillowed by
0.5 mg, started 20 minutes apart, vesults in an overall conversion rate in patients
with atrial flutter that is not statistically different than the sequential
gdministration of two 1-mg doses of CORVERT Injection (54% and 7T1%,
wpectively) [8.14].

Atrial Fibrillation: Following administration of placebo, 1 of 40 (2.6%) patients
with atrial fibrillation cardioverted to sinus rhythm_  In contrast, 16 of 81 {20%)
patients with atrial fibrillation converted within 20 minutes of starting a single,
10-minute, 1-mg infusion of CORYERT Injection. Administration of a second 10-
minute infusion of 0.5 mg to those patients who did not respond to the first dose
resulted in an overall cumulative conversion rate of 35% (14 of 40 patients), while
administration of a second 1-mg dose resulted in an overall cumulative conversion
rate of 27% (11 of 41 patients). Accordingly, the sequential adminisiration f 1
mg followed by 0.5 mg. started 20 minutes apart, results in an overall conversion
rate in patients with atrial fibrillation that is not statisticall, ' differert from the
sequential administration of two 1-mg doses (35% and 27%, respectively) [8.14].

l 1.62, 8/1/227,
i1, ¥V116

1.52, &/1/227;
1.1, 2/1/116

152, B/1/227;
1.1, 217116

INDICATIONS AND USAGE

CORVERT Injection is indicated for the rapid conversion of atrial fibrillation or
atrial flutter to sinus rhythm.

1.52, 8/1/240;
1.1, 1/126;
1.1, 2/1/i52

CONTRAINDICATI GMNS

CORVERT Injectiop is contraindicuted in patients who have previously
demonstrated hypersensitivity to ibutilide fumarate or any of the other product
components

CORVERT Injection is contraindicated in patients who have previoualy
demonstrated torsades de pointes.

1.52, /1220

90
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WARNINGS

Eroarrhythmia:

Like other antiarrbythmic agents, CORVERT injection can induce or worsen
ventricular arrhythmias in some patients. This may have potentially fatal
consequences. Torsades de pointes, a polymorphic ventricular tachycardia that
-} develops in the setting of a prolonged QT intervai, may occur because of the effect
CORVERT Injection has on cardiac repolarization. In general, with drugs that
prolong the QT interval, the risk of torsades de pointes is thought to increase
progressively as the QT interval is prolonged and may be worsened with
bradycardia and a varying heart rate. Algo, the frequency of proarrhythmia is
bigher in women than men {8.30]. In the more recent clinical tiials conducted in
patients with atrial fibrillation and atrial flutter, those with QT¢ intervals
> 440 msec were not allowed to participate [8.14).

During clinical trials, 2.4% of patients with atrial flutter or atrial fibrillation
treated with CORVERT Injection developed sustained polymorphic ventricular
tachycardia requiring cardioversion; 4.0% experienced nonsustained polymornhic
ventricular tachycardia. In these clinical trials, all initial episodes of polym« phic
ventricular tachycardia occurred during or within 30 minutes of an infusion.
Management of the polymorphic ventricular tachycardia inciuded magnegium
sulfate infusions and cardiac pacing. Nonsustainad monomorphic ventricular
tachycardias occurred in 4.0% o the patients treat=d with CORVERT Injection
2.7% were possibly related to drug. (See Adverse Reactions.)

Proarrhythmic events must be anticipated and proper equipment, such as a
defibrillator, and medication for treatment of sustained ventricular tachycardiag
must be available during administration of CORVERT Ipjection. Before
treatment with CORVERT Injection, piasma hypokalemia and hypomagnesemia
should be corrected to reduce the potential for proarrhythmia.

PRECAUTIONS

General Precautions:

Antiarrhythmics: Class Ia antierrhythmic drugs (Vaughan Williams
Classification), such as disopyramide, quinidine, and procainamide, and cther
class ITf drugs, such as amiodarone and sotalol, should not be given concomitantly
with CORVERT Injection becav.se of their potential to prolong refractoriness.

1.62, 8/1/484-91;
1.1, 2#1/151

1.62, 8/1/220,
1.1, 217142

1.62, 8/1/200
152, 8/1/202

1.62, 8/1/449;
1.1, 2/1/135

1.62, 8/1/490

1.52, 8/1/220;
1.1, 2/1/152

1.58, a8/116
1.68, /17/133;
1.1, 2/1/151

Other Drugs that prolong the QT interval: The potential for proar-hythmia may
increase with the sdministration of CORVERT Injection to patients who are being

treated with drugs that prolong the QT interval, such as phencthiazines, tricyclic
antidepressants, tetracyclic antidepressants, and antihistamine drugs (Hi
receptor antagonists).

Laboratory Test Interactions: None knowrt,

1.52, 8/1/487;
1.1, 2/1/143

1
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Drug Intaractions:

Dignxin: Supraventricular arrhythmias may mask the cardiotoxicity associated

with excessive digoxin levels. Therefore, cardioversion with CORVERT Injection

may be hazardous in patients whoee plasma digoxin leveis are above the usual .

therapeutic range. Acute dosing with CORVERT Injection docs pot affect serum | 1.52, 8/1/254;

digoxin levels [8.183, 8.15, 8.16]. The pharmacokinetics of CORVERT Injection p-=| 1.1, 2/1/131

not different in patients treated concomitantly with digoxin when compered wit. | 1.42, &/1/39;

those who were not concomitantly treated [8.1, €.2]. 1.1, 7181

Calcium channel biocking agents: The pharraacokinetics of CORVERT Injection

are not different in patients treated concomitantly with calcium channel blocking

agents when compared with those who were not concomitantly treated (6.1, 8.2]. | 1.42, 6/1/39

Beta Adrenergic Blocking Agents: The pharmacokinetics of CORVERT njection

were not different in patients treated concomitantly with beta adrenergic blocking

agents when compared with those who were not concomitantly treated [6.1, 6.2]. | 1.42, 6/1/39

Carcinogenesi-, Mutagenesis, Impairment of Fertility: |
1.18, 5/1/380;

No animal studies have beer conducted to de ‘ermine the carcinogenic potential of | 1.1, 2/1/69

CORVERT Injection; however, it was not mutag.aic in a battery of mutagenicity 1.18, 5/1/76;

assays including the Ames assay, mammalian veil forward gene mutation assay, 1.1, 2/1/67

unscheduled DNA synthesis assay, and mouse micronucleus assay [6.77-5.81}. 1.18, 5/1./76

Similarly, no drug-related effects on fartility or mating were noted in a 1.18, §/1/321;

reproductive study in rats [6.69]. 1.1, 2/1/68

Pregnancy, Labor, and Delivery: Pregoancy Category

CORVERT Injectinn was teratogenic and embryocidal in reproduction studies in

rats. Th2se findings indicate that the potential risk to the fetus must be 1.18, 5/1475;

considered when anticipating treatment of pregnant women or women of child- 1.1, ¥1/67

bearing potential. 1.18, 5/1/324

Nursing Mothers:

The excretion of ibutilide into breast milk has not been studied; accordingly,

breastfeeding should be discouraged during CORVERT Injection therapy.

Pediatric Use:

Clinical trials with CORVERT Injection in patients with atrial fibrillation and

atrial flutter did not include auyone under the age of 18.

(]2) Puge 6
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Use in Elderly Patients:

N> age-related pharmeacokinetic differences were cbeerved in e Phasge 11 dose-
responsa trial conducted in patients 26 to 82 years old (niean = 64) in which
pharmacokinetic parameters were compared for patients less than 85 with those
of patients 65 years and older [8.1}.

Use in Patients with Hepetic or Renal Dysfunct.on:

The safety, effectiveness, and pharmacokinetics of CORVERT Injection have not
been established in patients with hepatic or renal dysfunction. However, it is
unlikely thet dosing adjustmenta would be neceasary in patients with
compromised renal or hepatic fur.ction based or the following .onsiderations:

1) CORVERT Injection is indicated for rapid intravenous therapy (duration < 30
minutes) and is dosed to a known, well-defined pharmacologic action (termination
of arrhythmin) or to 2 maximum of two 10-mivlate infugions; 2) less than 10% of
the dose of CORVERT Injection ia excreted unchanged in the urine; 3) the hepatic
metabolic clearance of ibutilide is perfusion-rate limited [6.5, 6.6); and 4) drug
distribution appears to be one of the primary mechanisms responsible for
termination of the pharmacologic effect.

In 285 patients with atrial fibriliation or atrinl flutter who were treated with
CORVERT Injection, the clearance of ibutilide was independent of renal function
as mecasured by creatinine clearance {(range 21 to 140 mL/min), and also
independent of hepatic function, as measured by serum ALT and AST [6.2].

1.42, 6/1/386;
1.1, im

1.42, 6/1/31
1.42, 6/1/19

1.42, 6/1/38;
11, 27181
142, 6/1/37

ADVERSE REACTIONS

CORVERT Injection was generally well tolerated in clinical trials. Of the 375
patients who received CORVERT Injection, 86 (23%) reported medical events
related to the cardicvaacular system, including sustained polymorphic ventricular
tachycardia (2.4%) and nonsustaiced polymorphic ventricular tachycardia (4.0%).

Other clinicelly important adverse events with uncertain relationship to
CORVERT Injection include the following (0.3% represents 1 patient): sustained
monomorphic ventricular tachycardia (0.3%), nonsustained monomorphic
vantricular tachycardia (4.0%), A-V block—1st degree (1.6%), A-V block—2n4
degree (0.6%), A-V block—31v degree (0.3%), A-V block—variable (0.3%),
ventricular/igeminal extrasystoles (3.56%), hypotension/poatural hypotension
{2.9%), bradycardia/einus bradycardia (1.1%), nodal arrbythmia (0.8%), congestive
heart fallure (0.6%), supraventricular tachycardia (0.5%), idioventricuiar rhythm
(0.3%), ayncope (0.2%), and repal failure (0.3%). Although no caune-effect
relationship has been established, the incidance of these events, except for
syncope, was greater in the CORVERT Injectiou group than in the placebo group,

Other adverse reactions that may be associated with the administration of
CORVERT Injection were nausen and headache, both of which occurred with a
frequency greater than 1% more in ibuiilide-treated patients tuan those treated
with placebo.

152 9/1/448;
1.1, 2/1/136

1.52, 8/1/485
162, 8/1/627

1,52, 8/1/449;
1.1, 2/1/134

13
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Gender Differences in Frequency of Proarrhythmia: As with other clpe=s II]
antiarrhythric sgents, the incidence of proarrhythmia in petients treated with
CORVEKT Injection is greater in women than men [8.30). This was borne cut in 1.62, 8/1/487,
clinjcal trinls conducted in patients with atrial fibriYlation and atrial flutter, in which 1.1, 2/1/143
more women than men developed polymorphic ventricular tachycardia [8.14). Also, the
pharmacoknetics of CORVERT Injection are similgr in men and women with strial 1.42, 8/1/37;
fibrillation and atrial flutter [6.1, 6.2]. In studics in heulthy volunte srs, there were no | 1.1, 2/191
gender differences in the pharmacokinetics 1 ibutilide [8.71, or with respect to 142, 6/127
prelongation of the QT¢ interval [8.71. 1,42, 6/1/40
De.ails of the gender distribution of the different ventricular tachycardias in the 1.52, 8/1/487
38 patients treated with CORVERT Injection are provided in the following table. 1.62, 8/1/608
Percentage of Patlents With New or Worsened Ventricular Tachycardia
Total No. of
Sex N Polymorphic VT Monomorphic VT Patients
Sustained Nonsustained Sustained Nonsustainad n %
I__—mw
Male 319 2.2 29 03 : 29 26 8.0
Female 63 a2 9.6 0 8.6 13 206

§ One male patient had a sustained polymorphic VT and a sustained monomorphic VT.
* One female patient had a susiained and a nonsustained polymorphic VT.

14
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The medical events reported for more than 1% of the patients are shown in the following table.
Treatment-Emergent Medical Events with

Frequency of More Then 1%
Protocols 0003, 0006, 0014, 0015 .
Placebo All
Ibutilide
Event N=127 N=376
Patients Patiants
n l % n %
e
Nonsustained Monomorphic VT 1 08 15 40
gonmwhl;ed Polymon‘) c VT - - 16 40
entricular Extrasystoles 1 08 i3 35
Hypotension 2 , 18 11 29
ggatained lymorphic VT ) 08 g %4
pol rphic - - 4
Chest Pain 2 1.6 8 1.8
Hypertension - - 5 1.3
Tachycardia 1 0.8 4 1.1
GASTROINTESTINAL
{;auaea 1 0.8 i0 2.1
omiting 2 16 6 1.6
Diarrhea 3 24 8 16
LABORATORY VALUES
Incrensed Serum Creatinine 1 0.8 4 1.1
RESPIRATORY
Dyspnea 3 2.4 7 1.9
CENTRAL NERVOUZ SYSTEM
Headache 4 31 18 48
Dizxiness 2 1.6 7 19
UROGENITAL
Urinary Retention 2 16 w -
MISCELLANEOUS
Back Pain 6 4.7 7 19
Faver 4 3.1 6 13
Localized Pain 1 08 4 1.1
(1.52, 8/1/449; 1.1, 2/1/134)
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OVERDOSAGE
Acute Experience in Animals: Acuate overdose in animals resuits in CNS toxicity;

notahly, CNS depression, rapid gasping breathing, and convulzions. The intravenous| 1.18, 5/1778;
median lethal single dose is more than 50 mg/kg but less than 100 mg/kg in two 1.1, 2/1856
species; this dose is at least 1600 times more than the waximum recommended 1.18, 6/1/227;
therapeutic dose. 1.1, 21/71

Hur:an Experier.ce: In the clinical trials with CORVERT Injection, four patients
were unintention”tl; overdosed, The largest dose was 3.4 mg administered over 15
minutes, One putiont developed increased ventricular ectopy and monomorphic
ventricular tachycardia, ancther patient developed A-V block—3rd degree and
nonsustained polymorphic VT, and two patients had no medicel event reporta. 1.52, 8/1/543;
Beased on known pharmacology, the clinical effects of an overdosage with ibutitide 1.1, 217145
could exaggerate the expected prolongatior: of repolarization seen at usual clinical
doses, Medical events (eg, proarrhythmin, A-V block) that occur after the overdosage
ghould be treated with measures appropriate for that condition.

DOSAGE AND ADMINISTRATION

The recommended dose of CORVERT Injection for patients 60 kg (132 Ib) or more is
1 mg administered by intravenous infusion over a 10-minute period. For patients
less than 60 kg, administer 0.01 mg’kg over a 10-minute period. If the arrhythmia
does rot terminate within 10 minutes after the end of the initial infusion, a second
10-minute infusion of equal strength may be administered. More rapid infusicn is
not recommended. CORVERT Injecilon mey be administered undiluted or diluted in
50 mL of diluent (see Dilution). If new or worsened ventricular arrhythmia develops
during administration of CORVERT Injer tion, the infusion should be stopped
immediately, Additional doses are not recommended because of the risk of adverse 1.62, 8/1/268;
events asscciated with QT interval prolongation. 1.1, 21129

Dilution: CORVERT Injection may be added to 0.9% Sodium Chloride Injection or 1.3, 37211
5% Dextrose Injeciion befors infusion. The contents of one 10-mL vial (0.1 mg/mI}
may be added to & 50-ml. infusion bag to form an admixture of approximately
0.017 mg/mL ibutilide fumarate.

Compatibility and Stability: The following diluents are compatible with 1.3, 3/2/422
CORVERT Injection {0.1 mg/mL);
6% Dextrosc Injection
0.9% Sodium Chloride Injection

The following intravenous solution containers are compatible with admixtures of
CORVERT Injecidon (0.1 mg/mL):

polyvinyl chloride plastic bags

polyoiefin bags -

Storage: Store the product at controlled room tewr perature (15° to 30°C or 59° to 1.
B6°F). Keep the product in its origine] carton until used. When kept at controiled 1.
room temperature, CORVERT Injection can be stored for 24 months,

, 8/2/415
. 8/2/422

€O Lo

Admixtures of the product, with approvcd diluents, are chemically and physically
stable for 24 hours at room temperature (15° to 50°C or §3° to 86°F) and for 48
hours at vefrigerated temperatures (2° to 8°C or 38 to 46°F). Strict adherence to
the use of aseptic technique furing the prepa.ation of the admixture is
recommended in order to meu atain sterility.

HOW SUPPLIED 1.3, 31
1.3, 3247

CORVERT Injection is supplied as an acetate-buffered isotonic solution at a
concentration of 0.1 mg/mL that has been adjusled to approximately pH 4.6 in
10-mL clear glass flip-toy: vials.

Caution: Federal law prohibits dispensing without prescription.

The Upjohn Company » Kalamazeo, Michigan 49001, USA, Revised. October 1994

Page 10
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Section H. Drug Formulation

Table 6.H-1, Comparisen of clinical gnd registered formialations of ibutilide famurate

injection
Clinical For:nulation ponitered
(2.5 mg/ml) (0.1 mg/ml.)
Ingredient
Amount / rol, “w”t;nl'l Amount / ml,
| o) [ o acy | Coreeien)
Tbutilide Fumarate 16 mg 0.1mg 0.1 mg
Sodiuvm Acetate USP 0.169 mg 0.189 mg
Granular (Trihydrate)
Rodium Chloride USP 8.89 mg 8.90 mg
to adjust tonleity
10% Solution Sodium qs qs
q Hydroxide* or 10%
Hydrochloric Acid'
to adjust pH t0 4.6
Water for Injection USP 1mL 1ml
gqsto 1 mL

¢ Prepared from Scdium Hydroxide NF and Water for Injection USP.
T Prepared from Bydrochloric Acid NF and Water for Injection USP.

The quantity of ibutilide fumarate is specified in terma of the hemifumarate sait form.,

The 0.1 mg/ml formulation is stable for at least 24 months when stored at controlled
room temperature (15-30°C).

The purpose of each component in Ibutilide Fumarate Injection 0.1 ing/mL is listed
below:

Tablo 6.H-3. Components of ibutilide jumarate injeci.on 0.1 mg/mL

Components Funetion
Ihutilide Fumarate Active ingredient
Sodium Acetate Granular Trihydrate USP pH buffer
10% Sodium Hydroxide USP* and 10% Hydrochloric To adjust pH to 4.8
Acid USP!
Sodium Chioride USP - Tonicity modifying agent
Water for Injection USP Solvent

¥
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FINDING OF NO SIGNIFICANT IMPACT
KDA 20-491
CORVERT
(Ibutilide FPumarata)

Injection

The National Environmental Policy Act of 1969 (MHEPA) requires all
Federal agencies to assess the environmental impact of theiv
actions. FDA is required under NEPA to consider the
environmental impact of approving certair drug product
applications as an integral part of its regulatory process.

The Food and Drug Administration, Center for Drug Evaluation and
Research has carefully concidered the potential environmental
impact »f this action and has concluded that this action will not
have a significant effect on the guality of the human environment
and that an environmentali impact statement therefore will not be
prepared.

In support of their new drug application for CORVERT, The UpJohn
Company has cunducted a number of environmental studies and
prepared an environmental assesasment in accordance with 21 CFR
25.31a(a) (attached) which evaluates the potential envircnmental
impacts of the manufacture, use and digposal of the product.

Ibutilide Fumarate injection, a synthetic drug, is an
antiarrhythmic drug with predominantliy class III (cardiac action
potential prolongation) Pproperties according to the Vaughan
Williams Claseification. The drug substance and drug product
will be produced, formulated, and packaged at The UpJochn
Company's main pharmaceutical and chemical manufacturing complex
in Kalamazoo, Michigan. The finished drug product will be used
in hospitals and c¢linice located throughout the United States,
especially in major metropolitan centers.

Ibutilide Fumarate may enter the environment from manufacturing
waste, digposal of unused and off specification product, and from
patient excretion.

Chemical and physical test resgults indicate that the drug
gsubstance will most likely be restricted to the aquatic
environmental compartment. Tests have shown that there is little
likelihood that the substance will bicaccumulate.

Scientific tests have shown that the environmental degradation

2



mechanisems include aquatic photodegradation and microbial
degradation.

Microbial Inhibition was not seen in five test orga.'igmg at a
concentration that might,obtaindin the mpvironment.

.
Disposal of the drug may result. from out of specification lots,
discarding of unused or expired product, and user disposmal of
empty or partly used product and packaging. Returned or out-of-
specification drug substance and rejected or returned drug
product will be disposed of at licensed incineration and landfill
facilities. At U.S. hospitale and clinics, empty or partially
empty packages will be disposed according to hospital/clinic
regulations.

The Center for Drug Evaluation and Research has concluded that
the product can be manufactured, used and disposed of without any
expected adverse environmental effects. Precautions taken at the
site of manufacture of the bulk product and its final formulation
are expected to minimize occupational exposures and env.ronmental
release, Adverse effects are nct anticipated upon endungered or
threatened species or upon property listed in or eligible for
listing in the National Registex of Histuric Places.

//’

DATE PREPARED RY
Carl J. Berninger, Ph.D.
Chemist

Center for Druya Evaluation and Research

T
Narcy B. Sdger
Environmental Scientist
Center for Drug Evaluation and Research
Attachments: Environmental Assessment
Material Safety Data Sheet {drug substance)
Copies:
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ENVIRONMENTAL ASSESSMENT REPORT (EA)

This Amended Envivamenisl Assasment is sabmittad in oomplionce with 21
CFR Paxt 26.81a to accompany the New Drog Applicstion (NDA) £20-491for Thutilide
Fumsrate Injection.

1 DATE
October 5, 1998 (revision)

2 NAME OF APFLICANT
The Upjohn Company

s ADDRRESS
The mailing address of The Upjohn Company’s headquarters is:

7000 Portage Road
Kalamasoo, Miraigan 49001

telephone number (616) 3234000

4 DESCRIPTION OF THE PROPOSED ACTION

41  Requested Approval - Need for the Action

This environmental asoessment is necessary for the approval of New Drug
Application (NDA) 720-491 for CORVERT™ Injection. CORVERT Injection is an
antissrkythmic drug with predominantly class ITI (cerdiac action potential
prolongstion) properti~¢ according to the Vaughan Williama Claseification. Each
milliliter of CORVERT Injection contzins 0.1 mg of ibutilide fumarate (equivalent to
0.087 mg ibutilide free base), (0.189 mg sodium acetate trihydrate, 5.90 mg sodivm
chioride, hydrochloric acid to adjust pH to approximately 4.6, and Water for Injection.
CORVERT Injection is supplied in 10ml, cleer glass vials with butyl rubber serum
closures.

42 Location Where the Product will be Produced

'I‘derugmhstmeeanddmgwoductwﬂlbepmduced, formulated, and
packaged at The Upjohn Company’s main pharmaceutical and chemical manufacturing
complex in Kalamazoo, Michigan.
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43 Locution Where the Product will be Used

The expected locations of use are hosyitals end clinics Jocated throughcut the
United States, egpecially in major metropolitan centers.

44 Locatirns Where Product will be Disposed

Disposal of drug substance or drug product may result from processing or
distribution activities in the form of off-specification lots, returned goods, or from end
user disposal of individual units of empty or partly empty finished product containers.
The present infrastructure at the proposed manufacturing site provides for the
following recovery and/or ultimste disposal mechanisms:

44.1 Off-Specification Lots of Drug Substance

Off-specification lots of drug substance, ibutilida fumarate, may be either
recrystallized or recycled back to free base and then converted to ibutilide fumarate.

: It is not appropriate to make final disposal decisions this far i:y advance of
having off-specification formulated lots or returned goods for disposal. However, if the
company were to dispose of such material at the present time, it would use:

. Westside Landfill in Three Rivers, Ml {Wast: Management of Michigan, Inc.)
operating under State of Michigan Solid Waste Disposal License No. 8147 for
bulk, uncrushed material;

. Orchard Hills Landfill in Watervliet, MI, operating under State of Michigan
Solid Waste Disposal License No. 8113 for any finished drug product;

. or a comparable facility.

Upjo! 1 has contracts with each of these facilities that require the facility to be
in compliance with all applicable laws and regulations. The underlying agreements
with the sanitary landfills affirm compliance status. All facilities must be audited and
approved for use by Upjohn environmental auditors prior to the firgt shipment of
waste from Upjohn to the site. In addition, Upjohn personnel ~onduct periodir
environmental audits of off-gite dispoeal facilities during use of the facilities.

44.3 Discarded Product in Hospital Setting

Any discarded product or product containers generated in a hospital or clinic
setting would typically be disposed in accordance with applicable Federal, Statc and
local regulations. Only minute traces of the active ingredient, ibutilide fumarate,
would be expected to remain with empty product containers.
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45 ﬁpeufEnvimnmntPreuntatmdAﬁmttoManufuhuingLocaﬁons_

Ibutilide Fumarate Injection will be processed, formulated, and packaged at The
Upjohn Company’s Portage site facility, located in the northern portion of the City of
Portage in Kalamazoo County, Michigan., Kalamazoo County is in the southwest
corner of the State Approximately 140 miles equidistant from Chicago and Detroit.
The facility is approximately 1.7 miles northeast of the center of the City of Portage,
approximately 5.4 miles south of the center of the City of Kalamezoo, and directly to
the south of the Kalamazoo/Battle Creek International Airport.

The area in the immediate vicinity cf the Upjohn facility is a mix of zoning
including heavy and light industry, general business, and single- and multiple-family
residences. Upjohn is on land roned for heavy industry. The site is directly bordered
by airport property, residences, and undaveloped land. The climate is temperate. In
terms of the Universal Transverse Mercator Coordinate Svstem (UTM), the plant is
located in Zone 16 at 619.1 Km east and 4674.1 Km north, which cor :sponds te
latitude 42°12°42" north and longitude 85°33'25" west.

This complex consists of approximately 80 buildings including chemical and
pharmaceutical manufacturing operations, offices, laboratories, utility operations, and
.various other support buildings (see Appendices 2 and 3). The plant site occupies a
portion of approximately 810 hectares lying south of Bishop Road, east of Portage
Road, north of Centre Street, and west of Sprinkle Road in Portage, Michigan.

b. IDENTIFICATION OF CHEMICAL SUBSTANCES THAT ARE THE
SUBJECT OF THE FROPOSFD ACTION

51 Chemical Process -

The following summarizes the materials used in the manufacture of the drug
substance, ibutilide fumarate, including CAS N..., molecular weight, molecular
formula, and brief deacription. The material safety data sheet (MSDS) for the drug
substance, ibutilide fumarate, is enclosed {see Appendix 4).

The specifications for ibutilide fumarate stipulate not more than 1.0% of the
lebeled amount of ibutilide fumarate as decomposition product U-87473, and not more
than 178 Endotoxin Units per mg ibutilide fumarate. All inert ingredients used in the
formulation are listed in the USP-NF and are tested to meet current requirements of
that pha. macopeia.
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Tabls 1: hiaterials Uasi 1o the Manufarture of Thutilide Fomarate

Acetone 67-84-1 58.08 C,HO Colorless liquid

Methyltert-butyl 109604 102.18 CH,0, Water-white
ether liquid

Ethyl acetate 141-78-6 88.11 CH,0, Clear, colorless
liquid
N-Ethylheptylamine | 195.39.8 158.24 CH, 0, Colorless liquid
| Fumaric acid 110-178 16.07 CHO, White crystals

Isobutyl 543-27-1 186.6 CH,Cl0, Clear, colorless
} chioroformate linuid

Lactic acid 6342.3 342.30 CHy0,, HO Fine white
powder

| Lithium aluminum 16853-85-3 37.95 AlH, - Li White to light-
hydride, 1M in grey powder
tetrahydrofuran
4{(Methane- 122647-32-9 271.29 CH, NSO, Off-white
sulfonylemino}y- powder

oxcbenzene-butanoic
i scid (U-68849)

Sodium chloride 1647-148 58.44 NaCl White cryatals

Sedium hydroxide 1810-78-2 40,0 NaOH Clear liguid
50% molution

| Tetrahydrofuran 109-99-9 72.11 CH,0 Clear, colorless
liquid
Colorless liquid

- |

121448

Figure 1: Chemica} structure for ibutilide fumarate

9
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5.2 Phermaceutical Formulation

The following summarizes the ing-edients used in the formulation of the drug
product, Ibutilide Fumarate Injection:

Table 2: Tagredienta Used in the Formulation of Ibutilide Fumarate Injection

122647-329

amorphous
powder

White crystals

Sodium chloride 7647-14-6
: 6131904

White crystals

7732-18-5

Clear liquid

-§ HCI (10%) to adjust 7647010
§ pH to 4.6

Corrogive,
toxic, ceiorless |
liquid [

6. INTRODUCTION OF SUBSTANCES INTO THE ENVIRONMENT

The drug substance and drug product are not expected to be introduced into the
environment through transporiation and storage. Product will be shipped in
Department of Transportation (DOT) specificat.on packaging. Ibutilide fumarate is not
regulated as ¢ hazardous material under current DOT regulations. Product ready for
shipment will be stored in either the manufacturing facility or distribution centers.
Both maintain securisy through limited access.

Portions of the materials listed in Part 5 will be released to the environment as
a result of the proposed action. The manufacturing of the product will result in waste
in the form of air emissions, liquid waste streams, and solid wastes.

6.1 Chemical Process
'6.1.1 Air/Selvent Emiasions

The Upjohn Company is operating under an air consent judgment with the
Michigan Department of Natural Resources (MDNR) dated March 15, 1991, which has
required that an inventory be taken of all equipment with the potential to emit or
control contaminants by July 1, 1991 and that completed permits be in place for this
equipment in accordance with the schedule set forth in the consent judgment. That
inventory was submitted to MDNR on July 1, 1991, Where applicable, LAER (cwest
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achievable emission rate) controls must be installed on the VOC (vulatile organic
compound) portion of the process by September 1, 1985. The ibutilide fumarate
production facility is part of Region IV of the Chemicel Mlivision, The permit
application for all subject equipment in this region was submitted to the MDNR on
October 1, 1992, in compliance with the submitta! date within the air consent
judgment.

Solvent emissions from the equipment used in the production of ibutilide
fumarate will be eantrolled through the use of vent condensers with an efficiency
rating of approximately 90% , dependent on the vapor pressure of the soivent. Any
solvent emissions from this process not condensed by the vent condensers would go
into the regional control system, a thermal oxidizer system, which is scheduled for
start-up in 1995. The regional thermal oxidizer system has a removal efficiency of at
lenst 88%.

Particulate emissions may result during the introduction of raw materials into
the process and during packaging of the product at the end of the process. Particulata
emissions from raw material ¢ harging are removed via an exhaust fan. Particulate
emissions from material packs ging are controlled by a HEPA filter with an efficiency
of 99.9%.
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Tabls 3 Substances Wiich Msy be Emitied

Chemical Proceas Water

67-64-1 Chemical Process

Wastewater Management Management (CPWM) Ragion 8, Exfe

(CPWM). injection system (Class 1 wells) | Drinking Water

Converted in proceas to Underground Injeetion Control | Art

potassium chioride; UIC) Permits

remainder is discharged to MIO77-1W-0001

the CPWM (deep well) with MI077-1W-0002

the aqueous process wasts eff. 7/9/93-10/27/96

Methyl-tert-butyl ether 109-80-4 Puels blending - TWI, Sauget, 1L, No. EPA
ILDOSEE43424 or
- Systech Envirenmental Corp, | EPA
Alpena, MI, Ne. Sizte of
MID981200838 (hax waste Michigan
facility permit) and 587-93 (air
permit); EPA
- Eavironmental State of Chin
Corp., Paulding, OH, No.
OHDOOBO42947 (hax. waste
facility permit} and
0363000002P018 und EPA
0363000002P017 (xir permity; | State of
or Missvuri
- Continsntal Cement,
Hannibal, MO, No.
MODO054018288 (hox. waste
facility permit) and 1086-004A
(air permit)
or
- a comparshle facility
i Ethyl acetate 141.78-6 see CPWM permitiiata info
listed akove
N-Ethyibeptylamine 195-398 see CPWM permit/data info
tated above

9661 ‘8% 19G00

]
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6.1.2 Agueous Wpste Streams

Aqueous waste streams resulting from chemical processes will be disposed
either to the municipal sewe. gystem for biological treatment at the Ci'y of Kalamazoo
Water Reclamation Plant or through the chemical process water management (CPWM)
injection system in accordance with this facility’s Underground Injection Control
permita granted pursuant to the Safe Drinking Water Act.

(nly those aqueous streams not permitted to be discharged divectly to the
sanitary sewer are sent to the CPWM.

6.1.2.1 Industricl Pretreatment Program (IPP). In response to Federai and State
reguirements governing the City of Kalamazoo's Industrial Pretreatment Program
(IPP), The Upjohin Company has been iasued a discharge permit in the furm of an
Industrial Control Document (ICD) dated March 25, 1994 through March 31, 1999. In
addition, incorporated by reference are The City of Kalamazoo Sewer Use Ordinance
and Sewer Use Regulations Nos.

. 1-89 (dated December 5, 1989), deiailing penalties for noncompliance;

. 91.1 (dated April 29, 1991), providing poilutant discharge limits for
metals;

. and 94-1 (dated February 9, 1994) providing pollutant discharge limits
for petroleum hyvdrocarbons.

gulations. Projecting to the fifth year of production, all discharges from the
production of ibutilide fumarate are permitted and will not impact the limits imposed
under the ICD and accompanying Sewer Use Regulations.

/ These documents detail additional specific discharge requirements and
re

6.1.2.2 Chemical Process Water Management (CPWM). (Our CPWM injection
operations are conducted in accordance with this fecility’s Underground Injection
Control permit Nos. MI-077-1W-0001 and MI-077-1W-0002 granted by Region 5 of the
U.S. Environmental Protection Agency pursuant to the Safe Drinking Water Act.
Both permit Nos. are active through October 27, 1996.

With respect to our permits %o dispose of liquid waste by the CPWM system,
our Faderal Underground Injection Contro! Permits restrict the types an?
concentrationn of contaminants in the injected fluid. The ntaminants are the same
contaminanta which we are allowed to handle under our hazardous waste permit
applicction. These permits require that the concentration and type of contaminanta
listed in the perinita to be monitored on a monthly basis and reported to the USEPA,
Region 5. In addition, groundwater is protected through the construction and design
of the CPWM injection gystem, the operating procedures employed and the continuous
monitoring program, all of which are described in the permit. Major production of
volatile contaminants are now removed irom this waste stream by steam stripping and
recovered by our solvent recycling and distribution process.

9
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All chemicals listed in Section 6 may be sxpected to be included in the injected
wastes =ither through direct discharge of spent inaterials or as trace contaminants in
equipment washing.

With respect to the parmit application terminoclogy, The Upjohn Company wells
are identified as “class 1" by U.S. EPA. Class 1 welis are used to inject hazardous
wastes below the deepest underground source of drinking water or aquifer. A
confining formation consisting of an imvermeable geologic strata prevents any upward
migration of injected fluids into underground sources of drinking water. The Upiohn
Company has completed and received approval of a no-migration petition and
demonstration for both UIC walls. The no-migration petition is 8 requirement of the
USEPA Land Ban Restrictions which state that wastes may not be placed in a land
disposal unit unless an approved petition is in place. The petition must show that
there will be ne migration of any waste constituent from the injection zone for as long
as the waste remains hazardous or for 10,000 years, A containment system called a
pressurized annulus prevents the leakage 0. njected fiuids from the injection wells
into any formation outside of the injection zone.

A further description of EPA’s requirements for the issuance of UIC permits is
contained in 40 CFR Part 144.

Following is a listing cof the types of liquid waste streams generated from the
ibutilide fumarate process:

Tabls 4: Liquid Wasts Streams Resulting from Ibutilide Funarate Process

Aquscus filtrate Water CPWM
Ethyl Acetate
Tetrahydrofuran
Dissolved woiids
Aqueous filtrate Water Chemical process water
Acetone management \CPWM}
Salts (sodiuvm/aluminum)
Dissclved molido
Aqueous filtrate Water CPWM
' Ethyl Arstate
Tatrahydrofuran
Dissolved nolids
Organic distillate Acetone Sent to an approved vif-aite
facility as part of a waste-
derived {uels program
# {)rganic filtrate Acetone Seant to an approved off-gite
Water facility as part of a waste-
Disaoived saolids derived fuels program
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Orgenic filtrate Sant to an approved off-site
facility as part of a waste-
derived fuels program

Ethyl Acetate Sent to an approved off-site

Tetrahydrofuran feacility as part of o waste-
Water derived fuels program
— Dissolved sclids

Organic distillate Acetons Sent to an approved off-site
Mothyl t-butyi ether facility as part of a waste-
Water derived fuels program
Dissolved solids

Organic distillate Ethyl Acetate Sent to an approved off-site
Dissolved solids facility as part of a waste-
derived fusls prograin

6.1.3 Spent Solvents

Used solvent mixtures are either directed to the solvent recycling and
distribution (S8RD) unit for recycling and reuse within the Portage manufacturing
facility, used as a fuel in an on-site incinerator (interim status treatment storage and
disposal facility, see 6.1.3.2, Incinerator) at the Portage manufacturing site, or are sent
to an approved off-site facility as part of a waste-derived fuels program where the
waste is biended at permitted facilities with other solvents for incineration or directly
injected for incineretion.

6.1.31 SRD. Used solvents at The Upjohn Company are collected at the production
areas and conveyed via pipeline to a SRD 1acility within the plant site.

The SRD system receives the various solvents into dirty tanks and then feeds
them into one of five distillation/reclamaticn columns that fractionate the constituents
through the application of heat. At the differ nt temperatures, various solvent species
are recovered and sent to a clean tank wlere chey are then distributed to the various
production operations located throughout the plant site.

Those portions of the fractionation process that do not result in a product that
ia usable in our production operations are sen’ off site for dispoaal. The vast majority
of this material is used as a waste-derived fuel that replaces or anhances other fossil
fuels burned for energy. Other disposal options are the local waste water treatment
plant and high temperature incineration, dependent upon the chlorine and water
content of an individuel stream.

6.1.3.2 Incinerator. The on-gite incinerator is being operated as a Resource

Conservation and Recovery Act (RCRA) interim gtatus treatmeant storage and disposal
facility under MIDO00820381 in compliance with 40 CFR 264 Subpart 0

11
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requirements. A harardous waste RCRA Par: B/Michigan Act 64 permit applicat on
has been submitted to the Waste Management Divigion of the Michigan Department of
Natural Resourcoa (MDNR) and is pending issuance.

The Air Quality Divigion of the MDNR revised and reissued Permit to Install
No. 242-80 on May 26, 1993, to allow operation of the incinerator in accordance with

Michigan Act 84 requirements.

This incinerator is a two-stage system: the primary chamber roiary kiin
operates at & minimum of 700°F; the secondary chamber, where fir.al destruction of
the product and off-gasses occurs, operates at a minimum of 1,904cF. The incinerator
is equipped with a pollution control equipment train designed te remove gaseous and
particulate pollutants. The poliution control equipment consists of: 8 quench section,
an acid-gas pre-scrubber, a Venturi scrubber, an entrainment separator, an induced
draft fan, and an exhaust siack.

Ash generated as a result of the incineration process is s<at to a permitted
hazardou: waste landfi!l. At the present time, Upjohn uses the following facilities:

. Chemical Waste Management of Indiana, Inc., 4636 Adams Center Road, Fort
Wayne, IN, operating license listed uner Indiana Dept. of Envirorniental
Mgnagewent IDEM) Permit No. IND 078211146;

. Environmental Quality Co., 1349 South Huron Street, Ypeilanti, MI: Michigan
Disposal, Inc., 48350 North 1.94 Service Drive, Bellevillc, Ml (treaty.ent)
operating license listed under EPA ID No. MID 000 724 831; Wayne Disposal,
Inc., 49360 North §-94 Service Drive, Belleville, MI (disposal) . perating license
listed under EPA ID No. MID 048 090 633;

. Upjohn may use other facilities for such diaposal which are suilable for that
purpose and are properly permitted.

We have identified hazardous waste as well as air permits _ given to us by
these facilities, but there may be other permits and licenses applicable which are
currently held by the facilities. While Upjohn has contracts with each of these
facilities that require complianca with all applicable laws and regulations, Upjohn does
not own, operate, or control these facilities. The waste stream profiles established
with the hazardous waste landfill sites contain an affirination by the facility of its
coiupiianca status. All facilities are audited and approved for use by Upjohn
environmental auditors prior to the first shipment of waste from Upjohn to the site.

6.1.3.3 Offsite Spent Solvents. Waste spent soiv-nta sent off-site are transported to

permitted facilities using the Uniform Haze:Zsus Waste Manifest form. At the
present time, Upjohn uses the fuiiowing facilitics:

12
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. Chemical Waste Management, Trade Waste Incinerator Division, 7 Mobile
Avenue, Sauget, IL, operating under EPA ID No. ILD 098 642 424 and Dlinois
Environmental! Protection Agency No. IEPA 1631210009,

. Systech Environmentsl Corporation in Alpena, Ml, operating under EPA ID
No. MID981200835 and State Air Permit Nec. 587-93; or in Paulding, OH,
operating under EPA ID No. OHD005048947 and State Air Permit Nos.
0363000002P016 and 0363000002017,

. Continental Cement in Hannibal, MO, operating under EPA ID No.
MOD054018288 and Air Permit No. 1086-004A;

. Upjohn may use other facilities for such disposa! which are suitable for that

purpcse and properly permitted.

Following is a table showing sclvents used in the ibutilide fumarate process
that ure recycled thiough SRD and the disposgition of the remainder:

Table &: Solvent Disposition

I Ethyl Acstate . . 11.0
chlorinated eolvent
tanks (methylene
chloride is removed
aad retuaiaing
solvent hauled off-
gite for fuels
Llending)

_ Tetra.hyfuran

6.1.4 Dolid Wagte

. Any Magnesol 400/10 cartridge grade used in the process would be treated and
then disposed in a permitted hatardous waste landfili (see Section 6.1.3.2 for a listing
of permitted facilities Upjohn uses).

. Par.iculate is captured in the recirculating HEPA filtration system. HEPA

filters which become loaded are sealed in plastic bags and sent off-site to a permitted
incinerator (see Section 6.1.3.3 for a listing of permitted facilities Upjohn uses).

13
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. Rough-in filters (approximately 30% efficiency) are diaposed in an approved on-
gite incinerator. (For description of the incinerator and related permits, see Section
€.1.3.3)

62 Phsrmacsutical Formulation and Packaging
6.2.1 Air Emisaions

The Upjohn Company is operating under an air consent decree with the MDNR
dated March 15, 1991, which requires that all manufacturing and production facilities
operate within a specified set of parameters according to the environmental air permit-
to-install for each plant. This includes the definition of all air emitting and control
equipment.

An air use permit application for this equipment was approved by the MDNR
on March 29, 1994 for the Sterile Injectable Operations where this product will be
manufactured. All materials in the formulation for Ibutilide Fumarate Injection are
included in this approved air permit. In this permit it is assumed that 0.4% of the dry
materials handled would be lost to the exhaust systems serving the manufacturing
modules. Of this 0.4%, 75% is removed by & recirculating HEPA filtration system, and
.26% is handled by a rotoclone wet dynamic precipitator with a 92.2% removal
efficiency (Rotoclone v-4). This rotoclone was inventoried on the equipment inventory
alss required under the air consent judgment.

The process to manufacture Ibutilide Fumarate Injection does not use any
VOCas, although the preparation and testing of filtration equipment does use isopropyl
alcohol. The emission of this compound is discussed in the above-mentioned MDNR
application.

Ibutilide Fumarate Injection will be packaged and labeled using on-line printers
with VOC-based inks. Because these printers amit small amounts of VO(Cs, they are
exempi from permitting under MDNR rules.

6.2.2 Ligquid Waste Streams

Liguid waste streams resulting from the pharmaceutical formulation and
packaging facility will congist of residue waste waters from sanitary use and waching
operaticns which will be discarded to the municipal sewer syster for biological
treatment at the City of Kalamazoo Water Reclamation Plant (see Section 6.1.2.1, p.
8).

Projecting to the fifth year of producticn, the pharmaceutical formulation and

packing of Ibutilide Fumarate Injection wil! not impact the limits imposad under the
ICD and accompanying Sewer Use Regulations.

14
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6.2.39 Bolid Waste

All unused, discarded, or returned product will be incinerated ir an approved
on-site incinerator (see Section 6.1.3).

Soiid wastes will result as particulate is captured in the recirculating HEPA
filtration system. HEPA filters which become loaded are sealed in plastic bags and
sent off-gite to a permitted incinerator.

63  Agpplicable Regulations and Laws at the Site

The following regulations or standards are cited as applicable to the propused
action:

Federal Food, Drug and Cosmetic Act, PL 7,-717, as amended.

Clean Air Act PL 91-604, as amended.

Clean Water Act PL 95-217, as amended.

Safe Drinking Water Act PL 93-523.

Resources Conservation and Recovery Act of 1976 PL 94-580, as

amended.

Occupational Safsty and Health Ac: of 1970, as amended.

Hazardous Materials Transportation Act of 1975, as amended.

Standards from the American National Standards Instiiute.

Nationa! Fire Protection Agency Standards.

a. National Elactrical Code Standards

b. Life Safety Requirements

10.  Act #348 of 1965, Michigan Air Pollution Act, as amended.

11.  Act #245 of 1929 Michigan Water Resource Commission Act, as
smended.

12.  Act #390 of 19‘76, Michigan Safe Drinking Water Act, as amended.

13.  Act #136 of 1969, Michigan Licuid Industrial Waste Disposal Act, as
amended.

14.  Act #3165 of 1969, Michigan Mineral Well Act, as amended.

18.  Act 7641 of 1978, Michigan Solid Waste Management Act.

18.  Act #64 of 1979, Michigan Hazardous Waste Management Act, as
amended.

17.  Act 7368 of 1978, Public Health Code.

18. Chapter 28 of the Kalama=oo City Code (Services and Waste water) as
amended by ordinance No. 1190.

19. Michigan Occupational Safety and Health Act of 1870, as amended.

(Local regulation applicable to the State of Michigan.)

iaE o il

wm»aE

Permits and other actions covering specific environmental regulations in force
at the The Upjohn Company’s main pharmaceutical and chemical manufacturing
complex in Kalamaszoo, Michigan, incluvding permit numbers and expiration dates
where applicable, are summarized in the table attached (see Appendix 5).
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64 Btatament of Compliance

6.4.1 Emission Requirements

The Upjohn Company states that it is in compliance with, or on an enforceable
schedule to be in compliance with, all emission requirements set forth in permits,
consent decrees or administrative orders applicable to the manufacture of Ibutilide
Fumarate Injection at its fecilities in Kalamazoo, Michigan, as well as emission
requirements set forth in applicable Federal, State, and local statutes and regulations
applicable to the manufactare of Ibutilide Fumarate Injection at its facilities in
Kealamazoo, Michigan.

6.4.2 OSHA Requirements

The Upjohin Company certifies that it has comprehensive programs and
practices in place addressing all applicable OSHA requirements.

85  Effect of the Approval of the Proposed Action

Ibutilide Fumarate Injection will be produced on the current filling line in the
.manufacturing facility. No new capital equipment will be required.

Based on information ouilined in Sections 6.1 and 6.2, approval of the propused
action will nct modify or have an effect upon the Upjohn Kalamazoo site existing
facilities.

6.6 Use and Dispoaal of Products

The amount of drug left-in containers cver a year's use of the product at
hospital or clinic settings is estimated to be very minute and would not result in
significant introductions from use of the product into the environment.

Ibutilide Fumarate Injection will be administered by intravenous infusion to
patients in hospitals or clinics. The small amounts of parent compound excreted in
urine or foeces would be discharged into sanitary sewer end/or septic systems. Only
minute traces of the active ingredient, ibutilide fumaerate, would be expected to remain
with empty preduct containers.

Marketing forecasts in terms of amounts of ibvtilide fumarate required per year
for the first through fifth years of production are shown below in grams.

Table &: Five-Year Market Figures
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Thees amounts represent the theoretical maximum amounts that could be
released to the environment through accidental release, end-use and disposal.

6.7 Maximum Expected Environmeotal Concentration (MEEC)

Estimations of theoretical maximum environmental concentrations (MEECs)
can be made using the following equation:

MEEC (ppm) = ibs/yr x 8.9 E*
= (AXBXCXDXEXF)

where:

A = pounds per year production

B = year/365 days

C = day person/150 gallons

D = 1/264 million person (U.S. population)
E = gallons/8.34

F = 1 million

Utilizing the first year production forecast of 140 grams, the maximum
environmental concentration that could be achieved is 2.7 x 10E* ppm. Utilizing the
fifth.year production forecast of 1120 grams, the maximum environmental
concentration that could be achieved is 2.1 x 10E* ppm. These concentrations assume
complete and instantaneous release of the entire year’s producticn with no
degradation.

7. FATE OF EMITTED SUBSTANCES IN THE ENVIRONMENT
7.1  Fate of Emitted Substgrces in the Environment

Ibutilide fumaraie occure as a whiie crystalline powdar with a melting point
range of 115-119°C. Its aqueous solubility at room temperature is greater than 100
mg/mL at any pH less than 7. Between pH 7 and 9.4 aqueous solubility decreases
rapidly. A mivimum solubility of 6 mg/mL occurs st pH 9.4. Above pH 9.5, solubility
rapidly increases an‘ is greater than 100 mg/mL above pH 10.5 (Amidon and
DeMulder, 1989).

Ibutilide is the active form of ibutilide fumarate. In healthy male volunteers,
about 82% of a 0.01mg/'kg dose of ["Clibutilide fumarate was excreted in the urine
(about 7% of the dose as unchanged ibutilide) and the remainder (19%) was recovered
in the feces. Eight metabolites of ibutilide were detected in metabolic profiling of
urine. These metabolites are thought to be formed primarily by w-oxidation followed
by sequential S-oxidation of the heptyl side chain of ibutilide. These metabclites have
no activity or weak class III activity relative to ibutilide.
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It is anticipated that ibutilide fumarate will be administered primarily in
hospital settings. Discharges to air or waste water are not expacted as a consequence
of the use or dispoeal of this product, other than for possible disposal of small amounts
of unuaad drug formulation to locul publicly owned treatment works. Unused product
returned to The Upjohn Company would be subject to final disposal via government-
permitted mechanigms and not released to the environment.

7.2 Studies
A series of studies were conducted in accordance with Good Laboratory

Practices at ABC Laboratories, Columbia, Missouri, to better understand the fate of
ibutilide fumarate if released to one or more environmental compartments.

7.2.1 Yapor Pressure

The vapor pressure of ibutilide fumarate was presumed to be negligible (<10 E-

7 torr), because the compound occurs as a solid with a melting point in excess of
100°C. A negligible vapor pressure means that the compound does not have a
tendency to vaporize, and therefore would not enter the gir compartment, or be
transported in air. Experimental measurement of vapor pressure confirms this
-agsumption.

7.22 Misxohial Inhibition

Microbial inhibition was studied by the agar plate dilution technique with
ibutilide fumarate incorporated into the agar medium, at nominal concentrations of
1000, 250, 62.5, 15.6, and 3.91 mg/L. Test organisms included Aspergillus flavus,
Chaetomium globosum, Nostoc sp., Pseudomonas acidovorans, and Azotobacter
chroococcum. -

These organisms are present in various environmental media and contribute to
ecosystem balance. For example, Pseudomonas plays a role in degradative and
transformation processes. /lzoftobacter fixes nitrogen from the atmosphere,
Chaetomium is known to degrads cellulose, thus convarting a complex organic
molecule into more readily assimilable material in soil and other media.

Growth inhibition was not seen in Psuedomonas, Aspergillus, Nostoc, or
Chaetomium at the highest concentration (1000 ppm) tested, Growth inhibition was
seen in Azotobacter, and a minimum inhibitory concentration of 1000 mg/L was
calculated for this microorganism.

123 Aerobic Biodegradation

Carbon-14 labeled ibutilide fi narate was tested for biodegradability in an

aqueous aerobic medium at & test concentration of approximately 10 mg carbon/liter.

Significant bicdegradation was not seen during the 29-day incubation period in
darkness at 22 + 3° C.
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724 Hydrolysis

A hydrolysis study was conducted with C-14 labeled ibutilide fumsarate, in
aqueous buffered solutions, in darkness, at a nominal test concentration of one ug/mL.
Significant degradation of the compound was not seen after a five-day incubation
period at 50° C. Therefore, ibutilide fumarate was considered to be hydrolytically
stable with a half'life equal to or greater than one year.

7.2.5 Agquatic Photodegradation

Photodegradation is 2 process whereby chemicals are altered as a resuit of
irradiation. The process inivolves absorption of light in the ultraviolet-visible region by
a molecule with a resultant inicrease in the molecular energy level; the increased
energy level then transforms the molecule into one or more products. Ibutilide
fumarate showed a 10 % potency loss when expored to high intensgity fluorescent light
for 7 days, and a 25 % loss in potency when exposed to high intensity ultraviolet light
for 7 days. These resuits indicate that ibutilide fumarate is subject to rapid aqueous
photolysis.

An aqueous photodegradation study was conducted at 25 + 1° C by expesing
. 14C-ibutilide fumarate in pH 8, 7, and 8 buffers to a xenon arc light source. The
study was conducted at a nominal test chemical concentration of 1.0 ug/ml.. The
study demonstrated that ibutilide fumarate undergoes photodegradation in aquecus
media with experimentally measured half lives of 16.8, 5.8, and 0.: days for pH b5, 7,
and 9, respectively.

7.2.6 Partition Coefficient

The logarithm of the nectanol/water partition coefficient was found to be
between 0.65 and 0.86 at pH 7 (DeMulder, PJ. 1892). This range does not suggest a
potential for ibutilide fumarate to bioccumulate in living systems.

8. ENVIRONMENTAL EFFECTS OF RELEASED SUBSTANCES

The meanufacture of ibutilide fumarate is not expected to present significant
risks to public health or the environment since releases which may be associated with
drug synthesis Jr product manufactu e are governed by federal, state and local
regulationa. The use of ibutilide fumarate is not expected tc present a risk to public
health or the environment because the thecretical maximum amounts that could be
released would be less than those found toxic in aguatic systems. The theoretical
maximum anvironmental concentration that could result from the complete and
instantaneous release of the entire fifth year production is 2.1 x 1CE® ppm. Inhibition
of representative environmentel microorganisms was not seen at concentrations 10
orders of magnitude greater that the MEEC of ibutilide fumarate as calculated from
the projected fiftk-year production volume. As previously noted, ibutilide fumarate is
unstable in the presence of light with a half-life from 0.4 days to 16.8 days in aquatic
systoms. Because of its low partition coefficient, ibutilide fumarate would not
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bioaccumnlate in living systems. Therefore, based on a worst-case £ ~iysis, amounts
of ibutilide fumarate which might reach an environmental compartment may
reasonebly be anticipated to be non-toxic according to the definition found at 21 CFR
25.15(bX6).

9. USE OF RESOURCES AND ENERGY

Following is a table detailing production volume and utility usage:

Table 7: Production Velame

No effects on endangered or threatened gpecies are anticipated as a result of
drug approval.

A prelimingry ecological agsessment was conducted to fulfill the requirements
of the pending U.S. EPA-administered Hazardous Solid Waste Amendment (HSWA)
permit, which is issued undar RCRA authority. Results of this preliminary ecological
assesament for The Upjohn Campany’s manufacturing headquarters did not reveal the
presence of endangered or threatened species and did not demonstrate adverse impacts
of manufacturing operations on aquatic or terrestrial biota including plants and
waterfow! (Downey, 1933).

The use of natural resources and energy for the manufacture of thisc product
wil! be less than 2% (at the fifth year) of present total plant usage and can be handled
by the existing infrastructure. The resources committed will be the materials listed in
Section b, the utilities used in manufacturing, and minor miscellaneous support
materials.

Under the authority of the National Historic Preservation Act of 1966, as
amended, The Upjohn Company has received an opinion letter from the State Historic
Preservation Officer that, eince this activity does not involve the alteration, demolition
or construction of building or any earth-disturbing projects, historic property
determination is not required (see Appendix 6).
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The amount of emissiong from this formulation at the manufacturing site in
Kalamasoo will be controlled in accordance with Federal, State and local standards in
order to prevent adverse effects on the environment or to any wildlife.

10. MITIGATION MEASURES

Measures taken at the manufacturing site to avoid potential adverse
environmental impacts associated with the proposed action include:

Adherence to all applicable Fedaral, State and local regulations as outlined in
Bection 6.3 above shall be followed to avoid potential adverse impeact associated with
the proposed action.

Measures taker at the formulation site to avoid potential adverse
environmental impacts associated with the proposed action include:

« use of equipment systems to prevent emission levels from exceeding limits
established by Federal, State and local regulations;

X disposal of aquecus waste streams into the municipal sewer system for
biological treaiment at the City of Kalamarzoo Water Reclamation Plant or through an
on-site CPWM gystem conducted in accordance with this facility’s permit granted by
the 1J.8. EPA pursuant to the Safe Drinking "Vater Act;

. solvent recovery through the SRD unit; waste solvents not recoversd in SRD
are manifasted to our outside brokers, where these solvents are blended for fuel use;
and

. an extensive spill control plan to protoct employees and environmental
compartments is in piace at The Upjohn Company Portage Road facility to mitigate
any advarse effecta of inadvertent releases to the environment.

Msterial Safety Data Sheets (MSDSs) are available on site,. Employees
associated with the manufacture of Ibutilide Fumarate Injection have appropriate
training. Employee protactive clothing (».g., gloves, uniforms, and safety shoes) and
protective equipment (e.g., safety glasses and approved respirators) are used during
manufacture to assure compliance with applicable ocuizational safety requirements.

The Upjohn Company has a comprehensive occupational health and safety
program. This includes conduct of preplacement physical examinations of employees
and periodic health surveillance examinations of all employees in manufacturing
areas. Additionally, the company operates a health clinic to address any. employee
iliness and/or injury occurring during the course of employment. The above
procedures will serve to monitsr empioyes for the develc pment of conditions
attributable to exposure.
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Employees observe written standard operating procedures detailing handling,
precautions, and use of personal protective equipment.

In addition, all employces in Pharmaceutical Manufacturing are required to
take basic safety training on an annual basis, which includes:

. Harard communication and hazardous materials,
. Personal protective equipment and production equipment, and
. Standard Operating Procedures and personal safety practices.

Reference is made to item 6 above for additional information.

11. ALTERNATIVES TO THE PROPOSED ACTION

Resources and facilities are being used effectively to produce a quality product
with minimal environmental impact. The alternative of no action resulting with the
deprivation to mankind of potentially beneficial therapy is not anticipated.

-12.  LIST OF PREPARERS

Following is a listing of those perscns, and corresponding qualifications, who
participated in the preparation of this assessment. No government agency was
consulted for this specific evaluation other than for routine implementation »f ongoing
environmental programs conducted at existing facilities.

J. 8. Mehring Environmental Quality and Safety Division
~ Manager, Environmental Health Sciences
Ph.D., Agriculiure
Prof2ssional experience: 23 years

S. I. Shedore Environmental Quality and Safety Division
Environmental Technician
A.A,, Liberal Arts
Corporate 2xperience: 23years

A.S.Pandrangi Cheniical Engineering Support
Production Engineer
M.S,, Chemical Engineering
Professional experience: %7 years

V.G.Kalthod Chemical Process R&D
Research Scientist
B.S,, Chemical Engineering
Professional experience: 3 years
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IBUTILIDE FUMARATE Injection, NDA 730431
Iters 3. Chemistry, Manufacturing and Controls
Part IV. Environmenta! Ascssernent Report

N.J.Tuit

M. A. Parks

W.F.Oberheu

R.F.Tolbert

T.E.Nicholson

K. B. Eckert

Worldwide Pharm, Mfg. Operations
Environmental & Safety Administrator
B.8., Industrial Engineering
Professional Experience: 16 vears

Environmental Compliance Engineering
Environmental Compliance Engineer
B.S.,, Engineering

Professional experience: b years

Chemical Division Environmental Group
Environmental Engineer

B.S., Natural Resources

Profesgional experience: 8 ysars

Environmental Compliance Engineering
Environmental Compliance Engineer
B.S., Mechanical Engineering
Professional experience: 6 years

Pharmaceutical Mfg. Project & Regulatory
Management

Senior Industrial Engineer

M.B.A., Industrisl Management
Professional experience: 24 years

Acting State Historic Preservation Officer
Bureau of History

Michigen Department of State

Lansing, Michiran
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IBUTILIDE PUMARATE Injection, NDA 730481
Item §. Chemistry, Manwfacturing snd Contrels
Part IV. Bavironmental Asssesseni Repert

1. CERTIVICATION

The undersigned officiale certify that the information presented is tiue,
accurate, and complete to the best of their knowledge.

Londl L L - 4-95
Randal 8. Senger, Date

Corporate Environmental Affairs
(talephone 6158/323-5341)

§ acT ‘?5’#
MW Date

Environmental Health Sciences
(telephone §16/323-4746)

14. REFERENCES

Amidon GE, DeMulder ¥J. Aqueous solubility profile of U-70226E. Upjohn Technical
Report 7250-89-008, July 13, 1988. {attached as Appendix 7]

DeMulder PJ. The Upiohn Company. Personal Communication, September 22, 1992,

Downey RG. Preliminary ecological assessment for The Upjohn Company, Portuge
Road facility. June 25, 1998,

-

15. APPENDICES

Page Number
. Appendix 1 Summary Al-A2
. Appendix 2 Map of Upjohn’s Kalamaroo Chemical Proeeuirg
Site Complex A3
. Appendix 3 Map of Upjohn's Kalamazoo Pharmaceutical Manufacturmg
Site Complex A4
. Appendix 4 MSDS for the Active Ingredient, Ibutilide Fumarsate AB-AB
. Appendix 5 Permit Incex A9
. Appendix 8 9-3-81 Lotter from Michigan Dept. of State AlD
. Appendix 7 Upjohn Technical Report 7230-89-008 (as listad in .
Amidon, et al. of Section 14, References) (13 pages-
no fs superimposed]
. Appendix 8 Study Reports Al1-A12
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IDUTILIDE PUMARATE Injoaction, NDA 7320491
Ites §.  Chosistry, Manufacturing and Controls
Part IV. Eavirenmental Assessnent Report

APPENDIX 1: SUMMARY

Chemical name N-{4-{cthylheptylamino}-1
: hydroxyoutyl}phenyl}methans
sulfonamida, (E-2-butenedioate (2:1)
salt
CAS Registry number 122647-32-9
Upjohn U-number 70226E
USAN approved generic name ibutilide fumarate
Structure
%
OH ¢ H s
PO k-] \:—:—_\
Hyc0 /___\ ‘/\\/"\7‘";5 e §°“

tbulilide Fumiroale

Empirical formaia | CoH,NO,N
Molecular weight 442,61
Melting point - 116-119°C
Appearance white erystalline powder
Solubility (mg/mL) > 0latpH < 7
GatpH 94
> 150 st pH > 10.5
Dissocintion constants (pKa) 8.4 (suifonamide) and
9.6 (tertiary smine)
Vapor pressure (mmHg) < § X 10B-10
Partition coufficient (Log P) 0.85 to 0.88
aerohic biodegradation half-life (days) > 366
hydrolysis half-life (years) =1

Al
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IBUTILIDE PUMARATE mw 20401

APPENDIX 1: SUMMARY (continned)
phoiodegradation half-life (dayw)

MIC (ppm), Pseudomonas acidovorans
MIC (ppm), Aspergilius flavus

MIC {(ppm), Azotobacter chroococcum
MIC (ppm), Nosioc sp.

MIC (ppm), Chaetornium globosum

168at pH &
58atpH?
O4atpH?
> 1000

> 1000
1000

> 1000

> 1000
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PORTAGE ROAD BUILDINGS

EAST SIDE
South of Industrial Drive
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Print Date: October 03, 1995
Revislon Date: Febryary OB, 1985
Agent ld#: 41140
Page: 1 of &

| 1. CHEMICAL PRODUCT AND COMPANY IDENTIFICATION

comion name: 1BUTILIDE FUMARATE

SYNONYMS: 122647-32-9 - CAS NUMBER
Methanesulifonamide, N-{4-(4-(ethylheptylamino)-1-hydroxybutyl) phenyt)} -,
(E)-2-butenedipate (2:1) salt
200219 - EDP NUMBER
U=~70,226E - UPJOHN U¥
MOLECULAR FOHMULA C20-H3IBE-N2-03-8 . 0.5 C4-H4-04
CHEMICAL FAMILY: HNo information found
MANUFACTURER/SUPPL IER: THE UPJOHN COMPANY
7171 PORTAGE RD.
KALANAZOO, MI 49001-0199

TELEPHONE NUMBERS : (616) 323-5122 - (24 HOURS)
(616) o23-7555 ~ (B:00 a.m, ~ 4:30 p.m.}

e e o et et 1 e '—_—""—"‘"]
L‘ 2. COMPOSITION/ INFORMATIEN ON INGREDIENTS "

INGREDIENT 1
COMMON NAME: 1bytilide Fumarate
CHEMICAL NAME: Methanesulfonamide,N-{4-(4-(ethylheptylamino)-1-hygdroxybutyl}
phenyl}-, (E)-2-butenedtoate (2:1) salt
% BY WEIGHT: < 100 %
CAS NUMBER: 122547-32-9
EXPOSURE LIMIT(S): NOt established.

H 3. FAZARDS IDENTIFICATION ]

PRIMARY ROUYE(S) OF EXPOSURE: sSkin contzct, eye contact. inges*tion and tnhalation.

EFFECTS OF OVEREXPOSURE: Overexposure may cause vomiting, ataxia, body tremors and
rapid eye blinking or twitching and bobbing of head and convulsions. Repeated
overexposure may cause testicular degeneration/atrophy or mammary gland pro-
lifaration and mucificavion of the vaginal epithelium.

MEDICAL CONDITIONS AGGRAVATED BY EXPOSURE: Not established.

" 4. FIRST AID MEASURES n

EYES: Filush with water for 15 minutes. Hold eyelids aopen to assure complete
contact with water.

SKiN: wWz=h with soap and water. Remove contaminated clothing.

INHALAT ION: Remove Trom exposure.

INGESTION: cantact a physician or poison control center.

“ . 5. FIRE FIGHTING MCASURES - n

FLASH POINT: Not applicable
LOWER EXPLOSION LIMIT (LEL) Not appitcable.

A%
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Revision Date: February OB, 1885
Agent Id#: 41140
Page: 2 of 4

UPPER EXPLOSION LIMIT (UEL): Not applicable.

EXTINGUISHING MEDIA: water, carbon dioxide, or dry chemical.

FIRE-FIGHT ING PROCEDURES: As with alt finely divided organic nowders, it 15
advisaple to eliminate explosion hazards by methods such as grounding mechanical
equipment 1n contact with the material to prevent the buildup of static
electricity, inerting the atmosphere or controlling dust levels.

UNUSUAL FIRE DR EXPLOSION MAZARDS: Hone.

l| ) 6. ACCIDENTAL RELEASE MEASURES

STEPS TO BE TAKEN [N CASE MATERIAL S RELEASED 0% SPILLED: Remove ignition
sources; controil the generation cf dust/vapors; provide ventilation and
respiratory, skin ang eye protection to prevent overexposure. Keep out of draips;
prevent entry to surface water, groundwater and sofil. vacuum (with HEPA-~fiitered
and explosion-proof equipment) or scoop spilled material and place in container.

|| 7. HANDLING AND STORAGE

PRECAUYIONS FOR HANDL ING AND STORING: Avoid generating dust/vapors and contact
with skin, eyes and clothing. Use with adequate ventilation. Wash thoroughly
after handling. Launger contaminated clothing before reuse. Store a*t room
temperature. DO not get In eyes, on skin or clothing. Avoid breathing dust or
mist. VUse adequate dust/vapor control.

[ 8. EXPOSURE CONTROLS/PERSONAL PROTECTION |

e

|

RESPIRATORY PROTECTION: Approved respirator.
VENTILATION: |Loca! exhaust.

PROTECTIVE GLOVES: Rubber.

EYE PROTECTION: Safety glasses with side shields.

vy— i ——

ﬂrﬁ 8. PHYSICAL AND CHEMICAL PROPERTIES ~ H

APPEARANCE /PHYSICAL STATE: white amorphous powder.
MELTING POINTY: > 100 cdegrees ¢.

MOLECULAR WEIGHT: 442.62

QOOR: No information found.

SOLUBILITY IN WATER: no information found.

VAPOR PRESSURE: Not applicahle.

10. STABILITY AND REACTIVITY __H

STABILITY: stable.

PHYSICAL CONDITIONS TO AVOID: None.
INCOMPATIBILITY WITH OTHER MATERIALS: nNone.
HAZARDOUS DECOMPOSITION PROGDUCTS: None.
HAZARDOUS POLYMERIZATION: Does not occur.

Ab
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| 11, TOXICOLOGICAL INFORMATION

ACUTE STUDIES:

EYE IRRITATION (RABBIT): Moderately to severely trritating.

SKIN IRRITATION (RABBIT): Non-irritacing to intact skin; mouerately irritating
10 abraded skin.

INTRAVENOUS TOXICITY: The no-observed-adverse-effect level (NOAEL) in a t4-day
study in rats was 12.5 mg/kg. The NOAEL 'n a 14-gay study conducted Iin dogs was
less than 2.5 mg/kg/day.

ORAL TOXICITY (RAT}: The single ora) no-observed-adverse-effect level (NDAEL) of
ibutflide fumarate in rats 15 betwea2n 160 and 500 mg/kg.

ORAL LDEO {(RAT): > 500 MG/KG

SUBCHRON IC/CHRONIC STUDIES: 1In a 90-day oral study in rats, a reversible increase
in body weight was seen in females receiving 10 to 63 mg/kg/day. A reversible
decrease in estrous cycling was also noted in females fed 63 mg/kg/ day during the
last 30 days of the 80-day trial.

OTHER STUDIES:

GENOTOX!CITY: Jputiiide fumarate was negative when tested In the micronucleus
assay, the Ames assay, the mammalian cell mutation assay and the unscheduted DNA
synthesis assa

REPRODUCTIONIFEH?ILITY The oral! no-observable-adverse~effect level (NOAEL) 1in
the rat for maternal, paternal, reproductive and developmental toxicity was 5
mg/kg‘day

TEBRTOGENICITY The oral no-observed-adverse-effect level {NOAEL} for
teratogenicity in the rat was 5 mg/kg/day and 2 mg/kg/day tn the rabbit (highest
leve! tested). Some evident of teratogenicity was observed in rabbits tested at

{ higher levels,

CARCINOGENICITY: ‘Ingredient(s) are not lis;led as carcinogenic by 1ARC, NTP or

OSHA.

12. ECOLOGICAL INFORMATION

S L. S t—— r—

ENV IRONMENTAL FATE:

MOB!LITY: The vapor pressure of ihutilide fumarate is presumed to be negligible
(<10E-7 torr) because the compound occurs as a sotid with a melting point in
excess of 100 cdegrees C. A negligible vapor preSsure means that the compound
does not have a tendency to vaporize, ang therefore, would not be antictpated to
enter the air compartment or to be transported 1n air.

BIOACCUMULAT{VE POTENTIAL: The togarithm of the n-octanol/water partition
coefficient was found to be betweéen 0.65 and 0.86 at pH 7. This range does not
suggest a potential for ibutilide fumarate to bicaccumylate in living systems.

ABIOTIC POTENTIAL: 1buttiide fumarate may have mild to no inhibition of growth ia
saveral types of microbes present in various environmental media.

ECOTOXiCITY: No information found.

13. DISPOSAL CONSIDERATIONS

s

WASTE DISPOSAL METHMCD: bpispose of by incineration in accordance with applicable
international, naticnal, state, andg/or local waste disposal regulations.

[ 14. SHIPPING REGULATIONS |

Not reguiatedq for transportation by the United States Department of Transportation
{DOT). International Maritime Organization (IMQ), or International Air Transport

Ay
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Associattion (IATA). May be subjert to state and/or local transportation
requirements.

15, OTHER INFORMATION

REVIEWED BY: Environmenta) Health Sciences. ,
DISCLAIMER: The MSDS information is believeg to be correct but should only be used
as a guide. The uUpjohn Company disclaims any express or impiled warranty as to
the accuracy of the MSDS information and shall not be held liable for any direct,

tnctdenta) or consequential damages resulting from reitfance on the infarmation,

_ 16;_LABELING I

UPJOHN PRECAUT IONARY LABEL CODE(S): -1
HAZARD: TOXIC. IRRITANT,

SIGNAL WORD: WARNING!

STATEMENT OF HAZARD/RISK PHRASE: wMmay be harmful tf swallowed., inhaled or absorted
through skin, May cause skin, eye, or respiratory tract irrftation.

PRECAUT |ONARY MEASURES: Do not get in eves, on skin, on clothing. Avoid breatning
dust, vapor, mist or gas. Kgep container closed. Use with adeguate ventilation.

Wash thoroughly after handiing.
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MICHIGAMN DEPARTMENT OF STATE D

_ - - LANSING

MICHIGAN 40918

September 3, 1991

Ms. Sussn I. Shedore
Eavironmental Technicisn
The Upjohn Company
Kalamazoo, MI 49007

RE: ER~910587 Environmental Assessment for the Formulation and
Packaging of Drugs, Various Locations, Kalamazoo
County (FDA) o

Dear Ms. Shedore:

We have reviewed the above-cited project at the locaticn noted
above, under the authority of the National Historic Preservation Act
of 1966, as amended. It is the opinion of the State Historic
Preservation Officer (SHPQO} that the project does not require a
higtoric property determination csince the activity Joes not involve
the aiteration, demolition or construction of buildings, or any earth
disturbing projects.

Please maintain a copy of this letter with your environmental review
record for this project. If you have any questions, pilease contact
William Rutter, the Environmential Review Coordinator for the Bureau
of History, at (517} 335-2721.

Thank you for this opportunity to review and comment.

Sin’cerely.

Bureau of History

KBE:ER:br

“Ralniv Bolte sndt Rlawer Enasste Reva } hene™ -
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