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NDA # 20-634 (Original Submission dated 12/21/95)

Number of Volumes: 32 (1; 21-51)

Drug: ELEQUINm (levofloxacin) Tablets (Oral)
[levofloxacin is abbreviated as LVFX]

Other Drug Names/Codes: CRAVIT, levofloxacin, l-ofloxacin,
L-OLFX, S-(-)-ofloxacin, RWJ-25213, RWJ-25213-000,
RWJ-25213-097 , DR-3355, and HR355

Sponsor: The R.I?.Johnson Pharmaceutical Research Institute,
Raritan, NJ

Contact Person: Heather L. Jordan

Category: Fluoroquinolone

Dosage Form: Tablets, 250 and 500 mg

Indication: Various acute bacterial
UTI, uncomplicated skin
infections.

Expected clinical dose:

908/704-4607

infections, complicated
and skin structure

approximately 4 mg/kg.

Chemistry: “ Levofloxacin, a chiral fluorinated
carboxyquinolone, is the pure (-)-(S) -enantiomer
of the racemic drug substance ofloxaci,n. The
chemical name is:

(S)-9-fluoro-2 ,3-dihydro-3-methyl-10- (4-methyl-l-
piperazinyl) -7-oxo-7H-pyrido [1,2,3-de]-l ,4-
benzoxazine-6-carboxylic acid hemihydrate
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Formulation:
Levofloxacin Tablet. 500 mq

Component mg/Tablet

Levofloxacin (RWJ-25213-097) ~
HPMC mg
Crospovidone mg
Microcrystalline Cellulose mg
Magnesj.um Stearate m9~

mg
mg

a This quantity i.s equivalent to 500 mg of anhydrous
levofloxacin.

b Received as a commercial blend from Colorcon, Inc.

c This excipient

Related Submissions:

is essentially removed during processing.

Levofloxacin: INDs ‘ NDA 20-635 (iv.)
Ofloxacin: NDAs 19-735 (tablets) and 20-087 (iv.)

Review Objectives: Review preclinical data with regard to safety
for the proposed maketing of the drug product.

Index of Studies: Please see below. Note: Ref.# 1 to 20
pertain to pharmacology. For detailed bibliography see NDA 20-
634, volume 1.

LIST

Ref# Doc.ID#
—.

021, Pp 05-00298-05-00310.

OF TOXICITY STUDIES (NDA 20-634 & 20-635)
(TOXICOLOGY REFERENCES # 21-127)

Subiect Volume -

OFLOXACIN:

21 18836-1

22 20351-1

Non-Clin. Pharm, Tox, ADME 1.024
of OFLOXACIN.
- Addendum No. 1 to above 1.024

05-01218

05-01417
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LEVOFLOXACIN(DR-3355):

ACUTE TOXICITY:

23

24

25

26

27

28

29.

30

31.

32.

33

34

35

36

22231-1 Oral tox in mouse and rat 1.025

243755-1 Oral tox in mice comparison 1.025
with DR-3354 and oflox(DL-8280

339453 Not Applicable to the NDA

Publication

Publication

22396-1

339458-1

22231-1

22233-1

22410-1

22348-1

22232-1

22229-1 “

22397-1

Single oral tox. of decomp 1.025
osition producut(N-Oxide,etc)
in mice

Single oral tox of Main by-
product in mice

Acute i.V. tox. in mice and
rats.

Acute iv. tox in mice and
10-day iv. tox with DR-3355

Acute iv. tox of metabolize

Acute Oral in male rats

Acute i..v. in dogs

Acute tox in cyno.monkeys

Acute iv. witk levofloxacin
in comparison with CPFX

MULTIDOSE TOXICITY:

37 22253-1 4-week Oral(gavage) tox in
CD Rats

38. 22294-i_- 26-Week Oral(gavage) tox in
CD Rats to

1.025

1.025

1.025

1.025

1.025

1.025

1.025

1.025

1.026

1.025
1.027

39 339461-1 13-Week Dietary Dose-range-finding tox

05-1560

05-1579

05-01646

05-01670

05-01689

05-01706

05-01727

05-01751

05-01770

05-01786

05-01806

05-01844

05-02133
05-2506

in—
Rats 1.028 05-02513
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40

41.

42

43

44 ●

45

46.

47.

48.

22393-1

22401-2

339460-1

22394-2

22398-1

370763-1

22252-1

22372-2

22390-1

Two-Week iv. in juvenile
rats: Comparison w/Cipro

4-Week iv. tox. in Rats

13-Week iv. tox in Rats

2-Week iv. in Dogs aged
4 to 5 months

2-Week iv. in dogs aged
18 months

4-Week (daily) iv. in dogs
(final report)

4-week (daily) Oral tox in
cynomologus monkeys

26-week (daily) Oral tox in
cynomologus monkeys
(initial & revised report)

4-week repeated iv. comDar-
rative tox. of levofloxa~in
and ciprofloxacin in
cynomologus monkeys.

CARCINOGENICITY STUDY:

49. 339457-1 2-year dietary oncogenicity

1.028

1.029

1.029

1.030

1.030

1.030

1:031

1:032

1.033

1.033
study in rats with levofloxacin.

50. Publication 1.039

ARTHROPATHY (JWENILES):

51.

52.

53.

54.

55.

22228-1 Joint tox of levofloxacin 1.039
in juvenile rats: comparison
with DR-3354 (d-isomer) &
ofloxacin.

Publication 1.039

22225-1-- Joint tox of levofloxacin 1.039
in juvenile dogs.

22226-1 Joint tox of levofloxacin 1.039
in juvenile dogs.

22227-1 Joint tox of levofloxacin 1.039
in young adult dogs.

4

05-02800

05-02867

05-03023

05-03223

05-03378

05-03378

05-03585

05-03815

05-04065

05-04260

05-06500

05-06506

05-06527

05-06543

05-06576

05-06605



5NDA 20-634

56. 339454-1

PHOTOTOXICITY :

57.

58.

59.

60.

61.

62.

63.

64.

22361-1

243756-1

Effect of levofloxacin
on the activity of propyl-
4-hydroxylase in vitro.

Quinolone-induced cutaneous
phototoxicity: ear swelling
reaction in Balb/c mice

Phototoxicity of DR-3355

Publication

Publication

Publication

Publication

22386-1 Phototoxic potential of
quinolone antibacterial agents
phototoxicity test by iv;
administration.

Publication

ANTIGENICITY:

65. 22375-1 Antigenicity study of
DR-3355 in mice.

66. 22237-1 Antigenicity study of
DR-3355 in guinea pigs.

67. 22237-1 Antigenicity study of
DR-3355 in rabbits.

SPECIAL STUDIES:

68.

69

70.

71.

22399-1 Study on neutropenia in
rats induced by DR-3355.

22395-1 Study of urinary crystals
‘- in DR-3355 injected rats.

339455-1 Effects of DR-3355 injection
on dog serum biochem. data.

339459-1 Intestinal tox. study in
rats: effect of combo of
DR-3355 & aluminium gel or

1.040

1.040

1.040

1.040

1.040

1.040

1.040

1.040

1.040

1.040

1.040

1.040

1.040

1.040

1.040

1.040

05-06638

05-06645

05-06681

05-06697

05-06706

05-06716

05-06722

05-06734

05-06752

05-06759

05-06793

05-06832

05-06859

05-06892

05-06920

05-06951
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72.

73.

74.

75.

76.

77.

78.

79.

22230-1

339456-1

244214-1

353455-1

243754-1

339452-1

243974-1

Publi

magnesium oxide.

10-day nephrotoxicity study
of DR-3355 in rabbits.

10-day iv. administration
of DR-3355 nephrotoxicity in
rabbits.

Ocular and ototoxicity study
of DR-3355.

DR-3355: hemolysis study

Local irritation with
DR-3355 injection.

Effect of levofloxin and
ciprofloxacin injection on
permeability of the tail
vein in mice and skin micro-
vasculature in rats.

Effects of DR-3355 injection
on toxicities of various
anticancer drugs in rats.

REPRODUCTION STUDIES: [Levofloxacin]

80.

81.

82.

83.

84.

85.

22221-1

245109-1

22241-2

326117-1

—.

326123-1

326119-1

Oral reproductive study of
DR-3355 in SD rats prior to
and early stage of pregnancy.

I.V. reproductive study of
DR-3355 in SD rats prior to
and early stage of pregnancy.

Terata study of DR-3355 in
SD rats.

I.V. reproduction tox. study
of DR-3355 with rats durinq

1.041

1.041

1.041

1.041

1.041

1.041

1.041

1.042

05-06993

05-06993

05-07086

05-07220

05-07232

05-07260

05-07289

05-07337

1.042 05-07356

1.042 05-07558

1.043

1.044

the period of fetal organo~enesis.

Oral reproductive study of 1.045
DR-3355 in rabbits during
the period of fetal organogenesis.

I.V. development toxicity 1.045
study of DR-3355 in rabbits.

05-07760

06-07986

05-08324

05-08417
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86. 245111-1 Oral reproduction study of 1.046
DR-3355 in rats - Segment III

MUTAGENICITY STUDIES: [Levofloxacin]

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

22238-1

22411-1

22286-1

22413-1

22412-1

22391-1

353456-1

22382-1

22239-1

22414-1

22392-1

22400-1

243964-1

Reverse mutation assay 1.046

Induced mutation frequency 1.047
test.

Chromosomal aberration test 1.047
with mammalian cells in
culture (in vitro cvtoaenetics)

Chromosomal aberration test
with mammalian cells in
culture (additional test)
(in vitro cvtoaenetics)

Quinolone derivatives:
Chromosomal aberration test
with mammalian cells in
culture (additional test)
(in vitro cvtoaenetics)

DR-3355: ~ Vitro sister
chromatid exchange.

DR-3355: ~ Vitro sister
chromatid exchange.
(supplementary study)

CHO/HGPRT forward mutation
assay.

Micronucleus test in mice.

Micronucleus test in mice,
(iv. administration)

DR-3355 In Vivo sister
chromatid exchange

Dominant lethal test

1.047

1.047

7

05-08712

05-09063

05-09095

05-09112

05-09147

05-09147

1.047 05-09214

1.047 05-09199

1.047 05-09214

1.047 05-09238

1.047 05-09263

1.047 05-09275

1.047 05-09298

~ Vivo UDS test 1.047 05-09335
—.

Reviewer’s Note: Reference # 100 to 127 are published reports.
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ACUTE STUDIES:

OX ICO LOGY

[Reference Nos. 23 to 36]

A- _LVFX exhibited a low potential forLevofloxacin (LVFX]:
acute toxicity. Calculated LD<n values for LVFX are tabulated
below:

..

Species Route of LD~O in LD~O in Reference
administration Males Females No.

(mg/kg) (mg/kg)

Mouse Ora1 1881 1803 23

Rat Ora1 1478 1507 23

Rat Oral 1754 ND 33

Monkey Oral ND >250 35

Mouse iv. 268 323 30

Mouse iv. 244 ND 31

Rat iv. 423 395 30

Dog iv. ND 200 34

Monkey iv. ND >200 36
lTn— NV-L--L———2—— .
N u = NUL ue~ermlnea

Clinical Signs: Following a single administration of high doses
of LVFX clinical signs were:

- decreased locomotor activity;
- ptosis;”
- tachypnea (excessive rapidity of respiration) ;
- dyspnea;
- emesis, and
- salivation.
- Deaths occured from respiratory failure following
convulsions.

B- Decom~osition Products and/or Metabolizes of LVFX:

The oral LD-~Ovalues in mice for the N-oxide, demethyated, and
decarboxylated products of LVFX were >2000, >2000, and 192-250
mg/kg, respectively.

The iv. LD50 values for the N-oxide and demethylated products
in mice were >1000 and 44 mg/kg, respectively. The oral LD50
values in mice of two by-products of LVFX, “desfluoro-
levofloxacin and levofloxacin-2-Mel’ were observed for both to be
>2000 mg/kg.
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c- Interaction of auinolones with NSAIDS:

In one study [Reference # 26] , mice were orally administered
either LVFX, D-ofloxacin, ciprofloxacin, or enoxacin with
fenbufen. Mortality and convulsions were observed after 800
mg/kg LVFX and 400 mg/kg fenbufen (2/6 mice). No effects were
observed with 800 mg/kg LVFX and 200 mg/kg fenbufen.
Concomitant use of fenbufen with other quinolones such as D-
ofloxacin, ciprofloxacin, and enoxacin caused convulsions at
lower doses. With 400 mg/kg fenbufen, the doses of quinolones
associated with convulsions were as follows: 800 mg/kg LVFX, 400
mg/kg for D-ofloxacin, 200 mg/kg for ciprofloxacin, and 100 mg/kg
for enoxacin. Ofloxacin produced convulsions at 800 mg/kg in
combination with 200 or 400 mg/kg fenbufen. Coadministration of
100 mg/kg norfloxacin and 200 mg/kg fenbufen also produced
convulsions.

Another study evaluated the interaction of several NSAIDS
after oral administration of several quinolones in mice. The
oral dose which induced convulsions by concomitant use with 4-
biphenylacetic acid, a-methyl-4-biphenylacetic acid, ketoprofen,
and naproxen could be ranked in the following order:

enoxacin < cim=ofloxacin < ofloxacin <levofloxacin.

When quinoiones (at 1000 mg/kg; except for enoxacin which was
400 mg/kg) were orally administered approximately 10 minutes
after ibuprofen, ketoprofen, loxoprofen-Nar mefenamic acid, and
oxaprozin, LVFX and OFLX produced convulsions with the
concomitant use of ketoprofen only, whereas CPFLX and enoxacin
caused convulsions with most of the NSAIDS tested.

Results from these two studies suggested that LVFX produced
less CNS toxicitv with or without NSAIDS interaction than other
quinolones including OFLX.

—



NDA 20-634 10

MULTIDOSE STUDIES:

A- The Rat:

Ref #37. DR-3355: Toxicitv Study bv Oral (Gavaqe) For Four-Week
in Rats: Dec.ID 22253-1.

This study was sponsored by and was conducted by
The final

report was dated 2/11/88

Studv Dates: February 3, 1987 to March 9, 1987

Methodolocfv: Three groups of 10/sex/group CD rats, 4-6 weeks
old, received LVFX by oral gavage at dosages of 50, 200 or 800
mg/kg/day, for 4 weeks; controls received the vehicle (0.5%
CMC).

Results:

General: Clinical Signs related to treatment were seen in the
800 mg/kg/day group and included salivation, associated with
dosing, throughout the treatment period and orange/brown body
staining and unkempt coat from Week 3. The staining was noted
particularly in high dose females and was also seen, to a
lesser extent in females receiving 200 mg/kg/day. Transient
generalized pallor and hypothermia were seen in first 3 days
of treatment in rats dosed at 800 mg/kg/day. The fecal size
and number were also increased in high dose rats.

There was no mortality attributed to treatment.

Bodv Weiqht & Food Consumption: The body weight gain of high
dose (800 mg/kg/day) males was slightly lower than that of
control males during the first week of treatment; thereafter
the weight gains of male rats were generally similar. The
food consumption of treated males was lower than that of the
control males during the first week of treatment; thereafter
the food intakes of treated and control males were generally
similar.

O~hthalmic Examination: Performed during Week 4, did not
reveal any intergroup variations considered to be treatment
related.

—.
~ematoloav: It revealed an increase in the total white cell
counts in high (800 mg/kg/day) rats, with an associated
increase in lymphocyte numbers. The numbers of neutrophils
were markedly lower than those in controls in treated females
and low and mid-dose group males.

Bone marrow smears taken at necropsy from females receiving
800 mg/kg/day showed higher myeloid to erythroid ratios than
in controls. Increases in the lymphoid and myeloid series
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were also seen in some of these animals, one of which also had
increased eosinophils.

Blood Chemistrv: Biochemical analysis of the plasma revealed
low plasma potassium concentrations in rats receiving 200- and
800 mg/kg/day, low chloride concentrations in treated females
and in males receiving 800 mg/kg/day and high phosphorus
concentrations in high dose rats. Plasma urea concentrations
were reduced in drug-treated rats in dose-related manner.
Males dosed at 800 mg/kg/day had slightly higher alanine
amino-transferase activity than controls; females were
similarly affected but to a lesser extent.

Urinalysis: There were no treatment-related effects during
week 4.

Or~an Weiuhts: The data revealed a statistically significant
dose-related increase (P<O.05 to 0.01) in the cecum weights of
treated males and females receiving 200- or 800 mg/kg/day.
The body weight-relative heart weights of rats receiving 800
mg/kg/day were lower than those of the controls.

Patholoav [uross necro~svl : It revealed a statistically
significant increase (P<o.05) in the incidence of non-specific
body staining in high dose rats.

HistoDatholoqv: Tissues from the high dose rats showed
minimal or slight periacinar fine vacuolation of hepatocytes
which was not attributable to fat accumulation. Minimal
hypertrophy of hepatocytes was seen in seven rats. No similar
changes were seen in controls. Four males and three females
at 800 mg/kg/day had minor degenerative changes of the
articular surfaces of the limbs. (rats were 4-6 weeks old)

Conclusions: Treatment with LVFX at 800 mg/kg/day was associated
with minimal effects on the liver and on the articular surfaces
of the femur and humerus. The NOEL dose was considered to be 200
mg/kg/day.

Ref.# 38. J)R-3355: Toxicity Study by Oral (Gavaue) For 26
Weeks in Rats: I)oc.ID 22294-1. Report 90/0334

This study was sponsored by and was conducted by
The final

report was.dated 4/25/90.

Studv Dates: September 21, 1988 to March 30, 1989.

Methodolom : Three groups of 20/sex/group CD rats, 4-5 weeks old,
received LVFX by oral gavage at doses of 20, 80, and 320
mg/kg/day for 26 weeks. The controls received the vehicle, 0.5%
CMC at the same volume-dosage as the treated animals.
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Results:

General:
rig/kg/day

From week 1 of treatment rats receiving 320
produced an increased number of larger fecal pellets

than the controls. Salivation associated with the dosing
procedure was seen in high dose rats throughout the treatment
period and on isolated occasions in some rats dosed at 80
mg/kg/day. There was also a greater incidence of stained coat
in high dose group animals than in controls.

Mortalitv: One male receiving 20 mg/kg/day and one male and
one female receiving 80 mg/kg/day died during the treatment
period. These deaths were not considered to be related to the
administration of DR-3355.

Body Weiuht: There were no variations in body weight gain
that could be attributed to the drug treatment.

Food Consumption: The overall food consumption of animals
treated at 80 or 320 mg/kg/day was slightly higher than that
of the controls. The efficiency of food utilization in high-
dose females was slightly inferior to that of the controls.

Hematoloclv: Conducted after 25 weeks of treatment, it
revealed significantly lower neutrophil counts in all treated
groups (up to P < 0.01) than in controls. The cellularity and
composition of the bone marrow were unaffected by treatment.

Blood Chemistrv: In comparison with controls the following
inter-group differences noted in the plasma of treated animals
after 25 weeks of treatment:

slightly higher glucose concentrations in males;
- lower triglyceride concentrations in females;
- lower B-globulin concentrations in males and females, with
lower gamma-globulins in females and

slightly lower chloride concentrations in high dose
animals and in females receiving 80 mg/kg/day.

Urinalysis: The urinary pH of rats receiving 80 or 320
mg/kg/day was slightly higher than that of the controls.

Orqan Weiuhts: There was a dose-related increase in the ~
cecum weights of treated rats, which was statistically
significant at 80 and 320 mg/kg/day, when compared with
controls;.a similar effect was.apparent in the emntv cecum
weights of rats treated with 80 or 320 mg/kg/day.

Gross Patholoq v: It revealed elongated ceca in 5 dd and 1 Q
receiving 320 mg/kg/day; 1 d and 1 Q receiving 80 xng/kg/day
were similarly affected. Distension of the cecum was observed
in one male from each treated group and in 2 high-dose
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females. Thickening of the glandular mucosa of the stomach
was also noted in few rats from each treated group.

llisto~atholocrv: Prominent goblet cells were seen in the cecal
mucosa of high-dose rats.

Conclusion: 20 mg/kg/day was considered to be a non-toxic dose
in rats treated with LVFX for 26 weeks. There was no evidence of
arthropathy at dosages as high as 320 mg/kg/day (rats were 4-5
weeks old at the start of the study).

Ref.# 39.

13-Week D~etarv Dose-Ran~e Studv in Rats with DR-3355. Doc.ID
339461. Study No. 2019-102

This study was sponsored by and was
conducted by
accordance with US FDA and Japanese GLP requirements. $;e
final report was dated 12/7/90.

Studv Dates: 10/27/89 to 1/30/90.

Studv Objective: To determine the doses for an oncogenicity
study of LVFX.

MethodoloqV: Fischer 344 (lO/sex/group) received either 100,
200, 400 or 800 mg/kg/day LVFX (RWJ-25213-097) by dietary
administration for approximately 13 weeks. The drug-treated
groups corresponded to Groups 2, 3, 4 and 5) A control group
(Group 1) was fed basal diet only (O mg/kg/day).

The criteria evaluated for compound effect included survival,
body weight, food consumption, clinical signs, organ weights
and clinical, gross and microscopic pathology.

Results:

- There were no treatment-related effects on survival, food
consumption, hematology findings, or clinical signs, with
the exception of a slight increase in the incidence of urine
stains in Group 4 and 5 females.

- Mean body weights in Group 4 and 5 animals of both sexes
were consistently lower than-in control animals. These were
statistically significant [p s 0.05] lower in 400- and 800
mg/kg/day group males being 157.4g i 14.96 and 153.5g f vs
170.1 * in controls, respectively.

- Clinical chemistry changes included decreased serum total
protein levels at 200 mg/kg/day, serum globulin levels in
all drug-treated rats, and serum triglycerides in 800
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mg/kg/day males and increased alkaline phosphatase in
females treated with 800 mg/kg/day LVFX.

These serum changes were considered to be suggestive of a
hepatic involvement, however, there were no histologic

changes in the liver. Absolute but not relative liver
weight was decreased in 400- and 800-mg/kg/day males.

Conclusion: The dosage level of 100 mg/kg/day was selected as
the high dose for the oncogenicity study since this the lowest
dose at which clinical and gross pathology changes were observed.

Ref# 40.
A Two-Week” Intravenous Toxicity Study of LVFX (DR-3355) in
Juvenile Rats: Comparison with CiDrOflOXaCin(CPFX).
Document ID $ 22393.1.

This study was conducted by in
compliance with the Japanese GLP requirements. The final
report was dated 7/23/91.

Studv Dates: 11/29/88 to 5/9/89.

Methodolouv: Forty-nine male Crj:CD rats, 4 weeks old, were
assigned to one of the seven groups (7dd rats/group) and dosed
iv. with either vehicle (saline) or 10, 40, or 160 mg/kg of
either LVFX or CPFX daily for 14 days.

Results:

- There were no deaths attributed to administration of
either LVFX or CPFX. Similarly there-were no treatment-
related effects on clinical signs or body weight.

- Crystal.luria, increased cecal weights and mild decreases
in SGOT and SGPT were found in the 160 mg/kg LVFX group.

- Articular cartilage did not reveal any abnormalities
related to either LVFX or CPFX treatment in this 2 week
study .

- Administration of 160 mg/kg CPFX primarily resulted in
renal changes such as deposition of a crystalline substance
in the kidney, increased kidney weights, increased urinary
volume, decreased urinary pH,.crystalluria and increased
urea nitrogen. Crystalluria was also observed in the 40
mg/kg CPFX dose group. Other treatment-related effects of
160 mg/kg CPFX included slightly decreased Hb, HCT,
alkalline phosphatase, and liver weight and increased
platelets, fibrinogen, cholesterol and cecal weights.
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- Crystalluria, increased cecal weights and mild decreases
in SGOT and SGPT were also found in the 160 mg/kg LVFX
group. Articular cartilage did not reveal any abnormalities
related to eith LVFX or CPFX treatment.

Since crystalluria had not been associated with d,l-
ofloxacin administration, these crystals were found not to
be formed in the bladder but rather after micturition and
not associated with nephrotoxicity.

Conclusions: The no effect level(NOEL) for LVFX was 40
mg/kg/day whereas the NOEL for CPFX was 10 mg/kg/day.

Ref# 41.
Four-Week Intravenous Toxicity Study With DR-3355 in Rats.
DOc. # 22401-2

This study was conducted by
compliance with the Japanese GLP
report was dated 7/23/91.

Study Dates: 5/16/88 to 3/24/89

in
requirements. The final

Methodolocn?: Eighty male and female (40/sex/group) SIC:SD, 5-
week old juvenile rats were assigned to one of four groups and
dosed with either vehicle (saline) or 20-, 60- and 180 mg/kg
of LVFX daily for 4 weeks. Some rats in the high dose group
could not
site) due
receive 3
treatment

Results:

be dosed every day due to tail irritation (inlection
to LVFX and therefore, on the average did not
doses. All rats were necropsied at the end of the
period.

- There were no deaths during the study. Decreased
spontaneous activity and blepharoptosis were noted in the
high dose males early in the dosing period as well as
swelling at the injection site which began during week 2.

- The following parameters were decreased as a result of
suppressed body weight gain: serum total protein, A/G
ratio, cholinestrase activity, urinary proteins and weights
of thymus, liver, heart, and ovaries.

- Decreased RBC count and increased WBC count, reticulocyte
count and fibrinogen concentration were related to
irritation at the injection site and were limited to the
high (180 mg/kg) dose group.

- Cecal weights were increased in mid- and high dose groups.

- The precipitation of needle crystals in urine was observed
in LVFX-treated rats, but more frequently in the high dose
males. Since crystalluria had not been associated with d,l-
ofloxacin administration, these crystals were further
investigated and found not to be formed in the bladder but
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rather after micturition and not associated with
nephrotoxicity.

- Delayed thinning on the posterior surface of the medial
condyle of the femur and in the articular cartilage was seen
in most rats but with greater incidence in the 60 and 180
mg/kg dose groups.

Conclusion: The NOEL was 20 mg/kg/day of LVFX in 5 weeks old
juvenile rats in this study.

Ref# 42.
Thirteen-Week Intravenous Toxicitv Studv With DR-3355 in Rats.
Doc . ID # 339460-1

This study was conducted at
and sponsored by

in compliance with the Japanese GLP
requirements. The final japanese report was dated 7/23/91.

Study dates were neither given in the original japanese nor
were they in the review summary prepared by the applicant, nor
anywhere in the report looked for by this reviewer.

Methodolouv: SIC:SD rats (lO/sex/group, 6 weeks old) were
dosed iv. with either 10, 30, or 90 mg/kg/day with LVFX or
saline (vehicle) daily for 13 weeks. At the end of 13-week
dosing period, rats were necropsied and selected tissues were
examined histologically. Samples of liver and kidney
(2/sex/group) were examined by electron microscopy.

Results:

There were no significant body weight changes, but a slight
decrease in food consumption was noted at the end of the
dosing period at 30 and 90 mg/kg/day (males only).

Some significant changes in clinical pathology parameters such
as decreased total protein, phospholipids, and cholesterol in
males 90 mg/kg/day were mild and most likely related to
decreased food consumption.

Urinary crystals were observed in males at 30 and 90 mg/kg/day
and in one female in the 90 mg/kg/day group. Urinary crystals
have been observed previously with LVFX as well as other
quinolones. The crystals were believed to be formed after
micturition and were not associated with nephrotoxicity.

A dose-dependent increase in cecal weight was also observed.
There was also mild arthropathy at 90 mg/kg/day. Both these
changes have been associated with quinolones in general.
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Collusions: The no adverse effect level (NOEL) was 30 mg/kg/day
of LVFX in in this study.

B- The Dog:

Ref.# 43.
Two-Week Intravenous ToxicitY Study in BeacyleDOCYSAued 4 or
5 Months With DR-3355 (LVFx) : Doc.lD# 22394-2

This study was conducted by the
in compliance with the Japanese GLP

requirements. The final report was dated 7/23/91.

Study Dates: 6/8/88 to 3/23/89; dosed from 6/13 to 6/26/88.

Methodoloav: Twelve male Beagle dogs (4 or 5 months of age)
were assigned to 4 groups and administered daily iv. doses of
O (saline), 4, 15, or 60 mg/kg/day LVFX for 14 days.

Results:

- Clinical signs of toxicity such as mild convulsion,
reddening of conjunctival and auricles, lacrimation,
mydriasis, and recumbency were observed on the first day of
dosing in 1/3 high dose (60 mg/kg/day) dogs.

From the fourth administration onwards, all dogs at this
high dose level exhibited clinical signs such as reduced
spontaneous movement, prone position, and dysstasia
(difficulty in standing) before and after drug
administration. Dogs in mid-dose (15 mg/kg/day) group
exhibited similar clinical signs but to a lesser extent.

- Body weight and food consumption were decreased in the 60
mg/kg/day group.

The high dose group also had increased urine specific
gravity, plasma fibrinogen and alkaline phosphatase, and
decreased serum iron concentration. These biochemical
changes were seen sporadically in the low- and mid dose
groups and were either present at pretest or remained within
the normal range.

- The absolute and relative weights of the testes were
significantly reduced in all-3 dose groups, and delayed
maturation was histologically confirmed in these groups.
Delayed testicular maturation has been reported with other
quinolones.

- On gross examination, blisters and erosion of the
articular cartilage were noted in the scapula, humerus,
ulna, femur, and tibia. These were accompanied by increased
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synovial fluid and were confirmed histologically as
cavitation or erosion of the articular cartilage and were
found in all three drug-treated groups (4-, 15- and 60
mg/kg/day) . These articular changes were typical of
quinolones and were considered to be the cause of dysstasia,
ataxia and reduced activity observed clinically.

- A thrombus or partial occlusion of vascular lumens at the
injection site by a fibroid substance was observed in the 60
mg/kg/day dose group.

Since a no observable adverse effect level
not observed in this study, a supplemental
conducted.

Supplemental Study:

(NOAEL) of LVFX was
study was

Three 4-month old Beagle dogs (from the same supplier) were
administered LVFX at 2 mg/kg/day for 14 days (8/29-9/11/88).

No treatment-related effects on clinical signs, body weight,
food consumption and clinical pathology parameters were
observed at 2 mg/kg dose.

At necropsy, testicular atrophy was found in one 2 mg/kg
animal, but since delayed maturation was found in 2/3 dogs
in this group, a control group of another study (dogs were
of the same age and shipment) were examined and it was
concluded by the investigators that delayed maturation of
the testes was not due to administration of 2 mg/kg LVFX.

Based upon the above, the investigators concluded that the
iv. NOAEL of LVF’Xwas 2 mg/kg. There was no evidence of
arthropathy in this supplemental study.

Ref.# 44.

Two-Week Intravenous Toxicity Studv in Adult (18 Months
Old) Male Beaale Docrs With DR-3355 (LVFX) :
DocoID# 22398-1

This study was conducted by the
in compliance with the Japanese GLP

requirements. The final report was dated 7/23/91.
—.

Studv Dates: 6/19/89 to 1/17/90

Methodolouv: Nine male adult Beagle dogs were assigned to one
of three groups (3/group) and dosed iv. with vehicle, LVFX @
10, 30 mg/kg/day daily for 14 days. All dogs were necropsied
at the end of the treatment period.
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Results:

- There was no mortality. Clinical signs included redness of
cheek and auricles, lacrimation, salivation, respiratory
depression, prostration, vomiting (at 30 mg/kg group only) and
decreased locomotor activity after administration of 10 or 30
mg/kg/day LVFX. Except for the decreased locomotor activity
at 30 mg/kg/day, these signs subsided by 30 minutes post
administration.

At 10 mg/kg, most of these clinical signs lessened so that
from day 6 onwards, only redenning was observed. A similar
pattern occurred at 30 mg/kg; in addition to reddening,
salivation and vomiting were also observed.

No changes related to the administration of LVFX were observed
in clinical pathology or histopathology including the
articular cartilage.

Similar clinical signs have also been observed after iv.
dosing with d,l-ofloxacin.

Conclusion: The no effect dose on the articular cartilage for
this study was 30 mg/kg LVFX.

Ref.# 45:
DR-33S5: Intravenous Toxicity Study in BeacrleDoss (Final
Report - Repeated Dailv Intravenous Infusion for 4 Weeks.
Doc.ID# 370763-1

This study was sponsored by and
conducted by

in compliance with the FDA GLP
requirements. The final report was dated 2/20/89; reissued
4/24/90. .

Study Dates: 5/11/88 to 6/14-17/88.

Animals: Beagle dogs, 29 to 33 weeks of age and weighing 12.2
kg (cfd)and 11.0 kg (9Q) at the beginning of the study. A
total of 12 males and 12 females were divided into 4 groups (3
/sex/group).
GIKQME! posaae(mu/kuldaY) Test Solution(ma/ml)

1. Control- O Vehicle

2. Low Dose 3 0.3

3. Mid Dose 10 1.0

4. High Dose 30 3.0

pH 6.5; infusion over a period of 1 hour period with a
constant dose volume of 10 ml/kg (i.e. 0.167 ml/kg/minute)
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Treatment:
for 4 weeks.

Results:

20

All dogs were dosed by iv. infusion, once daily

~ortalitv: All dogs survived.

!21inical sians: thickening of ears and/or swelling of facial
skin and vasodilation (pink ears, muzzle and/or abdomen) were
observed at all dose levels with the greatest incidence
receiving 30 mg/kg/day (high dose)

slow, stiff or unsteady gait and/or pain on handling was
observed for up to 4 dogs receiving 30 mg/kg/day from day 4 of
dosing.

By day 28, pain and/or stiffness on manipulation of shoulder
and/or hip joint for all animals receiving 30 mg/kg/day and
for 2 dogs receiving lo mg/kg/day.

Body Weiaht, Food Consum~tion: There were no adverse effects.

O~hthalmosco~v & EKG’S: There were no treatment related
effects.

Laboratory investigations:

Hematoloav: There were no treatment related effects.

Blood Chemistrv: ~urlng week 4 of dosing, group mean urea

nitrogen (BUN) levels for males receiving 3, 10, 30 mg/kg/day
and for females receiving 30 mg/kg/day; Creatinine levels for
males receiving 30 mg/kg/day; triglyceride levels for females
receiving 3, 10, 30 mg/kg/day, and cholesterol and
phospholipid levels for males receiving 10 or 30 mg/kg/day,
were all significantly lower than control values.

According to the investigators none of the above findings were
of toxicological significance.

Urinalvsis: There were no changes considered to be related to
treatment. In particular, there was no increase in the
production of urinary crystals for treated animals.

-.

Terminal studies:

Pone mvelourams &
Oruan Weiahts: There were no treatment related changes.

Macroscopic Post-Mortem
Findinas:
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Injection Sites: Perivascular hemorrhage at most injection
sites for all dogs from all groups, including controls. This
finding was considered to be related to the method of iv.
injection.

Joints: Areas of erosion or detachment of the articular
surface at both shoulder joints for all 30 mg/kg/day dogs, and
at the left shoulder of one dogs at 10 mg/kg/day.

Areas of erosion and/or blistering of articular surface of one
or both elbow, hip, stifle and/or tarsal joints for 4 dogs at
10 mg/kg/day and 5 dogs at 30 mg/kg/day.

No abnormalities of the joints were seen at 3 mg/kg/day.

Histo~atholoav: The following were treatment-related.

Focal degeneration and erosion or focal disorganization and
degeneration of the articular cartilage, often associated
with hyperplasia of the synovium were seen for male and
female dogs receiving 10 and 30 mg/kg/day.

Conclusion:

The non-toxic dose of LVFX in beagle dogs was close to 3
mgikglday.

—.
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c. CYXOMOLGUSMOMKBYS:

Ref. # 46:
Toxicity Studv BV Oral (Gavauel Administration to Cynomolcrus
Monkeys: DOC ID# 22252-1

This study was sponsored by and conducted by
compliance

with the FDA GLP requirements. The final report was dated
12/2/87.

Study Dates: 2/16/87 to 3/18/87.

Methodolocry: Male and female immature, wild-caught cynomolgus
monkeys, estimated to be 2-4 years, (3/sex/group) were
assigned to 4 groups and dosed orally (gavage) with LVFX
suspended in 0.5% CMC. Doses of O (vehicle), 10, 30, or 100
mg/kg/day were administered by gavage daily for 4 weeks. At
the end of dosing, all animals were necropsied.

Results:

- Animals treated at 100 mg/kg/day had salivation (associated
with dosing) and diarrhea. A discoloration of the urine,
resembling blood contamination was seen occasionally in high
dose females and at a low incidence in low- and mid-dose
animals. The investigators state that possibly the
contaminant was a urinary metabolize.

There were no deaths.

- There were no inter-group variations in food consumption
which was related to treatment with LVFX.

- Small overall losses in bodyweight were noted i.n the 100
mg/kg/day (high dose) monkeys; a similar loss of weight was
seen in one control male.

- Ophthalmoscopic and EKGs( did not show any treatment-related
changes.

- Hematologic and clinical chemistry
unaffected by treatment with LVFX.

- The pH ~f the urine of 2 high dose

parameters were

group monkeys was low.

- The adrenal weights of one monkey treated at 100 mg/kg/day
were unusually high.

Macroscopic and microscopic examination revealed no changes
which could be attributed to treatment.
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Conclusion: The dose of 30 mg/kg/day was considered to be a no-
toxic-effect-level under the conditions of this study.

Ref.# 47.
DR-335S: Toxicity by Oral fGavaae) Administration to
Cvnomolaus Monkeys For 26 Weeks. DocoID# 22372-2

This study was sponsored by and
conducted by in
compliance with the FDA GLP requirements. The final report
was dated 3/8/90.

Studv Dates: Treatment started on 11/1/88 and necropsies were
completed on 5/9/89.

Nethodoloav: Thirty-two male and female wild-caught
cynomolgus monkeys (2-4 years old) were assigned to 4 groups
(4/sex/grOUp) and dosed orally (by gavage) with LVFX at doses
of 10, 25. or 62.5 mg/kg/day, 7 days/week, for 26 weeks. The
controls received the vehicle (0.5% CMC). At the end of 26
weeks of drug-treatment, all monkeys were necropsied.
Selected organs/tissues including the substantial nigra were
prepared for histopathology. Electron microscopy of the liver
and kidney were conducted in 2/sex/group of control and high
dose animals.

Results:

General: There were no deaths. There were no signs which
were considered to be related to drug treatment. During the

treat~ent-periocl isolated inci.dences of “salivation and emesi.s,

associated with the dosing procedure, were Observed.

rood & Water Consum~tion: Low food consumption in 1 high-dose
male was noted during the first half of the treatment period.
Food consumption in all other treated animals was not
affected. There was no evidence of any effect of treatment on
water consumption.

~odv Weiahts: Body weight gain was not affected by treatment.

Veterinarv. O~hthalmoscoDv: No abnormalities were reported.

~lectroca~dioara~hv : There were no inter-group differences or
abnormalities in EKGs~ recorded 24 hours after dosing during
week 25 which could be ascribed to treatment.

Hematoloav (blood): Slightly lower neutrophil counts were
seen in the drug-treated males after 26 weeks of treatment
when compared with controls. This inter-group difference was
considered to be a result of high neutrophil count in one
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control male “ and was not related to the treatment.
There were no other differences from controls which might be
ascribed to treatment.

~ematoloav (bone marrow): Taken before termination of
treatment did not reveal any abnormalities in the composition
or cellularity of the marrow or any changes in the myeloid :
erythroid ratio which could be related to treatment.

Blood Chemistry, Urinalysis, Oruan Weiqhts: None of these
revealed any drug treatment-related changes.

Macroscopic Patholoqv: No gross lesions related to treatment.

Microscopic Patholoqv: Microscopic changes seen in these
monkeys were those which were commonly seen in monkeys of this
age and strain. Some males had achieved puberty while others
had not. In females various stages of a normal estrous cycle
were apparent in the reproductive tract of all animals.

There were no changes which were considered to be related to
drug treatment.

Conclusion:

Oral administration of LVFX at dosages up to 62.5 mg/kg/day to
cynomologus monkeys for 26 weeks did not give any evidence of
systemic toxicity.

Reviewer’s Note:

In the review summary the applicant states,

“The results of study with l-ofloxacin [LVFX] compare
favorably with a one year oral study of dl-ofloxacin in
cynomolgus monkeys in which the high dose, 40 mg/kg/day, was
the no-effect dose. Furthermore, as in the previous
cynomolgus monkey study with RWJ-18489-000 [dl-ofloxacin],
there were no treatment-related histologic changes in the
substantial nigra.’l

In the discussion portion of a published report (Kato et al,
1992) the authors state,

M... Lower--neutrophil counts without changes in the total
leucocyte count and bone marrow examination have been reported
with other quinolones. In addition, these changes were a
species difference (occuring in rats but not mice or monkeys)
and not a dose-dependent. Furthermore, leucopenia related to
quinolones in clinical use is relatively rare. The
toxicological significance of these changes is therefore
questioned. Cl
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“There are some differences in the pharmacokinetics of LVFX
between rats and monkeys. Serum levels of the drug have been
shown to attain a peak about 3 and 0.5 hours after oral
administration of 20 mg/kg to monkeys and rats, respectively.
In addition, maximum concentration and half-life in monkeys
are about two times higher and longer than those in rats.

“Because the pharmacokinetics of this compound in monkeys
resemble those in humans, toxicological data taken this
species seem to be helpful in anticipating any potential
adverse effects of the drug in humans.

“ From above results, a no-effect dose under these conditions
was considered to be 20 mg/kg in rats and 62.5 mg/kg in
cynomolgus monkeys.tt

● Kato et al. 26-week oral toxicity of the new quinolone
antibacterial agent LVFX in rats and cynomolgus monkeys.
Arzneim-Forsch./Drug Res. 42(l). Nr. 3a , pp 367-373 (1992).

Ref.# 40.
DR 3355 And Ciprofloxacin: Toxicity to Cynomolouu s monkeys
BY ReDeated Intravenous Administration For 4 Weeks.
Doc.ID# 22390-1.

This study was sponsored by and
conducted by in
compliance with the FDA GLP requirements. The final report
was dated 9/4/90.

Studv Dates: 12/12/89 to 1/11/90.

Methodolouv: Thirty cynomolgus monkeys (2-4 years old) were
assigned to 5 groups (3/sex/group)

EzQLu2 Dose(mu/kuldaY)
Controls O (vehicle)
DR 3355 10 mg/kg/day
DR 3355 25 mg/kg/day
DR 3355 63 mg/kg/day
CPFX 63 mg/kg/day

All animals were dosed iv. (bolus) with either vehicle
(saline) 07 10, 25, 63 mg/kg/day of DR 3355 (LVFX), or 63
mg/kg/day CPFX once daily for 4 weeks. At the end of dosing
period, all monkeys were necropsied.

Results:

General: No mortalities.
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Clinical Sims: For LVFX groups
Heavy-lided eyes in 63 mg/kg/day animals;
Occasional quietness in 63 mg/kg/day group and
loose/liquid feces at 25 or 63 mg/kg/day were
related to LVFX treatment.

For C3?FX group
Facial flushing in 63 mg/kg/day animals was
considered to be related to CPFX

Bodv Weiuht: For LVFX groups
There was no effect of treatment

For CPFX group
Body weight in females was slightly reduced.

Food For LVFX groups
Consumption: Reduced in high dose animals compared to

controls
For CPFX group

No effect of drug treatment

Water ConsulnDtion: For LVFX groups
A slight reduction in water consumption at mid and
high dose animals

For CPFX group
No effect of drug treatment

O~hthalmosco~v & For LVFX & CPFX
EKGs ‘: No effect of drug treatment

Hematology: No effect of drug treatment

Biochemistry: For LVFX groups
No effect of drug treatment

For CPFX group
During week 4, slightly increased serum urea
concentration was seen at 63 mg/kg/day compared to
controls.

Urinalysis: For LVFX groups
No effect of treatment.

For CPFX group
During week 4 decreased group mean urinary pH and
–specific gravity and increased urinary protein in 63
mg/kg/day compared to controls.

Bone marrow: For LVFX & CPFX
No treatment-related effects

Orcfanweiaht: For LVFX groups
No effect of treatment

For CPFX group
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Group mean kidney weight of high dose animals was
statistically significantly higher than in controls

Gross Patholoav: For LVFX groups
No treatment-related findings

For CPFX group
Multiple pale foci were seen on the surface of one
or both kidneys in 1 male and 1 female.

Histo~atholouv: For LVFX groups
No treatment-related findings
For CPFX group
Cortical tubular basophilia, fibrosis and
inflammatory cells, seen in the kidneys of 2 dd and
3 99 and cortical foci of multinucleate giant cells
with crystalloid materials seen in the kidneys of
all animals receiving CPFX were considered to be
related to treatment.

In addition, an area of chronic myocarditis and a
focus of myocardial interstitial edema was seen in
the heart of one male. The toxicological
significance of this finding was considered
equivocal.

Conclusions: The no-effect level for LVFX was 10 mg/kg/day.
However, the only changes observed in 25 mg/kg/day
group was a slight decrease in water consumption
and loose stools, which were both mild changes and
not unexpected finding with an antibiotic.

—

—.
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REPRODUCTION: Ref.# 80 to 86

Ref.# 80. Oral Reproductive Study of DR-3355 In 8Draque-Dawley
Rats. lSe9ment 1 Reproduction Study} Dec. ID: 22221

This study was sponsored by and
conducted by

but does not contain Quality Assurance
statement. The final report was dated 12/14/90.

Study Dates: 11/25/88 to 7/31/89

Methodolouv: Sprague-Dawley rats (24/sex/group) were
administered orally (incubation) vehicle (0.5% CMC) or LVFX (DR-
3355) in suspension at dosages of 10, 60 or 360 mg/kg/day.

GKQ!A?2 Dosaue Concentration No. of Rats
(mq /kq/dav) (mq /ml) dd 99

1. Control 00 24 24
2. Low Dose 10 2 24 24
3. Mid Dose 60 12 24 24
4. High Dose 360 72 24 24

Dose Volume: 5 ml/kg

Treatment Period:

Males: Beginning at 8 weeks of age, males were treated for 9
weeks premating, throughout the mating period, and until
necropsy. Males were sacrificed at 20 weeks of age

Females: Beginning at 11 weeks of age, females were treated
for 2 weeks premating, throughout the mating period, and for 7
days after ,copulation. Females were sacrificed at 20 days
following copulation.

Results:

Maternal Toxicity:

- Mortality due to incubation error occurred in 2 high dose
(360 mg/kg/day) males. Clinical signs related to treatment
included salivation observed in most males in the mid-dose,
and all rats in the high dose group.

- Drug treatment had no effect on body weight gain, food
consumption, frequency of estrus or length of the sexual
cycle, mating performance, and gross and histomorphologic
examination of the FO (parents) generation.
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- Mean water consumption by high dose males and mid- and high
dose females was generally increased compared to control
values during the treatment period.

Fetal Toxicity:

- Although the mean placental weight of the high dose group
was decreased, the number of comora lutea and implantation
sites, implantation rate, intra-hterine mortality-rate,
of live fetuses, the sex ratio and fetal weights were
comparable between control and drug-treated groups. No
significant effect of the drug treatment on the results
fetal examinations was apparent.

Conclusions:

LVFX had no effect on mating performance, intra-uterine
survival or fetal development in rats when administered
prior to mating through early pregnancy at dosage up to
mg/kg/day.

The no-effect dose of LVFX under the conditions “of this
was 10 mg/kg/day for maternal toxicity (parental rats) ,
360 mg/kg/day for fetal toxicity.

Ref.# 81.

—
number

of

orally
360

study
and

Intravenous Reproduction Study of DR-3355 With Rats Prior To
And In Earlv Staue of Preanancv. rSeqment 1 Reproduction
Studvl Doc . ID# 24509-1.

This study was conducted by and
contains GLP Conformance Statement by R.W. Johnson PRI (the
applicant) . The final report was dated 7/11/91.

Study Dates: 5/30/89 to 9/25/90

Methodoloqv: Sprague-Dawley rats [SLC Japan], 24/sex/group were
injected iv. the vehiele (0.5% CMC), or LVFX in solution at
doses of 10, 30, or 100 mg/kg/day. A constant dose volume of 10
ml/kg was used for all groups.

Treatment Period:

Males: Beg-inning at 8 weeks of age, males were treated for 9
weeks premating, throughout the mating period (2 weeks) , and
until necropsy. Male rats were necropsied after the mating
period. For male rats that did not impregnate females, testes
were weighed and the epididymides were examined for the
presence of sperm.

-.——
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.

Females: Beginning at 12 weeks of age, females were treated
for 2 weeks pre-mating, throughout the mating period (2
weeks) , and for 7 days after copulation. Rats were paired
1:1 overnight, until mating was confirmed by the presence of
a vaginal plug. Female rats that did not copulate were
necropsied at the end of mating period. Mated females were
sacrificed and C-sectioned on gestation day 21 (gestation
day O = vaginal plug day).

Results:

Maternal Toxicity:

- High dose males (100 mg/kg/day) Swelling of tail and soft
feces in 2 males and incontinence of urine in 1 male.
High dose females: sweling of tail in 7 females and
incontinence of urine in 3 females.

No adverse clinical signs in mid- and low dose rats.

- A dose-related slight decrease in body weights was noted
in mid- and high dose in males. Females of the 100
mg/kg/day group experienced a significant suppression of
body weight gain prior to and during gestation.

Body weight of females in the low- mid dose group was
comparable to controls.

Reproductive Toxicity:

- No adverse effects of the drug administration were noted
with regard to the number of estrous cycles in females, days
required until mating, copulation rate, and pregnancy rate.

Reviewer’s Note:
This note is with regard to effect on male fertility.
Males, one from each group, which did not mate were
necropsied at the end of mating period. One control group
male showed tumor in left epididymis, and enlargement of
cecum in the high dose male. However, no abnormalities were
noted in reproductive organs in the LVFX-treated groups.
Furthermore, presence of sperm in the epididymis was
observed in all males.

- No adverse effects were noted in the corpora lutea,
implants, live fetuses, and dead fetuses, implantation rate,
fetal mortality, fetal body weight, and sex ratio.

- Combined malformation of single nostril and hypoplasia of
the skin of the hindlimb was noted in one fetus in the 10
mg/kg/day group.
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- With respect to visceral examination of fetuses,
hypoplasia of testis was noted in 1 fetus of the control
group and hypoplasia of lung lobe in 1 low dose fetus.

- With respect to fetal skeleton, no adverse effects were
noted in the degree of ossification and incidence of
skeletal variation and abnormalities.

Conclusion: The no-effect dose of LVFX was 10 mg/kg for males,
30 mg/kg for females, and 100 mg/kg in utero exposure for rat
fetuses in this study, when administered intravenously.

Ref.# 82. ‘
Teratolouv Study of Orally Administered DR-3355 In Spraaue-
Dawley Rats. Document ID# 22241-2

This study was conducted by in
compliance with the FDA GLP requirements. The final report
was dated 12/18/89.

Studv Dates: 7/27/87 to 5/27/88.

Methodolo~v:
One hundred and forty-four mated Sprague-Dawley rats
(36/group) were orally administered vehicle (0.5% CMC) or LVFX
in suspension at dose levels of 10, 90 or 810 mg/kg/day on
days 7 to 17 of gestation. On day 21 of gestation, 20-23
rats/group were sacrificed and their uterine contents examined
for terata.

The remaining 12 dams/group were allowed to deliver normally.
The length of gestation and number of live and dead pups were
determined; the sex and any gross morphological abnormalities
apparent in F-1 offspring were recorded. The litter size was
reduced to “8pups (4dcf+4Q9)/groupon day 4 post-partum. On
day 21 post-partum, all pups, except 2 cm and 2QQ/litter were
sacrificed and subjected to terata evaluation. Surviving pups
were evaluated for time of testes descent or opening of
vaginal orifice, and 1 pup/sex/litter was subjected to
behavioral testing. Between days 21 and 34 post-partum, each
F-O dam was sacrificed and the uterus examined for the number
of implantation sites.

To determine the effect of test material on reproductive
performance= of the F-1 generation, males and females from the
same test group were allowed to mate at 11-12 weeks post-
partum. Mated females were sacrificed on day 21 of gestation
and the fetuses were evaluated for the following parameters:
mating and pregnancy rates, the number of corpora lutea,
number of implantations and resorption, litter size and
survival in utero, fetal weight, sex, and gross external
findings.
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Results:

Haternal Toxicity:

- Mortality in F-O dams was limted to 1 mid- and 1 high-dose
rat; attributed to incubation error. Treatment related
clinical signs included salivation, piloerection, alopecia and
poor hair coat, soft stools, hyperuresis, and/or watery eyes
shown by mid- and high dose rats.

- Although significant differences in mean body weight gain
between control and drug-treated groups were restricted to a
lower weight gain noted for high dose rats, mean food
consumption values of both mid- and high dose animals were
statistically significantly lower than the control values
during most or all of the treatment period. In contrast, the
mean water consumption value of high dose animals were
statistically significantly higher than that of the control
group.

- Grossly, necropsy revealed enlargement of the cecum in all
rats in the high dose group and several animals in the mid-
dose level sacrificed on day 21 of gestation. No remarkable
gross lesions were observed in dams sacrificed after the
lactation period.

Fetal Toxicity:

There were no significant differences in the test group
when compared to the controls for: number of corpora lutes,
number of implantation sites, implantation rate and sex ratio.
Significant decreases of live fetuses and fetal body weight,
and an increase of fetal mortality were observed in high
group. Subcutaneous hemorrage was observed in 1 fetus of mid-
dose group,.anal atresia and anury was seen in 1 high-dose
fetus.

Visceral Examination: Dilatation of renal pelvis was observed
in 2 fetuses in the control group, 3 fetuses in the low-dose
group, 1 fetus in the mid-dose group, and 3 fetuses in the
high dose group, respectively.

Skeletal Examination: The degree of ossification of the
sternebre, the metatarsal, proximal phalanges of fore-limb
and hind-limb, caudal vertibrae from the fetuses in the high
dose group was significantly retarded when compared to the
controls. The skeletal variations noted in the high dose
fetuses were cervical ribs, dislocation of sternebre, and
dumb-bell shape of the thoracic vertebral bodies. The
incidence of skeletal anomaly was not affected by LVFX-
treatment. Only 1 fetus in the high-dose group showed
shortening and spliting of cervical vertebral arch and
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hypoplasia of thoracic vertebral body. Since the dams given
810 mg/kg/day showed excretion of soft stool, a decrease of
food intake and enlargement of cecum, the retardation of
degree of ossification and skeletal variations were, in the
opinion of investigators, were related to maternal toxicity.

F2 Offsprings:

Viabi litv of PUDS: The survival rate and weaning rate of pups
in all treated groups were comparable to that in the controls.

~odv Weiaht: A significant decrease of body weight was
observed in the males and the females of the 810 mg/kg (high
dose) group at birth and from day 63 to day 77 post-partum.

Postnatal Differentiation (development) of Pups: NO
significant difference in the separation of ear auricles,
appearance of dorsal hair, eruption of lower incisors and
separation of eyelids were observed in treated groups, except
for the delay of eruption of lower incisors in the 810
mg/kg/day (high dose) group.

Stillborn and Visceral Observation: No stillbirths were
observed in any groups. The number of dead pups were 2 in the
mid-dose group; no visceral anomalies were observed in any
dead pups.

Auditorv Sensation and Visual Placinu Reflex: No change was
observed in these.

Skeletal Observation: Shortening and absence of 13th ribs
were found in one pup each in the mid- and high-dose group.
Abnormal arrangement of caudal vertebre was observed in 1 pup
in the low dose group. An increase in the number of caudal
vertebre was observed in the high dose group.

Sexual Maturation: No significant change was noted in descent
of testes. The opening of the vaginal orifice in all treated
groups was earlier than that in the control group on day 35
postpartum.

Behavioral Responses: The spontaneous motor activity of male
pups in the low and high dose group was sicfnificantlv lower
than in the control group at first trial at 5 weeks post-
partum but–-comparable to that in the control group at 24 and
25 week post-partum. The spontaneous motor activity of female
pups in all groups tested was comparable to that in the
control group. No change was noted in the open-field
performance and the shuttle box performance except for a
decrease in rearing in the high dose males.

.—



NDA 20-634 35

BeDroductive Performance of F, pupS: No significant change
was noted in days required for mating, copulation rate,
pregnancy rate and body weight in the treated group.

Litter Examination of F PUDS : No change was noted in the
number of corpora lutea~ the implantation sites, implantation
rate, the number of live fetuses, fetal mortality, and body
weights of live fetuses. No external anomaly was found in any
F2 fetuses.

Conclusion:

- No drug-related effect was observed in the 10 mg/kg/day (low
dose) group.

- Some dams of the go mg/kg/day (mid-dose) group showed
salivation and dirty hair coat - signs of maternal toxicity.

- Dams of the 810 mg/kg/day (high dose) group showed signs of
maternal toxicity..

The fetuses from high dose group showed an increase of
mortality, a decrease of body weight gain, the retardation of
degree of ossification, and the skeletal variance.

Reviewer’s Note: The investigators state, “DR-3355 elicited no
evidence of teratogenicity when administered during the fetal
organogenesis period to pregnant rats at doses of up to 810 mg/kg

!1..*

Ref.# 83.
An Intravenous Reproduction Toxicity Stu”dyof DR-3355 (LVFX)
With Rats Durina the Period of Fetal Oraanoaenesis. Document
ID# 326117-1

This study was conducted by in compliance
with the FDA GLP requirements. The final repo~t was dated
8/1/91.

Studv Dates: 6/6/89 to 6/22/90

Methodoloav: Mated females SIC:SD rats (36QQ/group were dosed
iv. at doses of 10, 40, 160 mg/kg/day LVFX. The pregnant rats
were treated once daily from days 7 to 17 of gestation.

—.

- 12 females were allowed to litter and the remaining
24QQ/group were necropsied for fetal examination.

- To determine the effect of test material on reproductive
performance of the F-1 generation, males and females from the
same test group were allowed to mate at 11-12 weeks post-
partum. Mated females were sacrificed on day 21 of gestation
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and the fetuses were evaluated for the following parameters:
mating and pregnancy rates, the number of corpora lutes,
number of implantations and resorption, litter size and

36

survival jn utero,
findings.

Results: Maternal:

- Food consumption

fetal weight, sex, and gross external

was reduced in the mid-dose (40 mg/kg/day)
at early stage of the treatment period. In the high-dose (160
mg/kg/day), swelling of tail, a decrease in food consumption
and an increase in water intake was noted.

FETAL :

- In the 160 mg/kg dose group, a delayed ossification of
sternebrae and caudal vertebrae were noted . However, no
treatment related effects were noted in external, skeletal,
and visceral findings.

- With respect to the effects on post-natal growth of pups, in
auditory tests with 15 KHz, the threshold of preyer (auditory)
reflex was decreased in the 40- and 160 mg/kg groups. In
addition, in emotionality test a decrease in the number of
rearings was noted in the 160 mg/kg group. However, these
changes were considered not to be treatment related.

- No adverse effects were noted in the number of newborn, sex
ratio, birth index, weaning rate, body weight, sensory
functions, skeleton, sexual maturation, spontaneous motor
activity, shuttle avoidance, reproductive performance, and F2
fetuses.

Conclusions: .

Based on these findings, the no-effect dose was 10 mg+kg~for
dams, 40 mg/kg for fetuses, and 160 mg/kg for pups.

Ref.# 84.
Oral Reproductive Toxicity Studv of DR-3355 (LVFX) in
Rabbits Durinu the Period of Oruanoqenesis. (Seqment II
terata studv) Doc.ID# 326123-1

Study Dates: 6/1/89 to 6/12/9(3.

This study was conducted by in compliance
with the Japanese GLP requirements. The final’report was
dated 8/5/91.

Methodolqv:
Pregnant female Nosan/NZW rabbits (16/group) were dosed orally
with either 5, 16, or 50 mg/kg LVFX or 0.5% CMC (vehicle) for
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controls. The treatment was given once daily from days 6 to
18 of gestation. Surviving females were killed on day 28 of
gestation, necropsied and evaluated for terata.

Results: Maternal:

One dam each in the 5- and 50 mg/kg groups showed local
alopecia (forelimb) at the end of treatment period. Vaginal
hemorrhage was noted in 1/16 dams of the 50 mg/kg group on
days 23 and 24 of gestation, and another on day 25 of
pregnancy. Four dams of the 50 mg/kg group aborted their
litters ondays 21, 22, 24, and 26 of gestation. In the 50
mg/kg group, a significant suppression of body weight gain was
noted on days 16, 17, and 21 of gestation. A significant
decrease of food consumption was noted days 8 and 9 of
gestation in the 16 mg/kg group and on days 8-21 of gestation
in the 50 mg/kg group.

Dams & Fetal Growth: In the 50 mg/kg group, an increase in
number of deaths at mid-stage of pregnancy was noted, but no
significant increase was noted in total number of
embryonic/fetal deaths. No adverse effects were noted in
number of implants, implantation sites, number of
embryonic/fetal deaths, fetal growth, and sex ratio in the 5
mg/kg and 16 mg/kg groups.

Fetal Examination: Several abnormalities were noted in
external, visceral, and skeletal findings, but no treatment-
related changes were noted. Thus ,

- Dosages Qf 50 mg/kg of LVFX induced abnormalities in
clinical signs of dams, a suppression of body weight gain, and
a decrease of food consumption.

- In the 16 mg/kg group, only transient decrease of food
consumption were noted -.

- At 5 mg/kg dose group no adverse effects were noted in the
dams and fetuses.

Conclusions: The no-effect dose was 5 mg/kg/day for dams and 50
mg/kg/day for fetuses.

Ref.# 85. –-
An Intravenous Development Toxicity Study of DR-3355 in
Rabbits. Doc.ID# 326119-1

Study Dates: 12/27/91 to 3/18/92.

This study was sponsored by and conducted
by in compliance with the Japanese
GLP requirements. The final report was dated June 2, 1992.
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Methodology: Artificially inseminated New Zealand white rabbits
(20/group) were dosed iv. with 6.25-, 12.5-, or 25 mg/kg/day
LVFX or saline (control) once daily from days 6 to 18 of
gestation. All surviving females were killed on day 29 of
gestation, necropsied and evaluated for terata.

Results: Maternal:

- “Treatment had no adverse effects on survival of dams.

- Possible local effects at injection site (left ear swollen
and reddened with scabbing) in one 25 mg/kg/day group animal.

- A treatment-related group mean body weight loss (7 g) was
observed in 25 mg/kg/day group during the initial 3 days of
treatment (gestation days 6-9); a group mean body weight gain
in the control group (27 g) was observed during this period.
Reduced group mean food consumption values (16% and 17% when
expressed as g/animal/day and g/kg/day, respectively) were
observed in the 25 mg/kg/day group during this same interval.

Fetal:

No adverse effects were observed in intrauterine growth and
survival of the fetuses.

No treatment-related fetal malformations or developmental
variations were observed in this study.

Conclusions: Based on the results of this study, a dose-level
of 12.5 mg/kg/day was considered to be the no-toxic-effect dose
for maternal toxicity and a dose level of 25.0 mg/kg/day was
considered to be the no-toxic-effect dose for fetal toxicity.
LVFX was not teratogenic under the conditions of this study.

Ref.# 86. -.
An Oral Reproduction Study of DR-3355 (LVFX) With Rats
P~ina the Perinatal And Lactation Period. rSe~ent III
studvl . DOC. ID# 245111-1

This study was sponsored and conducted by
in compliance with the Japanese GLP requirements. The final
report was dated 7/11/91.

—.

Studv Dates: 8/21/89 to 7/25/90

Methodology:

The vehicle (0.5% CMC) or dose levels of 10, 60, or 360
mg/kg/day LVFX were administered to groups (24/group) of
presumed pregnant rats (SIC:SD) orally by incubation (gavage)
once daily starting on day 17 of gestation and continuing to
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lactation day 21: All groups received a constant volume of 5
mL/kg. Subsequent generations were not treated.
All F-O females (dams) were observed daily from gestation day
17 to lactation day 21. The dams were allowed to deliver and
pups permitted to suckle their treated mothers. At lactation
day 4, litters were culled to 8 pups (4dd+49Q) when possible.
At lactation day 21, ld +19 in each litter were selected for
reproductive performance tests, and an additional male and
female from each litter were selected for behavioral and
learning ability tests.

All F-1 animals were weighed once a week from birth to day 77
post-partum, and examined for morphological developments
(separation of ear auricles, appearance of dorsal hair,
eruption of lower incisors, and separation of eyelids), with
functional tests (visual replacement reaction and Preyer
reflex) , and for sexual maturation (testes descent or vaginal
opening) .

Dead pups were examined for visceral abnormalities

Five males and 5 females from F-1 pups were retained for
reproductive performance tests were examined using the
auditory startle test. Reproductive test animals (F-1
animals) were mated at 11-15 weeks of age and body weights of
F-1 females were determined for gestation days O, 7, 14, and
21 of gestation. Days required for mating, copulation rates,
and pregnancy

Copulated F-1
evaluated for

Results:

Maternal: “

-.
rates were determined

females were killed on day 21 of gestation and
various reproductive parameters.

Salivation was noted in the 360 mg/kg/day group
water consumption were decreased at the end of
they increased during lactation. A decrease of

.

-.

and food and
gestation, but
food

consumption was also noted in the 60 mg/kg/day group.
However, no adverse effects were noted in parturition and
nursing.

Fetal: –.

No adverse effects were noted in number of newborns, sex
ratio, birth rate, survival rate, weaning rate, body weight,

skeletal findings, visceral findings, sexual maturation (F-l),
spontaneous activity, shuttle avoidance, reproductive

performance, and findings of F-2 fetuses in any group.
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Conclusion:
No drug related effects were reported for F-O females of the
10 mg/kg group, or for F-1 and F-2 generation animals of any
group. Thus, the no effect dose was considered to be 10 mg/kg
for dams and 360 mg/kg for pups.

MUTAGENICITY: Ref.# 87 to 99]

The potential genotoxic effects of LVFX are tabulated verbatim
(see next page). In summary, LVFX was:

- not mutagenic in the bacterial
mutation, micronucleus, dominant
synthesis (in vivo) , and in vivo
(SCE) assays.

mutation, CHO/HGPRT forward
lethal, unscheduled DNA
sister chromatid exchange

- The probable mechanism of action in the positiveassays was
the inhibition of topoisomerase II, resulting in the induction
of chromosomal effects. [Ciprofloxacin has also tested
positive in both in vitro and in vivo chromosomal aberration
assays~

-.

-.



1
“

I

N
D

3
9-

63
4

T
ab

L
.

11
1-

16
:

M
u
t
a
g
e
n
i
c
i
t
y

S
t
u
d
i
e
s

-
P
r
o
t
o
c
o
.

.
u
m
m
a
r
y
/
R
e
s
u
l
t
s

D
o
c

I
D

D
o
s
e

L
e
v
e
l
s
/

(
R
e
f

T
e
s
t

T
y
p
e

S
t
u
d
y

C
o
n
c
e
n
t
r
a
t
i
o
n
s

R
e
s
u
l
t
s

N
o
.
)

2
2
2
3
8
:
1

(
8
7
)

2
2
4
1
1
:
1

(
8
8
)

2
2
2
8
6
:
1

(
8
9
)

2
2
4
1
3
:
1

(
9
0
)

2
2
4
1
2
:
1

(
9
1
)

2
2
3
9
1
:
1

(
9
2
)

3
5
3
4
5
6
:
1

(
9
3
)

2
2
3
8
2
:
1

(
9
4
)

2
2
2
3
9
:
1

(
9
5
)

2
2
4
1
4
:
1

(
9
6
)

B
a
c
t
e
r
i
a
l

M
u
t
a
t
i
o
n

~
B
a
c
t
e
r
i
a
l

‘
M
u
t
a
t
i
o
n

C
h
r
o
m
o
s
o
m
e

A
b
e
r
r
a
t
i
o
n

C
h
r
o
m
o
s
o
m
e

A
b
e
r
r
a
t
i
o
n

C
h
r
o
m
o
s
o
m
e

A
b
e
r
r
a
t
i
o
n

S
i
q
t
e
r

C
h
r
o
m
a
t
i
d

E
x
c
h
a
n
g
e

S
i
s
t
e
r

C
h
r
o
m
a
t
i
d

E
x
c
h
a
n
g
e

F
o
r
w
a
r
d

M
u
t
a
t
i
o
n

M
i
c
r
o
n
u
c
l
e
u
s

M
i
c
r
o
n
u
c
l
e
u
s

S
a
l
m
o
n
e
l
l
a

t
v
~
h
i
m
u
r
i
u
m

E
s
c
h
e
r
i
c
h
i
a

c
o
l
i

S
a
l
m
o
n
e
l
l
a

t
v
~
h
i
m
u
r
i
u
m

T
A
9
8

a
n
d

T
A
1
O
O

C
H
L

c
e
l
l

l
i
n
e

C
H
L

c
e
l
l

l
i
n
e

C
H
L

c
e
l
l

l
i
n
e

C
H
L
/
I
U

c
e
l
l

l
i
n
e

C
H
L
/
I
U

c
e
l
l

l
i
n
e

(
C
H
O
/
H
G
P
R
T
)

C
H
O
-
K
1

c
e
l
l

l
i
n
e

M
o
u
s
e

M
o
u
s
e

0
.
0
0
1
6
-
0
.
5

p
g
/
p
l
a
t
e

d
e
p

o
n

s
t
r
a
i
n

o
f

b
a
c
t
e
r
i
a

(
w
/
&
w
/
o

s
-
9
)

0
.
3
1
-
1
0

p
g
/
m
L

W
/

&
.
W
/
O

s
-
9

5
0
-
4
0
0
0

p
g
/
m
L

w
/

&
w
/
o

s
-
9

5
0
-
5
0
0

p
g
/
m
L

w
/
o

S
-
9

1
0
0
-
7
5
0

p
g
/
m
L

w
/
o

S
-
9

5
0
0
-
4
0
0
0

p
g
/
m
L

w
/

S
-
9

5
0
-
3
0
0

p
g
/
m
L

w
/
o

S
-
9

1
2
5
-
1
0
0
0

p
g
/
m
L

w
/

S
-
9

1
0
-
1
0
0

#
g
/
m
L

w
/
o

S
-
9

3
7
5
-
1
5
0
0

p
g
/
m
L

w
/

&
w
/
o

s
-
9

O
,

1
5
0
,

3
0
0
,

6
0
0
m
g
/
k
g

s
i
n
g
l
e

d
o
s
e

(
i
.
p
.
)
,

O
,

1
0
0
,

2
0
0
,

4
0
0

m
g
/
k
g
,

5
d
a
i
l
y

d
o
s
e
s

(
i
.
p
.
)

O
,

1
0
0
,

1
5
0
,

2
0
0
,

2
5
0

m
g
/
k
g

N
e
g
a
t
i
v
e

N
e
g
a
t
i
v
e

P
o
s
i
t
i
v
e

P
o
s
i
t
i
v
e

P
o
s
i
t
i
v
e

w
/
o

s
-
9

o
n
l
y

P
o
s
i
t
i
v
e

P
o
s
i
t
i
v
e

N
e
g
a
t
i
v
e

N
e
g
a
t
i
v
e

N
e
g
a
t
i
v
e

s
i
n
g
l
e

d
o
s
e

(
i
v
.
)

C
H
L

=
C
h
i
n
e
s
e

h
a
m
s
t
e
r

c
e
l
l
%
;

C
H
L
/
I
U

=
C
h
i
n
e
s
e

h
a
m
s
t
e
r

l
u
n
g

c
e
l
l
s
;

C
H
O
-
K
1

=
C
h
i
n
e
s
e

h
a
m
s
t
e
r

c
e
l
l

l
i
n
e
;

d
e
p

=
d
e
p
e
n
d
i
n
g



I
N

D
P

1-
6;

4

T
a
b
l
e

1
1
1
-
1
6
:

M
u
t
a
g
e
n
i
c
i
t
y

S
t
u
d
i
e
s

-
P
r
o
t
o
c
o
l

S
u
m
m
a
r
y
/
R
e
s
u
l
t
s

(
C
o
n
t
i
n
u
e
d
)

D
o
c

I
D

D
o
s
e

L
e
v
e
l
s
/

(
R
e
f

T
e
s
t

T
y
p
e

S
t
u
d
y

C
o
n
c
e
n
t
r
a
t
i
o
n
s

R
e
s
u
l
t
s

N
o
.
)

2
2
3
9
2
:
1

S
i
s
t
e
r

C
h
r
o
m
a
t
i
d

M
o
u
s
e

O
,

1
5
0
,

3
0
0
,

6
0
0

m
g
/
k
g

N
e
g
a
t
i
v
e

(
9
7
)

E
x
c
h
a
n
g
e

s
i
n
g
l
e

d
o
s
e

(
i
.
p
.
)

2
2
4
0
0
:
1

D
o
m
i
n
a
n
t

L
e
t
h
a
l

M
o
u
s
e

O
,

3
0
,

9
0
,

2
7
0

m
g
/
k
g

N
e
g
a
t
i
v
e

(
9
8
)

j
d
a
i
l
y

f
o
r

5
d
a
y
s

(
i
.
p
.
)

2
4
3
9
6
4
:
1

U
n
s
c
h
e
d
u
l
e
d

D
N
A

R
a
t

O
,

3
0
0
,

6
0
0

m
g
/
k
g

N
e
g
a
t
i
v
e

(
9
9
)

S
y
n
t
h
e
s
i
s

s
i
n
g
l
e

d
o
s
e

(
p
.
o
.
)

4
7

,,,
,

r
.!



.

NDA 20-634

ARTHROPATHY (JUVENILE)
43

Ref.# S1
Joint Toxicity Studv of DR-3355 In Juvenile Rats :
Comparison With DR-3354 And Ofloxacin: Dec.ID# 22228-1

This study was conducted by in
compliance with the FDA GLP requirements. The final report
was dated 1/24/90.

Studv Dates: 12/6/88 to 3/24/89

Methodoloav:

Seventy 4-week old male Crj:CD rats (7/treatment group) were
dosed daily with O (0.5% CMC), 100, 300 or 900 mg/kg/day DR-
3355(LVFX), DR-3354 (d-ofloxacin) or ofloxacin for 7 days. On
the 8th day all rats were necropsied and the distal femur and
humerus removed. The articular surface were examined grossly
and histologically.

Results:

- Body weight gain was slightly suppressed in the DR-3354 900
mg/kg/day group. Blister and cavity formation of the
articular cartilage was induced in a dose-related manner by
each of the three test articles at 300 and 900 m9/k9/daY. No
adverse effects were observed in rats receiving ioo-rng/kg/day
of the three test articles.

Conclusion:

The arthropathic toxicity of DR-3355,
in juvenile rats was comparable, with
being 100 mg/kg/day for 7 days.

DR-3354 and dl-ofloxacin
their no-effect-dose

-.

Ref.# 53:
Joint Toxicity of DR-3355 in Juvenile Doss. Doc.ID# 22225-1

This study was conducted by in
compliance with the FDA GLP requirements. The final report
was dated 1/22/90.

Studv D ‘-ates: 7/8/87 to 3/7/88-

Methodolom:

Twelve 4 month old male beagle dogs (3d@/group) were dosed
orally with O, 10, 20, or 40 mg/kg/day DR-3355 in gelatin
capsules for 7 days. At the end of treatment period all dogs

—— —
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were neropsied and the articular surfaces examined grossly and
later histologically.

Results:

One 40 mg/kg/day dog lost weight by the end of the study.

There were no effects on hematology or clinical chemistry
parameters.

Blister formation, cavitation and increased synovial fluid of
the diarth,ric joints occurred in a dose-related manner in dogs
of all 3 drug-treatment groups. The findings of this study
correspond with those for dl-ofloxacin.

Ref.# 54
Joint Toxicity of DR-3355 in Juvenile Dous (2). Doc .ID#
22226-1

This study was conducted by in
compliance with the FDA GLP requirements. The final report
was dated 1/20/90.

Study Dates: 8/18/87 to 3/15/88

Methodolouv:

Nine 4-month old male dogs (3dd/group) were dosed orally with
O, 2.5, or 5 mg/kg/day DR-3355 in gelatin capsules for 7 days.
On the 8th day all dogs were necropsied, and their diarthric
joints examined.

Results:

There were “noabnormalities in the diarthric joints of-either
treatment group. -.

The highest no-effect dose for DR-3355 (LVFX) was 5
mg/kg/day for 7 days. This finding corresponds with
those of dl-ofloxacin.

Ref.# 55:
Joint Toxicity of DR-3355 in Youna Adult Doffs. Doc .ID#
22227-l_.

This study was conducted by in
compliance with the FDA GLP requirements. The final report
was dated 1/24/90.

Studv Dates: 7/28/88 to March 24, 89.

Methodolocw:

——
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Nine 13-month old male dogs (3dd/group) were dosed
O, 10, or 40 mg/kg/day DR-3355 in gelatin capsules
On the 8th day all dogs were necropsied, and their
joints examined.

Results:

45

orally with
for 7 days.
diarthric

There were no treatment-related effects on body weight,
hematology or clinical chemistry parameters.

Blister formation and cavitation of the arthric joint was
observed <n 1/3 dogs receiving 40 mg/kg/day. No drug-related
abnormalities were observed in any joint of 10 mg/kg/day group
dogs . One dog which received the 10 mg/kg/day was found to
have spontaneous osteochondrosis.

Conclusion:

Under the conditions of this study, 10 mg/kg/day DR-3355
(LVFX) administered orally to 13-month old male dogs was the
no-effect dose.

Ref.# 56:
Effect of LVFX On the ActivitY of Prom 1 4-Hvdroxvlase In
Vitro. Report No. 013969

This in vitro study was conducted by and
does not contain a GLP statement. The report was dated
1/13/94.

Study Obiective:

To investigate possible mechanisms of tendon rupture
associated with the administration of Ofloxacin and LVFX.
The influence of LVFX and OFXN on the activity of ptirified
propyl 4-hydroxylase and on the synthesis of procoklagen
type I in chicken calvaria cells was studied.

Methodoluv:

Propyl 4-hydroxylase was purified from embryonic chicken
tissue. Various concentrations of ofloxacin and LVFX were
incubated with the purified enzyme to evaluate its activity.
A 1 mM concentration of LVFX or ofloxacin was incubated with
embryonic chicken calvaria t-omeasure procollagen type I.

Results:

LVFX inhibited purified propyl 4-hydroxylase at an IC50 of
0.65 mM. Ofloxacin was not sufficiently soluble to allow
determination of IC50 values. Neither LVFX nor OFLX had an
effect on procollagen type I.
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Even though LVFX was a weak inhibitor of purified propyl 4-
hydroxylase, it had no effect on cellular propyl 4-
hydroxylase activity or synthesis of procollagen type I.
These results indicate that inhibition of cellular propyl 4-
hydroxylase activity or synthesis of procollagen type I was
not the mechanism leading to tendon rupture.

ANTIGEIWCITY:

Allergic reactions to antibacterial agents have occurred
clinically. LVFX was not antigenic in guinea pigs or rabbits
and exhibited a low potential in mice. Ofloxacin was not
antigenic in guinea pigs in one study, although in another
study, oflo,xacin at concentrations of z 2 mg/ml was positive
for cutaneous anaphylactoid activity in guinea pigs. In the
same study, both norfloxacin, ciprofloxacin, and enoxacin were
also positive but at lower concentrations (0.13 mg/ml)
Ref.# 65 to 67 are tabulated below:

Doc ID
(RefNo.) TestType Study Dosage Levels Results

22375:1 ANigenicity antigenicity, l,lo,loorngkg (ip) Negativewhen levofloxacinisused as chall~~
f~~\ mouse sntigenon semm sensikd withlevofloxacin

when challengedwithconjugateof Guin~
albumin.Positiveresponseintwotothreeo
animalsusingserum of Ievofloxacin-ovalbu
seasititigroup. Conclusion:low potential
antigenicity.

22237:1 Antigenicity antigenicity, 10or100mf@g (p.o.) Negative
- (66) guineapig 4or40mg/kg (i.p.)

2rv20mf7/kQ.(s.c.)
22380:1 Antigcnicityantigenicity,2or20mgAcg(s.c.)
(67) rabbit

Negative

PHOTOTOXICITY:
-.

Background: Wagai et al have reported a simple method for
detecting phototoxicity caused by naladixic acid (a quinolone)
and chlorpromazine in Balb/c mice. The incidence of marked
erythema of the ear is regarded as a major phototoxic
parameters. Naladixic acid is known to be a photosensitizer
and recentl~- some case reports of photosensitivity due to
other newer quinolones such as enoxacin (ENX) and
ciprofloxacin (CPFX) have been reported. These quinolone-
induced erythema on the ears of mice after oral administration
plus ultraviolet-A (WA: 320 - 400 nm) irradiation; and these
reactions were dose-dependent. Phototoxic effects were
measured by recording erythema/edema and necrosis of the ears
and the tail. Ref# 57 to 64 are tabulated (Please see next 3
pages )
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NEUTROPHILS:

Decreased circulating neutrophils were observed in some of the
rat multi-dose toxicity studies. In a special toxicity study
in rats, but not mice, the numbers of circulating neutrophils
were decreased after repeated oral administration of LVFX for
more than 1 week at dosages greater than 2 mg/kg/day, although
the decrease at this dose was minimal. The reduction in
neutrophil counts appeared to correlated with the decrease in
marrow myelocytes. Decreased neutrophil counts were observed
in some but not all studies in rats but has not been observed
for dogs or monkeys. Furthermore, this decrease has not
usually been dose-related (i.e., all treated groups exhibit
similar decreases) and while the neutrophil counts have been
decreased they were usually within normal range for the rat.
Other quinolones such as tosufloxacin and ciprofloxacin have
also been shown to decrease number of circulating neutrophils.

CRYSTALLURIA:

Crystalluria, a common finding with some quinolones, was
observed in the intravenous rat studies. (Ref.# 107) Three
kinds of crystals were observed in the urine. These included
board-like (the most common), followed by needle-like with an
irregular edge crystals. The ball-like crystals were found
only in urine kept at 4° C. Crystals were never found in
bladder urine, only in excreted urine. In excreted urine,
there did appear to be an increase in crystal formation with
increasing dosages of LVFX. Crystals were not found in urine
from rats that were fasted and in general, were not found in
urine kept at either room temperature or 37° C. Furthermore,
these crystals, unlike found with ciprofloxacin, have not been
associated with histologic changes in the kidney and therefore
do not appear to represent a toxicologic concerns. (Ref.# 40)

OTHER: -

In other special toxicity studies, LVFX
biochemical changes in dogs following a

-.

produced only minor
single iv. injection

of 30 mg/kg, exhibited no-intestinal-toxicity when dosed (up
to 50 mg/kg) for 7 days with aluminum gel (200 mg/kg) or
magnesium (100 mg/kg) , was not nephrotoxic in rabbits when
administered orally (120 mg/kg) or iv. (50 mg/kg) for 10
days, did-not produce ocular or ototoxicity in rats at oral
dosages of 100 mg/kg for 2 weeks, and was less cytotoxic to
mammalian and dendritic cells than norfloxacin, pefloxacin,
and ciprofloxacin.

A 0.2% solution of LVFX did not produce significant hemolysis
in human blood and produced mild irritation when injected
intramuscularly. The effect of LVFX and ciprofloxacin (up to
1%) solutions injected intra-cutaneously and iv. on skin and
tail permeability was investigated in rats and mice,
respectively. LVFX increased permeability, although to a
lesser extent than ciprofloxacin (mouse only) in both the skin
and tail. Concomitant administration of an antihistamine and
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either quinolone abrogated (abolished)
permeability suggesting that injection
with histamine release.

51

the increased
of LVFX was associated

INTERACTION:

Potential interaction of LVFX with anticancer agents such as
adriamycin, cyclophosphamidet and cisplatin was evaluated in
rats. Intravenous administration of LVFX at 20 and 100 mg/kg
for 6 days slightly exacerbated the decreased marrow
granulocyte:erythrocyte ratio with adriamycin. LVFX had no
significant effect on cyclophosphamide toxicity but recovery
of renal toxicity (increased urea nitrogen and creatinine)
induced by cisplatin was delayed by LVFX. Ciprofloxacin by
itself caused renal toxicity (unlike LVFX, but the toxicity
was not exacerbated by the addition of cisplatin.

-.
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CARCINOGENICITY STUDIES:

Two-Year Dietary Oncoaenecitv Study in Rats with L~X :
Dec.ID # 339457:1

This study was conducted by for
in compliance with the Japanese GLP

requirements (as well as U.S. FDA GLP requirements). The
final report was dated 4/13/94.

Study Dates:
Study Initiation: 3/23/90
Initiation of Dosing: 5/9/90
Completion of Necropsy: 5/13/92

Anima s:+ A total of 462 (231/sex) approximately 4 week old
CDF (Fischer-344)/CrlBR were received from Charles River
Labs. A total of 400 (200/sex) were assigned to four groups
(50/sex/group) .

Groups:
Dose No. of Animals Animal Numbers

Group (mg/kg/day)Males Females Male Female

1. Control O 50 50 B11200-B11249 B11250-B11299

2. Low Dose 10 50 50 B11300-B11349 B11350-B11399

3. Mid Dose 30 50 50 B11400-B11449 B11450-B11499

4. High Dose 100 50 50 B11500-B11549 B11550-B11599

Dose Selection: These were based upon results of a 13~week
Dietary Dose-Range Finding study with LVFX. [Ref.# 39; see”my
review, vide supra] In that study 100 mg/kg/day was the lowest
dose tested at which clinical and gross pathology changes were
observed.

Dose levels were selected with the intent that the low dose
should produce no toxicity; the high dose should result in
toxicity, but should not be highly lethal precluding a meaningful
evaluation; the mid dose should produce intermediate toxic
effects.
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- A slight non-dose-related decrease in neutrophil counts was
observed in treated males and in 30- and 100 mg/kg/day
females. [ The investigators state, ‘A similar pattern has
been reported has been observed with quinolone administration
and has not been considered to be toxicologically significant
(DS-91230).

!

- During week 104 of treatment, mean serum drug concentrations
of LVFX were found to be O, 205.5, 654.1, and 2358 ng/mL for
males; and 183.0, 658.4, and 2952 ng/mL for females in the
vehicle, 10-, 30-, and 100 mg/kg/day groups, respectively.
This would suggest that there was a fairly dose-proportional
increase in the exposure of the rats to LVFX when it was
administered in their diet.

Patholouv Report: The following is quoted verbatim.

‘9N0 test-compound-related changes were observed in F-344 rats
which received up to 100 mg/kg/day DR-3355 (LVFX) by dietary
administration for 105 weeks. DR-3355 was not considered
oncogenic under the conditions of this study.

119 animals (75 males; 44 females) died before scheduled
terminal sacrifice. The most commonly identified underlying
cause of death in each sex was LGL-lymphoma (leukemia)
(Fischer Rat leukemia, mononuclear cell leukemia), a common
neoplasm in this rat strain.

481 primary neoplastic changes were observed. The [second]
most common was LGL-lymphoma while the next[deleted] most
common wag benign interstitial cell tumor of the testis.
These are both common age-related neoplasms i.n the F-344 rat.

Miscellaneous microscopic changes observed in F-344 rdts which
received up to 100 mg/kg/day DR-3355 [LVFX] by dietary .
administration for up to 105 weeks were considered consistent
with commonly occurring spontaneous, agonal, and parasitic
processes in the rat and unrelated to the test compound.i)

Conclusion: Under the conditions of this study, LVFX at dietary
doses up to 100 mg/kg/day was not oncogenic in the rat.

—.
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PHARMACOLOGY:

The following is abstracted from the applicants’ summary of
nonclinical pharmacology. The major effects of LVFX observed
in nonclinical pharmacology studies are summarized in Table
II-1 (see attached next page). For effects of LVFX on various
organ systems (see Appendix 3)

The nonclinical pharmacology of LVFX was similar qualitatively
to that of ofloxacin, the parent D,L-racemic compound. While
there were effects of LVFX on CNS, cardiopulmonary system,
gastrointestinal system, and urinary tract functions in a
variety of animal species, all observations need to be
evaluated with perspectives both of comparing effects in
animals with those that would be expected in humans and
comparing the doses required to elicit the responses in
animals to those used in the clinical setting.

- At orally administered doses of 200 mg/kg or greater, LVFX
caused CNS depressing effects indicated by decreased
spontaneous locomotor activity, lowered body posture,
diminished muscle tone, and reduced body temperature.

- When administered parenterally at 200 mg/kg, LVFX also
affected CNS parameters, including inhibition of the
conditioned-avoidance response.

- At lower iv. doses, spinal reflexes were blunted. Effects
on the autonomic nervous system, indicated by reduced
contractile responses of the cat nictating membrane to
ganglionic stimulation and inhibited dog blood pressure
responses to acetylcholine were observed with LVFX 20 mg/kg
iv.

- LVFX effected a decrease in blood pressure mainly when
administered as an i,.v. bolus injection at doses of 6 mg/kg or
greater. Higher doses were required when the compound was
administered by a prolonged infusion. The effect wasflo~sibly
mediated by a rise in serum histamine concentrations.

- Effects on gastrointestinal and urinary tracts, in the form
of decreased gastric emptying, decreased pepsin and acid
output, and gastric fluid volume in the
former(gastrointestinal) case, and decreased urinary volume
and electrolyte excretion in the latter (urinary tract) case,
were seen.at doses equal to or greater than 200 mg/kg either
orally or iv. administered. An inhibition of an
experimentally induced inflammatory response was observed at
600 mg/kg, oral LVFX.

- In the context of clinical setting, a dose of 500 mg LVFX
would equate to 10 mg/kg in a 50 kg human. gChe observations
made in these nonclinical pharmacology studies at relatively
hiah doses and~or with ra~id parenteral administration suuqest
that the findinqs were not, per se, indicative of reactions to
LVFX in the clinical setti.ncy.
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Table [1-l:Summary of Major Nond~nicalpharmacologicalEffectsofLevoftoxacin

System Species Mapr Findings

Central Nervous System mouse 2600 mg~, P.O.S decreased spontaneous

rat

rabbit

cat

AutonomicNervous System cat

CardiopufmonarySystem dog

—
GastrointestinalSystem mouse

rat

Urinary Tract “ rat

Inflammation rat
/

tsofated Smootti &scks..
-.

bcomotor- ai%vftj. CNS depression, decreased
pinna reflex, decrease writhing response to acetii
acid; increased incidence of strychnine,
pentylenetetmzol, and caffeineinducedconvuklons;
~ mglkg, iv., convukions after rapid injection,.,
decreasedspontaneousmotoracdvity,muscfetone.
posture, body temperature; increased respiratory
rote; prolongaf hexobarbiil sleep time

At 200 mg)kg, iv., inhibition of mnditioned-
avoidance response;
At 200 mgkg, i.p., increased spontaneous motor
activity, lowered body posture, increased
restlessness

At 200 mglkg, p.o., decrease in body temperature

26 mglkg, iv., decreased spinal reflex;
~0 mg/kg, iv., increased EEG awake stage,
seizure discharges

At 20 mgkg, iv., redumd contractile response of
nictitating membrane to pre- and postgangfionic
stimulation;suppressionof acetybhofine depressor
response

.

26 mg/kg, iv. bobs, decreases in bbod pressure,
left venticuhr pressure, respiration depth:
S1Omg/kg, i.V. infusion, no effect on bbod
pressure; 220 In@@, iv. infusion,decrease in blood
pressure, decrease in =Iac output and stroke

vofume: incraase in serum histamineconcentrations

At 200 mg/kg, Lv., Mbkion of gastric propukmn

mO mgkg, P.o., decrease in gastricfluid volume,
totalacidty,pepsin outp~ increase in gastfic ftuid
pH; at 600 mgkg, decrease in gastric emptying; at
200 mg/kg, k CkC?e=e in gastric fluid votume,
acid and pepsin output arid g,~tdc ~tjing;
increase in gastric pH

.

2200 mg/kg, p.o.,. CfOCtWMh W~.,:VOfUme ad
ekctrolyte excretion:at 200 mgkg, Lv., decrease iri
urinary Voll.!me
At 600 mglkg, p.o., inhibition of. carmgeenan-
inducedfootedema .
On dog‘mesen@ic,ren~ femomf,.and bas~lar
arteries,inh-: $f norepin~hrine-induced’
contractions210 x 10 M; compe$thminhibitionof
phenylephrb-hducad contractions of rabbit
thoracicarterv
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Metabolizes of LVFX:

The observations made on the two studied metabclites of LVFX,
the N-oxide and desmethyl metabolizes were not necessarily
reflective of what contributions these metabolizes might make
to the effects of LVFX in the clinical setting. The maximum
plasma concentrations of each of these metabolizes and their
cumulative urinary excretion 24 hours after dosing with LVFX
represented approximately only 2% of the parent compound and
only 2% of the dose, respectively.

-.
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EXCRETION (ADME)

The following is abstracted from the applicants 8 summary of
nonclinical ADME. Summary of in vivo non-clinical studies are
tabulated in Table IV-1 and the results of these studies are
tabulated in Table IV-2. Both these tables are appended [see
Appendices 2 and 3]

1. Absorption and Pharmacokinetics(PK):

The absorption and PK of LVFX were investigated after oral
administration to mice, rats, dogs, and monkeys, and after a
single iv. administration to rats, dogs, and monkeys. LVFX was
rapidly and completely absorbed after oral administration.

- In all species studied, the absorption of LVFX was rapid
following administration of a single oral dose or after repeated
daily oral doses.

- Distribution and elimination was also rapid, with most of the
dose eliminated within 24 and 48 hours after single and multiple
doses, respectively.

- Cmx and AUC values
species.

- No differences were
multiple daily doses.

increased in dose-related manner in all

noted in PK parameters between single and

- The PK of LVFX after oral administration to animals was
similar to that observed in man (Table IV-2 ). In humans
administered a single oral 500 mg dose (approximately 10 mg/kg),
LVFX was rapidly absorbed. Maximal plasma concentrations were
5.19 #g/mL.at approximately 1.0 hour postdose. In humans as
well as animals the PK profile of LVFX was linear. In clinical
trials it had been established that the AUC value~of LVFX
following oral administration were approximately 99% relative to
an iv. dose; these results were consistent with the findings in
rats and monkeys, and to a lesser extent, in dogs. LVFX was
also rapidly eliminated in man. Plasma concentrations 24 hours
after an oral dose were approximately 0.5 pg/mL; the elimination
half-life of LVFX was approximately 7 hours.

2. Toxicokhetics:

—
In the 2-year rat carcinogenicity study , mean LVFX

concentrations in the 10, 30 and 100 mg/kg in diet were 0.20,
0.66, and 2.66 pg/mL, respectively. The plasma concentration at
the high dose was 34% of the human steady-state concentration of
7.9 pg/mL after 500 mg b.i.d. dosing.

- In male monkeys receiving 10, 25, and 62.5 mg/kg/day of LVFX
orally for 25 weeks, mean maximal plasma concentrations of LVFX
were 2.1, 8.6, and 22.9 pg/mL, respectively. At the high dose,
the CmX values obtained in monkeys were approximately three-fold
higher than those obtained in humans at steady state.
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- In monkeys administered 10, 25, and 63 mg/kg/day by bolus
intravenous administration for 4 weeks, mean maximal plasma
concentrations in males were 8.21, 21.9, and 58.7 pg/mL,
respectively. The high dose in the monkey iv. study resulted
in plasma concentrations that were 7.4-fold higher than the
highest anticipated human therapeutic concentration.

3. protein and Red Blood Cell Bindina:

- The ultracentrifugation method was used to determine the in
vivo protein binding of LVFX in male mice, rats, pregnant female
rats, dogs and monkeys at doses which covered the full range of
therapeutic concentrations.

- LVFX was moderately b~und (16-73%] to the serum nroteins of
male rats “administered “C-LVFX, 5-320 mg/kg, orall~ and
iv. administration of 20 mg/kg.

- In pregnant rats binding to serum proteins was somewhat
binding ranged from )%.

after

less;

- Protein binding in the dog and monkey after oral and iv.
administration of 20 mg/kg generally ranged from % of the
dose.

4. Distribution:

- The tissue distribution of 14C-LVFX was assessed in the mouse
after a single oral administration, and in rats after single and
multiple oral administration.

- After a single oral administration (20 mg/kg) to mice,
radioactivity (RA) was extensively distributed to tissues in the
following rank order: kidney >> liver >
spleen > lung, whole blood, heart, muscle, bone > skin > testes,
eyeball > fat > brain.

- In rats peak concentrations of RA were recorded at-0.5 hour
postdose. The concentration ratios of tissue to whale. blood
were greater than one in most tissues, except the C.N.S.,
testis, epididymis, and fat tissues, indicating the tissue
distribution of LVFX was extensive but penetration of the
blood:brain barrier was limited. The decline of tissue
concentrations was similar to the decline of RA in whole blood;
by 24 hours postdose tissue RA concentrations had declined to
undetectable amounts.

- The dist-ribution of RA following daily oral administration of
20 mg/kg for 21 days was similar to that observed after a single
dose. RA concentrations in the heart, spleen, pancreas,
prostate, thymus, and salivary gland on day 21 were higher than
observed after a single dose, suggesting some potential for
accumulation after multiple doses; although by 72 hours postdose
RA in these tissues had declined to undetectable levels. After
multiple dosing at 72-168 hours postdose, small amounts of drug-
related material was still present in the liver, kidney, bone,
skin, and
tissues.

.. —

trachea, indicatin-ga slower elimination rate ‘inthese
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Whole body autoradiography (nA) was stud~~d at CWX and 24
hours after iv. bolus infusion of 20 mg/kg C-LVFX into male
rats and squirrel monkeys. The amount of RA was determined by
imaging ana-lysis. LVFX-derived RA in
in the following rank order:

uveal tract, hair follicle > thyroid
> liver, kidney.

The estimated concentrations of RA by

the monkey was distributed

gland > trachea, cartilage

WBA were in good agreement
with those obtained by direct measurements using liquid
scintillation spectrometry. Remaining RA at 24 hours postdose
was highest in the gall bladder, uveal tract, and hair
follicles.

Placental ‘transfer after oral administration to pregnant rats
was studied by tissue distribution and WBA. In these studies
the concentration of drug-related RA in the fetus 30 minutes
after dosing on gestation day 12 was 1.3 #g equiv/g (0.01% of
the administered dose), which was 45% of the concentration in
maternal blood. By 24 hours postdose the concentration of RA in
the tissues was at or near background. On gestation day 19 the
mean concentration of RA in the fetuses at 30 minutes postdose
was 1.86 ~g equiv/g (0.07% of the administered dose) , which was
54% of the maternal blood concentration. This data indicated
limited transfer of drug to the fetus and no potential for drug
accumulation.

WBA studies of 14C-LVFX to pregnant rats confirmed that LVFX-
derived RA was widely distributed into maternal tissues and the
placenta, with small amounts associated with fetuses. RA
concentrations in the fetus declined rapidly and indicated no
potential for accumulation.

5. Enzvme InductionlInhibition:

The effects of LVFX on hepatic drug metabolizing enzymes were
investigate”d after repeated dosing to rats.

.

-8
Liver weight (per 100 g of body weight) was significantly
decreased after 14 days of daily oral administration of 20 or
800 mg/kg LVFX. The effect was ameliorated following l-week
recovery period. There was no decrease in the content of
cytochrome P450or cytochrome pw~ nor in the activity of NADPH-
cytochrome P450reductase~ when compared to vehicle control groups
on a per mg protein basis. A slight, but statistically
significant induction of 7-ethyoxycomarin O-deethylase activity
was noted, but the activities of aminopyrine N-demethylase and
aniline p-hydroxylase remained unchanged. When added in vitro
to an incubation medium containing an NADPH-generating system,
at a concentration of 1 mM (361 pg/mL) or below, LVFX showed no
inhibitory effects on the activities of the aforementioned drug
metabolizing enzymes. These data indicated that LVFX was
neither an enzyme inducer or inhibitor in the therapeutic plasma
concentration range and no drug metabolizing enzyme-related
interactions with other drugs or agents were anticipated.

6. Metabolism: [see appendix-4 Figure IV-2: NDA page 05-00334]
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7.

The metabolism of LVFX was investigated after oral dosing to
rats, dogs, and monkeys. A total three metabolizes of LVFX [MO]
have been identified: These were (desmethyl-
levofloxacin) , and M3 (levofloxacin N~!~ide~ The three
metabolizes may be formed by the following proposed pathways

(A) O-glucuronidation at the carboxylic acid group to form the
corresponding ester glucuronide (Ml);

(B) oxidative demethylation of the 4-methyl piperazinyl group to
form the desmethyl piperazinyl metabolize (M);

(C) N-oxidation at the 4-N-methyl position of piperazinyl group
to form the corresponding N-oxide metabolize (X3).

These metabolizes were reported to have little relevant
pharmacological activity.

Bxcretion:

The excretion rate of 14C-LVFX was investigated in mice, rat, dog
and monkey at doses ranging from 50-600 mg/kg.

- After oral administration of 20 mg/kg to mice, 42% of the dose
was excreted in the urine and 50% in the feces by 24 hours
postdose. At the 600 mg/kg dose in mice, urine and fecal
excretion accounted for 48% and 35% of the dose, respectively.

- After a single dose of 5, 80, or 320 mg/kg to rats~
approximately l/3rd of the dose was excreted in the urine and
remainder (2/3rd) in the feces by 48 hours postdose.

In rats receiving multiple oral dosing of 20 mg/kg for 21
days, results were identical to those after a single dose: on
day 21, 32% of the dose was excreted in the urine and 63% in the
feces by 24 hours postdose.

In bile duct cannulated rats administered 20 mg/kg orally, 37%
of the dose was excreted in the urine and 57% of the-dose was
recovered in the bile at 24 hours Postdosel indicating bili=y
excretion to be a major route of excretion in rats.

- After a 30-minute iv. drip administration of 20 mg/kg to rats
the amount of drug recovered in the urine (50%) was equal to
that excreted in the feces (51%) at 48 hours postdose suggesting
a larger degree of biliary excretion after oral administration
than after_i.v. administration=

For all these studies, most of the dose (80-100%) was
recovered in the excreta within 24 hours.

-The excretion pattern in dogs after oral and iv.
administration showed that the majority of the drug was excreted
in the urine. In dogs administered 20 mg/kg orally
approximately 52% of the dose was excreted in the urine and 39%
in the feces at 96-120 hours postdose. Recovery at 72 hours
postdose was approximately 90%, a reflection of the longer
elimination of LVFX in this species. After iv. dosing of an
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8.

equivalent dose, 67% and 24% of the dose was excreted in the
urine and feces at 72 hours post dose.

- In contrast to the rat and dog, in monkeys administered 14C-
LVFX, urinary excretion accounted for almost all the RA. In
monkeys administered 20 mg/kg orally, approximately 82% of the
drug was excreted in the urine by 72 hours postdose. After an
iv. infusion of an equivalent dose, 86% was excreted in the
urine and 4% in the feces by 72 hours. Approximately 84% of the
administered dose was recovered in the excreta after 4 hours.

Excretion in Milk: The administration of 20 mg/kg of LVFX
orally to lactating rats showed that the drug could be
transferred to the pup during lactation. Milk/maternal whole
blood ratios ranged from 2.1 - 2.7 up to 8 hours after dosing of
the dams.

Comparison of ADME of LVFX and Ofloxacin. [page 05-00427]

The in vivo disposition of LVFX, the active isomer of ofloxacin
appeared to be consistent with that documented for racemic
ofloxacin. For both compounds, absorption was rapid and
complete after oral and iv. administration. The amount of drug
in whole blood was proportional to dose for both compounds.
Elimination was also rapid, with most of the administered drug
eliminated within 24-48 hours postdose. No differences in the
pharmokinetic parameters of LVFX or ofloxacin were observed
after multiple doses.

Distribution of both LVFX and racemate ofloxacin was extensive,
but the rate of elimination of RA from the tissues was similar
to that in the blood, with most of the RA in tissues
undetectable by 24-48 hours postdose, suggesting little
potential for accumulation except in the skin, bone, and
cartilage.

Protein binding was moderate in all species for both LVFX and
ofloxacin. - Both compounds undergo minimal metabolism; parent
drug accounted for approximately 80% of urinary RA in all
species. Glucuronidation was a major metabolic pathway only in
the rat for both drugs.

~he onlv notable difference between these com~ounds was observed
“n t e at>~ eea
was observed in compar ison to ofloxacin.

-.

. .
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SUMMARY:

eRA T:

cecal Weiaht and/or Cecal Di stension:

This was the most common finding in the rat, administered
orally or iv.

- In oral studies, cecal changes were observed at 2 200
mg/kg for 4 weeks, 2 100 mg/kg for 13 weeks (dietary) , and 2
20 mg/kg for 26 weeks.

- In the iv. studies, cecal changes were observed at 160
mg/kg for 2 weeks, 2 60 mg/kg for 4 weeks, and 2 10 mg/kg
for 13 weeks.

- Cecal enlargement is a characteristic finding in rodents
treated with antibiotics including quinolones.

BodY Weiaht & Food Consumption:

These changes have been bserved in some rat studies. In the
13-week dietary study and 4-week iv. study, body weight
gain was decreased at 2400 and 2180 mg/kg, respectively.

Food consumption was decreased after iv. administration of
LVFX at 30 and 90 mg/kg (dd only) for 13 weeks but was
increased after oral administration of 80 and 320 mg/kg for
26 weeks. Slightly higher food conversion ratios,
indicating decreased efficiency of food utilization, were
noted in 99 given 320 mg/kg orally for 26 weeks.

The body”weight and food consumption changes may be-due to
changes in the balance of gut microflora which resfited in a
decreased capacity for rodents to digest complex
carbohydrates including cellulose.

Serum Biochemical Chanues [Rats):

These appeared to be related to either decreased body
weight, inflammation at the injection site (iv. studies) ,
or nutritional changes associated with either body weight,
food consumption, or cecal changes.

26-week oral rat study, the following changes were noted:

slightly higher glucose (220 mg/kg, da),
lower triglycerides (320 mg/kg, 9Q),
lower B-globulin (220 mg/kg),
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lower a-globulin (220 mg/kg, QQ),
lower chloride (320 mg/kg rats and 80 mg/kg QQ), and
slightly lower total protein (280 mg/kg~ ~~)~
increased urinary pH (280 mg/kg) , and
increased ketones in urine (280 mg/kg)=

13-week dietary rat study:

globulin decreased at 2100 mg/kg/day,
total protein decreased at 200 mg/kg/day,
triglycerides decreased at 800 mg/kg/day .
These changes were attributed to nutritional changes.

4-week iv. rat study:

decreased total protein, albumin, A/G ratio, cholinestrase
activity, and urinary protein resulted from suppressed body
weight gain, and decreased RBC count and increased WBC
count, reticulocyte count, and fibrinogen concentration were
believed related to irritation at the injection site.
These serum biochemical and hematology were limited to the
highest dose of 180 mg/kg/day.

13-week iv. rat study:

mild decreases in total protein, phosolipids, and
cholesterol at 90 mg/kg/day (dd only) and mild increases in
A/G ratio and albumin at 30 and 90 mg/kg/day in males were
observed.

NeutroDhil counts:

Decreased neutrophil counts were observed in the 13-week
dietary study (2100 mg/kg/day), in the 26-week oral rat
study at all dosage levels (220 mg/kg/day) and in the rat
carcinogenicity study (2100 mg/kg/day). Even though the
decreased neutrophil count observed in these studies
remained within normal range, the relationship between LVFX
and neutropenia were further investigated (see Special
Studies)

Enzvme Chanaes:

Increa~ed alanine aminotransferase and alkaline phosphatase
were observed at very high doses only (800 mg/kg/day for 4-
and 13-week; oral administration)

Urinary Crystals:

Dose-related occurrences of urinary crystals have been
observed in the iv. rat studies with LVFX [this effect
not seen with Ofloxacin. ].

was
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These crystals were pot formed in the bladder but rather
@fter micturition and were not associa ted with any kidnev
ch anae8 as is the case with ciprofloxacin in which
histologic cha~~s in the kidney and increased kidney weight
were observed. ‘

xtWODathV:

This common finding h juvenile animals was observed in some
but not all rat studies.

In the oral studies, arthropathy was observed at 800
mg/kg/day for 4 weeks but not at 320 mg/kg/day for 26 weeks.

In the iv. studies, arthropathy was observed after 60
mg/kg/day for 4 weeks and 90 mg/kg/day for 13 weeks.

B.TheDOG:

Clinical Sicrns:

Reddening of the skin and swelling of auricles and face,
decreased spontaenous movement, and prostration were common
following iv. injection of 3 to 10 mg/kg/day LVFX. Similar
clinical signs were also observed with ofloxacin.

-In a 4-week infusion study in 7-8 month old dogs, the only
changes were histamine-like effects and arthropathy at 10
and 30 mg/kg/day.

In immature doas (4-5 month old), in addition to the
preceding clinical signs, dysstasia [difficulty in standing]
at 15 mg/kg/day for 2 weeks, delayed testicular maturation
(with decreased testis weight) and erosions of the weight
bearing joints (4 mg/kg/day for 2 weeks) have been=b~erved.
Effects on the testes have also been observed with quinolone
administration.

Other changes observed solely with the immature dogs at 60
mg/kg/day were: increased urine specific gravity, plasma
fibrinogen and alkaline phosphatase (15 mg/kg/day), and
decreased serum iron concentration. However, most of these
changes-were within normal range for the species or observed
prior to dosing.

In more mature doqs (18 months), the clinical signs
associated with iv. injection such as redness and decreased
locomotor activity were still present (10 mg/kg/day for 2
weeks) but there was no effect on testicular weight or
articular cartilage at doses up to 30 mg/kg/day for 2 weeks.
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C. MONKEYS:

Both oral and iv. administration of LVFX produced only
minor changes in monkeys.

- In the 4-week oral study, monkeys were dosed with 10, 30,
or 100 mg/kg/day LVFX. Salivation, diarrhea, slight body
weight loss, low urinary pH, unusually large adenal gland
(one monkey only) and what appeared to be blood in the urine
were observed at 100 mg/kg/day.

- The only finding attributed to oral administration of 62.5
mg/kg/day LVFX for 26 weeks was a decrease in food
consumption during the first half of the study.

- A slight decrease in neutrophil count observed in the
LVFX-treated males was considered to be a result of a high
neutrophil count in one vehicle-control male and not due to
drug treatment.
- In a 4-week iv. study, treatment-related clinical signs
were limited to quietness and slight decrease in water
consumption (25 and 63 mg/kg/day) and food consumption (63
mg/kg/day) and heavy-lidded eyes (63 mg/kg/day).

The only other finding was decreased promyelocytes in the
bone marrow, which in the absence of any associated decrease
in other cells in the myeloid series or of peripheral blood
effects, was not considered to be toxicologically
meaningful.

-.

-.
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com~arison of Toxicity rLevofloxacin vs. Ofloxacinl:

—

- Oral and iv. administration of LVFX produced toxicity
comparable to ofloxaci.n. Differences in toxicity were minimal
and were not considered to be toxicologically meaningful.

In the acute toxicity studies, LVFX was marginally more
toxic than ofloxacin when administered orally to mice.
However, in all other species and in the iv. mouse studies,
LVFX was comparable to if not slightly less toxic (iv. rat
and dog) than ofloxacin (see Table III-4).

In the multidose studies, most of LVFX~s effects were
typical of other quinolones including ofloxacin. Even though
there appeared to be more serum biochemical changes in the 26
week oral rat study with LVFX than ofloxacin, these changes
were slight and per investigators most likely due to
nutritional changes resulting from the pharmacologic effect of
antibiotics on the intestinal gut microflora in the rodent
(Tables III-5 and III-6). These tables present the comparison
of LVFX and ofloxacin results from the 4-week and 26-week rat
and 4-week monkey studies.

As with ofloxacin, LVFX was not nephrotoxic, exhibited a low
potential for antigenicity, caused slight local irritation,
and did not produce ocular or ototoxicity.

LVFX produced phototoxic reactions i.nmice and arthropathic
lesions in juvenile animals but to a lower magnitude as
compared to ofloxacin (Table III-7).

Neutropenia and crystalluria, while not observed with
ofloxacin, have been reported for other quinolones.

LVFX did not exhibit a carcinogenic potential. - .

Although LVFX was positive in the ~ vitro chromosomal
aberration and sister chromatid assays and ofloxacin was not,
ciprofloxacin was positive i.n both ~ vivo and ~ vitro
chromosomal aberration assays indicating that LVFX did not
differ significantly from the marketed quinolones.

The potential reproductive toxicity of both ofloxacin and
LVFX were-comparable (Table 11X-8)

—
[see TABLES - pages 67 tO 70]
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TableII14Gmpmhm ofAcuteToxicity(LD=Values)forbvofloxacinandOfloxacinl

Species Route Lavofloxacin Dfloxaoinm”m
(mgtkg) (mohg)

Mouse p.o. 1803-1943 3557-54*

iv. 244-323 208-233

Rat p.o. 1478-1754 1737=

iv. 395-423 273-276

Dog p.o. ND >200

iv. 200 > 7od

Monkay p.o. > 25P >500 but <1000’

iv. >200 ND

■

b

.

d
.

f

LDW values ara prasentad as a range including both maia and famale valuas, if both males and femalas ware tested.
Tha LDm value of 3557 mg/kg was obsarvad in n etudy that diractfy oomparsd Ievofloxaoin and ofloxacin in the same
study, the higher LDM value (5450 mgkg) was obearvad in an aarliar study.
This LDm value was observed in a study that dkacdy compersd Ievofloxacin end ofloxacin.= H]gher LDm values were
observed in an earfier study with diffarant axpenmental conditions, i.e. faetad vs. nonfastad prior to dosing.
One female dog died at 100 mg~g.
Only one monkay successfully dosed with 500 mgllcg and this monkey survived.
All monkays (4) died at 1000 mgkg.

ND = not determined

TableIII-5a:Comparisonof4 Week OralToxicityinRatsfor Levofloxacin and Ofloxacin

Lavofloxacin Dfloxacin2’

Study Typa (mg/kg) (mwlwl

Oral Rat 50 200 800 30 90 270 810

Salivation, soft stool, haircoat stain,
transient pallor or hypothermia

t fc or bw gain (transient, d)”

? Wc

J PMNs”

t WBC, P, ALT, M:E, b K+, Cl”, uraa

t P, ALP

t occult blood or b urinary Na+

4 haart weigh~

t cecal waight

articular cartilaga Ieaions

Slight vacuolization and minimal
hmertroDhv of haDatoc–ies

+

+

.

+

+

-

+

+

+

-

+ (9) + w

+

.

+

+ +

+

+
-

-1+

+ (9)

-1+

+

+

+

+

+ (9]

-

+

+

+

+

+

+ (9)

-.
+

+

+

+

+

67

fc = food consumption, bw = body weight, wc = water consumption, PMNs = nautrophils, WBC = whita blood cells,
P = phosphorus, ALT = alenins aminotransfarase, ALP = slkalina phosphatasa, M:E = myaioid to arythroid ratio, K+ =
potaseium, Cl- = chloride, Na+ = sodium
“ Tha findings for ofloxacin ware not considered to be toxicolo~ioally significant and therefore were not discussed in the
ofloxacin tablet tachnical summary but can be found in the individual of Ioxacin report (DS- 1575) which was submitted with
the ofloxacin tablet NDA.

-.
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Table 111-5b: Comparison of 4 Week Intravenous Toxicity in Rats for Levofloxacin and Ofloxacin

Lewfloxacin Ofloxaoin=
Study TV Ongntg) (Wbglkg)

Intravenous Rat 20 ao 180 10 32 80

4 epontmtaous aotitity; blepheroptoaia (3) - - +

b fc and bw gain +

irritation @ inj. site + -1+ -1 + +

4 total protein, clbumin, AK ratio, +
cholinesterase, urina~ protein, R=

f WBC, retica, and fibrinogen” - +

Cryatelluria -1+ -1+ +

J thymus, liver, heart, ovaries, and brain” +

t cecal weight + + ND ND ND

arthropathy + +

● Many of these biochemical findings were due to decraased body waight gain. Hematology’ findings were related to the
irritation at the injection site.

fc = food consumption, bw = body weight, inj. = injection, A/G = elbumin/globulin, RBC = red blood cell, WBC = white
blood cell, retie = reticulocyte, ND = not determined.

Table 111-5c: Comparison of 26 Week Oral Toxicity in Rats for Levofloxacin and Ofloxacin
Study Type Levofloxacin Ofloxacinz’

(mglkg) (mgllcg)

Oral Rat 20 ao 320 10 30 90 270

Seiivetion, [ergo fecal pellets, eoft + + +
stool or stained haircoat

t fc + +

t food conversion ratio (9) +

4 fc, bw; t WC +

t ALT ($’), t ALP (c?) +

4 PMNs’ + + + +(9) + (q + [9)

t glucose (d); J ~-glob,. + + + -

&glob ($’)b
.-

4 triglyceride (9) + -.=

J C~ and total protein (d); + +
t urinary PH

fecal occult blood + (d) + +

t lipid droplets adrenal cortex +

enlargement of cecum or + + + + + +
t weight

articular degeneration + +

IC = food consump~on~bw = bed y weight, wc = watar conaumpuon, ALT = alarune ammotransferase, ALP = alkali no
phosphotase, #-glob = #-globulin, &glob = -globulin, PMNs =“ neutrophils, Cl” = chloride
- The findings for ofloxacin were not considered to be toxicologically significant and therefore were not discussed in the

ofloxacin tablat technical summary but can be found in the individual ofloxacin raport (DS- 1567) which was submittad with
the ofloxacin tablat NDA.

bE-globulin and @globulin lavels wera not maasured in the ofloxacin study.



NDA 20-634

TableIIM: Comparisonof 4 Week Oral Toxicity io Monkeys for Levofloxacin and Ofloxacin

Study Type Levofloxecin Ofloxacin2’
(mg/kg) (mgncg)

Monkey (3iaexfgt7ntp) 10 30 100 2060 180

Mortality . - 216 m

Salivation +

Diarrheaandlorerneais + -/+ + +

Slightbodyweightlossend/or + +
lowurinarypHb

Blood inwineb -1+ -/+ + +

4 cholesterolandALP +

Minimal to mild karyomegaly of the - - - -/+ +
liver

69

● Mortality baliavad duo to alactrolyta imbalanca bacauae of diarrhaa
b The findinge for ofloxaoin were not considarad to be toxicologically significant and tharefore wara not diacussad in the

ofloxacin tablat technical summary but can be found in the individual ofloxacin report {DS- 1568) which was submitted with
the ofloxacin tabiat NDA.

ALP = alkaline phoephatase

Table ill-7a: Comparison of Arthropathy in Juvenile Rats for Levofloxacin and Ofloxacin

Study Type and Length Levofloxacin 0floxacin2’,22
Onglkg} (wkg)

Oral -1 week 100 300 900 100 300 900

Arthropathy . + + . + +

Oral -4 week . 50 200 800 30 90 270 810

Arthropathy . + - -+ “

Oral -26 week 20 80 320 10 30 90 270

Arthropathy . . . + +

Intravenous-4 week 20 60 180 10 32 80

—

ArthroDathv . + + . .

-.
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TablelII-7b: (hnparison Of&thro@hy inbgs forhwc)floxacin aadOfloxacin

study
Oral Administration L8vofloxacin Ofloxacin 2’
(1-2 weeks) (mg/kg) (w&)

3-4 month old dogs ● 5 10 20 40 5 10 20 40

~Y + + + . + + +

12-13 month old dogs b 10 40 20 40 80

~Y + (1/3)

“ 1 week etudy ‘
‘ Study with Ievofloxecin was for 1 week end study for ofloxacin was for 2 weeks.

Table III-8: Comparison of Reprodu~”ve Toxicity in Rats (Oral Gavage) for Levofloxacin and
Ofloxacin

Study Type Levofloxacin 0floxacin2’
(m9/k9) (m9/kg)

Segment I - Fertility and
Reproductive Performance

Effects on mating performance
and intrauterine survival

Segment II - Teratology and
Embryotoxicity

f fetal mortality and t fetal
weight

delayed ossification due to
maternal toxicity

J mean pup weight at bi~h (d
and 9) and on days 63-77
postpartum (?)

Segment Ill - Perinatal and
Postnatal

Effects on F, or F. generation

10

NSF

10

.

10

NSF

60

NSF

90

60

NSF

360 10

NSF NSF

810 10

+ .

+ .

+

360 10

NSF NSF

60

NSF

90

.

60

NSF

360

NSF

810

+

+

.
-*

360

NSF

70

NSF = no significantfindings
-.
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Comments:

1.

2.

3.

4.

5.

6.

7.

The NDS, levofloxacin, k abroad-spectrum, syntheticantibacterialagent belonging

tothequinoloneclassof compounds.

Chemically,levofloxacinisthel-isomeroftheracemate,ofloxacin(FLO?CII’$.
Ofloxaciniscurrentlymarketed intheU.S.inboth oraland parenteraldosage
forms.
Toxicologically,levofloxacinisgenerallycomparable to the marketed ofloxacin
above).

(see

The proposed ‘maximum human clinidoralor intravenousdose k 1000 mg (500
mg b.i.d.)[equivalentto20 mglkg in50 kg person]. Animal toxicology studies
were conducted at multiples of this dose.

The nonclinical pharm/tox data submitted in the NDA provide sufficient information
to support the safety of this drug.

The applicant has initiated a photocarcinogenicity study in a rodent under a phase
lV agreement.

Labelling with regard to carcinogenesis, mutagenesis, impairment of fertility,
pregnancy category has been revised

Recommendation: Approvalofthedrug.
.

/CevWords: levofloxacin, sparfloxacin, enoxacin, arthropathy.
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MEMORANDUM DEPARTMENT OF HEALTH AND HUMAN SERVICES

PUBLIC HEALTH SERVICE

FOOD AND DRUG ADMINISTRATION

CENTER FOR DRUG EVALUATION AND RESEARCIl

DATE :

FROM :

SUBJECT :

TO:

Please

Please

safety

1.

August 8, 1996 A

Frances V. LeSane

Project Manager

DAIDP/HFD-52 O

301-827-2125 &
~/f’/4b

301-827-2325/2327 FAX

RE: Telecon 7-31-96 request from Biopharm Reviewer for

NDA 20-634 levofloxacin tablets.

Heather L. Jordan

Assc!ciate Director

Regulatory Affairs

The R.W. Johnson PHARMACEUTICAL

908-704-4607

908-722-5113 FAX

RESEARCH INSTITUTE

note the following request in regard to your pending NDA.

submit the following as ASCII files for the four month

report:

- The NONMEM input data file(s) .

- The NM-Tran control files for the NONMEM analysis

2.

3.

.4.

If YOU

I will

The data files for the NPEM2 analysis of the Pk/PD (Dr.

Drusano’s analysis) .

The data files for the Pk/PD (AUC/MIC,CMX/MIC) -...

analysis.

The data files for the pk/PD (adverse events) analysis.
,

have any questions, please call me at the above number and

arrange a telecon with the reviewer.

————



MEMORANDUM

DATE :

FROM :

SUBJECT :

TO:

Please

1.

2.

If YOU

I will

DEPARTMENTOF HEALTHANDHUMAN SERVICES
PUBLIC HEALTH SERVICE

FOOD AND DRUG ADMINISTFUJTION

CENTER FOR DRUG EVALUATION AND RESEARCH

May 17, 1996

Frances V. LeSane

Project Manager

DAIDP/HFD-52 O

301-827-2125

301-827-2325/2327 FAX

Request from Biopharm Reviewer for NDA 20-634

levofloxacin tablets.

Heather L. Jordan

Associate Director

Regulatory Affairs

The R.W. Johnson PHARMACEUTICAL RESEARCH INSTITUTE

908-704-4607

908-722-5113 FAX

note the following request in regard to your pending NDA.

The status of BE study # LOFBO-PHI-1O4. We know that

you plan to submit it after the analysis have been _

completed.

Please submit the following as ASCII files:

The NONMEM input data file(s) .

- The NM-Tran control files for the NONMEM analysis “

have any questions, please call me at the above number and”’

arrange a telecon with the reviewer.

—
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SYNOPSIS: Theapplication was submitted for levofloxacin which is being proposed for the
treatment of adults suffering from infwtions of the upper and lower respiratory tract, urinary tract,
and skin and skin structure caused by susceptible strains of responsible microorganisms.
In support of this application, the sponsor carried out various pharmacokinetic studies that address
issues such as drug interactions, systemic availability and disposition of Ievofloxacin in healthy
adults, the elderly, patients with renal impairment, and those with HIV infection. Overall, the
pharmacokinetics of levofloxacin is similar to that of the racemic mixture, ofloxacin. There was
no evidence of interconversion to the d-isomer (d-ofloxacin) following administration of
levofloxacin. The absorption is significantly reduced when administered with aluminum and
magnesium containing antacids. Statistically significant increases were observed for AUCG= and
T1,Zfollowing co-administration of a single 500 mg dose of levofloxacin with cimetidine and
probenecid; while CL were statistical y significantly reduced. No significant drug interaction was
observed following co-administration with digoxin, cyclosponne, theophylline or warfarin. The
elimination of levofloxacin is mainly affected by the degree of renal function. Thus, dosage
adjustment is required in subjects with renal impairment.

RECOMMENDATION: The information provided in the Human Pharmacokinetics and
Bioavailability section of NDAs 20,634 and 20,635 for levofloxacin tablets and IV injection is
acceptable because it meets the requirements set forth in 21 CFR 320. The proposed dissolution
method, 900 ml of O.IN HC1 in USP Apparatus I at 100 rpm, and specification of NLT *O of
labeI claim dissolved irt@ minutes is acceptable.

TABLE OF CONTENTS
Synopsis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Background . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...<
Drug Formulations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Drug dissolution . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Analytical methods . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Summary of clinical. Pharm. Studies:

PK. Bioavailability /Bioequivalence . . .. . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Food Effect . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Drug interaction . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Special Populations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

General Comments. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Labeling Comments. . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Appendix 1 (Summary of Studies)
Appendix 11 (Proposed Text of Labeling)

1
2
3
4
4

4
6
6
7
8
9 —

—
~.,

1

-— —— —



ORGANIZATION OF REVIE W: Following the background is a description of the drug
formulation and dissolution method and specification. The summary of the studies is followed by
the general comments, labeling comments, and comments to the Firm.

ACK GRO ~: Levofloxacinis the levorotatory isomer of the D, L-xacemate of ofloxacin
and a synthetic, fluorinated carboxyquinolone belonging to the quinolone class of antibacterial
agents. Levofloxacin differs fimm the older generation quinolones such as nalidixic acid by the
presence of a fluorine and an N-methylpiperazine substituent. It is chemically distinct tiom other
compounds comprising the newer generation of quinolones with respect to the presence of a
benzoxazine ring. Levofloxacin is said to be significantly more soluble than the D-isomeq which
should reduce the possibility of crystalluria. It was reported that levofloxacin acts by binding to
topoisomerase XI(DNA gyrase) and topoisomemse IV which is another enzyme that regulates the
superhelicity of DNA, with much greater affinity than the dextro (D-) rotatory species.
Levofloxacin has also been shown to be a broad spectrum antibacterial agent, which is active
against both conventional and atypical pathogens such as Mycoplasma pneumom”ae and Chkmydia
pnezunoniae. As at the time of submission of this NDA, levofloxacin is marketed in 4 countries
namely Japan, Hong Kong, China, and Korea.

Structure of Levofloxacin
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RMULATIONt TheTables below shows the components for the 2S0 mg and 500 mg tablets
as well as that for the IV formulation.

LevofbxacinTabtetStrengttucorqxments rnglTabk+t

Levofloxacinhemihydtate(RWJ-25213497)

HydroxypropylMethybetlubse2910, USP

Crospovidone,NF

MkrocrystallineCellulose. NF

MagnesiumStearate,NF

PolyethyleneGlycol8000, NF

m ~ : FCW521 34)97-AA-27

Levofloxacin hemihydrate (RWJ-2S213497)

Hydroxypropyl Methylcellulose 2910. USP “

Crospovidone. NF

Mi&ocrystallineCellulose, NF -

Magnesium Stearate. NF

Polyethylene Glycbl 8000, NF

● Thisexcipientis essentiallyremovedduringprocessing.

@unit dose

FD-252314197-D-45
hlgradiirlt (= m) (5 w*_–

Levofloxacin(hetihydrate) w
~.:.

ti mL

a Formula FD-25213-097-D45 is the proposed&n&ial formulation for
LevofloxacinInjection. 25 mg/ mL. which is the sub- of NDA 20-635.
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DISSOLUTIONN: The proposed dissolution method for levofloxacin tablets utilizes USP
Apparatus I (basket) containing 900 ml of 0.1 N HC1 maintained at 3X and a rotation of 100 rpm.
The dissolution specification (Q) of NLT~% dissolved in@ minutes is proposed. All through the
NDA, the tablets used have all passed the dissolution testing. The sponsor was requested to provide
the dissolution of levofloxacin in other media. However, the following response was submitted and
constitute the rationale for (a) using the proposed dissolution method and (b) for not making further
efforts to evaluate the dissolution profile in other media:

(1) the sponsor prefers the use of similar dissolution method for Ievofloxacin as for the
approved ofloxacin tablets.

(2) the pH-volubility proffle for levofloxacin hemihydrate between _ and-is flat ~-
- mghnl). Thus, dissolution testing at any pH within this range is expected to be similar.
The volubility of levofloxacin hemihydrate was observed to increase with further incraes

A

in H to a maximum of- mg/ml at pH _ and minimum pH-volubility profile at pH

(3) the publication by Russell et. al., Pharm. Res., 1993 provided a report of the gastric and
duodenal pH levels measured in 79 healthy elderly men and women under fasted and fed
condition using the Heidelberg capsule technique. Overall, the reported minimal and

maximal pH values were 1.1 and 6.7.

ANALYTICAL METHOD: Two validated high performance liquid chromatographic (HPLC)
methods that achieved chiral discrimination between D- and L-ofloxacin were employed in the
quantitation of levofloxacin in biologic fluids.

SUMMARY OF mnw

1. Pharmacokinetics: Levofloxacin is rapidly and almost completely absorbed following OXZJ
administration with an absolute bioavailability of - 99% and a mean apparent volume of
distribution of - 95 L. The peak plasma concentration (CJ in healthy subjects ranges from 7 to
12 pg/ml following a 500 mg oral dose. The mean apparent total clearance and renal clearance

ultiple (q.d. or b.i.d) 250 or 500 mg IV or oral dose ranged from~
ml/min and l/rein, respectively. Following the above dosing regimen, the mean terminal
elimination half-life ranged from approximately 6 to 8 hours. The renal clearance is in excess of
glomerular filtration rate suggesting tubular secretion of levofloxacin in addition to glomerular
filtration. The residual intra-subject variability was estimated from the NONMEM analysis of
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pooled data to be 25 % and 18.6% at plasma concentrationof 1 I.@ml and >7 pg/ml, respectively.
Inter-subject variability (95% CI) for CL, V and KA are: 21.3 (15.3 - 25.9)%, 24.5 (O - 35.2)%
and 268.5 (O - 443.7)!%, respectively. The inter-subject variability around V and KA can not be
adequately estimated because of the lack of enough data points.

1.1 Metabolism and disoosition; Levofloxacin is mainly bound to human serum albumin. In-vitro,
over a clinically relevant serum/plasma concentration of ~ pghn.1, levofloxacin is approximately
24- 38% bound to serum proteins. It undergoes limited metabolism in humans and ismainly

excretedasunchangeddruginurine.Approximately87% ofan administereddosewas recovered
unchanged in urine in 48 hours; while < 4% of the dose was recovered in 72 hour feces.
Desmethyl levofloxacin (M2) and levofloxacin N-oxide (M3) accounted for - 1.75 and 1.63 % of
the dose, respectively. These metabolizes were reported to have little relevant pharmacological
activity.

1.2 Bioavailabilitv and bioeuuivalence : The pharmacokinetics of the individual enantiomers of
ofloxacin have been compared and reported in the 8/19/94 submission to IND
reviewed by Dr. Ette. The results showed similar values for the bioavailability parameters (Cm,
AUC & Ae) for both levofloxacin and d-ofloxacin.
Following a review of study # M92-035 (RWJPRI) contained in the 7/11/94 submission to IND

by Dr. Ette, the 500 mg (hemihydrate levofloxacin, RWJPRI) single clinical tablet was
found to be bioequivalent to 5x100 mg (488 mg anhydrous Ievofloxacin - European formulation,
DF). The 500 mg market-image tablet (RWJPRI) was compared to the 500 mg clinical tablet
(RWJPRI) in study # LOFBO-PHIO-097 contained in the 5/2/95 submission to IND #s

Dr. Sun’s review of the data showed that the market image failed the bioequivaience test
because the CmXexceeded the 90% CI limit.
In study # HR 355/ 1/GB/103 (LOFBO-PHIO-1OO),the 500 mg RWJPRI clinical tablet formulation
was compared to the 500 mg HAG tablet and IV formulations. Data from this study demonstrated
bioequivalence for the two tablet formulations. In study # LOFBO-PHIO-096 bioequivalence was
demonstrated for the RWJPRI 250 mg market-image tablet formulation and 2x125 mg RWJPRI
clinical tablet formulation. Study # LOFBO-PHI- 104 is a repeated study that compared the 500 mg
to-be-marketed formulation to the RWJPRI 500 mg clinical tablet formulation. Results from this
study showed that the two tablet formulations are bioequivalent.
Although bioequivalence, as defined by similw rate and extent, can not be proven for a 500 mg
dose of levofloxacin given via the IV and oral routes, the degree of exposure (AUC)~=-omparable
following both routes af administration.

1.3 Dose proportionality: The AUC and C- of levofloxacin following single and multiple once
daily administration increased lintarly over a dose range of 50 mg to 600 mg (study # 91/17).
Similarly, these parameters increased proportionally following single and multiple 750 mg and 1
gram oral doses (study # LOFBO-PHIO-093).

1.4 Multiple dosing: The pharmacokinetics of levofloxacin following multiple IV doses (500 mg
q 12h - study # L9 1-054 and 500 mg q24h for 9 days - study # L91-053) was evaluated in normal
healthy subjects and reported in a 7/22/94 submission to IND reviewed by Dr. Ette. The
extent of accumulation as evaluated from the day 10/day 1 AUC and CmXratios are 1.06 and 1.14
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(study # L91-054) and 0.99 & 1.01 (study # L91-053), respectively. These values were close to
the predicted/theoretical of 1.47 for the q.d. and 1.11 for the b.i.d. dosing regimens. The
disposition parameters were similar following the two multiple dosing regimen. These results are
comparable to those following 500 mg multiple oral doses (study #s K90-077 and K90-014).
The pharmacdcinetics of levofloxacin were compared after single and multiple daily or b.i.d. 500
mg oral doses and once daily 750 mg or 1 gram doses in healthy subjects (study # LOFBO-PHIO-
093). Overall, a modest accumulation that is predictable from the single dose data was obsemd
and the disposition kinetics of levofloxacin are comparable to those following single oral and IV
administration.

1.5 Food effect studv: Administration of levofloxacin with fmd resulted in delayed absorption (60%
increase in T~, and slight decrease in the Cm (14%) and AUC (10%). Overall, these differences
are not of such magnitude that preclude administration of levofloxacin tablets with food [study #
HR 355/1 /USA/105 (LOFB0-PHIO-099)].

1.6 Tissue concentration: The tissue: plasma concentration ratios of levofloxacin were evaluated in
study #S LOFBO-PHI-095 , HR 355/ 1/USA/ 104/GP (N93-069), and HR 355/1/USA/ 103/GP (N93-
070). The tissue: plasma ratio varies from 0.11 to - 3 in the cortical and spongiosa bone tissue,
blister fluid exudate, and lung tissue.

2. Drug interaction studies:

2.1 Calcium. Aluminum and Maznesium containing antacids: The sponsor proposed identical
labeling for levofloxacin dosage and administration as for ofloxacin with respect to interaction with
aluminum and magnesium containing antacids in the 8/19/94 submission to IND
reviewed by Dr. Ette. This labeling request was found acceptable following a review of submitted
information. However, a review of the literature indicated lack of significant effect of ranitidine
(H-2 receptor antagonist) and calcium carbonate on the bioavailability of levofloxacin (Shiba et.al.,

Antimicrobial Agents and Chemotherapy, 1992; 36, 2270- 2274). Hence, the proposed labeling
should be made to reflect this finding by removing calcium containing antacids from the list of
antacids referred to in the labeling.

2.2 Theophvlline: The effect of multiple oral dose of levofloxacin (500 mg q12hx-9_doses), at
steady-state, on the kinetics of a single 4.5 mg/kg 30-minute 1.V. infusion of tha-~ylline was
evaluated in 14 healthy males who completed the study (study # LOFBO-PHI- 101). ‘-The results
showed that the pharrnacokinetics of a single 4.5 mg/kg I. V. infusion of theophylline were not
significantly altered by steady-state levels of levofloxacin. The steady state kinetics of levofloxacin
were similar to those obsemd in studies where multiple 500 mg oral doses of levofloxacin were
administered. A similar result was obtained in another study that evaluated the effect of multiple
oral doses of 97.6 mg levofloxacin, q8h Days 5 through 9 on the pharmacokinetics of multiple oral
doses of 200 mg theophylline administered twice daily on Days 1-9 (study # 3355J-MET038; not
reviewed).

2.3 Warfarin: The effect of multiple oral dose of levofloxacin (500 mg q 12h x 9 doses), at steady-
state, on the kinetics of a single 30 mg oral dose of racemic warfarin was evaluated in 16 healthy
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male subjects (study # LOFBO-PHI-098). The results showed that the steady-state levels of
levofloxacin had no significant effect on the disposition and anticoagulant effect of R- or S-
warfarin.

2.4 Cvclosy) rine: The effect of multiple oral dose of levofloxacin (500 mg q 12h x 11 doses), at
steady-state, on the kinetics of a single 10 mg/kg oral dose of cyclosporine was evaluated in 14
healthy men and women (N93-059). The results showed that the pharmacokinetics of a single 10
mg/kg oral dose of cyclosporine were not significantly altered by steady-state levels of levofloxacin.

2.5 Dizoxin: The effect of multiple oral dose of levofloxacin (500 mg q 12h x 11 doses), at steady-
state, on the kinetics of a single 0.4 mg oral dose of digoxin was evaluated in 12 healthy men and
women (study # LOFBO-PHI-094). The results showed that the pharmacokinetics of a single 0.4
mg oral dose of digoxin were not significantly altered by steady-state levels of Ievofloxacin. The
steady state kinetics of levofloxacin, with and without concomitant digoxin administration, were
similar.

2.6 cimetidine and mobe necid: The effect of multiple oral dose of cimetidine (400 mg q12h x 7
days) or probenecid (500 mg q6h x 7 days) on the kinetics of a single 500 mg of levofloxacin,
given on Day 4, was evaluated in 12 healthy male subjects (study # HR 355/ l/GB/ 101). There was
no statistically significant changes in the CmXand TmXof levofloxacin following co-administration
with cimetidine or probenecid; indicating little or no changes in the rate of absorption. However,
statistically significant incres were observed for AUC@=(27% cimetidine, 38% probenecid) and
Tln (- 30%). The reductions seen in CL~ were also statistically significant and are 119 ml/min,
91 ml/min and 77 ml/min for levofloxacin alone, with cimetidine and with probenecid, respectively.
In general, the observed reductions in CL/F can be attributed to the reductions in CL~ when
levofloxacin was co-administeral with cimetidine or probenecid.

3. Soecial r)ormlation:

3.1 Elderly: The effect of age on the pharmacokinetics of a single 500 mg oral dose of levofloxacin
was evaluated in study # N93-024. There was a trend for increased C-X and AUCO. with age. The
c AUC@@, Vd/F, Tnu., CL~, and CL/F were statistically significantly altered in the elderly.
H~w~ver, differences in total amount excreted (Ae) and T~X were not significant.W Observd

differenceswere attributableto thedifferencesin renalfunction.This conclusion-~S-~ppOrtedby

thedatafrom theNONMEM analysis. Thus, dosage adjustment based on age considerations alone
is not deemed necess@.

3.2 HTVPatients: The pharmacokinetics of single and multiple oral dosage regimens of levofloxacin
was evaluated in HIV seropositive subjects. In study # N93-032, a 750 mg once daily oral dose
administered for 14 days followed by 750 mg or 1 gm thrice weekly (t. i.w.) oral doses
administered for 2 weeks was evaluated in parallel in patients with CD4 cell counts < 250 and 2
250. The differences observed in the kinetics of levofloxacin in the 2 groups was attributed to the
differences in the renal function [mean C~ (range) = 83 (50 - 140) ml/min for patients with CD4
cell count <250; 108 (81 - 182) ml/min for patients with CD4 cell count > 250]. The results
indicate a linear relationship in the kinetics of levofloxacin following the 750 mg (q.d. & t. i.w.)
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and 1 gm (t.i. w.) doses. Also, there was a reasonable degree of accumulation following the multiple
oral doses, Two other studies (K90-024 & K90-08.6)evaluated the pharmacokinetics of levofloxacin
following singie and multiple (t.i.d.) 350 mg oral doses for 10 days in HIV patients with and
without concurrent therapy with AZT. Results from both studies indicate attainment of steady-state
plasma levels within 3 days with minimal accumulation upon multiple dosing. There was an
agreement in the observed data points and the simulated plasma concentration profile. The kinetics
of levofloxacin does not appear to be affected by concomitant administration of AZT. The kinetics
of levofloxacin in the HIV patients are similar to that of healthy subjects. No dosage adjustment
is thus necessary in this patient population with or without concomitant therapy with AZT.

3.3 Renal disease: The pharmacokinetics of a single 500 mg oml dose of levofloxacin was evaluated
in subjects with varying degrees of renal impairment (study # M92-046). There was a good linear
correlation between the degree of renaJ impairment and the plasma clearance as well as the
elimination half-life. Overall, less than 15% of the administered dose of levofloxacin (maximum
observed amount = 64 mg, in 1 individual) was removed by hemodialysis or continuous
ambulatory peritoneal dialysis (CAPD). Thus, administration of extra dose following hemodialysis
is not warranted as these processes do not significantly remove levofloxacin from the body. The
following dosage adjustment was recommended for each group following a simulation
(superposition method) based on the parameter values obtained in this study:

CrCl > 80 ml/min -500 mg q12h or q24h
CrC1 = 50-80 ml/min -500 mg q24h
CrCl = 20-49 ml/min -500 mg start, followed by 250 mg q24h
CrCl = 10-19 ml/min -500 mg start, followed by 250 mg q48h
Subjects on hemodialysis or CAPD -500 mg start, followed by 250 mg q48h

3.4 Gender: Results from study # N93-024 reveaied statistically significant differences in C-, T-,
apparent volume of distribution (Vd/F), Tl,z, and CL/F but not CL~ and AUC&mbetween males
and females. In general, the C- in females compared to males was 26% higher, T -was
increased by 46% (- 0.5h), while the Vd/F, T,n and CL/F were decreased by 15%, 19% and 18%,
respective y. The differences in the pharmacokinetic parameters between the genders were no
longer statistically significant when the CrCl of each subject-was included as a covariate in the
ANOVA model. In. fact, good correlations were observed between the subject’s. GKX-and C-,”
AUC@=, CL/F, and CL~. Although the observed differences between the genders seem

.._—

unexplainable, it could m part, be attributable to the observed differences in the renal function. This
conclusion is support~ by the data from the NONMEM analysis which was verified by Dr. Ette.
Good correlations were also observed between the C-, Vd/F and each subject’s body weight. Data
from simulations of the steady-state plasma concentration profiles for females below 50 kg body
weight with compromised renal function, using parameter values from NONMEM analysis and the
relevant adjusted dowge regimen, indicated a profile within the concentration range (1- 10 pg/ml)
seen in normal subjects. Similar differences in the pha.rmacokinetic parameters were observed in
data from studies where males and females were enrolled. However, the magnitude are not high
enough to warrant different dosing regimen for females.
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3.5 Race: The NONMEManalysisof pooled data from 4 studies indicated similar CL/F and Vd/F
for non-white (N=24) and white (N =48) subjects. The NONMEM analysis was reviewed and
found acceptable by Dr. Ette.

4. Pharrnacokinetic / nharm acodvnamic (PK/PD) relationship : A recent 4-month safety update
submission contained a report of a multi-center multiple dose study where the pharmacokinetics of
levofloxacin was evaluated in hospitalized patients with community squired infection using
population kinetics study design. The relationship between the derived PK parameters (AUC, Cd
and clinical outcome, adverse events as well as the microbiological (MIC) outcome was evaluated
using logistic regression and Classification And Regression Tree (CART) approach. From a
preliminary review, the breakpoint for the CW/MIC ratio was reported by the investigator to be
12.2 for both clinical and microbiological outcomes. Hence, for patients that achieve a CN/MIC
ratio of > 12.2, the probability of a successful clinical and microbiological outcome is > 95%.
The report will be firther analyzed when the requested data tiles become available.

GENERAL COMMENTS O&d Not Be Sent to Firm):
1. Five study protocols (LOFBO-PHIO-094 - levofloxacin/digoxin drug interaction study, LOFBO-
PHIO-097 - BE study, LOFBIV-MULT-001 - pharmacokinetics in patients with bacterial infections,
LOFBO-PHIO-099 - food and age effect, LOFBO-PHI-1O1 - levofloxacin/theophylline drug
interaction) were reviewed prior to initiation of the studies. The sponsor utilized the comments
made by the reviewers of the protocols.

2. Five studies (M92-035 -500 mg vs. 1x500 mg BE study, L91-053 & L91-054 - single vs.
Multiple IV dosing, LOFBO-PHIO-097 - 500 mg market-image vs. Clinical BE study) were
reviewed prior to the submission of the NDA.

3. Overall, reports of 40 studies were submitted. Five of these were reviewed prior to the
submission of the NDA, while I reviewed 28 studies that were pertinent to the description of the

—
disposition of levofloxacin in healthy subjects and special population as well as describe its drug-
drug interaction potential.

LABELING COMMENTS: Thefollowing sections of the labeling should be modified as thus
edited (in italics): .——-_—

9



~osa~e and Administ ration: The following statement should be added:

*.*

Div. of Pharmaceutical Evaluation III

(Clin. Pha.rm. Biopharm. Briefing - 9/27/96: Lesko, Collins, Fleischer, Albueme, Hopkins,
Huang, Mei-Ling Chen, Pelsor, Lazor, Baweja, Sun, L&he, Ajayi)

RT initialed by Frank Pelsor, PharmD f/~.. . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . .

cc: NDA 20,635 HFD-520 (Clinical Division)
cc: HFD-880 (DPE3,Pelsor,Ajayi).
CC: HFD-870 @ott)

— cc: HFD-340 (Vish)

.
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STUDY TITLE: A DOUBLE-BLIND STUDY TO EVALUATE THE SAFETY AND
PHARMACOKINETICS OF LEVOFLOXACIN 500 MGQ24HVS PLACEBO IN NORMAL
SUBJECTS, STUDY # K90-077. VOLUME 1.63.

INVESTIGATOR & LOCATION:

OBJECTIVE: To evaluate the safety and pharmacokinetic profiles of Ievofloxacin under
multiple once daily oral dosing.

STUDY DESIGN: Levofloxacin or matching placebo was administered orally to twenty
healthy subjects according to a randomized, ~double-blind, placebo-controlled, parallel
design. Ten of the twenty subjects received Ievofloxacin as Ievofloxacin hemihydrate, 500
mg per dose; the remaining subjects received placebo. A single dose was given to each
subject on Day 1, with a washout period on Days 2 and 3, which was followed by a single
daily dose from Days 4 to 10. All doses were administered in the morning with 8 ounces
of wate~ dosing on Days 1 and 10 was conducted with fasted subjects. Subjects were
confined to the study site from no less than 12 h prior to administration of the first dose
through completion of plasma and urine sampling on Day 13.

FORMULATION: Levofloxacin (RWJ 25213) was provided as white to pale yellowish-white,
film-coated tablets containing 100 mg of Ievofloxacin hemihydrate (FD 25213-B-22,
equivalent to 97.6 mg of anhydrous Ievofloxacin) by The R.W. Johnson Pharmaceutical
Research Institute. Identically appearing placebo was also obtained from The R.W. Johnson
Pharmaceutical Research Institute (FD 25213-BX-22).

DEMOGRAPHICS: Twenty (20) healthy male subjects participated in this study (Table 1).

SAMPLING: Blood samples were obtained from each subject according to the following
time schedule:

Day Time in Hours Day Timein Hours . Day Time in Hours

1 . . 0 4 72 10 216—–.
0.5 6 120 21~5

-f 7 144 217 ..
2 8 168 216
3 9 192 219
4 220
8 224

12 228

2 24 11 240
36 252

3 48 12 264
60 276

13 288

Urine was collected quantitatively beginning eight hours prior to the first dose and at the
following time intervals post-dose: O-2, 2-4, 4-8, 8-12, 12-24, 24-36, and 36-48 h. Urine was

I



also collected quan~itative[yafter the last dose on Day 10 at the following time intervals
post-dose: O-2, 2-4, 4-8, 8-24, and 2448 h.
Fecal samples were also mllected in toto from all subjects following the initial dose until lhe
morning of Day 3 and also following dosing on Day 10 and continuing until the morning of
Day 13. Each sample was weighed, labeled, and frozen. These samples were only to be
assayed if plasma and urine data were inconsistent with the dose administered.

ANALYTICAL METHOO: Plasma and urine samples were assayed for Ievofloxacin
according to validated HPLC procedures at The R.W. Johnson Pharmaceutical Research
Institute.

The range of detection in plasma was pg/mL whereas the
corresponding range in urine was pg/mL.

. ....-
DATA ANALYSIS: The individual peak concentrations (C#, time to reach Cm (T#, and ‘. ‘--”
the trough concentrations (Cfi) on Days 1 and 10 were determined by inspection. The area
under the plasma concentration-time curve (AUC), mean residence time (MR~, effective
half-life (t%), total body clearance (CIJF), and steady-state volume of distribution (VD~F)
for single-dose (Day 1) and steady-state conditions (Day 10) were determined from the
plasma concentration time data.
Steady-state conditions were assessed on Day 10 by evaluating the difference between
pre-dose (216 h) concentrations and 24 h post-dose concentrations (240 h).
The plasma concentration versus time profile of each subject during the 13 days of
Ievofloxaan administmtion was also examined by nonlinear regression. A model assuming
two-compartment disposition with first-order absorption and elimination processes was
used; computation was performed by means of PCNONLIN (version 4.0).
The percent of dose recovered (Au%) and the renal clearance (Clr) after a single dose and
at steady state were also determined.
Statisti@ analyses of pharmacokinetic parameters were conducted using the MINITAB7
statistical software package. Paired t-tests were used to compare the pharmacokinetic
parameter values obtained between Day 1 (single dose) and Day 10 (steady state) of the
study. A Type I error rate of 0.05 was used to establish significance.

RESULTS: Mean C- values of Ievofloxacin after administration of a single 500 mg dose
of Ievofloxacin hemihydrate (Day 1) and a 500 mg dose-of Ievofloxacin hemihydrate at
steady-state (Day 10) were 5.19 and 5.72 pg/mL, respectively. The average steady-state
plasma Ievofloxaan conu?ntration during the dosing intewal was 1.98 pglmL (Tab~. The
range of the momjng pre-dose mean plasma concentrations (Cd from Days 6 to.1 O was
0.467 to 0.515 pg/mL. These values indicate that some residual drug was present
throughout the dosing intewal. Mean AUC&z4values on Days 1 and f Owere 42.6 and 47.5
pg.h/mL, respectively mean AUC& values were 47.7 and 53.6 pg”hr/mL, respectively
(Table 3). The steady-state volume of distribution was approximately 100 L. On Days 1 and
10, the mean effective elimination half-lives were 6.5 hours and 6.8 hours, respectively.
The difference between single dose AUC& values and steady state AUC&zd values was not
significant (p= O.87). Systemic accumulation of Ievofloxacin, based on the steady state to
single dose ratio of AUC@zd,was marginal but statistically significant (mean accumulation
= -i1%, p=o.oo12). .
After single and multiple once-daily 500 mg administrations of Ievofloxacin hemihydrate,
mean (ts.d.) peak urinary concentrations were 751*453 and 552*189 pg/mL, respectively.
Corresponding mean urinary recoveries of intact Ievofloxacin were 64*80/. and 67*14%
(Table 4). Mean renal clearance values were 7.53tl .80 Uhr following a single dose and
6.97* I .85 Uhr at steady state (P=O.42). Renal clearance accounted for approximately 70%
of total plasma clearance.

n
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CONCLUSION: With once-daily oral administration, SyStemlCaccumulation waS marginal
and is approximately ~f%. Based on the observed effective t’~ vakJeS, an aCCUmU{atiOnof
approximately 9“Awould ~r with on~-daily administration. The C- values indicated thaf
some residual drug was present throughout the dosing interval (range: 0.467 to 0.515
pg/mL). Levofloxaan was eliminated primarily by renal excretion at a rate similar to
creatinine clearance.

Table 1 : Subject Listingof Baseline Demographic Oata (K9007)

Subject # Gender

Male

‘ Male

Male

Male

Male

Male

Male

Male

Male

Male

Male
-.

Male

Male

Male

Male

Male

Male

Male

Male

Male

Race

. Cauc.

Cauc.

Black

Cauc.

Cauc.

Hisp.

Cauc.

Cauc.

Cauc.

Cauc.

Cauc.

Black

Cauc.

Cauc.

Cauc.

Btack

Cauc.

Cauc.

Cauc.-

Cauc.

Age (yr)

27

30

26

22

24

19

26

47

22

21

46

35

20

26

23

22

34

18

22

50

Weight (lb)

155

. 194

153

151

166

157

166

190

156

146

212

- ::-l??Q-

150

163

176

143

175

137

162

170
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Table 3

individual amf Mean Levof= phafm-wtic Parameter in Ten Heafthy Male
Voluntewa AfterSingfe(Day1)andMultiple(Oay10)Once-fMy 500 mg

OrafD&i of Letofbxadn Hemihydfate Adminiatfation (U90-0~

a CpaaFiucIuatI(M “

Suqecf Cmax(p#mL) Tqx (fu) Cmin (pg/mL) qYmL Index

Oayl Daylo f3ayl Daylo aayl Daylo . Oaylo

MEAN 5.19 5.72 1.3 1.1 0.459 0.511 1.98 26

S.D. 121 1.40 0.5 0.4 0.143 0.166 028 0.7

C.v..% 23 24 43 35 3i 32 14 27

MAX 7.03 7.97 2.0 20 0.691 0.891 235 4.3

MIN 3.61 3.m 0.5 0.5 0.243 0.313 1.56 1.8

dXin valueawere@kenat 24-bouts.

Ta4fe 4
Indiiual ad Mean lJri~ fl~ (Au%)w IW~I ~

Fofbwingsin@e~ M@&
(CLf) Data

0nce-fMy500 mgOfa100aee
of Lewfbxadn Hemihydmte(KgO-on)

SINGLE-DOSE(DAY1) STFADY+TATE (f)Ay 10). . -.—-
AU% C&. AU% m

Subjec! (o-24flr) u@mL IA (0-24hr) u@mL Ml

--_—

MEAN 64 751 7.53 67 552 6.97
sm. 8 453 1.60 14 189 1.65
C.v..% 13 60 24 i?-1 34 27
MAX 79 1634 10.6 80 777 10.3
MIN 45 211 4.71 - 42 266 3.90
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STUDY TITLE: A DOUBLE-BLIND CROSSOVER STUDY OF THE SAFETY AND
PHARMACOKINETICS OF MULTIPLE DOSES OF LEVOFLOXACIN 500 MG Q12HVS pLACEBO
IN NORMAL SUBJECTS, STUDY # K90-014. VOLUME 1.64.

INVESTIGATOR & LOCATfON:

OBJECTIVE: To evaluate the safety and phannacokinetic profiles of Ievofloxaan under multiple
twice daily oral dosing.

STUDY DESIGN: The study was a randomized, double-blind, placebo-controlled, crossover design
Subjects received either Ievofloxacin (as Ievofloxacin hemihydrate, 500 mg per dose, equivalent
to 500x0.976 mg of anhydrous levofloxadn) or placebo during each of_ie two treatment periods.
For Treatment Period 1, a single oral dose was given to eat% subject on Day 1 with a washout
period on Days 2-3 and followed by the twice daily oral administrations from Days 4 to 9; a final
single oral dose was then administered on Day 10. Following a two day washout period, the
alternate treatment was given in the same pattern for Treatment Period Il. Dosing on Days 1, 10,
13, and 22 was conducted with subjects in a fasted state. All doses were administered with eight
ounces of water. Subjects were contined to the study site from no less than 12 hours prior to
administration of the first dose through completion of plasma and urine sampling on Day 25.

FORMULATION: Levofloxacin (RWJ-2521 3-000) was provided as white to pale yellowish-white,
film-coated tablets containing 100 mg of Ievofloxacin hemihydrate (FD 25213-B-22, equivalent to
97.6 mg of anhydrous Ievofloxacin) by The R.W. Johnson Pharmaceutical Research Institute.
Identidly appearing placebo was also obtained from The R.W. Johnson Pharmaceutical Research
Institute (FD 25213-BX-22).

DEMOGRAPHICS: Twenty healthy male subjects pafiicipated in this study (Table 1).

SAMPLING: Venous blood samples (5 mL) were obtained from each subject according to the
following time schedule : .

Day Ttme in Hours

2,14

3,15

1,13 0
0.5
1
2
3
4
8
12
24
36
48
60

Day Time in Hours

4,16 72
6,18 120
7,19 144
8,20 168
921 192

.

Day ~me in Hours
.:-—

102 216
2 216.5

217
218
219
220
224
228
240

11,2 252
3 264

276
12,2 . 288

4

13,2

7



Urine was collected quantitatively from eight hours prior to the first dose of each treatment period

(Days 1 and 43) and at the follm”ng time intervals following that dose: 0-2,2-4,4-8,8-12,12-24,

24-36, and 36-48 hours. Urine was also collected quantitatively after the dose on Days 10 and 22

at the follow-rig time intewals post-dose: O-2, 2-4, 4-8, 8-24, 24-36, and 36-48 hours.

Fed samples were also collected h foto from all subjects through 48 hours post-dose on Days 1,

10, 13, and 22. Each sample was weighed, labeled, and frozen. These samples were only to be

assayed if plasma and urine data were inconsistent with the dose administered.,.

ANALYTICAL METHOD: Plasma and urine samples were assayed for Ievofloxacin according to

validated HPLC procedures at The R.W. Johnson Pharmaceutical Research Institute.

The range of detection

in plasma was pg/mL whereas the corresponding range in urine was pgfml.

DATA ANALYSIS: Levofloxacin absorption and disposition following a single dose and at steady

state were evaluated. Steady state conditions on Day 10 were evaluated by determining differences

between pre-dose (216 hours) Ievofloxacin concentrations and post-dose concentrations (228

hours) by subject. Peak plasma concentrations (Cd, time to reach C- (T#t and trough

concentrations (Cd on Days 1 (single dose) and 10 (steady state) were determined by inspection.
—

“The area-under the plasma concentration time curve (AUC), the mean residence time (MRTj, the -

effective half-liie (TYz), the total body clearance (C~F), and the steady-state volume of distribution

(VD~F) of Ievofloxacin after a single dose and at steady-state we[e also estimated.

The plasma concentration data were subsequently fit to a function which desc@@a two-

compartment system with first-order input and elimination from the central compartment. Data

f~ing was performed with PCNONLIN (vemion 4.0) and model selection was based on the “Akaike

Information Criterion (AIC).

The percent of dose remvered in urine (Au%) and the renal clearance (Cl,) following a single dose

and at steady-state were determined.

Since the ANOVA results confirmed that there were no sequence effects, the pharmacokinetic

parameters of Ievotloxacin for all 20 subjects were grouped for statistical analysis. Paired t-tests

were used to compare the pharmacokinetic parameter values between Days 1 (single dose) and

10 (steady state) using the software package, MI NITAB. Parameter values were deemed

significantly different at a= O.05.



RESULTS: Mean plasma kvoflo)(acin concentrations following single and multiple (steady-state)

doses are plotted in Figure 1. Individual and mean pharmacokinetic results are presented in Tables

2 and 3. Day 1 refers to the single Ievofloxacin dose and Day 10 refers to the f 3th Ievofloxacin

dose follm”ng multip[e Q12H administrations in all subjects. Plasma C- (pn+dose) data indicate

that by two days after initiation of the twice daily administration regimen steady-state had been

achieved.

Based on Cm, the accumulation ratio of Ievofloxaan following twice daily administration was

approximately 2.1 indi-ting a two-fold increase in plasma Ievofloxacin concentrations between
----

single dose and steady-state conditions. Based on AUC&,z the accumulation ra~o of Ievofloxacin

following twice daily administration was approximately 1.8; again, this suggested a two-fold

increase in plasma concentmtions between single dose and steady-state conditions. Results of the

statistical evaluation on pharmacokinetic parameters are presented in Table 4. Only MRT and TIA

possessed significant sequence effects (p=O.024).

Similar values of AUC, MRT, TM, C&/F, and VD~F were obtained from the model-dependent and

model-independent methods. Renal clearance accounted for approximately 70% of total plasma

clearance.

CONCLUSION: The pharmacokinetic profile of oral Ievofloxacin following twice daily administration

suggested a marginal trend towards nonlinear disposition. Although the mean parameter values on

— each Study Day were only slightly different, the differences within a given subject (ValuemY 10-

ValuemY,) maintained a consistent trend. As an example, the mean CUF values on Study Days

1 and 10 differed by only 15.6%, however, the CL/F for every subject was lesson Day 10 than Day

1 (Table 3).
-. --.. ...-..-—
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Table s

Percent Dose Recovered m Urine (AU%) and Renal Clearance (CLr) of
Levofloxacin in Twenty Healthy Male Volunteers FollowingSigle (Day 1)

and Multiple (Day 10) S00 mg Q12H Oral Doses of Levofloxacin Hemihydrate (K90-014)

slffi~ (DAY 1) SEADY-S7A7E (DAY10)

Subjed AU% ar C&

(O-stir) (G24hr) ug/mL m (oar) (0-24hr) ug/rnL Ml

. MEAN 37 63 508 724 55 107 767 624

S.D. 8 11 241 211 6 18 221 1s3

C.v.% 21 17 41 a ’10 17 29 25

..46 74 994 11.9 66 741 lq_– 10.0

Mm 15 27 “ 196 2.98 46 60 292.2.71
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Title: Safety and Pharrnacokinetics of DR-3355 Administered Once Daily for Seven Days

to Heatthy Human Volunteers

Protocol Numbe~ 91/17 VOLUME 1.68.

Investigator and Location:

Study Design: Thii is a study designed to compare the pharmacokinetics and safety of three doses

of DR-3355 follow-rig once daily oral administration for 7 days. Subjects received 150 mg, 300 mg

and 600 mg once daily on Days 1-7 of Week 1, Week 4 and Week 7, respectively,

with pharmacokinetic analysis on Days 1 and 7 of each of the three weeks.

Demographics: A totalof13 healthy male volunteers (aged 19-39, mean 25.6, years) participated

in the study.

Sampling: Blood samples were taken at O, 0.25,0.5, 1, 1.5,2, 3,4,6, 8, 12 and 24 hours on Days

1 and 7 and, on Day 7 only, at 36 and 48 hours after dosing.

Analytical Method:: DR-3355 concentrations in plasma and urine were determined by

DR-3355 levels

in plasma were determined using HPLC with fluorescence detection. The detection limit of the HPLC

method was 0.01 pg/mL for plasma and 1.0 pg/mL for urine.

Results: Plasma data were used to tit exponential curves and the pharrnacokinetic parameters of

terminal elimination half-life, terminal elimination rate constant, distribution half-life, a~ half-

fife,absorption mte constant mean residence time, volume of dtibution and total clearance were

extracted from the fitted curves. Cm (maximum plasma concentration), Cti (concentration at time

O hours, predose), T- and AUC represent the observed values for individual subjects, and were

not derived from fitted curves.

Conclusion: There were dose linear relationships between dose and Cm, C-, AUC[@z4.), AUCW

~Ymean plasma level at steady state, distribution half-life, and volume of distribution on Days 1 and

7.



The mean values of the pharmacokinetic parameters on Day 1 and Day 7 are presented below.

150 Mg OCI

300 Mg Od

600 q CA

Cmax (llg/mL)

my] oay7

2.21 2.31

4.25 4.17

9.10 9.84

Tmax (h] AIK {0-241

tuq.h/mLJ

P Value Oayloayl P Value oayloay7 —

NS 0.75 0.E6 w 10.07 10.85

NS 1.04 1.08 NS 21.65 25.10

us 1.00 0.91 NS 45.66 52.58 +

P Value

ns

0.001

0.03

NS - not significant

The mean accumulation ratio (Cmax Day 7/Cmax Day 1) was 1.04 for 150 mg once daily dosing,

-0.99 for 300 mg once daily dosing and 121 for 600mg once daily dosing. .- ----

150 mg

od

300 mg

od

600 mg

od

Mean residence
time (hours)

~

8.59 9.17 0.04

9.00 8.97 I NS

Total clearance
(O-24 h) (mL/min)

~

216.30 186.42 <0.001

208.98 178.80 I 0.03

.

. -..-. ...-—

The Day 7 (O-48 fi mean pharmaookinetic parameters are presented in the following tabl&:

Cmi n Cmax ma:.: A(K’ Mean plasma level Distribution
(0-481 at steady state half-life

(pg/mL) (llg/mLl {h) (w.hAnL) [uqhL) (alpha) (h)

150 w od 0.11 2.31 0.86 11.84 0.49 0.77

300 mg od 0.22 4.17 1.06 27. 38 1.14 0.87

600 ~q od 0.59 9.84 0.91 57.40 2.39 0.44

/.5-

__. —.-



Terminal
Clim El im rate AIM Abs rate 14aan Total

half-life eonscant half-life constant residence VD clearance
(h) (h-’] (h) (h.,, time (h) lL/kqt {mL/min)

150 mg Od 7.41 0.094 0.26 3.36 9.13 1.85 21E.34

300 Inq d 7.33 0.095 0.24 3.59 9.54 1.56 183.18

600 q od 1.07 0.099 0.20 3.72 9.21 1.46 176.32

The distribution constants between the peripheral and central compartment (&l) and the central
and peripheral compartment (t&2) and the volumes of distribution of the central and peripheral
mmpartments were also calculated from data from the fitted mean curves for Day 7.

. . .... .
.,

K K12 VI V2
~:-1, (h-l) (L) (L)

150 mg 0.352 0.452 I 44.78 57.51
od

300 mg 0.325 0.448 33.85 46.66
od

600 mg 0.359 0.970 18.92 51.05

. —.
----



Figure / : Mean Plasma Concentrations
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Figure 3: MeanPlasma Conci3ntrStions
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Dose proportionality study
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TITLE OF STUDY: DOUBLE-BLIND EVALUATION OF THE SAFETY AND PHARMACOKINETICS

OF ORAL DOSES OF LEVOFLOXACIN 750 MG AND 1 G ADMINISTERED DAfLY FOR SEVEN

DAYS COMPARED TO PLACEBO IN HEALTHY SUBJECTS. (PROTOCOL LOFBO-PHIO-093)

VOLUME 1.65-1.66.

PRINCIPAL INVESTIGATOR:

OBJECTIVES: The objective of this study was to evaluate the safety and pharmacokinetics of

Ievofloxacinin healthy subjects after single and multiple once-daily oral doses of 750 mg and 1 g

of Ievofloxacin given for 7 days.

STUDY DESIGN: Sieen healthy male subjects were enrolled in thii Phase 1, randomized,

double-blind, placetiontrolled, parallel group study. Subjects were randomly assigned to the

Ievoffoxaan treatment group (1 O subjects) or the placebo group (six subjects). The study consisted

of two periods. In Period 1, subjects received a 750-mg dose of Ievofloxacin or placebo on Day 1,

followed by a oncedaily 750-mg dosing of levofloxacin or placebo on Days 4 to 10. In Period 2,

3 days after the last dose of Ievofloxacin or placebo in Period 1, subjects received a l-g dose of

Ievofloxacin or placebo on Day 1 (Day 14 of the study), followed by oncedaily 1g dosing of

Ievofloxacin or placebo on Days 4 to 10 (Days 17 to 23 of the study). The 7!W-rng dose consisted

of one 500-mg (FD 252134397-G-22, Batch No. 5324) and two 125-mg (FD 2521 3-097-H-22, Batch

No. R5520) Ievotloxacin tablets. For the Ig dose, Ievoffoxacin was administered as two 500-mg

(FD 25213-097-G-22, Batch No. 5324) Ievoffoxacin tablets. Aft doses of study drug were

administered with 240 mL of water under fasting condtions.

SAMPfJNG: Jneach treatment period, venous blood samples (5-mL) were drawn from each subject

immediately prior to dosing on Days 1,5,6,7,8,9, and 10 and at 0.5,1, 1.5,2,3,4,8, 12,24,36,
.

48,60, and 72”hours after dosing on Days 1 and 10; urine was collected quantitativel@@ming
-

8 hours priorto &e fimt dose on Day 1 and during the following time periods after dosing & Days 1

and 10: 0-2,2-4, 4=8, 8-12, 12-24,24-48, and 48-72 hours.

ANALYTICAL METHOD: Plasma and urine samples were assayed for Ievofloxacin according to

a validated HPLC procedure at

DEMOGRAPHICS: The demographic and baseline characteristics for the subjects in the

Ievofloxacin treatment group and the placebo group are presented in Table 1.

J-1.



TABLE 1: Demographic and Baseline Characteristics

(All Subjects Enrolled m Study LOFBO-PHD093)

Levofloxacin Placebo Total

(N=l O) (N=6) (N=16)

Race

Caucasian 10 5 15
Hispanic o 1 1

Age

Mean *SO 26.3 * 6.0 3s.2 i 10.5 29.6 i 8.8
Range

Weight (Ibs)

Mean * SD 170.8t 30.7 176.2* 29.9 172.8* 29.5
Range

Height (in)

Mean t SD 70.6~ 2.9 70.6~ 3.4 70.6* 3.0
Range

RESULTS: Steady-state plasma concentrations of Ievofloxacin were attained on Day 10 of both

treatment periods. The mean (f SD) Ievofloxacin pharmacokinetic parameter values determined

from the first and last doses of each treatment period are summarized in Table 2.

Levofloxacin was rapidly absorbed and extensively distributed after 750-mg and lg single oral

doses. Approximately 75% of the dose was recovered in 72-h urine collection. Ratios of the mean

Ievofloxaan pharmacokinetic parameter values for the two dose levels are summarized in Table 4.

Based on the mean ratio of the disposition parameters and the confidence intervals, the

pharmacokinetics of Ievofloxaan were consistent at the two dose levels.

On oncedaily multiple dosing, plasma concentrations of Ievofloxacin increased. The degree of

accumulation was similar for the two dose levels. The mean t SD ratios of C- (Day 10/Day 1)

were 1.22 f 0.25 and 1.34 k 0.16 for the 750-mg and lg dose: respectively. The corresponding
.,--—

values for AUC were 12720.11 and 124 * 0.06. As observed with the single dose ~, the

pharmacokinetics ef Ievofloxacin were consistent at steady state for the two dose levels. ‘-

CONCLUSION: The pharrnacokinetics of Ievofloxacin in healthy subjects following 750-mg and lg

single and daily multiple oral doses appear to be similar based on comparable clearance, volume

of distribution and plasma elimination half-life estimates and the urinary excretion of unchanged

drug. The study evaluated single and multiple oncedaily dose pharmacokinetics of Ievofloxacin at

doses hgher than the therapeti”c dose of 500 mg. Pharmacokinetics were comparable for 750-mg

and 1g doses, both under single and multiple oncedaily dose conditions. The pharmacokinetics

at the higher doses are also comparable to those at 500-mg dose level (Table 5).

22



TABLE 2: Summary of Levofloxacin Pharmacotinetjc Parameter Estimatess

(study LOFBO-PHIO-093)

Levofloxaan 750 mg Levofloxaan 1 g

(N=1O) (N=1O)

Day 1 Day 10 Day 1 Day 10

(single dose) (steady state) (single dose) (steady state)

Cm, pg/mL ~. 7.13*1.44 8.60 * 1.86 8.85 * 1.86

(6.24-8.02) (7.45-9.76) (7.70-10.0)

T-, h 1.9 * 0.7 1.4 * 0.5 1.7 * 0.4

(1.5-2.3) (1.1-1.7) (1.4-1.9)

AUCb, pg.h/mL 82.2 ~ 14.3 90.7 = 17.6 111~20.8

(73.3-91.0) (79.9-102) (98.1-124)

CUF, mUmin 157 ~ 27.8 143229.1 156 k 33.5

(139-174) (125-161) (135-177)

Cu,ma~, pg/mL 403 ~ 249 822 ~ 437 667 t 286

(249-558) (552-1093) (490-844)

Ae~, % dose 75*6 79* 5 (94* 8’) 73*8

(71-78) (75-82’) (68-78)

C~, mUmin 118*27.8 116~28.1 113*25.8

(101-135) (98.4-133) (97-129)

ke, h’ 0.093 k 0.016 0.081t 0.014 0.091 * 0.017

(0.083-0.103) (0.072-0.090) (0.080-0.102)

~, h 7.7 * 1.3 8.8 * 1.5 7.9 * 1.5

(6.8-8.5) (7.8-9.7) (6.9-8.8)

VdJF, L 90.3 t 14.0 99.5 ? 15.8 96.4 ~ 21.9

(81.6-99.0) (89.7-109) . (82.8-110)

11.8 * 2.52

(10.2-13.4)

1.7 k 0.6

(1.3-2.1)

118? 18.9

(106-130)

146 ~ 28.8

(128 -163)

992 * 377

(758-1226)

7115 (87 t 9’)

(68-74’)

106* 22.9

(91 .4-120)

0.083 k 0.022

(0.070-0.097)

8.9 * 2.5

(7.3-10.5)

105 * 26.5

(88.5-121)
. -.. .-. ..——

‘ Data are presented as mean t SD (lower to up~r limit of 95”A confidence inteival), N=1O -

bAUC = ~ for Day ~–(singledose) and O-24 h for Day 10 (steady-state AUC for the 24-h

dosing interval)

‘ Peak urinary levofloxadn concentration

dAe = O-72 h for Day 1 (single dose) and O-24 h for Day 10 (steady-state AUC for the 24-h

dosing interval)

● Ae (O-72 h)

‘ Ae (O-24 h)

/.) --)

‘+-.9



TABLE 3: Pharmacokinetjc proffies of Levofloxacin: sngie Doses (488-1 000 mg)

Dose T- c_ Mean C- AUC_ Mean AUCb

study (m) (h) (WVmL) (Per 100+rg dose) (w +/mL (Per 1O&nq *)

LOFBO-PHi~ 750mg 1.9*O.7 7.13*1.44 0.95 82.2214.3 11.0
LOFBO-PHIO.093 looonrg 1.7 * 0.4 6.65 * 1.66 0.89 lll*m.8 11.1

WO-OP 466mg 1.3 * 0.5 5.19 * 121 1.06 47.7 * 7.59 9.77

Oose TM’ Aubm cut= c~ W/F
study (w) (h) % 00ss (mUm’n) (mUmin) (L)

LOFBO-PHI0493 750 mg 7.7 * 1.3 75*6 156*27.8 118*27.8 90.3 ? 14.0

LOFBO-PHl&093 1000 mg 7.9 i 1.5 Z3*8 156* 33.5 113*25.6 96.4 t 21.9

k?JU077 466rng d e 10.5 k 1.8’ 7.5321 .StP 97~12

“ Cument study, N=1O ● N=1O; ‘ Terminal half-liie.

dThe terrnlnal f’df-fife was not determined in the lC30-077 studfi however, the eff~~ half-fife WS c.a[cu~ted

tO be 6.5 k 0.7 h.; “Not aVSik&; ‘ 10.5 Lrh= 175 mUmin; s7.S3 Uh = 126 mlhin; Dataare mean t SD

TABLE 4: Ratiis of the Levofloxacin Pharmacokhetic Parameter Estimates”:

1+ t)OSeS VS. 750-m9 Dose(StudyLOFBO-f+Wl-093)

Single Dose Multiple Dose

c m, pg/mL 1.2520.21 1.40 ? 0.27

(1.13-1.36) (1.231.57)
T_, h 0.95 i 0.40 1.28 ~ 0.47

(0.701.20) (0.96-1 .57)

AUC’, pgh/mL 1.35 * 0.14 1.31 i 0.16

(127-1 .44) (1 .21-1 .41)

CL/F, mUrnin 0.99 * 0.10 1.0320.12

(0.91 .06) (0.95-1.10)

Cu,rrwf,pglmL 202* 1.12 1.5020.96

(1.33-2.72) (0.91-2.10)

Ae’, % dose 0.96 * 0.12 0.91 i 0.06 .—-—
(0.90-1.05) (o.874.95j “ --

Cq, mUmin 0.97 k 0.15 0.92 * 0.09 -.

(o.6&l .06) (0.66.0.96)

ke, h’ 0.96 t 0.06 1.02 ~0.16

(0.s1 .01) (0.92-1.12)

q, h 1.02* 0.06 l.oo~ o.f6

(0.991.06) (0.91-1.10)

W/F, L 1.06*0.11 1.05io.19

(1.00-1.13) (0.93-1 .17)

“ Dataare presented as mean f SD (lower to upper limit of 95% confidence

interwl), N=l O

‘ AUC = ~ for single dose and O-24 h for multiple once-daily doses

CPeak urinary Ievofloxacin concentration: “ Ae = O-72 h for single dose and O-24 h for multiple once-daily doses

M-



TA8LE 5: Pharrnacokinetic Profiles of Levofloxacin: Multiple Once4aiiy Doses at Steady State

(488-1000 mg)

w T- c- Mean C- AUC@ Mean AUC&

study (m) {h) (w /mtJ (Per 100 mq dose) (P9 .hlmL) (Per 100 mq dose)

LOFBO-PHl_ 750 mLI 1.4 * 0.5 8.6021.86 1.15 90.7 e 17.6 12.1

LOFBO-PHO093 1000 rng 1.7 i 0.6 11.8 A 2.52 1.18 118* 18.9 11.8

K9Mm 488rng 1.120.4 5.72 * 1.40 1.17 47.5 i 6.7 9.73

Ooae A~m cm c~ Vti

study (m) TX=(h) %Dose (mUmin) (mUmin) (L)

LOFBO-PHO-093 750 mg 8.8 i 1.5 79*5 143* 29.1 113~28.3 99.5 ? 15.8

LOFBO-PHKM)93 1000 rng 8.9 i 2.5 71*5 146226.8 104 ~ 24.5 105226.5

KS0a7- 466mg d 67* 14 10.5 * 1.5” 6.97 k 1.85’ 102*22

● Current study, N=1O; ‘ N=1O cTerminal half-fife,

“The terminal half-fife was not determined in the K90-077 studfi however, the effectii half-life was calculated to be

6.8 * 1.3 h.

“ 10.5 IA = 175 mUmin; ‘6.97 L/h = 116 mUmin; Data are mean t SD.

.— .- ...-—
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FIGURE 1: Mean (f SD) Plasma Levofloxacin Concentrations - Tme Profile in 10 Healthy Ivla]e

Subjects Follow-ng 75&mg and l-g SingleandMu@{e~nce~aily
Doses

(StudyLOFBO-PHIO-093)

16

12 + 750 mg. Day 1
+ 750 mg, Day 10

o 24 48 72

Time, hr

16
1

Ezl

0 24 48 72

Time, hr



TITLE

INVESTIGATOR
STUDY SfTE

ANALYTICAL SITE

STUDY OBJECTIVE

STUDY MEDICATION
AND DOSAGE

Investigation of the absolute bioavailabiiity of two
Ietiofloxacin (HR 355) clinical tablet formulations and their

bioequivalence in healthy volunteers. VOIUfTle 1.= - ~ .55.

To determine the absolute bioavailabilii and bioequivalence of two

Ievotloxacin (HR 355) clinical tablet formulations, manufactured by
and by R.W. Johnson Pharmaceutical Research Institute.

500 mg Ievofloxaan iv. (batch 1), angle constant rate infusion over 60
minutes.
500 mg Ievofloxacin tablet (batch 12), single dose
500 mg Ievolfoxacin tablet (batch R5826), single dose (R.W. Johnson
PRI).

STUDY DESIGN Open, randomised, three-way cross-over design. The three trial periods
were separated by drug-free periods of 7 days each.

STUDY POPUtiTION Eighteen healthy male subjects, aged between 18 and 60 years, body
weight within -1 5°A to +10% of normal weight according to Broca.

ANALYTICAL Concentrations of Ievofioxacin in serum and utine: HPLC. 1.7 ml serum or
METHODS 5 ml urine was required for each assay, with respeti”ve limits of

quantification 20 rig/ml and 5 ~g/ml.

DATA ANALYSIS Pharmacokinetics
Descriptive statistics, non-linear teast-squares regression.
Variables:

Sm!!l
Maximum concentration in serum (CA, time to mardmum
concentration (~), area under the serum concentration-time data
pairs (AUD), AUD with extrapolation to infinity (AUDC), IWO of Cm
and AUDC (C~AUDC), apparent terminal hatf-fife (~), relative total
clearance(CW and mean time (MTW: MT~. .— -. ...-—

Urine
~ urinary excretion (Aa(O-72h)), average renal clearance- (Ci_),
fractional renal clearance (C~f).

Urinarycreatinineexcretion (O-24,24+ 48-72h) (for compliance).

Comparison of pharmacokinetic variables
ANOVA, non-parametric analysii (of ~), 90% confidence intervals on
original (urine data) or In-transformed (serum) data.



Serum ievofloxaan oharmacokinetic vanablea

Variable Levofloxacin Levofioxacin Levofloxacin
Lv.(HAG) p.o.(HAG) P.o.(PWJ+J)

Cm (pg./ml) 8.51(15.2) 7.19(24.5) 7.36(19.1)

Range 6.17-10.4 4.48-10.9 4.57-10.4

~(h) I.oo# 1.25# T.OW
Range

AUDC (pg”h/ml) 49.6(1 1.3) 51.4(15.9) 49.6(1 0.1 )

Range

Cm+AUDC(l/h) . Not applicable 0.14(22.1) 0.15(17.4)

Range 0.09-0.21 0.10-0.20

tm (h) 6.97(9.24) 6.98(10.8) 6.88(12.3)
Range

# Median value

Point estimates and 90’% confidence intervals (in brackets) for the respective ratios
Yestlreference”, based on In-transformed data analysis:

Variable Levofloxacin Levofloxacin p.o. Levofloxacin
p.o.(HAG)/ (PRUJ+J)/ p.o.(PRUJ+J)/

Levofloxacin Levofloxacin Levofloxacin
i.v.(HAG) i.v.(HAG) P.o.(HAG)

c- . 104% (931 15%)

L . - 0.00h(-O.38-025h)”

AUDC 103?4 (99-lo7%y 100’?6(96-l o4*Ay - ::XA (94-101’%)

CJ
AUDC . 107% (97-1 18%)

h. 100% (96-1 05%) 980~ (~1030~) 98% (94-103%)
● Point estimate and 90°4 confidence interval (in brackets) for the median

dfierence betvveentreatments, from non-parametric analysis
. Absolute bioa@abilii (AB)

—
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Pharmacokinetics in urine

The table befow shows the mean vefuea, coeffiuents of Variation (CV%) and
ranges of tie unnaty recovery of Ievofloxaan (0-72h) and average renal
clearance.

Urinarv Ievofloxacin Pharmacokinetic variables

Variable Levofloxacin Levotloxacin Levofloxacin
Lv.(HAG) p.o.(HAG) P.o.(PRUJ+J)

Ae(O-72h)(mg) 392(8.84) 401(7.45) 390(7.58)

Range

Ae(O-72h) (% of dose) 78.5(8.84) 80.2(7.45) 78.0(7.58)

Range .-

Ck (mVmin) 133(14.7) 133(17.5) 133(15.5)

Range

Point estimates and 90% confidence intervak (in brackets) for the respective ratios
“test/reference”, based on untransformed data analysis:

Variable Levofloxacin Levofloxacin Levofloxacin
p.o.(HAG)/ p.o.(PRVJ+J)/ p.o.(PRUJ+J)/

Levofloxacin Levofloxacin Levofloxacin
i.v.(HAG) i.v.(HAG) p.o.(HAG)

Ae(O-72h) 102% (99-105”%y 99% (98-102%)” 97% (94-loo%)

cl_ 100% (95-104%) 100”A(95-104?4) 100% (95-104’%)
. Absolutebioavailabiily(AE)

COMMEN7W ● The absolute bioavailabifityof Ievofloxaan p.o. (HAG) was 103% and
CONCLUSIONS of Ievofloxaan P.o.(PRUJ+J), 10O”A, apparently due.-pid and

complete absorption of Ievofloxaan from the two tablet forrryrlations.

● The two tabletsare bioequivalent,with regard to the rate and extent of
absorption of Ievofloxaan. . ~-

● The mean Ae(O-72h) (% of dose) values for Ievofloxaan iv. (HAG),
Ievofloxacin p.o. (HAG) and Ievofloxatin P.o.(PRWJ+J) were 78.5,80.2
and 78.0%, respedvety.

● Administration of Ievofloxacin in either tablet formulation or as an
infusion, was clinicallywell tolerated.



HR 355/3&B’/lo3/—
~cIMz?iANDm ~ m (BSA).

,-
., 28.000

24.000
33.000
26.000
28.000
32.000
32.000
41.000
46.000
48.000
37.000
32.000
43.000
27.000
44.000
36.000
42.000
28.000
36.000

34.895
SD 7.340
GBlf FIEAN 34.172
GBXSD 1.234

21.035
1.684

. . 24.000
48.000

MEDIAN ‘- 33.000
n 39

weight

(w

91.800
76.500
80.400
81.000
88.300
87.000
70.900
73.300
77.000
80.000
68.000
75.000
78.000
75.500
68.000
71.000
77.200
82.700
81.000

78.032
6.532

77.776
1.087
8.371
1.499

H%?
77.200
B

Height
(an)

176.000
3.80.000
181.000
393.000
183.000
183.000
169.000
178.000
165.000
170.000
170.000
181.000
180.000
188.000
175.000
173.000
173.000
181.000
177.000

177.684-
6.872

177.559
1.039
3.868

16;:=
3.93.000
178.000

39

(lIw2)

2.082
1.959
2.009
2.13.1
2.107
2.094
1.8X?
1.908
1.844
1.915
1.788
1.950
1.975
2.010
1.826
1.844
1.913
2.033
1.983

1.956
.103

1.953
1.054
5.274

.024
.1.788

2.Ul
1.959

39

Rice

.,-- —

..-—

39 .3.9

Male .-
Male
Male
Male
Male

E%
Male
Male
Male
Male
Male
Male
Male
Male
Male

RE
Male
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TITLE OF STUDY: CC) MPARATIVE BlOAVAILABILllW OF LEVOFLOXACIN
FROM A 125 MG CLINICAL TABLET AND A 250 MG MARKET-IMAGE
TABLET ADMINISTERED AS A 250 MG SINGLE ORAL DOSE IN THE
FASTED STATE TO HEALTHY MALE SUBJECTS.
LOFBO-PHIO-096 Volume 1.58

PRINCIPAL INVESTIGATOR:

OBJECTIVES: The objective of this study was to compare the bioavailabitity of
Ievofioxacin from the 125 mg clinical tablet and 250 mg market-image tablet formulations
of Ievofloxacin when administered at the same dose as a single dose.

STUDY DESIGN: This was a Phase 1, randomized, open-label, complete two-way
crossover study. Sixteen healthy male volunteers between ihe ages of 19 to 40 were
enrolled. The subjects received each of the following two treatments separated by a I-

week washout period.

Treatment A:

Treatment B:

SAMPLING:

Each subject received a 250 mg oral dose of Ievofloxack as two 125 mg
clinical tablets of levofloxacin (Formula No. FD-252 13-097-H-22, Batch
No. R5737) administered with 240 mL of water after a 10-hour overnight
fast.

Each subject received a 250 mg oral dose of Ievofloxacin as one 250 mg
market-image tablet of Ievofloxacin (Formula No. FD-25213-097-AB-22,
Batch No. R5902) administered with 240 mL of water after a lo-hour
overnight fast.

Serial venous blood samples (5 mL) were drawn from each subiect at
O (predose), 0.5, 1, t.5, 2, 3, 4, 5, 6, 8, 12, 24, 30, and 36 hours after levofloxacin dosing.
Urine samples were collected quantitatively during the following time periods: predose (-2
to O hour), O-12, 12-24, and 24-36 hours postdose.

ANALYTICAL METHOD: Plasma and urine samples were analyzed for Ievofloxacin
concentrations using a validated liPLC method.

DEMOGRAPHICS: Sixteen healthy male subjects were enrolled in thesiusly as
specified in the protocol (Table 1).

.‘._—

RESULTS: Tie mean (SD) levofloxacin pharmacokinetic parameters for the two
treatments and the results of ANOVA and the two one-sided test for bioequivalenceare
summarized in Table 2.

Levofloxacin was rapidly absorbed after oral administration. Peak Ievofloxacin plasma
concentrations were reached within approximately 1.5 hours in most cases. Levofloxacin
plasma C~aX-were 2,95 * 0.46 and 2.80 k 0.43 pg/mL for the clinical tablet and ma~et-
image tablet, respectively. The corresponding AUC (0-00) were 26.5 A 3.8 and 27.2 t
3.9 h- pg/mL. The urinary recovery of the Ievof!oxacin dose in the 36-hour interval was
84.5 * 8.6% for the clinical tablet and 87.7A 5.6% for the market-image tablet.

Statistical comparisons of the parameters for the 125 mg clinical tablet and 250 mg
market-image tablet by ANOVA showed no statistically significant difference between the
two formulations for log-transformed Cm,, AUC (O-*), and AUC (0--). The two one-sided



test showed that the 90% confidence intervals for the ratio of the mamet-image tablet to
the clinical tablet fell within the region of bioequivalence (80 to 125%) for C-, AUC (O-”),
and AUC (O-CO).The two tablet formulations were, thus, found to be bioequivalent.

CONCLUSION: The results of this study demonstrate the bioequivalence of one 250 mg
market-image tablet and two 125 mg ciinical tablets.

Single-dose administration of 250 mg Ievofloxaan as either the clinical tablet (2 x 125 mg)
or the market-image tablet (1 x 250 mg) was found to be well-tolerated.

_.

Table 1: Demographic and Baseline Characteristics
(All Subjects Enrolled in Study LOFBO-PHIO-096)

Levofloxacin Market- Levofloxacin Clinical
Image TableUClinical Tablet/Market-Image Total

Tablet Tablet (N=16)
(N=8) (N=8)

Race
Caucasian
Hispanic 4 6 10
Black 2 2 4

2 0 2

Age (years)
Mean (SD) 24.8 (4.5) 29.5 (6.9) 27.1 (6.2)
Range

Weight (Ibs)
Mean (SD) 162.6 (15.5) 158.7 (13.1) 160.7
Range

.

- -....

Height (in)
Mean (SD) -- 69.8 (1 .7) 70.4 (2.5) 70.-1 (2.1 )
Range

NOTE: This study enrolled only men.

w---
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Table2: Levofloxacin Pharmacokinetic Parameters
(Study LOFBO-PHIO-096)

Mwkel-lmsge
CJinical Tablet Tebbr %

Pamnelu
TWWb

(Traatti A) (TrealmenrB) mh?rence” ANOVA” SidedTastI

C- @g/mL) 2.95 (0.46) 2.80 (0.43) -5.1 NS EQ

T- (h) 1.33 (0.6s) 1.s7 (MS) +18.0

AUC(O-~’ - 25.1 (3.7) 2s.9 (3.6) +3.2 NS
(h @mL)

EQ

AUC (0-) 26.5 (?4.8) 272 (3.9) +2.6
(?Y@mL)

Ns EQ

k w) 0.096 (0.00S) 0.097 (0.011) -1.0 -

km) 7.12 (0.72) 727 (0.8S) +2.1

CUF (mUmin) 160 @2) 1= m -2.5 -

A.(%ofdose) 64.5 (8.6) 87.7 (S.6) +3.8

CL (mUmin) 141 (23) 142 f21) +0.7 -

“Wti respectto Treatment A, [B-A~A x 100
0ANOVA resultson Iog-transfti pamnetera; NS = differencebetweenmeansis notatatiiticallyaign”fint (p>O.05).
‘ TW on+sided test results on tog-transformed parameters, EQ = 90% confidence interwl

is within the 80 to 125% limits of the reference mean.
dAUC (O-*) calculated to last concentration above quantification limit.

Table 3: ANOVA Results, Bioequivalence Study
Degrees of freedom (df), the value of the test statistic (F),

and pvaiues from the ANOVA Model
(Study LOFBO-PHIO-096)

GrOUt) Effect Period Effect Treatment Effect

Parameter df F pvalue df F pvalue df F p-value

c= -. 1,13 2.36 0.148 1,13 0.49 0.498 1,13 0.96 .Us-.--_—
AUC (O-*) 1,13 1.06 0.323 1,13 0.34 0.569 1,13 1.36 0264

AUC (O-m) “-1 ,13 0.95 0.348 1,13 0.17 0.688 1,13 0.80 0.386

● AUC from time O to the last measurable concentration

35



Table 4: 90°A Confidence Interval for CM, AUC (O.*), and AUC (&)

(Study LOFBO-PHI0496)

GeometricMean 90% c1

Market-Image
Clinical Tablet’

Ratio Lower
Tablet

Upper
Limit

Parameter
Limit

RMSE df Ureatment A) ~reatment B) (%) m)
cm 0.145

(%)
1,13

(PgfmL)
2.91 2.76 94.9 86.4 104.3

AUC (O-*) 0.070
(h” pg/mL)

1,13 24.98 25.73 103.0 98.5 107.8

AUC (O-) 0.075 1,13
(h. pglml)

26.37 27.02 102.5 97.6 107.6

‘ The clinical tablet was the reference and the market-image tablet was the test formulation.

- -,.- _
..—
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TITLE OF STUDY: COMPARATIVE BIOAVA!L4BILITY OF LEVOFLOXACIN FROM A 500 MG
CLINICAL TABLET, A 500 MG MARKET-IMAGE TABLET, AND A 500 MG MARKET-IMAGE

INTRAVENOUS SOLUTION, EACH ADMINISTERED AS A SINGLE 500 MG DOSE IN THE

FASTED STATE TO HEALTHY MALE SUBJECTS.

STUDY #: LOFBO-PHI-1O4 VOLUMES 4.1 & 4.2

PRINCIPAL INVESTIGATOR:

OBJECTIVES: The objective of this study was to compare the bioavailability of Ievofloxacin from
the RWJPRI 500 mg clinical tablet, th~,RWJPRl 500 mg market-image tablet, and a 500 mg dose
of a 5 mglmL dilution of the RWJPRI matket-image 25 mg/mL intravenous formulation following
single dose intravenous infusion administration.

STUDY DESIGN: This was a Phase 1, open-label, randomized, complete three-way crossover
study. The subjects were randomized to one of six treatment sequence groups and received each
of the following three treatments separated by a 1-week washout period.

Treatment A: Each subject received a 500 mg oral dose of Ievofloxacin administered as one
RWJPRI 500 mg CJinicaltablet (Formula No. F~25213-097-G-22, Batch No. R6008)

with 240 mL water following a 10-hour overnight fast.

Treatment B: Each subject received a 500 mg oral dose of Ievofioxacin administered as one
RWJPRI 500 mg market-image tablet (Formula No. FD-25213-097-AA-22, Batch
No. R5903) with 240 mL water following a 10-hour overnight fast.

Treatment C: Each subject received a 500 mg intravenous infusion dose of Ievofloxacin (Formula
No. FD-2521 3-097-0-45, Batch No. 5270) administered over 60 minutes as a
5 mg/mL dilution of the RWJPRI market-image intravenous formulation following a “ .

.... .. -

10-hour overnight fast.

DEMOGRAPHICS: Twenty-four healthy male subjects aged 19 to 40 years were enrolled but 23
completed the study (Table 1). Subject 122 was discontinued after completing two treatment
periods (market-image tablet and iv. infusion treatments) because of a protocol viol- (the
subject donated blood between the second and third periods of the study).

SAMPLING: Serial venoas blood samples (5 mL) were drawn from each subject at: O (predose),
0.5, 1, 1.5, 2, 3,4, 5,6, 8, 12, 24, 30, and 36 hours postdose. Urine was collected quantitatively
during the following intewals: -8 toO (predose), O to 12, 12 to 24, and 24 to 36 hours postdose.

ANALYTICAL METHOD: Plasma and urine Ievofloxacin concentrations were determined by
validated HPLC methods at the R.W. Johnson Pharmaceutical Research Institute, Raritan, N.J.

DATA ANALYSIS: The plasma and urine concentration data for Ievofloxacin were analyzed by
model independent methods . Statistical comparisons were performed using SAS software, and
bioequivalence comparisons were performed on log-transformed data using the two, one-sided test.

38
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RESULTS: The mean Ievofloxacin phamnamkinetic parameters determined for the three treatments
are summarized in Table 2. The results of the two, one-sided test for bioequivalence are
summadzed in Tables 3 to 5. The mean Ievofloxacin plasma concentration:time awes for the 23
subjects who completed the study for the three treatments are shown in Figure 1.

The results show that Ievofloxaan was rapidly absofied from the oml tablets with mean T- values
of 1.37 and 1.57 hours for the market-image and clinical tablets, respectively. Levofloxaan was also
completely absorbed from both tablet formulations vith mean absolute bioavailability >990A.

Bioequivalence comparisons by the two, one-sided test on log-transformed data (90% confidence
intetval approach) for the market-image tablet with reference to the clinical tablet showed that the
two treatments were equivalent for both Cm and AUC (O-W).

Statistical mmparisons for bioequivalence on log-transformed AUC (0-==)data by the twq one-sided
test showed that the extent of absorption for both the clinical and the market-image OCAtablets
were equivalent to that from the intravenous infusion. As expected, Cm values for the clinical and
market-image tablets were not equivalent to Cm from the intravenous infusion by the two, one-
sided test on log-transformed data. However, these differences between oral and intravenous
treatments around peak concentrations were not great and were short-lived, with mean plasma
concentrations nearly superimposable in the post-peak, distribution-elimination phase.

CONCLUSION: The results from this study show that the RWJPRI market-image 500 mg
Ievofloxacin tablet is bioequivalent to the RWJPRI 500 mg clinical tablet. In addition, both the 500
mg Ievofloxacin clinical and market-image tablets were equivalent to the 500 mg Ievofloxacin
one-hour intravenous infusion with respect to the extent of absorption. Absorption of Ievofloxacin
from the tablet dosage forms was rapid and complete, with absolute bioavailability 299?.40.

Figure 1: Mean Levofloxaan Plasma Concentration:~me Profiles For 23 Healthy Male
Subjects Follovv@ Single 500 mg Doses of the ClinicalTableL the Market-Image Tablet, and

the LV. Infusion
(Study LOF8O-PHI-1O4)

8.00 “-

7.00- :- “
2’
~ 6.00- -
%)
~ 5.00- -

u 1.00

0.00 Y ~

o 6 12

~ ClinicalTablet

~ MarketTablet

~ Intmveaous Infusion

24 30 3618

Tune (h)
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Tab[e 1:DemographicandBaseIiiCharacferM&
(AllSubjectsEnroIIedinStudyLOF80-PH1-104)

SubjectsUsadFor
AflS@ects Pharnwxwwc“ Analysls

(N=24) (N=23)

Race
Blsck 1 1
Caucasian 17 16
Hispanic 6 6

Age (years)
MaantSD 25.%6.0 25.&t6.l
Range

Weight(Ibs)
MeaniSD 166.!W8.5 169.W8.1
Range

Height(in)
MeaIw3D 69.8*2.2 69.8t2.2
Range

NOTE:Allsubjectsenrolledinthisstudywaremen.

Table 2: SummaryofLevofloxacinPharmacokineticParameters
(StudyLOFBO-PHI-104)

clinical Market-Image Intravenous
Parameter Tablet Tablef Infusion

C- (pghnL)

T- (h)

AUC(G”)(pg+/mL)
AUC(O-) (pg.h/mL)
F

~ (h’)

Q (h)
CL(rnL/rnii)

CUF (mL/min)
A (% Dose)”

V= (L)
MRT&(h)

4.51(o.9y
1.57(0.8)
41.9(7.0)
43.2(-7.1)
0.99(0.1)
0.102(0.01)

6.8(0.6)
NA

W9(3?)

99(20)

NA

NA

4.60(1.0)

1.37(0.8)

43.4(6.5)
44.7(6.7)
1.03(0.1)
0.102(0.01)

6.9(0.6)
NA
191(26)
102(17)

NA
NA

h-(h) -. NA NA

●Dataarathemean(SD)for23s@jectscampWngtheatudy
hN=20
C_ Thepeakplasmaconcentrzition
T- ThetimeOfpeak@asrnsconcentration
AUC(G”) AUCfromtimeZWOtothetimeofthahat measurablecuwentratii
AUC(O-) AUCfromtimezerotoinfinity
F Absolutebioavailabiiii
~ The●liminatii rateconstant
~ Theeliminationhaff-fife
CUF Claaran@bioawwitty, oraldeamlc.e
CLClearancefallowingintravenousadminiatraliorl
A-TheamountofIevof!+wacinexcretedinurineto36 hoursas% Dose
V=Theskac$-statevolumeofdistributiondeterminedfromtheiv. treatment
MRT,VThemeanresidencetimedeterminedfromtheiv. treatment
\w Theeffectivedosinghalf-lifedeterminedfromtheiv. treatment
NANotapplicable

5.70(0.8)
1.00(0.0)

42.8(72)
44.0(7.3)

NA
0.104(0.01)

6.7(0.7)
195(35)

NA
107(16)

. 105(16)
9.0(0.8)

62(0.5)
. -—- ..--—



Table 3: Summary of Two, One-Sied Test Results on Log-Transformed Data,
Market-image Tablet vs. Clinical Tablet

(Study LOFBO-PHI-1O4)

TreatmentA TnxmnenfB % Oiiferencein Two,One-aided
Parameter CfinicalTablet MarketTabtet Means“ TestResuft‘

& (P@mL) 4.51(o.9y 4.6ql .0) + 6.4 EQ
AUC(C-)( pgWmL) 43.2(7.1) 44.7(6.7) + 3.5 EQ
● Wti respecttoTreatmentA, (B-A)-1OO9IJA
● Two,~sidad teatresuttsonfog-transformedpecm’teters,Efl =90% confidenceintervalwithin60 to 125%fimii

withrespecttothereferencemean.
‘ Mean(SD)

Table 4: Summary of Two, One-Sided Test Results on Log-Transformed Data,
Market-Image Tablet vs. I.V. Infusion

(StudyLOFBO-PHI-104)
Treatment8 TreatmentC % Difference

Parameter
TvmOne-SidedTest

MarketTablet I.V. Infusion InMeans● Resuff‘
Cm (pg-mL) 4.80(1.0)= 5.70(0.8) -15.8 NEQ’
AUC(0-)( pg.h/mL) 44.7(6.7) 44.0(7.3) + 1.6 EQ
● WfihrespecttoTreatmentC, (B-C)/C.100%
● TWO,one-sidedtestresultsonfog-transformedparameters,EO=90%confidenceintervalwithin60 to 125%fimits

withrespecttothereferencemean,NEQ= 90%confidenceintetvaloutsidethe~ to 125%fim&~h rMp@ to
thereferencemean.

‘ Mean(SD)
d90%confkferwrntervalbounds= 77.2to69.3

-.

Table 5: Summary of Two, One-Sided Test Results on Log-Transforrrtect Data,
Clinical Tablet vs. LV. Infusion

(Study LOFBO-PHI-1O4) .

TreatrnadA TreatmentC % Difference
Parameter - Cfiil Tablet

Two . Teat
I.V. Infusion tnMeans’ ~ti-

C_ (pg/mL) 4.51 (o.9y 5.70(0.8) -20.9 NEQd ‘.
AUC(0-)( ~h/mL) .– 43.2 (7.1) 44.0(7.3) -1.8 EQ
● Wti respecttoTreatmentC, (A-C).100%/C
‘ TWO,~“ded ted resultson @4ransfonned parameters,EQ = ~% ~fh w-[ ~ 60 ~ 1~% ~m~s

withrsspecttothareferenoemean,NEQ= ~mfktimle~~tolfi%kmtisti~b
thereferenoemesn.

‘ Mean(SD)
‘ 90%conf~nce intervalbounds=72.4to63.8

1“
+/



TABLE 6

Root Group Sequence Effect
Parameter MSE F

Period Effect
df p-value F df p-value

AUC (O--) 0.081 0.86 5,17 0.530 3.60 2,42 0.036
cmax 0.147 0.57 5,17 0.722 5.04 2,42 0.011

For the comparison of the market-image tablet to clinical tablet, the 90%
confidence intervals were as follows: -

M- Mean Ratio 90% CI
Parameter Clinical Tab Market Tab (%) Imwer (%) Upper (%)

AUC ( O-) 42.40 44.05 103.88 99.77 108.16
cmax 4.41 4.70 106.57 99.05 114.65

For the comparison of the market-image tablet to the market-image intravenous
solution, the 9070 confidence internals were as follows:

Mean Mean Aatio 90% CI
Parameter I.V. Market Tab (%) Lower (%) Upper (%)

AUC ( 0-) 43.29 44.05 101.74 97.71 105.93
‘=maX 5.66 4.70 83.00 77.15 89.29

For the comparison of the clinical tablet to the marltet-image intravenous solution,
the 90% confidence intervals were as follows:

Ratio
Perameter Z.v.

90t CI
Clinicel Tab (~) Lower(%) rJrJ (%)

-.:—

AUC (O-) 43.29 42.40 97.94 94.06
c 5:66

101.97
max 4.41 77.88 72.39 83.79

.—



FGu ~c 2: Dissolution f’rofiles for Levoffo~n 5~ mg ~ink=i T~ets. Fom.Jb
No. FD-252134197-G-22, Batch No. R6006

(Study LOFBO-PHI-1O4)
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TITLE Assessment of the Effect of Food and Carafate@(Sucralfate) on Levofioxacin

After a Single Oral Dose of 500 mg in Healthy, Young Male and Female

Subjects (HR 3551WUSN105). Volume: 1.59-1.60.

lNVESTK3ATOR
AND STUDYSITE

STUDYOBJECTIVES The purpose of this study was to determine the effect of food (immediately

before Ievofloxaan dosing) and sucralfate (1 gm given 2 hours after Ievofloxacin

dosing) on the pharmacokinetics.of a single, oral 500-mg tablet of Ievofloxacin.

STUDYMEDICATION Single doses of 500-mg anhydrous Ievofioxacin as a tablet (Batch no.R5903)
Single doses of Igm sucralfate (Carafate43) as a tablet (Batch no. K24009)

STUDYDESIGN This was a singledose, open-label, randomized, three treatment period, six

sequence, cross-over, two Latin-square study in young healthy

subjects (12 males and 12 females). Each subject received a single dose of one

500-mg Ievofloxacin tablet (with 240 mL of water) under each of the follow”ng

conditions:

Fasted fasted without sucralfate,

Fed immediately after a standardized breakfast without

sucralfate, or

Sucralfate fasted with I-gin sucralfate (2 hours atler Ievofioxacin

administration and with 240 mL of water).

The three treatments were separately administered on Days 1,8, and 15. Subjects

were confined for at least 12 hours before and 48 hours after dosing. During

confinement, the subjects were placed on a fixed dwt, which ince to-hour fast

before Ievofloxacin dosing.

STUDYPOPULATION Twenty-four healthy subjects (12 male and 12 female) between 18 and 40 years of

age ~able 1) were enrolled.

!.

‘w-



SAMPLING On Days 1,8, and 15, venous blood samples were collected before Ievofloxacin

dosing (Hour O) and at Hours 0.5,0.75, 1,1.5,2,3,4,6,8, 12,16,24,30,36, and

48 postdose. When sucralfate was administered, the 2-hour blood sample was to

be taken immediately before the sucralfate dose.

Urine samples (for assessment of levofloxaan levels) were collected at the following

time intervals: Hours -2 to O (before dosing), O to 4,4 to 8,8 to 12, 12 to 24, and 24

to 48.

ANAL~lCAL Concentrations of levofloxacin in pJasma and urine were determined by ‘hi~~- -

METHOO performance liquid chromatography tih ultraviolet detection.

DATA ANALYSIS The single dose pharmacokinetics of Ievofloxacin were determined. Plasma and urine

concentrations of Ievofloxacinwere measured before dosing and at selected times after

dosing. C~a, Tmx, AUCW, Beta, ~, AUCd, AUCZ4, C&/f, Aez,, and CL were

estimated, using the noncompartmental method, from the plasma and urine data of

each individual subject.

The main analysis in this report was to compare the values for Cm, t~, AUCm, AUCti,

and T-of Ievofloxaan under (1) fed versus fasted conditions and (2) sucralfate versus

fasted condiions. Repeated-measures analysis of variance was performed to compare

~, rank T-, and log transformed C_ AUCW, and AUCM, data. An effect was
considered significant whenever p <0.05. Schuirmann’s two one-sided tests

procedure was employed to construct 90°41confidence intervals for the ratio of the

mean parameter values (~, log C-, and log AUCS) between two treatments.

Equivalencewas concludedif the obtainedconfidence interval fell within the range.

of 80°Ato 125°Afor C- and AUCSand 80°!4to 120°A for& (as us.ed&r
. . ----

bioequivalence studies).

TABLE1: DEMOGRAHtCS.

Age (years) Weight (lb) Height (in)

Group N Mean Range Mean Range Mean Range

Males 12 23.3 160 70.0
Females 12 25.8 133 65.9
Total 24 24.5 146 68.0



RESULTS: The individual plasma concentration profiles showed very little difference among the

three treatments. The only consistent effect of food in most of the subjects was that the absorption

was slightly delayed (lengthened T~ and the maximum concentration was sliihtiy lowered

(reduced Cd by food compared with the fasted condition (Table 2).

AUC=, AUCH, ~, T*, and Cm were not considered to have any significant gender by treatment

interaction (p z 0.05 after rounddf of the ANOVA results). Consequently, the dosing

recommendations for food and sucralfate interactions developed from the pooled data will apply to

both genders. However, irrespective of treatment, there were significant (p < 0.05) gender

differences in C-, ~, and T-. The mean values of Cm were higher in the female subjects than

in the male subjects for all three treatments. The mean terminal half-life was shorter in the female

(-6 hours) than in the male (-7 hours) subjects. The gender dfierences observed in C- and ~

may be due to a smaller mean volume of distribution in females as a result of a smaller mean body

weight (133 lb for females versus 160 lb for males). In spite of these differences, the AUC_ and

AUC., values were not statistically significantly different between genders.

CONCLUSION: The absorption of Ievofloxacin is slightly delayed by food; however, there is no

substantial change in bioavailability of Ievofloxacin when administered with food. Similarly, the

bioavailability of Ievofloxacin is ‘not significantly affected when sucralfate is given 2 hours after

Ievofloxacin dose.

.= ..._.

TABLE 2: Comparison of the Pharmacokinetic Parameters of Levofloxaan

Under Fasted and Fed Condfions

-. . .,-—..-—

Fasted Fed Point - Confderlce
Parameter Units Mean SD Mean SD Eatknatea Lfmii’

ng/mL 5930
;1

So90 880 0.66 (0.79,0.94)
hour 1SF (0:70)’ 2.& (0.5.4.0)” D= 0.0023

AU–C- ng-hourlmL 7900 44400 ‘6ioQ” “ 0.90 (0.87,0.94)
AUCW n@our/mL 8100 6100 0.91 (0.87,0.94)
& hour 6.22 1.s6 6.45 1.93 1.04 (0.92,1.15)

Analyses of C- and AUCSarebasedonbg transformation,

s Pointestimate and 90% confti limits are presented for the ratio of fed condition to fasted condition, using the least

squares means from the ANOVA model.

b Median (minimum, maximum); pvalue for the comparison between the means of the mnk T- values.



TAELE 3: Comparisonof the PhannacokincticParametersof Lcvofloxaci,n

Under Fastedand SucralfateConditions

Fasted Suuaffate Poinf Confii
Parameter Units Mean so Mean SD Esiiite”

ng/mL
Limits”

:Z
5930 6690 3220 1.06 (0.96, 1.15)
1.tP (04??0)” 1.@

AUCm
(0.8, 2.0)’

ng-houhl
p =0.0461’

0.9s (0.91. 0.96)
AUCW n@ourlmL 8100 m 0.9s (0.91. 0.96)
h hour 6.2? 1.56 6.06 1.39 0.97 (0.86, 1.09)

AnaJyaeaofC- andAUCS arebasedonfogtmrtafwmation

“ Point estimate and 90% confti Grnii are presented for ths ratii of sucdfate condii to fasted amdiikn, using the Iaasf

squares means from the ANOVA model.

b Median (minimum, rrdrrwm); pvalue for the comparison between the means of the rank T,- values,

——— f8EAlfWl

hd-fawd-sucrdfate

ftitd-fed-slxrdfate

f 4 Sucr*l fate-futd

fuwd-*r*lf*l*-fd

Sucral#ace-fd-fas:d
-et fate-futcd-fed

4 2s.0

4 ZZJ

4 Z&s

.4 22.s

4 2s.s. .

4 22:s

24- X5

12 2s.s

K? Z2.a

S.u

5.s0
7.f2

4.02

4.s0

3.s6

S.42

S.a
S.2S

.
lEIcfI1(lb)

-AL

1s0

1s2

1s0

1s2

*4?
241

w

W

m

So.s

5.92

u. 1

1s.9

17.1

22.2

22.3

19.7

ia.1

47.3

az.s

a;o

4s.3

a.s

WC

U.a

m.o

6s.9

6.s0 2 2

3.s6 2 z

X44 2 2
Z.7S z z.

MS 2 z

La 2 2

S.?s 22 22

Z.?4

MS

s o * o

~. a o 1

2 1 a 1
4 0 0 0

1 0 0 ------. -—

s ‘o 1 .e
.-

24 1 z s

+7. .
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ATTACHMENTS:

3.4.3 General Restrictions on Subiects

The subjects were not to take any nontrial medication (including over-he-counter remedies) in the

two weeks before and throughout the study without consulting the investigator in advance. Subjects

were to abstain from strenuous physical activity, smoking, alcohol, any medications, and stimulating

beverages containingxanthine derivaths (eg, tea, coffee, and Coca Cola-1ike drinks) from 48 hours

before until 48 hours after each Ievofloxaan administration. \

Prior to the day of study drug administration the subjects were admitted into the study site.

Subjects were permitted to move about within the trial area. Subjects remained in the clinic under

medical supervision until 48 hours after Ievofloxacin administration.

3.4.4 Dietaw Restrictions

On Days -1, 7, and 14 (the days before each dosing day), subjects checked into the clinic

where they received a standard diet Beginning at 10 PM subjects were required to fast for 10 hours

before study drug administration. During the fasting period, water was permitted ad lib up to one

hour before administration of the study drug.

On Days 1,8, and 15, dosing began at 8 AM. The subjects who received study drug without food

were administered 240 mL water (at ambient temperature) with their levofloxacin and, if given,

sucralfate doses. Subjects who received the treatments under fed conditions were served a

standard, h~h fat breakfast (two eggs fried in butter, two strips of bacon, one serving of hash brown

potatoes, two slices of toast with butter, and 180 mL of whole milk). Subjects had thirty minutes to

finish the entire breakfast, then immediately received their medication with 240 mL of water (at

ambient temperature). Lunch and dinner were served at 4 and 9.5 hours postdose (12:00 PM and

5:30 PM). A standard snack was” served at 13.5 hours postdose (9:30 PM). Meals were

standardized according to the type and quantities of food ingested by subjects.

No addtional water or tluii (except for that described above) was allowed from 1 hour predose to

4 hours postdose. Water and liquidsconsumed with meals and during the study days were to range

from 2 to 2.5 L per day.
.,.-. _
. -—



TITLE OF ST(JDW AGE /lt4D GENDER EFFECT ON THE PHARMACOKINETICS OF A SINGLE

500 MG ORAL DOSE OF LEVOFLOXACIN IN HEALTHY StJBJECTS.

Study #: N93-024; Volume 1.74

INVESTIGATOR AND LOCATION:

OBJECTIVES: The objective of this study was to evaluate the influence of age and gender on the

pharmacokinetics of Ievofloxacin in subjects receiving a single oral 500-mg dose of Ievofloxacin.

STUDY DESIGN: This was a Phase 1,single+dose, parallel group study. Subjects ent6red the study

unit the evening prior to drug administration (Day O). Subjects fasted overnight for at least eight

hours priorto the morning dose. Water was permitted ad /ib. up until two hours prior to dosing. On

the morning of Study Day 1 at approximately 8 a.m., a Ievofloxacin 500-mg tablet was given to each

subject with 240 mL (8 ounces) of tap water at ambient temperature. A standard breakfast was

served two hours after the dose. Subjects were confined to the study unit during the entire study

period.

DEMOGRAPHICS: Twenty-four healthy men and women were enrolled with six in each of groups

(Table 1).

FORMULATION: Ievotloxacin 500-mg tablet (Formula No. FD-25213-097-G-22, Batch No. 5324)

was used.

SAMPLE COUECTION: Sefial venous (5 mL) blood samples were drawn from each subject at the

followingtimes: O (predose), 0.5, 1.0, 1.5,2.0,2.5,3,4,6,8, 12,24, and 36 houm postdose. Urine

was collected quantitatively during the follow”ng time periods p&doae, O-4, 4-8, 8-12, 12-24, and

24-36 hours postdose.
..—-..-—

ASSAY: Plasma and urine samples were assayed for Ievofloxacin according to a validated HPLC

procedure at The methods for quantitating Ievofloxaan

concentrationsin pJasma and urine utNzed reverse phase Iquid chromatography with W detection.

The quantitation range in plasma was

were constructed by linear regression of peak height ratio

concentration; the regression was weighted by the inverse

internal standard was ciprofloxacin.

xg/mL in urine. Calibration curves

(drug/internal standard) to nominal

of the concentration squared. The

&f-
..



DATA ANAt-YSIS: Pharmacokinetic parameters estimated included the area under the plasma

concentration-time curve (AUC~ as measured by the trapezoidal summation method; mean

residence time (MITT) calculated as (AUMCJAUCJ; apparent total body clearance (CL/F); renal

clearance (CLr), the apparent volume of distribution (Vd~. The peak concentrations of drug in

plasma (Cd and the time to reach C_ (T~, were estimated by visual inspection of the plasma

drug concentration versus time data.

Analysis of variance models were used to study the effects of age group and gender on the

pharmacokinetic parameters (Cm, TM, AUC&, Vd/F, T%, CUF, Au, and CLr). The analysis of

variance model was based on a 2X2 factorial design and included terms for the two main effects

(age group and gender) and the age group by gender interaction term. All tests were performed at

a 5?40level of significance.

The parameters, C=, AUC&, CL/F, and CLr, were futiher analyzed taking into consideration the

subject’s prestudycreatinineclearance values (CLcr). Analysis of variance models were titted to

the total body clearance and renal clearance data with the creatinine clearance as a covariate and

age group, gender, and age group by gender integration as factors. Analysis of variance models

were fittedto the AUC and C= data with the inverse of the creatinine clearance as a covariate and

age group, gender, and age group by gender interaction as factors. All tests were performed at a

5% level of significance.

RESULTS: The mean (&SD) pharmacokinetic parameters determined from this study are

summarized in Table 2. Data are grouped according to the gender (males vs. females) and the age

(young vs. elderly) of the subjects:

In these four groups of subjects, mean peak plasma concentrations were reached at approximately

1.5 hours after dosing; renal clearance of levofloxaan accounted for approximately 77% of total

body clearance and approximately 76%J of the dose was recovered in urine over the 36 hours of

collection.

Statistically significant differences in C-, Vd/F, AUC&, T%,CL/F, and CLr between the young and

the elderly were observed. In the elderly, C- increased approximately 26% (calculated from the

mean values of 12 subjects); W/F decreased 18°A; AUC@ increased 570A;TM increa&—~–%, CL/F

decreased 340&and CLr decreased 350A. The dfierence in Au and T- between the young and

the elderly was not significant.

Statistically significant differences in C-, T_ Vd/F, TM, and CUF between males and females

were observed. Compared to the males, the C- in females was 26% higher time to reach peak

plasma concentration was delayed by about 0.5 hour (A46%); VdF was about 15?40Iowefi TH was—.

shorter by approximately 1.4 hours (A=l 9Yo); and CL/F was 18?40lower. The differences in Au,

AUC_, and CLr between males and females were not significant. The T- was significantly

different between males and females; however, the difference is only 0.5 hour.

Good correlationswere observed between the C- and Vd/F of levofioxacin with the subject’s body

weight. Good correlations were also observed between the Cm,, AUC, CUF, and CLr of

Ievofloxacinwith the subject’s Clcr. Body weight was not correlated with T% or CUF of Ievofloxacin.



. .

The differences in the pharmacokinetks (Cz, AUC_, CLiF, and CLr) of Ievofloxacin between the

young and the elderly or between males and females became statistically insignificant when the

subject’s renal function (as indicated by creatinine clearance, CLcr) was included as a covanate in

the ANOVA model. cLcr (estimated according to subject’s serum creatinine concentration, body

weight, age, and gender) was an index for subject’s renal fimction. The adjusted means of

pharmacokinetic parametersafter adjustment for subject’s renal function (CLcr) are summarized in

Table 3.

Table 1: Demographic and Baseline Characte&ics

(All Subjects Enrolled in Study N93-024)
. .

Young Elderly Young Elderly

Males Males Females Females

18-40 years 265 years 18-40 years z65 years

(N=6) (N=6) (N=6) (N=6)

Race

Caucasian

Black

Hispanic

Age

Mean

Range

Body Weight

(kg)

Mean

Range

1 6 3 6

3 0 3 0

2 0 0 0

29.5 69.0 25.3 71.3

77.1 84.7 70.7 60.0

- -.- ...-—Serum

Creatiniue

(mg/dL) -

Mean 1.18 1.28 1.05 0.97

1.1-1.4 1.1-1.6 0.9-1.3 0.9-1.1

Clcd

Mean 99.3 65.4 93.8 50.8

‘ Creatinine deamnce (estimated according 10subject’s serum creatinine cmcentrstion, body

weight, age, and gender).



Table 2: Summary of LevofloxacinPharmacokineticParameters

(AJlSubjects Enrolled in Study N93-024)

Males’ Females” Young’ Elderly”

(n=12) (n=l 2) (n=l 2) (n=12)

C_’, pg/mL 5.52*1 .07 6.96~1 .57 5.S2AI .02 &96&l -Go

TM’, h I .2*0,4 1.7*0.5 1.5~Oo6 1.4*().5

vdll=~, Ukg 1.1120.19 f).g4~o.14 1.13k0.18 0.92&0.12

AUC&h, pg+/mL 54.4~j8.9 67.7942 47.529.8 74.7k23.3

TJ, h 7.5s.1 6.1*0.8 6.0f&9 7.6t2.O

Ad, “ADose (O-36 h) 75*14 77*7 77*1 () 75211

CUF’, mlfmin 166t44 136*44 182*35 121*33

CLI’, mUmin 126238 106f40 140t33 91*29

“Males (young and elderfy) SApparent volume of dMilwtion per kg

‘ Females (young and elderly) of body weight

‘ Young (males and females), age: 1S-36 years ‘ Area under plasma concentratiilme curve

“Elderly (males and females), ag& 6640 years i Terminal plasma eliminatkrn half-life

“ Peak fhSfM mweMmtion 1Percent of dose recovered in urine

‘ Peak time ‘ Apparem total body clearance

‘Renalclearance

Table 3: Adjusted Mean’ of Pharmacokinetic Parameters after

Adjustment for Subject’s RenaI Function (CLcr)

Males Females Young Elderly

c- 5.77 6.71 626
..— —

622 ‘---—

AUC 60.6 61.6 66.0 562 -

cUE- 160 143 157 146

cLr 120 112 117 115

‘The adjusted means were obtained as the prediid wluea of the pharmscokhetic

parameters mrrespondq to an average creatii ctearance value.

—.

CONCLUSION: The consistency of T- and Au among the age groups (young, elderly) and the

gender groups (males, females) indicates that the bioavailability (rate and extent) of Ievofloxacin

was not affected by either age or gender. The observed differences in the pharrnacokinetics of

Ievoftoxacin between the age groups (young versus elderly) and the gender groups (males versus

females) were attributable to the differences in renal function of the subjects.

57



TABLE 4 : s~i~i Evaluation of Pharmacokinetic Parameters:
Results from the analysis of wiance without adjustment for prestudy Creatinine Clearance

(N9W24)

Pafamater Soum OF Effecl MS Elm MS F Value p-vakfe

c-

..- Tm

-.

W/F

Au(’%Doae)

.

S~AGE_GRP 1.20

sDt 1.21

AGl_GRP 1.27

SEXAGE_GRP 1,20

SEX 1,21

AGE_GRP - 1.21

S~AGE_GFIP 1,20

SEX 1.21

AGE_GRP 1.21

S=AGE_GRP 1.20

SEX 1.21

AGE_GRP 1,21

SIXAGE_GRP 1,20

SEX 1.21

AG@FIP 1.21

SEXAGE_GRP 1,20

1,21

A~vGRP 1.20 .

- sE)rAGE_GRP 1.20

SEX 1.21

3.792

12413-

12499

0.010

1.760

0.010

131.602

1061.340

4417.307

0.026

0.175

0258

2602 .

12495

15.477

0.375

15.042 “

ZLod .
.+

1.173

1298

1298

0244

0233

0233

29=19

284s0

264=0

0.016

0.016

0.016

1.600

1.639

U&

124.6i6

116s3

116.931

0265 1003.751

5394.541 955.966

AGE_GRP . 1,21 22370.064 955.966

.C&. ‘- sErAGE_GRP 1,20 22815 953278

s= 1.21 2331.693 908.971

32

956

9.63

- Oml

7s7 “

0.04.

0.45

3.73

15.52

1.64

10.74

15.63

1.45

6.60

6.42

401

0.13
..—-

axr.

al

5.64

0.087

0.006

O.oos

0.638

0.012

0.635

0.510 “

0.067

0.001

0216

o.m4

Owl

0243

0.017

0.009

0.957

0.726

0.671

0.967

O.w

23.40 4001

0.02 0.879

0.124

AGE_GRP 1,21 14261.325 906971 15.69 0.001



TABLE 5 Statistical Evacuationof PharrnacoKnetic Parameters:
Resu!ts from the a@mis of variance with adjustment for prestudy Creatinine dearanm

(N934124)

Parameter source OF Effecl MS ErrorMS F %&m p-value
c- SEXAGE_GRP 1.19

1.20

1,20

1.19

1.20

1,20

1, 19.

1,20

1.20

1, 19

1.20

1.20

1.290

4.177

“ aoo2

1.087

1.097

1.097

1.19

3.81

4.01

—

0290

0.065.
SEX

AGE_GRP
0.963

AUG sE&E_GW

SEX .

AGE_GRP

143.105

4.302

164.823

133S82

183.868

133.868

- .1.07

0.03

12

0.313

0.860

0280

SE)CAGE_GRP

SEX

AGE_GRP

211.139

1317.615

127.566

851.770

819.738

819.738

02s

1.61

0.16

0.624

0.219

0.697

Clr SEYAGE_GRP 79.154

270.50s

837.423

799s09

0.09

O.M ‘ -

0.762

0.567
SEX

AGE_GRP 6.412 799.509 0.01 0.930

. .

.-

—
TABLE 6 StatisticalEvaluation of PharrnacwnMc Parametem: -

Percent ditfere~ in W mean pharrnacoj@etic parameters and the mutts from
.

ANOVA modeling (N93-024)
.

.“
Wesvs%ndes

c- Us

T- Ns
N8

“

26 s us
46 s .“

Vdl= Ns -18 s “
-1s “s

AU~ Ns

T% -us

57 s, Ns

27 s
24 Ns Ns

-19 s
AM
(% 00s43) ~ -3 NS

44 s 8s

3 Ns ---—
ClJ?= NS

-18 s NSCb NS 45 s MS -16 NS NS
s - denotessignifiit at 57. lewd.
NS - deno=sriotsigniii~nt at 5% level.

.57
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ATTACHMENT /: Baseline Dewra@ics

w- Clealxlme

v mm lb @ (mIf@ (Inlhil)

Young MaJas 31 193 87.7 1.4 S4.6

Young Anafes

Eldelty Femafes

Maas 6ubje@

Femafassubjed5

36 190 6&4 1.3 3s.s

25 160 662 1.1 96.1

a 134 60.9 13 ml

30 166 84.6 -.. . . 1.1 117.0

33 “ 165 76.0 ““- l.~ 100.6

66 165 ms 12 39.6

66 191 36.8 1.1 60.0
72 m 60.6 1.6 46.9

66 177 60.6 12 63.3

69 213 96.8 12 726

75 20s 832 12 69.8

2a 136 627 0.9 91.7

26 160 81.8 12 64.1

27 173 30.9 1.1 97s

29 170 77.3 0.9 112.0

18 112 60.9 0.9 81.3

24 155 70.5 1.0 %.9

71 153 69.s 1.0 66.1

66 135 70.5 1.0 61.0

60 110 60.0 0.9 36.7
-66 115 623 0s 60.1

71 127 57.7 0.3 . . -

74 122 m 1.0 46.6

60 m 60.9 12 ,62.4
SO 21 B 10.6 02 20.4
Max 76 213 96.6 1A 117.0
ml-a 134 60.9 1.1 46.3

49 14 “66.3 1s 723
so 24 2s 11.4 0.1 - >—*- 242
Max. 81 160 81.6 19 - 1120
Mill 18 110 60.0 0.9 . 36.7

.Young:Subjem
26 163 74.0 . 97.0

So s 2s 11.0 ;: lao
Max 37 1s3 66.0 1.6 117.o
WI 18 112 St.o 0.9 81.0

--
71 169 720 1.1 66.0

SO 5 34 160 02 120
81 213 97.0 1.6 60.0

w! 66 110 60.0 0.9 39.0

Thelollowir gformula(basecfonage.bodywaigm, andsexofuws@ecq is~~detefmineticmatinii
C&lance fevd:

~w- wei&?ht(k9) x(140 -ageinyti!if@
72 x serum creafmme (m@L)

For female:0.6Sxtheabove formufa
. . .

pi-.



ATTACHMENT: PlasmaLevofbxacinCmcenlrationData(N93-024)

Ph!macmamionQlfyin4atsaIr@ngTii(ll)

w- 0 05 1 15 2 25 3 4 6 8 12 24 ~

hfalessubjeda~
Mean 0.00 252 4.75 4.71 4.52 4.22 3943.44275 a156 0.59 021 -
so 0.00 1.63 1.56 %19 0.70 0.57 0.60 0.64 . 0.66 0.60 0.56 026 022

0.00 6.16 7S2 6.37 S92 5.35 5.12 4.52 4.15 9.63 206 l&j_Q63
m 0.00 0.62 l.? 7.73 3.36 .3.68. 3.13 257 1.67 1.59 0s2 0s-.00

~-m.

0.00 -247 5.76 628 6.13 6.22 5.70 4s)5. 4.13 3S0 1s7
so

0s4 :0.14
0.00 1.76 2M 207 1.71 156 1.40 123 1.17 1.37 0.66
0.00 594 8.11

029 0.11
‘9.14 8.65 S23 6.66 7.52 6.48 ~7 4.13 120 0.38

Mill 0.00 022 0.75 1.42 249 3.55 3.60 263 226 1.70 1.00 0.19 0.00

y-:~-~ ~
Mean 0.00 234 4.32 4.50 4.65 4.61 426 3.65 290 221 1.30 0.63 o.~
so 0.00 1.91 1.84 159 1.19 095 0.62 0.64 0.84 0.60 0.30
Max Oslo 6.16 729

0.12 0.06
6.49 6.65 6.35 5.63 5Z 4.86 3.37 1.85 0.60 0=

Min 0.00 0.32 0.75 1.42 249 3.38 3.13 257 1.87 1.59 0.92 0.19 0.00

Elderly.%bj~

Mean 0.00 2.64 6.21 6.49 6.01 5.90 5.38 4.73 3.98 3.32 222” 0.77 0.27
SD 0.00 1.77 1.43 1s 1.56 1.75 1.63 1.34 123 1.36 ‘ 0.80 0.34 0.20
Max 0.00 5.94 8.11 9.14 8.95 9.93 8.66 7.52 6.48 6.97 4.13 1.55 0.83
Min 0.00 0.46 4.09 4.45 3.86 3.82 3.50 3.02 2.40 1.86 1.35 0.43 0.13



P
W

@
O

llJ@
U

JH
O

N
,

.
.

0

...
.

cy-

0000000000000000000000

al

(O
U

I)Ietoi
q

w
u

e]u
lelu

u
b

u
!ld

lu
eso

u
lJn

aP
eleq

‘@
J)

Iu
n

m
u

vm
w

n

p
O

A
p

W
Jq

d
u

tesO
N

W
fi

092_
u

w
eq

ln
u

e~
JOIp

q
l

o00000000000000000000000
u

9C
+’Z

u
V

zzl
u

Z
1-e

U
s+

11P
-o

W
3
0
p
ilJ

d
‘Iq

fls

,
a
u
t
u6

u
@

tu
es

Ie
(-w

6
T
I)

su
ollem

m
u

~
eu

p
n

(
b
z
0
4
6
N
)w

w
v

u
m

w
w

m
vn

: +1N
3W

H
A

V
(~zO

-C
6N

)elea
u

o
!leJ]u

&
w

qu
p

exo
tlo

A
e7eu

u
n

:~
1N

3W
H

3V
L

L
V



A~ACXMEtWfi: PhanmcokimticParametarad Lammxadn h 24H6ahy SdjaUSAn6r”aSin@ Gal ~ w k ofLevofbxaan
(SllJdy N23424)
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Mm.
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60 1.60 0.s 21.5 23.3 20 2.0 23 0.12 11 29
h 9.s3 2.6 1224 126.4 13.1 15.5 lx ; 1.07 - 92 134
tdkl 432 1.0 46.0 47.4 5.6 8.4 66 3s 0.69 St 4f
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TITLE OF STUDY: SINGLE-DOSE PHARMACOKINETICS OF LEVOFLOXACIN lN RENALLY

COMPROMISED SUBJECTS(STUDY M92-046). Volumes 1.75-1.76.

INVESTIGATOR and LOCATION:

OBJECTIVE: The objective of this study was to determine the pharmacokinetics and safety of a

single oral 500 mg dose of Ievofloxaan in subjects with varying degrees of renal impaiment ranging

from mild impairment to severe impairment requiring dialysis treatment.

DEMOGRAPHICS:Thirty-eight subjects (17 males, 21 females) were entered into”the study (Table

1).

STUDY DESIGN: Ths was a Phase 1,unblinded, single dose study in which subjects were grouped

according to the degree of renal impairment. The groups included subjects not treated with dialysis

having creatinine clearances in the ranges of less than 20, 2049, and 50-80 mUmin; subjects

treated with regularly scheduled hemodialysis; and subjects treated with continuous ambulato~

peritoneal dialysis (CAPD). Creatinine clearances in the nondialysissubjects were assessed by 24-

hour urinary creatinine clearance determination. Stability of renal function was evaluated by two

separate serum creatinine determinations performed within 3 weeks prior to admission.

DOSING: The subjects received a single 500 mg clinical tablet of Ievoftoxacin (Formula

No. FD-2521 3-097-G-22, Batch Nos.5159 or 5324) as follows

Nondialysis subjects:

Hemodialysis su~ects:

CAPD subjects:

Each subject receiveda 500 mg oral dose of Ievofloxacin administered as

one 500 mg clinical tablet with 120 mu of water following an 8-hour
. -.

overnightfast. - .“:—

Each subject received a 500 mg oral dose of Ievofloxaan administered as

one 500 mg clinical tablet with 120 mL of water following an 8-hour

overnight fast. These subjects received a scheduled 4-hour hemodialysis

treatment approximately 24 hours after dosing.

Each subject received a 500 mg oral dose of Ievofloxacin administered as

one 500 mg clinical tablet with 120 mL of water follow.ng an 8-hour

overnight fast. These subjects were dosed immediately following the

completion of a CAPD fluid exchange and continued on their regularly

scheduled CAPD.
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SAMPLING: Blood samples were collected from nondialysis subjects at O (predose), 0.5, 1, 1.5,

2,3,4,6,8,12,24,48,72, 96, 120, and 144 hews after Ievofloxaan administration. The 96,120,

and 144 hour samples were collected only for subjects with creatinine clearances less than 50

ml-hnin. Hemodialysis subjects had blood samples collected at O (predose), 0.5, 1, 1.5,2,3,4,6,

8,12,24,36,48,72,96, 120, and 144 hours after dosing. In addtion, paired arterialhenous blood

samples were collected during the fimt hemodiiiysis session following dosing at O (prior to dialysis),

hourly during dialysis, and immediately following dialysis. CAPD subjects had blood samples

collected at O (predose), 0.5, 1, 1.5,2, 3, 4, 5, 6, 8, 10, 14,24,48,72, and 96 hours after dosing.

Urine was collected quan~tively from nondialysis subjects for the following intervals: O (predose),

O-6, 6-12, 12-24, 24-36, 36-48, and 48-72 hours ‘postdosing in the 50-80 mUmin creatinine

clearance group. For subjects with creatinine clearances less than 50 mUmin an addtional sample

at 72-96 hours postdosing was collected.

ANALYTICAL METHOD: Plasma, dialysate fluid, and urine samples were assayed for Ievofloxacin

according to va Iidated HPLC procedures at

DATA ANALYSIS: The following levofloxacin pharmacokinetic parameters were determined: C-,

T- AUC (O-*),AUC (0-=), CL/F,<, tin, & (Yo Dose), Cl., & and Ch. Vd# was not determined

because of the assum@.ons inherent in its calculation. Statistical comparisons were performed with

SAS sofhvare~

RESULTS: The mean Ievofloxacin pharmacokinetic parameters determined for the five groups of

subjects are summarized in Table 2. The results show that the pharmacokinetics of Ievofloxaan

were altered by renal impairment with CIJF, C~, Iq, decreasing with increasing renal impairment,

and AUC and tx increasing with increasing renal impairment.

Statistical comparison of pharmacoldnetic parameters by ANOVA showed significant differences..-—. ..
in AUC, CL, CM, k_ and t ~ between the three groups of nondialysis subjects, and”~=ficant

differences in ~ and& between each of the dialysis groups and the three groups of nondialysis

subjects. There were no significant dfierences between groups in C-or T- (Table 3).

CAPD was not effective at removing Ievofloxacin from the body, as indicated by an average of only

11.6% of the dose (58 mg) of Ievofloxaan being removed in an ongoing 4day dialysis period.

Clearance during hemodialysis averaged 219.42 mUmin, thus Ievofloxacin was readily dialyzable

from plasma. However, hemodialysis did not appear to be effective at removing Ievofloxacin from

the body as indicated by the data from an individual that shows 12.39% of the dose removed in a

4-hour dalysis treatment, and by the rebound in plasma concentrations follow-rig completion of the

hemodialysis treatment. These results can be explained by the large distribution volume of

Ievofloxacin(V= -90 L), wherein the Ievofloxacin in plasma is readily removed by hemodialysis, but

7/
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because majority of the amount of levofloxacin in the body is being distributed into peripheral

tissues, th~ large fraction is not available for hernodalysis removal.

CONCLUSION: The pharmacokinetics of Ievofloxaan were shown to be affected by renal

impairment, with statistically significant decreased renal elimination and clearance and increased

plasma elimination half-!iies with decreasing renal function, as estimated by creatinine clearance.

Renally impaired patients will accumulate Ievofloxacin to a greater extent than patients with normal

renal function if dosed at the same rate. Therefore, Ievofloxacin dosage adjustments will be

required in renally impaired patients in order to maintain plasma concentrations in the same range

as patients with normal renal function.

Neither hemcrdiilysis nor CAPD appear to be effective at removing Ievofloxacin from the body. The

apparent ineffectiveness of the dialysis procedures is probably due the high volume of distribution -

(V=-90 L) of levofloxacin. Hence, supplemental doses of Ievofloxacin will not be required in order

to replace Ievofloxacin losses following hemodialysis or CAPD.

Table 1: Demographic and Baseline Characteristics

(All Subjects Enrolled in Study M92-046]

Dialysis’ Nondialysis Total

(N=16) (N=22) (N=38)

Sex .

Men 10 7 17

Women 6 15 21

Race

Caucasian 1 3 4

Black 13 19 32

Hispanic 2 0. 2

Age (years) - —.- ..-—

Mean t S.0. 47.12142 53.0~12.6 50.5213.4-

Range -–

Weight (lb)

Mean t S.D. 187.8*54.8 152.8239.5 167.5*49.1

Range

Height (in)

Mean ~ S.0. 67.1*4.3 65.0t3.6 65.9t4.O

Range

“ Dialysis group includes subjects orI hernodiilysis and CAPD.



Table 2: Summary of Levofloxacin Pharmacckinetic Parameters (Mean SD)

(Study M92-046)

Nonddyak Nondialyaia Nondidyaia

c~ -zQ c~ 2od9 c~ 50-60

(mUmin) (mUmin) (mUmin) Herno@@a CAPD

Pamrreter N=6 N=8 N=3 N=4 N+

c- 8.18 7.10 7.52 5.71 6.93

(p@mL) em (3.09) (1 .75) (0.99) (2.31)

T- 1.06 2.13 1.!50 2.75 1.38

(h) (1 .02) (1.30) (0.s0) (2.18) (1.11)

AUC (N) 251.74 173.44 93.20

(pg*h/mL) (75.66) (s7.26) (12.29) NA NA

AUC (&) 263.49 182.09 95.62

(pg=h/mL) (72.46) (62.61) (1 1.83) NA NA

cLn= 33.34 51.44 87.99

(mUmin) (7.60) (19.41) (10.16) NA NA

k. 0.0203 0.031 0.077 0.011” 0.016*

(h’) (0.00315) (0,015) (0.007) (0.0047) (0.0074)

t 34.83 26.57 9.09 76.05’ 50.68”

:) (5.49) (10.22) (0.89) (41.54) (23.82)

A. 16.01 34.65 60.53

(%dose) - (7.63) (11.65) (11.60) NA NA

Ch 12.72 26.43 56.59

(mUmin) (3.05) (12.89) (7.69) NA NA

A, 1239 11.60

(% dose) NA NA NA (N=l~ (N=2)b

219.42 s.m

Ch (24.90) (0.s4)

(mL/min) NA NA NA (N4) (N=4)

●

b

NA =

AUC

(o-*)

k

(%Dose)

A,

. -.- ....-—
Nde ValueaforlLand~wweestimated fromthefevofbxachptaarnaCmcemrationprofites,irrcfudngthetimes

when th~ Weraracahhg thekdiatyak tmatmds, thua, theaaparametars qreaenteliibya

Four subjects received dmlyaia treatment. however, not all d~lyaia fluid samples Ware mmilable forsummation

of theamount removed by d=lyais.

Notappkable

Area under the plasma c=mcantratiime curve from time zero to the time of the tast measurable plasma

cone-enfration

The amount of unchanged Ievofloxacin recovered in the urine expressed as a percentage of the dose

administered

The amount of unchanged Ievofloxacin recovered in dmlysate fluid from a 4-hour hemodialysis treatment or from

4 days of CAPD treatment
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Table 3: Results of ANOVA Statistical Comparisons of Pharmacokinetic Parameters

Between Subject Groups (Study M92-046)

Parameter ANOVA Results

cm” NS

T-b NS

AUC (G”)ac SIG

AUC ((b)” SIG

cut= SIG

k SIG

t% SIG

cl+ SIG

‘ C- and AUCS log-transformedfor statisticalcomparison.

bT - was rankedfor comparison.

‘ AUC (O-*)AUC fromtimezero to the timeof the last measurableplasma

concentration.

NS = Dfierence between means is not statisticallysignificant(P>O.05).

SIG = Differencebetween means isstatisticallysignificant(psO.05).

TABLE 4 SINGLS-DOSE PSARMACOKZNSTXCS OF

GROOP soai2c2

CLCR <20
CLCR < 20
CLCR < 20
CLCR < 20
CLcR < 20.
CLCR < 20
CLCR 20-49 ‘-
CLCR 20-49
CLCR 20-49
CLCR 20-49 “-
CLCR 20-49 -
CLCR 20-49
CLCR 20-49
CLCR 20-49
CLCR so-so
CLCR So-co
CLCR S0-80
HSMODXALYSIS
SSMOOIALYSIS

“ESMOD2ALYSIS
S2MODIALYsIs .
CAPD
CAP9
CAPD

S.79
7.s3

.12.90
7.09
0.48
6.07
7.48
3.84

13.60
8.66
4.s3
7.37
S.09
6.22
6.06
7.04
9.46
S.04
6.48
4.69
6.64
6.06
9.63
5.18

25 CAPD 4.04

Xt4Ax

0.s
0.s
0.s
0.s
1.s
3.0
3.0
3.0
0.5
1.s
2.0
0.s
3.0
4.0
2.0
1.s
1.0
2.0
1.s
1.s
6.0
1.0
0.5
3.0
1.0

AUC

177.48
223.44
386.49
203.96
289.22
229.88
2S2.20

96.37
214.13
2S3 .61
129.92
227.46
117.34
196.47

8S.26
86.98

107.36
204.82
269. S8
210. S9
310.93
323.65
221.11
223.62
213.62

L3VDFLOXAC2N 2N TS2 PRESStlCEOF RSNAL DYSFUNCTION

PROTOCOL :M92-046

AUC O-

199.99
228.3S
393.70
214.7S”
299.69
244.48
1SS.36

97.93
232. SS
262.32
132. S8
241.62
121.28
213.00

08. S9
a8.99

109..28
336.02
3S0.60
236.X3
343.70
S78.33
271.27
241.0S
284 .?8

J%

0.016
0.02s
0.021
0.018
0.023
0.019
0.054
0.0s3
0.026
0.023
0.033
0.019
6.021
0.017
0.069
0.078
0.083
0.00s
0.009
0.014
0.01s
0.008
0.017
0.026
0.013

T_aaLF

43.11
28.12
33.54
37.96
29.99
36.27
22.74
13.18
26.33
30.08
21.20
35.94
32.47
40.62
10. 0s

8.07
0.33

134.95
7s.48
48.50
4S.26
02.08
41.10
26.77
S1.97

CL@

41.67
36.49
21.17
38.81
27.81
au%

- s%+
8s.09
3S.83
31.76
62.86
34.49
66.71
3S.12
94.07
93.65
76.26
24.74
23.77
35.29
34.25
14.41
30.72
’34.46
29.26

c~

1S.72
12.44

7.66
16.01
=.78
22.70
27.48
37.43
18.97
11.47
34.41
1s.77
48.76
17.14
S0.16
6S .11
54.49

.

.

“.
.
.
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Figure 1: Mean LevOflOxaan Plasma Concentration-Time Profiles in Subjects with Different

Degrees of Renal Impairment (Study M92046)
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Figure 2 Mean Plasma Concentration-lime Curve for Four Subjects Prior To, During, and
FollM”ng A Single 4-Hour Hemodialysis Treatment (Study M92-046)
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AllACHMENT 3: Levofloxacln Plasma Concenlratlon-Tlme Data Followlnga5OO
Clearances 50-80 mUmln

, (Study M92-046)

11,’”
img Ingle Oral Dose QIven to SubJecls With Crea!inine

LEVOTLOXAOIN PLASMA DATA - CLcr SOtoOO
--------- . . . . . . . . . --------- --------------------------- . ---------- .---------------’- --------------------------- ---------------------------- .--..-.---

SUBJECT
0.00 0.50

CONCENTAATIO14(ug/sL) AT SIN2 (hours)
1.00 1.30 ‘ 2.00 3.00 4,00 S.oo $.00 “ 0.00 10,00 12.00 14000 24.00 36.00 40.00 72,00 96,00 120,00 144.00

. . . . . . . -------------------- -. .--- . . . . . . . . . . . . . . . . . . . -------------------- ----. ------ . .------: ------- --------------------------- --------- ..--.---._--

. . . . . . . . . . . . . . . . ----------- .--- . . . . . . . . . . . . . . . . . . . . . . . . --------------------------- --------------------------- --------------------------- -----------
MEAN 0.00 5.07 7.14 7,20 7.04 $,62 S.62 A
S DEV 0,00 3.14

4.1s 3,81 2.*9 A
2;06 1.60 1,20 1.27

1.0$ A 0,10 0.00 0,00 0,00 0,00
1.06 A

Cv \
0.77 0.19 : 0,29 A O*O9 A

0.00 61.96 2S.04 21.95 17.09 22,$2 10,07
0.04 0.00 0.00 0.00 0,00

A 10,45 solo A 10000 A C.43 k 22.30 0.00 0.00 0,00 0.00
.- . -------------------- --------------------- -------------------- ----------------------- -------------------- -------------------- ---------- . . . . . . . . . .
MEDIAN 0.00 S.17 6.43 7.04 6.67 5.21 5,s0 h 3.71 3.71 , A 2.02 A 1,04 A 0.16 0.00 0,00 0,00 0.00
------------------------ -------------------- -------------------- ----------------------- -------------------- -------------------- . . . . . . . . . . . . . . . . . . . .
QEONSTRIC
WAN 0,00 4.30 6.95 7.17 6.97 5,53 5,$5 A 4.10 3.00 A 2080 A 1.06 A 0.10 0.00 0.00 0.00 0.00
--------------------- --------------------- -------------------- --------------------- -------------------- -------------------- . . . . . . . . . . . . . . . . . . . . ----
A MOSAN9L2 coLLscTgD
D BUO14 LONER OUANTWICATION LIM17

1,

I



AllACHMENT 4: LevofloxaclnPlasma Concentrallon-Time

\

‘1,~‘
/Data FollowingA 500 mg S OgleOraf Dose Qlven to Subjects On Hem

(Study M92-046),

LEVOIN42XACXNPLASMA DATA- MCWXXA2X5X8--------------------------- --------------------------- . . . . . . . ---------------------- --------------------------- --------------------------- ----
SUBJCCT

0,00 0,50 1!00
CONCENTRATIO14(~g/mL) AT TINE (houss)

1.50 2.00 3.00 4,00 5.00 6.00 0.00 10,00 12,00 14,00 24.00 36,00 40,00 72,00 96,00 120,00
-------- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ------- . . . . . . . --..-S- --------------------- ------------------- - . -- . . . - . . . . . . . . . . . . . ------- ---

---------------------------------------------------------------------------------------------------------------------------------------------
MEAN 0.00 2.09 4*9O 4,8s 4,81 4.75 4,06 A 4.74 4.30 A 3.@9 A
S DEW 0.00 1,29 1.10 1.56

2.90
0.60 1.03

2,39 1.91
1,13

1.20 0,93 0,82
A

Cv *
1.20 1.02 1.13 A 1,12 O*2O

0.00 61.47 22.$5 31.9$ 12, S2 21.72 23.32 A
0,42 0.40 0.14 0,13

2$,9S 23,19 ‘: 29.04 A 37.70 11,53 21,92 33.34 14,09 16.20. - . . . - . 7 ------------------- ------------------ --------- --------------------------- ---------------------------- --------- ------------------ . . . .

MEDIAN 0.00 2,62 4.56 5.11 4.83 4,51 4,57 A 4.21 4.14 ~ 3.2S A 2.05 2,47 1.05 1,26 0.97 0.77
--------------------------- --------------------------- ------------------ --------------------------- --------- ---- e---- --------- . . . . . . . . . . . . . .
GEONETRXC
HEAN 0.00 1,3C 4.79 4.66 4,78 4.67 4,76 A 4.63 4.30 A 3.79 A 2.02 2.30 1.00 1.15 0.92 0.01
------------------ . . . . . . . . . . . . . . . . . . . . . . . . . . . --------------------------- --------------------------- ------------------ . . . . . . . . . . . . . . . . . . ....--.-
A NOSANPLCCOLLECTED

,!

1,

,.
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ATTACHMENT& : LevotloxacmHemodia@sCleannce ValuesFollowngA S06mg.%@e
OralDoseGwen10HemodalyssSuqecIs

(SwevM924M6)

Mlc(l<t+

SUMS 61S4 3.1OW

SUMS
AUC (13 h).

k’WmOkJm 2s4ss

AITACHMENTd : Levotloxaan Hemodialysis Clearance Values Following A 500 mg Single
Od Dose Given to Hemodialysis Subjects

(SmCIy M92-CM6) (Centinwci)

yJJs ~-
Incwynw

Tmw(h)
s=? -- Pkmamc

(mUmm) (pgmL) (q) (pgmL) (mL)

AUC (1.2 h).
SUMS lnmmpiem ~ .%79



A7TACfiMEfWT ~: Levofloxaan CAPD Clearance Values Following A 500 mg Single Oral

Dose Given to CAPD Subjects
(Study M92446)

1. Subject No-

Amoultkl
m volume hWysate -

Day No.
AUC (15-14 h) ~

(ml-) (@W (mg) pg4VmL (mlAnin)

1 1

2

3

4

5

2 1

2

3

4

3 1

2

3

4.

1

2

3

4

_> -—-- -’-
. —.
.. —-

g3’



A~ACHMENT 8: Levofloxacin CAPD Clearance Values Following A 500 rng Single Oral
Dose Given to CAPD Subjects
(Study M92-046) (Continued)

2 Subject No-

Anolmtkl

% volume htblysaa - U {15-14 h) Cb
Day h. (mL) (p@mL) (m -L (mblnii)

1 1

2

3

4

5

2 .1

2

3

4

3 1

2

3

—.. .—-.

1

2

3

4

. .
.--—
..——



ATTACHMENT ~

3. Subject No.-

: Levofloxacin CAPD Clearance Values Following A 500 mg Single Oral
Dose Given to CAPD Subjects
(Study M92-046) (Continued)

~aabtl Anomtln
* vo4mle In Oidysate -@= AUC (15-14 h) C%

Day No. (mL) (#W W -L (mWm)

1 1

2

---- 3 ----

4

5

2 1

2

3

4

3 1

2

3

4 1

2

-3

4

5
. . .._—

—.

,

g!J



TITLE OF STUDY: EVALUATION OF THE PHARMACOKINETICS AND SAF~ OF SINGLE

AND MULTIPLE HIGH-DOSE REGIMENS OF LEVOFLOXACIN (RWJ-2521 3-000) IN HIV

SEROPOSITIVE SUBJECTS.(PROTOCOL N93-032). VOLUME 1.77.

INVESTIGATOR AND LOCATION:

OBJECTIVES: The objective of this study was to evaluate the pharmacokinetics and safety of

Ievofloxacin in HIV seropositive subjects after single and multiple 750-mg once-daily oral doses of

Ievofloxacin for 2 weeks followed by intermittent 750-mg or lg doses of Ievofloxacin thrice-weekly

for 2 weeks.

STUDY DESIGN:This was a sequential, two-pati,-tatidomized, double-blind, placebo-controlled

study in 26 adult male and female volunteers with HtV infection. Subjects were group into two

parallel panels based on their CD4 cell counts: Panel 1 (N= 13) with CD4 cell counts -=250; Panel 2

(N= 13) with CD4 cell counts z250. Subjects were randomly assigned to three treatment groups

(A, B, and C of 5,5, and 3 subjects, respectively, in each panel) receiving Ievotloxacin or placebo

doses according to the following schedule:

Period Duration Regimen GroupA Group B Group C

Part One Days 1-14 once-daily 750 mg 750 mg placebo

Part Two - Days 15-28 thrice-weekly 750 mg Ig placebo

The 750-mg dose consisted of one 500-mg (Formula No. FD 25213-097-G-22, Batch No. 5324), two

12Smg (Formula No. FD 2521 3-097-H-22, Batch No. R5520) Ievofloxaan tablets and two placebo

tablets. The Ig dose consisted of one 500-mg and four 125-mg Ievofloxaan tablets. Serial venous

blood samples and quantitative urine collections were obtahed following dose administration on

Days 1, 14, 15, and 26 from the subjects for Ievofloxacin pharmacokinetic evaluati~=parse

samples were also obtained on Days 5, 13, and 24 for drug levels monitoring purpose. “—

DEMOGRAPHICS: Although the protocol specitied that 26 subjects would be enrolled, four

addiional subjects were enrolled to replace four subjects who discontinued prematurely (Table 1).

SAMPLE COLLECTION AND HANDLING: Serial venous (5 mL) blood samples for the

determination of plasma Ievofloxacinconcentrationswere collected into heparinized tubes from each

subject starting on Study Day 1 and continuing through Study Day 29 at the following times:



Study Day PostdoseBloodSampling

1 0,’0.5, 1, 1.5,2, 3,4, 8, 12, 16, and 24sh

5 O,*1,2,4, and249 h

13 tYand2h

14 O,a0.5, 1, 1.5.2,3,4,8, 12, and 16 h

15 0,”0.5, 1, 1.5,2,3,4,8, 12, 16, and 24 h

24 tYand2h

26 0:0.5, 1, 1.5,2,3,4, 8, 12, 16,24,48, and 72 h

‘Sample taken immediately prior to dosing.

Uri~e-semples for the assessment of Ievofloxaan concentrations were collected at the follo&ing - ‘“”

time intervals:

Study Day PostdoseUrine Sample Collection

1 0:0-2,2<,4-8,8-12, and 12-24 h

5 0+ h

14 0-2,2-4,4-8,8-12, and 12-24 h

15 0-2,2-4,4-8,8-12, and 12-24 h

26 0-2,2-4,4-8,8-12, 12-24,24-48, and 48-72 h

‘ Prcdose urine sample.

ANALYTICAL METHOD: Plasma and urine samples were assayed for Ievofloxacin concentrations

according to a validated reversed-phase h~h pressure liquid chromatography (HPLC) procedure

at

DATA ANALYSIS: The peak plasma concentration (C~, time of C- (T~, area under the

plasma mncentration versus time curve (AUC), plasma elimination half-fife for terminal elimination.—.
phase (tJ, peak urine concentration (Cu~, amount of drug excreted unchanged in ii%e (Ae),

apparent total body clearance (CUF), and renal clearance (CQ were determined from the data.

RESULTS: The Ievofloxaan pharmacokinetic parameter estimates are summarized in Table 2.

Levofloxacin was rapidly absorbed after oral administration to the HIV seropositive subjects. Peak

plasma concentrations were reached in approximately 1.5 hours in most cases. The interday (C.V.)

variation in T-, ~, and CL/F for the subjects (Days 1,14,15, and 26), on average, were 28,20,

and 13?40,respectivel~ indicating the absorption and disposition processes of Ievofloxacin remained

linear and unchanged for the subjects throughout the course of the study. Following multiple

750 mg q.d. doses of Ievofloxacin, the ratio of AUC on Days 14 to 1 (mean f SD) was 1.29 ~ 0.33,

indicating a moderate degree of accumulation upon multiple dosing. As expected, only modest

degree of accumulation was obsewed following the thrice-weekly regimen. The degree of

87



accumulation (mean t SD) following the 750-mg and l-g doses was 1.11 t 0.26 and 1.05s 0.19,

respectively.

Subjects with CD4 cell counts <250 (Panel 1), on average, appeared to have longer terminal plasma

elimination half-iiies (Q and lower clearances of Ievofloxaan (CL/F and CQ than the subjects with

CD4 cell counts z250 (Panel 2). As Ievofloxacin is eliminated primarily through the kidney, these

apparent differences in Ievofloxacin elimination, among other factors, were probably related to the

dfierences in renal function between the two panels of subjects. Renal function as estimated from

the prestudy creatinine clearance values (C&) of the subjects, was on average, 23°A lower in the

subjects with CD4 cell counts -=250 (C~ ranged from 50 to 140 mL/min, mean = 83 mumin) than

the subjects with CD4 cell counts z250 (C~ ranged from 81 to 182 mUmin, mean =108 mL/min)

in this study. As shown in Table 2, the variabilii in parameter values was quite low even after

combining all the subjects’ data. Overall, the Ievofloxaan pttarmacokinetics in this HIV seropositive

population, were comparable to those in healthy subjects.

CONCLUSION: The results of this study indicate that the pharmacokinetics of Ievofloxacin in the

HIV seropositive subjects are linear and unchanged following the 750-mg (q.d. and t.i.w.) and l-g

(ti.w.) oral doses of Ievofloxacin. Levofloxacin pharrnacokinetics in this HIV seropositive population

were comparable to those in healthy subjects.

TABLE 1: Demographic and Baseline Characteristics
(All Subjec~ Enrolled in Study N93-032)

Levofloxacin 750 mg q.d.l Levofloxacin750 mg q.d.l Pfacebo q.dJ

750 mg t-i.w. 1000 mg t.i.w. PtacebO t.i.w. Total

{N=ll) (N =12)’ (N=7) (N . ~~

Sex

Men

women

Race

Caucasian

Black

Hispanic —

Age (yr)

Mean * SD

Range

Weght (kg]

Mean~ SD

Range

Height(cm)

Mean~ SD

11

0

9

1

1

31.524.3

72.9i 9.7

178.2 =62

10 7 28

2 0 2

.
9 5 23

. -.
2 1 --*—

1 1 3 ..

40.8 * 7.4 32.9 * 4.3 35.5 * 7.1

82.1 A 23.2 79.3 * 14.0 78.1 * 17.1

169.2217.4 181.0* 3.1 175.5 * 12.3

Range

“ Data for height WJS missing for one of the 12 subjects.

40



TABLE 2: Summary of Levofloxacin Pharmacokinetic Parameter Estimates (mean ~ SD)

750mg Ig
Pammter Day1 Day14 Day15 Day26 Day15 Day26

SubjectswithCD4cellcount~50:

C- pg/mL 8.89 i 264 11.4* 2.4 10.4 i 3.3 8.** 129 15.7 i 4.5 121 * 1.8

TM, h 1.5 i 0.7 1.4 * 0.4 1.921.2 1.6 k 0.9 1.2$0.3 f.4 i 0.5

AUC, pgWrnL- 71.1 * 17.3 97.7 k 28.6 91.4 * 28.9 73.9 * 14.0 122*26 101 *26

CUF, mUmin 151 *22 139*45 153*64 142*33 133*28 151 *49

~h - . 7.91*1.50 9.22 i 2W 9.41 i 1.94 9.96 i 4.32 lo.5tl.9 102*42

Cu_ pg/mL 563* 288 718t444 625*422 656 * 241 1156i 601 6262666

Ae, % dose’ 60.8 i 22.2 74.0 * 29.0 79.3 i 27.3 66.0 * 32.4 61.9 %9.7 69.2 k 8.4

C~, mUmin 115252 103259 120i54 139i65 89i23 103240

Subjects with CD4 cell count 2250:

C-. pg/mL 8.70 k 2.37 9.88 i 2.36 11.223.5 10.1 t 1.4 10.621.9 9.61 ~ 1.55

T-, h 1.4 = 0.6 1.5 t 0.4 ~.3 * Q.3 1.4 t 0.4 1.4 * 0.4 2.2* 0.8

AUC, pg+UmL” 56.3 * 8.0 60.7 k 8.5 66.5 k 8.7 55.8 * 8.6 74.6 ~ 19.9 76.7 ~ 17.2

CUF, mUmin ~~3j 21O*35 16si23 207243 224*73 194 *51

~, h 6.63* 1.17 6.69 & 0.66 6.1020.66 7.47 * 1.86 7.30&236 8.30=1.06

C1l-, pglmL 393i259 ~~# 725t209 517*201 9022416 ~~~

Ae,’% dose’ 60.6 * 172 72.9 * 23.4 69.9 A 22.6 72.5 * 24.1 60.9 * 35.5 66.0* 11.9

C~, mUmin - 135%39 150*59 f24232 162*Z’ 1442110 135*42

All Subjects:

Cm pg/mL 8.79* 2.45 10.7A2.4 10.8z 32 9.50i 1.41 13.1242 10.9221

T-, h 1.4* 0.6 1.4* 0.4 1.6* 0.9 ~.5* 0.7 1.3* 0.4 1.8* 0.8

AUC, pgWmL” 63.7 * 15.2 79.2 t 28.0 80.0 t 23.4 64.8t 14.5 96.1 * 33.7 68.9i 25.5

CUF,mUmin 184239 175*53 169*49 178~ 50 174268 170*51

&,h 7.1721.43 8.10~ 2.03 7.94* 2S 8.59i 3.24 9.06 i 257 9.37* 321

Cum pg/mL . 475*260 701 k 414 775*318 &6*275 10292505 633$550

Ae, % doaeb - 60.7* 19.4 n.4 & 25.1
..— —

75.1 k 24.3 77.6 k 26.1 61.5 k 22%- -.6 k 9.9

C~, mUmin 125i46 130i62 122*43 152*68 113*75 _l19i42

“ AUC dculated fromO to 24 h.

‘Aeon Da~l,14, and15 based on24-hurine recmerywluea, on Day26baaed on72-hurine racowryvalues.
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FIGURE 1: Mean Plasma Concentrationvs. Tme Profiles of Levofloxaan in HIV Seropositive

Subjects Follow-ng Single and Multiple 750-mg Oral Doses of Levofloxacin.
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FIGURE 2: Mean Plasma Concentration vs. Time Profiles of Levofloxaan in HIV Seropositjve

Subjects Follow”ng Dose Increment from 750 mg to 1 g on Day 15 and Multiple Thrice-Weekly l-g

Doses of Levofloxacin Administered Orally.
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TITLE OF STUDY: A DQuBLE-BLIND STIJDY TO EVALUATE THE SAF~ AND

PHARMACOKINETICS OF LEVOFLOXACIN (RWJ 25213) IN SUBJECTS WITH HIV

INFECTION. Study # K90-024. VOLUME 1.80.

PRINCIPAL INVESTIGATOR

OBJECTWE: To evaluate the safety and pharmacokinetics of Ievofloxacin in male, HIV-

infected subjects without oppodunistic infections or neoplasms.

STUDY DESIGN: This was a Phase 1,randomized, tiuble-blirid, placebmcontrolled study

conducted atone U.S. study center. It was designed to evaluate the pharmacokinetics and

safety of oral Ievofloxacin in 10 subjects with HIV infection. Following screening, subjects

were assigned randomly to receive Ievofloxacin or placebo. Levofloxacin was administered

as three 10Gmg and one 50-mg Ievofloxacin hemihydrate tablets containing 97.6 mg and

48.8 mg anhydrous Ievofloxacin, respectively. On Day 1, subjects received a single dose

of study medication. Day 2 was a washout period and no study medication was

administered. On Days 3 through 9,

Plasma and urine samples were

pharmacokinetic analysis.

subjects received study medication three times a day.

obtained at specified intervals during the study for

DEMOGRAPHICS: All 10 subjects enrolled in this study were males (Table 1).

FORMULATION AND DOSING INFORMATION: On the morning of Day 1, subjects

received a single 341.6 mg oral dose of Ievofloxacin (or placebo). Each dose of study

mediation was administered as three 97.6-mg tablets and one 48.8-mg tablet. ~ 2 was
.J— —

a washout period and no study medication was dispensed, On Days 3 through 9, “subjects

meived 341 .6-mg of Ievofloxacin (or placebo) evety eight hours. On the morning of Day

10, subjects received a single dose of 341.6 mg of Ievofloxacin (or placebo). Subjects

were instructed to fast eight hours before and two hours after receipt of study medication

on Days 1 and 10.

SAMPLING: Plasma samples were obtained immediately before dosing and at 0.5, 1,2,

3, 4, 8, 12, 24, and 36 hours after the first dose on Day 1 and immediately before the

morning dose on Days 3, 4, 6, 7, 8, and 9. On Day 10, plasma samples were obtained

immediately before dosing and at 0.5, 1, 2, 3, 4, 8, 12, 24, 36, 48, 60, and 72 hours



postdose. Urine samples were collected beginning eight hours before the firSt dose cm Day

1 and up to 48 hours postdose. Additional samples were collected at the time of the last

dose on Day 10 up to 48 hours postdose. In addition, fecal samples were to be collected

from all subjects following the initial dose of study medication and continuing until the

morning dose on Day 3. These samples were only to be assayed if the plasma and urine

data were inconsistent with the dose administered.

ANALYTICAL METHOD: Plasma, dialysate fluid, and urine samples were assayed for

Ievofloxacin according to validated HPLC procedures at the R.VU.Johnson research lab.

RESULTS: In this study, Ievofloxacin was rapidly absorbed, appeared to be extensively

distributed in the body and unaffected by the subjects’ disease state. Mean AUC~ values

on Days 1 and 10 were 17.2 and 31.2 pg*h/mL, respectively. In addition, the mean AUC&

(Day 1) and AUC ~ (Day 10) values were 29.0 and 56.8 pg*h/mL. The mean trough (8

hour) plasma concentration (Cm) after administration of a single 341 .6-mg dose of

Ievofioxacin on Day 1 was 1.16 pg/mL, while the range of the morning predose mean

plasma concentrations (C~~) from Days 4 to 9 was 1.80 to 2.48 pg/mL. These values

indicate modest accumulation of Ievofloxacin upon multiple dosing versus single-dose

administration. It was apparent that steady-state conditions had been achieved within

three days afler initiation of the multiple-dose regimen, as no trend was observed towards

further increment in the Cm values. Levofloxacin appeared to be extensively distributed

in the body, with a mean volume of distribution at steady-state of 104 L. The mean

effective half-life at steady-state was 6.5 hours. This half-life fufiher suggests that steady-

state had been achieved within three days of dosing. These results indicate that the

phatmacokinetics of levofloxacin in asymptomatic HIV-infected subjects, like that in

normal, healthy volunteers, are linear and predictable.
-—..“-—

Following administration of single (Day 1) and multiple thrice daily (Day 10) doses of

Ievofloxacin 34-1.6 mg, mean (* SD) peak urinary concentrations were 535 * 271 and

990 * 167 pg/mL, respectively. Corresponding mean urinaty recoveries of intact

Ievofloxacin on Day 1 (0+8 hours postdose) and on Day 10 (O-8 hours postdose) were

64 k 26% and 77 A 15%, respectively. Day 1 and Day 10 renal clearance values were 8.3

t 4.5 IJh and 8.6 k 2.9 Ifh, respectively. Renal clearance accounted for approximately

70?40of total ctearance.

CONCLUSIONS: Steady-state plasma levels were achieved

was a modest accumulation of Ievofloxacin upon multiple

within three days and there

dosing versus single-dose

~<

.. ..——— .——-



administration. The mean effective half-life at steady-state was 6.5 hours. Renal clearance

accounted for approximately 70?40 of the total clearance. The pharrnacokinetics of

Ievofloxacin in asymptomatic HIV-infected subjects, like that in normal, healthy volunteers,

are linear and stable.

Based on the results of this Phase I study no dosage adjustments for Ievofloxacin appear

to be necessary in asymptomatic HIV-infected subjects.

Table 1: Baseline Demographic Characteristics: All

Subjects. (Study K90-024)

Levofloxacin Placebo

Parameter (N = 5) (N= 5)

Sex

Male 5 5

Race

Caucasian 4 4

Black 1 1

Age (years)

Mean 36.8 ~ 32.0

SD 13.6 4.9

Minimum 24 26

Maximum 57 38 .

Weight (Ibs)”

Mean -– 165.9 176.3

SD 9.6 12.3

Minimum 150.0 163.0

----
..-—

Maximum 175.5 190.5



Table 2: Lot Numbers of Levoftoxacin and Placebo

(Study K90-024)

Study Medication Dosage FD Number Lot Number

Levofloxaan 97.6 mg FD 25213-8-22 4943

Levofloxaan 48.8 mg FD 25213-A-22 4945

Placebo O mg [100 mg] FD-2521 3-8X-22 4944

Placebo O mg [ 50 mg] FD 25213-AX-22 4946

Table 3: Pharmacokinetic Profile of Levofloxacin in HIV-infected

Subjects. (Study K90-024)

Single Dose - Day 1 Steady-State - Day 10

Parameter (Units) (MeantSD) N=5 (MeanSD) N=5

Plasma

Cm (pg/mL) 4.79 *1.00 6.92 *1.56

T- (h) 1.00 iO.61 0.90 M.22

AUCa (pg*h/mL) 29.0 A6.7 31.2 *5.6

C1/F (L/h) 12.3 H.8 11.2* 1.8

VdlF (L) 98.6 *15.4 104.0 *12.6

t% (h) 5.7 *0.7 6.53$ 3.5 “

. -—_ ...-—
Urine -‘

AU% -- 64 ti6 77 *15

%x WW 535 Q71 990 *167

CL (Uh) 8.3 *4.5 8.6 S?.9

a AUCb for single dose and AUCM for multiple dose at steady-state.
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TITLE OF STUDY: A f)oUBLE-BLIND STUDY TO EVALUATE THE SAFETY AND

PHARMACOKINETICS OF LEVOFLOXACIN (RWJ 25213-097)IN SUBJECTS WITH HIV

INFECTION. VOLUME 1.81

INVESTIGATOR AND LOCATION:

OBJECTIVE: To evaluate the safety and pharmacokinetics of Ievofloxacin in HIV-infected

male subjects w“thoutopportunistic infections or neoplasms who were receiving treatment

with zidovudine (AZT).
----

STUDY DESIGN: This was a Phase 1,randomized, double-blind, placebo-controlled study

conducted at one U.S. study center. It was designed to evaluate the pharmacokinetics and

safety of Ievofloxacin in 16 subjects with HIV infection who were being treated with AZT.

Following screening, subjects were assigned randomly to receive Ievofloxacin or placebo.

FORMULATION AND DOSING INFORMATION: Levofloxacin was administered as three

100-mg (FD 25213-B-22, Lot No. 4943) and one 50-mg (FD 25213-A-22, Lot No. 4945)

Ievofloxacin hemihydrate tablets containing 97.6 and 48.8 mg anhydrous Ievofloxacin,

respectively. On Days 1 and 10, subjects received a single dose of study medication while

on Days 3 to 9, subjects received study medication every eight hours. Subjects were

instructed to fast eight hours before and two hours after receipt of study drug on Days 1

and 10.

AZT dosing was scheduled so that the first and the last doses of study drug were given

simultaneously w-th a dose of AZT (100-mg tablet five times a day at various dosing

internals for a maximum daily dose of 500 mg per day). In between;-= was

administered a=rding to the regimen used by the subject prior to entering the study and

although not speafied in the protocol, subjects were to receive a maximum of 500 mg per

day with individualized dosing intewals.

DEMOGRAPHIC AND BASELINE CHARACTERISTICS: All 16 subjects enrolled in this

study were male (Table 2).

SAMPLING: On Day O, plasma samples were obtained for

AZT dosing and at 0.5, 1, 1.5, 2, 4, and 6 hours postdose.

baseline AZT levels before

Additional plasma samples

were obtained immediately prior to dosing on Days 1, 3, 4, 6, 7, 8, 9, and 10 and at 0.5,

94



1,2,3,4,8, 12,24, and 36 hours after dosing on Days 1 and 10, at 12 hours after dosing

on Day 3, and 48, 60 and 72 hours after dosing on Day 10.

ANALYTICAL METHOD: Plasma samples were assayed for Ievofloxacin and AZT

according to a validated procedure that involves a l-step liquid-liquid extraction with

reversed-phase HPLC on C,a column at The LOQS are

80 ng/mL for Ievofloxacin and 50 ng/mL for AZT.

RESULTS: The pharmacokinetic analysis was restricted to six of the eight subjects

receiving Ievofloxacin who completed the study. On Day 10, all six subjects had reached

-. ..>.. steady state. Mean C- values of Ievofloxacin after the first dose (Day 1) and at steady

state (Day 10) following the multiple q8h dose regimen were 3.82 and 7.06 pg/mL,

respectively. The corresponding times to reach C- (lM), were 1.0 h and 1.1 h,

respectively. Mean AUC values follow.ng a single dose (Day 1, AUC~ and at steady state

(Day 10, AUC~) were 30.1 and 37.4 pg*h/mL, respectively. Mean elimination half-life

values following a single dose and at steady state were 6.2 and 7.2 hours, respectively.

Corresponding values for volume of distribution were 98 and 109 L, respectively. Mean

total body clearance values following a single dose and at steady state were 11.4 and

9.4 Uh, respectively. The pharmacokinetic profiles of Ievofloxacin were similar between

single-dose and multiple q8h dosing with a moderate accumulation in CM (observed

185% versus expected 169%) and in AUC (observed 124% versus expected 169%). The

pharmacokinetic study results were similar to those observed previously in HIV-positive

subjects not receiving H (Study K90-024) and in normal healthy volunteers (Studies

K90-077 and K90-014).

AZT concentrations were measured but pharrnacokinetic analysis was not performed

since subjects were on a variety of UT regimens. No apparent difference w~ewed

in the mean AZ_Tconcentration time profile with or without Ievotloxacin.

CONCLUSIONS: Based on these results, the pharmacokinetic profile of Ievofloxacin in

these subjects does not appear to be affected by concomitant administration of AZT.

Thus, no dosage adjustments for Ievofloxacin appear to be necessary in asymptomatic

H]V-infected subjects receiving AZT therapy.



Table 1: Lot Numbers of Levofloxacin and place~ Tablets

(Study K90-086)

Study Medication Dosage FD Number Lot Number

Levofloxaan 97.6 mg FD 2S213-6-22 4943

Levofloxacin 48.8 mg FD 2521 3-A-22 4945

Placebo O mg [100 mg] FD 25213-6X-22 4944

Placebo O mg [ 50 mgl FD 25213-AX-22 4946

Table 2: Baseline Demographic Characteristics: All Subjects.
(Study K90-086) ,-

Levotloxacin Placebo

Parameter N=8 N=8

Sex

Men 8 8

Race

White 4 6

Black 3 0

Hispanic 1 2

Age (years)

Mean~SD 30.5*4.47 32.9*5.67

Min-Max 26-40 27-41

Weight (l&x)

Mean&SD 172.6t21.45 167.0i20.34

Min-Max 150-205 142-200

Table 3: Phannacokinetic Profile of Levofloxacin in HIV-infected
Subjects (Study K90-086). ----.._—

Levofloxaan 341.6 mg, N=6

T- Cm AUC8
(h) (pg/mL) (pg*hlmL)

Day 1b 1 .Oio.s 3.82?0.78 30.lM .8
Day 10’ 1.1 *().5 7.~*1 .9(I 37.46.2

Terminal T% CUF win=
(h) (L/h) (L)

Day 1 6z~o.9 11.4to.7 98218

Day 10 7.2*1.4 9.4*1 .5 109f23

‘ AUC& (Day 1) versus AUCN (Day 10).
bSingledose.
CMultiple q8h dose (steady state).



Table 4: Pharmacokinetic Parameters of Levofloxacin After a Single Dose

Mean Mean

T-
AUC*&

c- ;T:loo AUC& (Per 100 T!!b CUF
study

Vdn=
(h) I’@mL) mg dose) (P9“h/mL) mg dose) (h) (U?r) (L)

K90-086S 1.&o.5 3.82M.78 1.09 30.lkl.8 8.60 6.2A0.9 11.4S3.7 98kl 8

K90-024C 1.020.6 4.7*1 .00 1.37 29.th6.7 8.29 5.7*0.7 12.3ti.8 99i15

K90-077d 1.320.5 5.19tl.21 1.04 47.7*7.59 9.54 e 10.5A1.8 97*12

K90-014’ 1.~I).6 5.21*0.91 1.04 49.628.80 9.92 9 lo.2tl.9 94*14

Data are mean~d.
● 350 mg Ievofloxaanhemihydratetabkt q8h, HIV-infectedsubjects,with concomitantAZT (n=6): currentstudy.
bTerminalhatf-iiie.
‘ 350 mg Ievofloxacinhemihydratetabletq8h, HIV-infectedsubjects,withoutconcomitantAZT (n=5).
~500 mg Ievofloxacinhemihydratetabletqd, healthysubjects(n=lO).
“ The terminalhatf-liiewas not determinedin thisstu~ however,the effectivehalf-lifewas calculatedto be
6.5k0.7h.

f 500 mg Ievofloxacin hemihydrate tablet bid, healthy subjects(n=l O).
0The terminalhalf-liiewas not determinedin this study; however, the effective haf-iiie was calculated to be

6.5kl.Oh.

Table 5: Pharmacokinetic Parameters of Levofloxacin at Steady State

Mean Mean
C-* AUC*G,

T- Cn (Per 100 AUCG; (Per 100 TMC Ctn= W/F
Study (h) (I@ rnL) mg dose) (IJ9●h/mL) mg dose) (h) (L/h) (L)

K90-086’ -1.1*0.5 7.*1 .90 2.01 37.4A6.2 10.70 7.2il .4 9.4*1.5 10W23

K90-024d 0.%0.2 6.9~1.56 1.98 31.~5.6 8.91 6.5*0.5 11.2il.8 104*13

K90-OiT 1.1*0.4 5.72il.40 1.14 47.5*.7 9.50 . f lo.5il.5 102Q2

K90-0149 1.3*0.6 7.80tl.07 1.56 59.Okll.8 11.80 h 8.6$1.8 “:x16

Dsta are meanisd.
ST=dosinginterval. –
b350 mg Ievofloxaanhemihy&te tablet q8h, HIV-infectedsubjects,with concomitantMT (n=6): currentstudy.
‘ Terminalhalf-liie.
d350 mg Ievofloxacinhemihydratetablet q8h, HIV-infectedsubjects,withoutconcomitantAZT (n=5).
“ 500 mg Ievofloxacinhemihydratetablet qd, healthysubjects(n=l O).
‘The terminalhalf-iiiewas not determinedin thisstu~ however,the effectivehalf-lifewas calculatedto be
6.8&l.3h.

0500 mg Ievofloxacinhemihydratetablet bid, heatthysubjects(n=lO).
hThe terminalhalf-lifewas not determinedin thisstu~ however,the effectivehaK-liiewas calculatedto be

8.4kl.3h.
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TITLE OF STUDY: ASSESSMENT OF THE EFFECT OF ORALLY ADMINISTERED
LEVOFLOXACIN AT STEADY-STATE CONDITIONS ON THE PHARMACOKINETICS OF
THEOPHYLLINE FOLLOWING SINGLE-DOSE INTRAVENOUS ADMINISTRATION IN
HEALTHY MALE SUBJECTS. PROTOCOL LOFBO-PHI-1O1 . VOLUME 1.82-1.83

INVESTIGATOR AND LOCATION:

OBJECTIVES: The primary objective of this study was
administered Ievofloxacin at steady-state conditions
pharmacokinetics of theophylline following single-dose

to determine whether orally
had any effect on the
intravenous administration.

Secondary objectives of the ‘study inctuded assessing the ophthalmological safety of
Ievofloxacin at steady-state conditions when administered as a multiple dose regimen of
500 mg q12h, and determining whether Ievofloxacin crystals could be found by
micfosmpic examination of urine collected at steady-state conditions. ----- -

.

STUDY DESIGN: This was a Phase 1,randomized, complete, two-way crossover study.
The study was double-blind with respect to Ievofloxacin and placebo, and was open-label
with respect to theophylline. Sixteen healthy male subjects were enrolled in the study.
The subjects received each of the following two treatments which were separated by a 1-
week washout period. Eight subjects were randomized to receive Treatment A first, and
eight subjects were randomized to receive Treatment B first.

Treatment A: Each subject received 500 mg oral doses of Ievofloxacin administered
as one 500 mg clinical tablet (Formula No. FD-25213-097-G-22, Batch
No. R5826) given orally q12h for nine doses. Immediately after
administration of the sixth Ievofloxacin dose, the subjects were given
theophylline intravenous solution in D5W (Formula No. FD-02962-OOO-
A-45, Batch No. R591 5), 4.5 mg/kg, administered as a 30 minute,
constant rate intravenous infusion.

Treatment B: Each subject received oral doses of placebo tablets matching the
Ievofloxacin 500 mg clinical tablet (formula No. FD-2521 3-097-LX-22,
Batch No. 5314) given q12h for nine doses. Immediately after
administration of the sixth placebo dose, the subjects were given
theophyiline intravenous solution in D5W (Formula
No. FB02962-000-A45, Batch No. R593 5), 4.5 mglkg, administered as
a 30 minute, constant rate intravenous infusion. .—.. . - .. ——

DEMOGRAPHICS: Sixteen healthy male subjects were recruited but fourteen subjects
completed the study (Table 1).

SAMPLING: Serial venous blood samples (5 mL) were drawn from each subject at: -24,
-12, 0 (predose), 0.25,0.5, 0.75, 1, 1.5, 2, 3,4, 6, 8, 12, 18, 24, 36, and 48 hours from the
starl of the theophyiline infusion. Urine was collected quantitatively during the intewal from
O-2 hours postdose following administration of the fifth Ievofloxacin dose. The subjects
were instructed not to void from the beginning until the end of the collection interval, at
which time an afiquot of the freshly voided urine was removed from the collection and kept
at 37 ‘C during the process of being examined microscopically for Ievofloxacin crystals.

ANALYTICAL METHODS: Plasma samples were assayed for theophylline according to
a validated HPLC procedure at Plasma
samples were also assayed for Ievofloxacin according to a validated HPLC procedure at

/w-)



the same laboratory. Urine samples were assayed for Ievofloxacin according to a validated
HPLC procedure at RWJPRI, Spring House, PA.

DATA ANALYSIS: The following pharmacokinetic parameters were determined for
theophylline: C-, T-, AUC (0-”), AUC (0-), CL, ~, t ~ and V ~ The following
pharmacdinetic parameters were determined for Ievofloxacin: C-, T-, AUC (O-T), C-,
and CIJF.
Analysis of variance models were fitted to the data with the pharmacokinetic parameter
(cm, AUC (O-*), AUC (0-.=), TmX, V=, Cl-/F, ~, and tfi) as the dependent variable and
treatment sequence group, subjects nested within treatment sequence group, treatment
and period as predictors and the main effects were tested. For C- and AUCS, 90%
confidence intervals for the ratio of the means from the two treatments were constructed
using the intra-subject variability from the analysis of variance models. C- and AUCS
were log-transformed prior to analysis. Analysis of T- was done using ranked values.
All other parameters were analyzed in the original units.

RESULTS: The mean pharmacokinetic parameters for theophyiline together with the
results of statistical comparisons between the two treatments are summarized in Table 2.
The results showed no statistically significant differences in Cm, or in AUCS for the two
treatments. The 90% confidence intewals for the ratio of the means for Cm, and AUCS,
calculated based on log-transformed data analysis fell within the range of 80 to 1250A,
indicating that there were no clinically significant differences in these parameters between
the two treatments. In addition, there were no statistically significant differences in CL, V=,
k,, or tx by ANOVA comparisons between the treatments for theophylline, showing that
at steady-state conditions, Ievofloxacin 500 mg q12h had no significant effect on either the
distribution or elimination pharmacokinetics of theophyiline from intravenous
administration.
The mean steady-state pharmacokinetic parameters for Ievofloxacin are summarized in
Table 3. These mean steady-state levofloxacin pharmacokinetic parameters are consistent
with those obsewed in other multiple dose studies with the 500 mg ql 2h dosing regimen,
indicating that a single 4.5 mg/kg intravenous infusion dose of theophylline has no effect
on the steady-state pharmacokinetics of orally administered Ievofloxacin.

CONCLUSION: The pharmacokinetics of theophylline, from a single-dose intravenous
infusion of 4.5 mg/kg, were not significantly affected by Ievofloxacin under steady-state
conditions of 500 mg given orally ql 2h. The interaction was evaluated at steady-state
conditions of Ievofloxacin with high Ievofloxacin plasma concentrations from multiple dose
administration (C~,. - 3.8 pg/mL, and C.v - 6 pg/mL), and at plasma th~~ylline
concentrations (C- - 10-11 pg/mL) calculated to provide a margin of safety, y-e at or
near the therapeutic concentration range.
The steady-stak pharmacokinetics of levofloxacin were comparable to other studies in
which multiple oral doses of Ievofloxacin were given, indicating that there was no effect
of theophylline on the pharmacokinetics of Ievofloxacin.
These results indicate that when required, Ievofloxacin and theophylline can be
administered concurrently without concern that the pharmacokinetics of either drug would
be altered.
At a high dosing rate of Ievofloxacin (500 mg q12h), there were no Ievofloxacin crystals
found in any urine sample collected at steady-state conditions. These results provide
evidence that there is no likelihood of occurrence of Ievofloxacin crystalluria during
multiple dose administration at high doses.

[K1



Table 1: Demographic and Baseline Characteristics
(All Subjects Enrolled in Study LOFBO-PHI-1O1)

Levofloxaan/Placebo Placebo/Levofloxaan Total
(N=8) (N=8) (N=16)

Race
Caucasian 8 12
Black ; o 2
Hispanic 2 0 2

Age (years)
Mean t SD 24.5k5.O 27.3*5.5 25.%5.3
Range

Weight (Ibs)
Mean k SD 172.lf19.O 161.4*19.8 166.8*19.5
Range

Height (in)
Mean *SD 70.4ti.8 71.9*3.2 71.=3.0
Range

Note:Ths studyenrolledonly men.

Table 2: Summary of Theophylline Pharmacokinetic Parameters a
(Study LOFBO-PHI-1OI).

Treatment A TreatmentB 90”AConfidence
Theophylline- Wti Wti % ANOVA Interval
Parameter Levofloxacin Placebo Dflerenceb Resultsc Test Resrdtd

c 11.35 10.68 +6.27 NS EQ
(p&mL) (1.78) (1.32)

T 0.77 0.64 + 20.3 NS —
(h~ (0.27) (0.19)

AUC (0-*~ 118.53 120.58 -1.7 NS EQ
(pg.h/mL) (31.11) (28.99)

AUC (0-=) 124.01 126.06 -1.6 “ NS EQ
(pgh/mL) -. (32.27) (30.28) .-— —

-.. —
48.64 47.40 +2.6 NS —

Y;Umin) _ (1 1.6) (10.25)

K - 0.090 0.089 +1.1 NS —
(h’) (0.022) (0.021)

b 8.10 8.18 -0.98 NS —
(h) (1.86) (1 .84)

v,, 31.65 32.01 -1.1 NS —
(L) (3.46) (3.86)

m Data are the tin (*SO) for 14 subjects.
b Wth reference to Treatment B. [A-Bl/8 x 1Ck3%.
. ANOVA - SIG = diffef~ ba%ueenmeans is statistiiliy signifunt (psO.OS), NS = difference between means is

not statically significant (p>O.05).
d A NOVA 90% Confdence interval Test for C_, AUC (W)e AUC (0-) - EQ=90% confdence interval limits for the

log-transformed data are within 8G12S% of the reference mean. NEQ=90% confidence intenrd limits for the log-
transfowned data are outside of 80-1 25% of the reference mean.

. AUC (W), AUC calculated from time zero to the time of the last measurable ptasma concentration.



Table 3: Summary of Steady-State Levofloxacin Pharmacokinetic Parameters *

(Study LOFBO-PHI-1O1 )

P~r

C- (pg/mL) 9.18 (0.89)

T- (h) 1.68 (0.60)

AUC (o-T)b 72.69 (9.79)
(pg”h/mL)

C* (pg/mL) 3.78 (0.74)

CIJF (mUmin) 116.67 (16.38)

● Data are the mean (S0) for 14 subjects.
bAUC (O-T) is AUC calculated from time zerot immediately prior to dosing,

until the end of the 12 hourdosingintewal at steady-state.

Tabk &

90% Cmdii

&onntAc Mun RdD - LkxJ&f
Pamllcbw WMSE d lor R@f9mla kmlorT- f%) (%)

Auc (04s) 0.06 12 11s2. 112.6 $6.6 Sal 1M3

WC (0-) 0.06 12 1205 1162 W.692.6 102.7

c- 0.10 12 10.6 112 106.1 96.0 1122
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TITLE OF STUDY: BLINDED, RANDOMIZED, TWO-WAY CROSSOVER EVALUATION
OF THE EFFECT OF LEVOFLOXACIN ON WARFAR[N DISPOSITION AND
ANTICOAGULATION. LOFBO-PHIO-098. VOLUME 1.84-1.85

PRINCIPAL INVESTIGATOR:

OBJECTIVES: The objective of this study was to evaluate the potential effect of
Ievofloxacin on plasma watiafin concentrations and prothrombin time following oral
administration of a single dose of wa~arin during concomitant oral administration of
multiple doses of Ievofloxacin. Secondary objectives of the study inctuded assessing the
ophthalmological safety of Ievofloxacin and determining whether Ievofloxacin crystals
could be found by microscopic examination of urine collected at steady-state condition of
Ievofloxacin when administered as a multiple dose regimen of 50Q.rn~ q12h.

DEMOGRAPHICS: Sixteen healthy male subjects were enrolled in the study (Table 1).

STUDY DESIGN: l%is was a placebo-controlled, randomized, blinded, two-way crossover
Phase I study. Each subject received a 500 mg dose of Ievofloxacin (Formula
No. FD-2521 3-097-G-22, Batch No. R5826) or placebo tablet orally q12h on Days 1-9. A
single 30 mg oral dose of mcemic watfarin sodium was administered with 240 mL of water
after a 10-hour overnight fast on Day 4, presumably at steady-state condition of
Ievofloxacin plasma concentrations. A 21-day washout period was allowed between the
warfarin doses for the two crossover treatments.

SAMPLING: Blood samples (10 mL) were drawn from each subject at O (predose), 1,2,
4, 8, 12, 24, 36, 48, 60, 72, 84, 96, 120, and 144 hours after warfarin dosing. Urine
samples were collected during the following time periods: predose (-2 to O hour), 0-12,

. 12-24,24-48,48-72, 72-96, 96-120, and 120-144 hours after warfarin dosing. Two mL of
blood for prothmmbin time (PT) meas~rements were drawn at O (predose), 12,24, 36,48,
72, 96, 120, and 144 hours afler warfarin dosing.

ANALYTICAL METHODS: Plasma samples from this study were analyzed by validated
HPLC methods by
Prothrombintime was measured on Days 0,4,5,6,7,8, 9, 10,21,25,26,27,28,29, 30,
and 31. Activated partial thromboplastin time was measured on Days O, 10, 21, and 31.

. —.-.-._—
DATA ANALYSIS: The following pharmacodynamic parameters for baseline cprrected
prothrombintime (PT) were determined: Peak prothrombin time (PT_ ), Time to peak PT.
(T-. FT)and Area under the PT VS. time cuwe as measured by the trapezoidal method
from time zero to the last time point, AUC (O-t)P~.
The following pharmacokinetic parameters were analyzed statistically for the S- and
R-warfarin: C-, T-, AUC (0-=), AUC (O-t), CUF, ~, and t%. For baseline corrected
prothrombin time, AUC (O-t)P~,T-, ~~,and PT- were analyzed.
The analysis was carried out on log-transformed bioavailability parameters for AUC (0-=),
AUC (O-t) and C-. T- was analyzed using ranked values and Clearance, ~, and t%
were analyzed in the original units.
Analysis of variance models were fit to the data with one of the pharmacokinetic
parameters of interest: AUC (b), AUC (O-t), CmX,Clearance, Ranked T- (RT#, &, and
tX as the dependent variable and the effects due to treatment sequence group, subjects
nested with-in the treatment sequence groups,
addition, similar analysis of variance models

treatment and period as predicto&. In
were fitted to the pharmacodynamic
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Analysis of variance models were fit to the data w-th one of the pharmacokinetic
parameters of interest AUC ((b), AUC (O-t), C-, Clearance, Ranked T- (RTa), & and

t% as the dependent variable and the effects due to treatment sequence group, subjects
nested within the treatment sequence groups, treatment and period as predictors. In
addition, similar analysis of variance models were fitted to the pharmacodynamic
parameters, and the main effects were tested. The 907. Cl for AUC (O-t)P~ and PTa were
constructed.

RESULTS: The mean (SD) pharmacokinetic parameters of R- and S-waffarin for the two
treatments and the results from the statistical analysis are summarized in Table 2.

R-Warfarin: Peak R-warfarin plasma concentrations were reached in approximately 1.5
hours. Mean (*SD) R-warfarin plasma C= were 1.64 t 0.28 pg/mL with concomitant
placebo treatment and 1.59 k 0.23 pg/mL with concomitant Ievofloxacin treatment. Mean
oral clearance of R-warfarin was 2.93 * 0.92 mUmin for placebo and 2.89 * 0.88 mUmin
for Ievofloxacin. The mean plasma elimination half-life of R-warfarin was about 46 hours
with both placebo and Ievofloxacin treatments. There was no statistically significant
difference for any pharmacokinetic parameter of R-warfarin between the two treatments.
The 90?40confidence intervals for C-, AUC (O-t), and AUC (0+) mean values for
R-warfarin with Ievofloxacin treatment were within the 80 to 125% limits of the mean
values with placebo treatment.

S-Warfarin: Peak S-warfarin plasma concentrations were reached in approximately 1.3
hours. Mean (*SD) S-warfarin plasma C- were 1.70 k 0.25 pg/mL with concomitant
placebo treatment and 1.64 t 0.21 pg/mL with concomitant Ievofloxacin treatment. Mean
oral clearance of S-warfarin was 4.72 A 1.23 mL/min for placebo and 4.58 f 1.17 mUmin
for Ievofloxacln. The mean plasma elimination half-life of S-warfarin was about 32 hours
with both placebo and Ievofloxacin treatments. There was no statistically significant
difference for any pharmacokinetic parameter of S-warfarin between the two treatments.
The 90?4. confidence interval for C.m, AUC (O-t), and AUC (0-=) mean values for S-
warfarin vith Ievofloxacin treatment were within the 80 to 125% limits of the mean values
with placebo treatment. Concomitant oral administration of Ievofloxacin has no effect on
warfarin disposition.

Prothrombin Time. The mean (SD) prothrombin time (PT) pharmacodynamic parameters
and the results of the statistical analysis for the two treatments are summarized in Table 3.
Following warfarin administration, PT increased to reach peak PT of approximately
15 seconds by 36 hours in most cases. There was no statistically significant difference
between baseline-corrected PTW, T= ~, and AUC (O-t)w values for the two trSat?nents.

The 90% confidence intervals for PT-, and AUC (O-t)m for Ievofloxacin were within the
80 to 125% Iirnjts of the mean values for placebo. Thus, concomitant oral administration
of Ievofloxacin had no effect on the anticoagulation effect of warfann as measured by
prothrombin time.

CONCLUSION: Concomitant oral administration of Ievofloxacin had no effect on warfarin
disposition and its anticoagulation effect. Therefore, a significant interaction due to
concomitant administration of Ievofloxacin is not likely to occur in patients being treated
with watfarin.



Table 1: Demographic and Baseline Characteristics
(All Subjects Enrolled in Study LOFf30-Pli10-Ct98)

LeMlorfacWPtacebo PlscewLavQwackr TotaI
(N= 8) (N= 8) (N= 16)

Race
Caucasian 2 5
Bbck 3 ; 0
Hispanic 3 0 3

Age(years)
Mean (SD) 33.5 (4.7) 31.5 (4.9] 32.5 (4.8)
Range

Weght (lb)
Mean(SO) 175S (12.9) 170.4(13.7) 173.2(13.2)
Range

Height fin)
Mean (SD) S93 (2.4)
Range

71.4 f2.8\ 70.3 (2.71

—

Note: This study enroftad onty men.

Table 2: Summary of Pharmacokinetic Parameters of R- and S-Warfarin
(Study LOFBO-PHIO-098)

Ledknracin Plac&!o %
Patameter (Trestmerrt A) (Treatment B) Difference” ANOVA’ 90% Cr

R-Warfarin:

c- (WW 1.59 (0.23) 1.64 (0.28) -3.0 NS EQ

T_ (h) - 1.33 (0.49) 1.47(0.83) -9.5 N&

AUC (O-t) (pg- h/mL) 75.9 (17.0) 75.0 (17.4) +12 NS EQ

AUC (O-) (pg. WmL) 87.0 (24.1 ) 66.1 (23.9) +1.0 NS EQ

CIJF (mUnrin) 2.69 (0.66) 2.93 (0.92) -1.4 NS

~ (h’) 0.0160(0.C041) 0.0157(0.0036) +1.9 NS

L {h) 46.0 (11 .2) 46.3 (10.Q) -0.6 NS

S-Warfarin:

Cm (pg/mL)- 1.64(0.21)
. -.

1.70(0.25) -3.5 US ““‘Ee-

T_ (h) _ 1.27(0.46) 1.33(0.49) 4.5 NS” -.

AUC (04) (W lKfmL) 51.1 (11 .9) 49.3 (10.1) +3.7 NS Ea

AUC (O-) (W WmL) 542 (14.8) 52.1 (1 1.8) +4.0 NS EQ

CUF (mL/rnii) 4.58(1.17’) 4.72 (1 .23) -3.0 NS

\ m-’) 0.0224 (0.0041) 0.0225(0.0039) 4.4 NS

~ (h) 31.9 (7.5) 31.7 (6.4) 4.6 NS

‘ Reference to placebo Treatment B, (A-B)/B x I(X).
‘ ANOVA results on fog-transformed parameters; NS = cMference between means is not statistically

signif-nt, pX.05.
c 90%confidence interval resutts on log-transformed C-, AUC (O-t), and AUC (O-). EQ = 90% confidence

interval is within the 60 to 125% limits of the reference mean.
“ Ranked T- was used in comparison.
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Table 3: Summary of Pharmacodynamic Parameters of Prott-wmbin Time
(Study LOFBO-PHIO-098)

Levofloxacin Placebo *%
(TreatmentA) (Treatment Diffe~ence AN$WA gf)rll Cp

Parametet B)

PT_ (see) 3.5 (1.5) 3.7 (2.1) -5.4 NS EQ

T-m (h) 43.2 (21.7) 35.2 (7.1) +22.7 we

AUC (O-t)m(StW h) 186 (84) 209 (102) -11.0 NS EQ

● BaselineCorrected prothrombintime.
b Referenceto placeboTreatment B, (A-B)/B x 100.
‘ ANOVA resutts on log-transformed parameters; NS = dfierence between means is not

statisticallySignificancepO.05..
‘ 90% confidenceintervalresultson log-transformedPT_ an AUC (O-t)tEQ = 90°A

confidenceintervaliswithinthe 80 to 125°Alimitsofthe referencemean.
● Ranked TX ~ was used in ANOVA.

Table4: ANOVA Resutts for R-Warfarin
(study LOFBO-PHIM98)

Group Seauence Effect Period Effect Treatment Effect

Parameter F df pvalue F df pvalue F df pvslue

c- 2.15 1,13 0.167 0.76 1,13 0.400 1.18 1,13 0.297
RT_a 1.23 1,13 0.288 1.25 1,13 0.284 0.01 1,13 0.929

AUC (0-) 0.41 1,13 0.535 1.05 1,13 0.32s 0.54 1,13 0.475
AUC (O-t) 0.42 1,13 0.526 1.28 1,13 0.279 1.14 1,13 0.304

CM - 0.57 1,13 0.468 0.92 1,13 0.356 0.53 1,13 0.478

R 0.80 1.13 0.453 0.96 1,13 0.341 1.25 1,13 0283

L 0.28 1,13 0.608 0.92 1,13 0.356 0.14 1,13 0.710

Table 5: 90°!4ConfidenceIntervalfor R-Warfarin
(Study LOFBO-PHIO-098) . -..

GeomemcMean 90%CI .-

~iUSE LewlflrJX@n Ptscebo Ratio’ Lower upper
Parameter (fog scale) df (Treatment A) (Treatment 6) (%) Limii Limit

0.079 1,13 1.s8
&mL)

1.63 98.90 92.04 102.00

AUC (O-) 0.039 1,13 64.00 83.12 101.05 98.54 103.63
(h p@mL)

AUC (O-t) 0.036 1,13 74.24 73.19 101.43 99.07 103.85
(h. pglmL)

“ Reference to placebo Treatment B



Table 6: N40VA Resultsfor S-Wariann

(Study LOFBO-PHICM198)

Grout) Sequence Effect Period Effect Treatment Effect

Parameter F df pvalue F df pvalue F df pvalue

c- 1.44 1*13 0.252 0.29 1,13 0.598 1.04 1,13 0.323

RT_’ 0.70 1,13 0.420 1.72 1,13 0.213 0.73 1,13 0.726

AUC (O-M) 1.17 1,13 0.299 9.85 1,13 0.008 1.45 1,13 0.251

AUC (O-t) 0.96 1,13 0.346 10.10 1,13 0.007 1.52 1,13 0.239

cm 0.82 1.13 0.382 8.68 1,13 0.011 120 1,13 0.293

L 1.45 1,13 0.250 0.16 1,13 0.692 0.00 1,13 0.969

t% 1.75 1,13 0.209 043 1,13 0.523 0.14 1,13 0.717

“ RT- = Ranked T- used in ANOVA

Tab(e 7: go~o Confidence Interval for S-Warfann

(Study LOF50-PHIO-098)

GeometricMean 90% cl

RMSE Levoftoxacin Placebo Ratio” Lower upper

Parameter (log scale) df (Treatment A) (Treatment B) (%) Limit Limit

c- 0.082 1.13 1.63 1.69 96.97 91.93 10229

(pg/mL)

AUC (0-) - 0.083 1,13 52.01 50.s9 102.80 98.70 107.01

(h. @mL)

AUC (O-t) 0.059 1,13 49.51 48.21 102.71 98.& 108.73

(h. pg/mL]

“Referenceto placeboTreatmentB

. .
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Figure 1: Mean R- and S-Warfarin Plasma concentration Profiles
Warfarin/Levofloxacin Interaction Study (LOFBO-PHIO-098)
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Figure 2: Mean Prothrombin Tlfne Profiles for LevOfloxaUn and Placeh Treatments

(Study LOFBO-PHKJ-098)
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Table 8: ANOVA Resultsfor BaselineCorrectedPT

(StudyLOFBO-PHIO-098)

Group3eaumceEffect PeriodEffect TreatrrrerdEffect

Parameter F d pvalue F df pvalue F df p-value

AUC (O-t) ~ 1.66 1.13 0221 0.24 1,13 0.630 1.32 1,13 0272

PT_ 1.05 1.13 0.32s 42.64 1,13 4.001 0.36 1,13 0.5S6

RT_m’ 7.06 1,13 0.020 020 1,13 0.663 1.74 1,13 0.210

. —.
. . .. —-

-– Table 9: 90% ConfidenceIntervalfor BaselineCorrectedPT

(study LOFBO-PHKJ098)

GeometricMean 90% cl

RMSE Lewffoxacrn Placebo Ratio” Lower Upper

Parameter (@f scale) df (Treatment A) (Treatment 8) (%) Limit Limit

AUC (o-t)= 0210 1,13 167.~ 16321 91 .!57 79.93 104.90

(h See)

PT_ 0.146 1,13 3.29 3.18 103.31 93.87 113.71

(=)

● Reference to pfacebo Treatment B
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TITLE OF STUDY: A COMPARATIVE STUDY TO EVALUATE THE EFFECT OF

LEVOFLOXACIN (RWJ-25213-097) ON THE PHARMACOKINETICS OF

CYCLOSPORINE (SANDIMMUNE@) IN NORMAL HEALTHY SUBJECTS (PROTOCOL

N93-059). VOLUME 1.86

PRINCIPAL INVESTIGATOR

OBJECTIVES; The objective of this study was to evaluate the effect of Ievofloxacin on the

pharmacokinetics of cyclosporine in 12 healthy male and female subjects.

DEMOGRAPHICS: Fourteen healthy men and women were enrolled in the study. Two of

the female subjects discontinued the study prior to the Ievofloxacin dosing period and were

replaced (Table 1).

STUDY DESIGN: This was a placebo-controlled, randomized, double-blind, cross-over

study conducted at one U.S. center. Twelve of the 14 enrolled subjects completed the

study as outlined in the protocol. Two of the female subjects discontinued the study earty

and were replaced. Of these 12 subjects, six subjects, 3 of each gender, were randomly

assigned to one of two treatment sequences according to a computer-generated

randomization schedule. Each treatment group had three male and three female subjects.

During Period 1, subjects assigned to Group A received 500 mg q12h Ievofloxacin (FD No.

25213-097-G-22, Batch No- 5324) for 6 days and those in Group B received placebo (FD

No. 2521 3-097-lX-22, Batch No. 5314) q12h for 6 days. ‘On Study Day 5, after an..-—

overnight 8-hour fast, all subjects received a single 10 mgkg oral dose of cyclosporin.e in
..-—

the form of Sandifimune@ (FD No. Y7779-000-A-41, Batch No. R5716) administe-nd

mncomitantiy with Ievofloxacin or placebo. Follow-ng a washout period of at least 6 days,

subjects were crossed-over to receive the alternate treatment and cycJosporine in a

manner identical to Period 1.

SAMPLING: Blood samples were collected for 48 hours following administration of the

morning dose of Sandimmune@ on Study Days 5 and 17. Subject No. 209 had a 10-day

wash out period and had blood samples collected on Study Days 5-7 and 21-23. Blood

samples were collected at the following times following administration of the cyclosporine

dose: O (predose), 0.5, 1, 1.5, 2, 2.5, 3, 4, 6, 8, 12, 16, 24, 36, and 48 hours postdosing.

. ...



ANALYTICAL METHODS: Blood samples were analyzed for cyclosporine concentrations

according to a validated radioimmunoassay method at

The quantification range was 28.2-1218 ng/mL. The assay utilized a

commercially available radioimmunoassay kit supplied by

Plasma samples were anal~ed for Ievofloxacin concentrations according to a validated

HPLC method at . The quantification range was

pg/mL. The method for quantifyhg Ievofloxacin concentration in plasma utilized revers~

phase liquid chromatogmphy with UV detection.

DATA ANALYSIS: The following pharmacokinetic parameters were determined for

cyclosporine and Ievofloxacin: C-, T-, AUC (O-t), ~ (Ievofloxacin only), t%,and CL/F.

Comparison of cyclosporine pharmacokinetic parameters with and without concomitant

Ievofloxacin was made using analysis of variance models which were fitted to raw data

and to the log-transformed data (natural logarithm) for each parameter, except T-, for

which the ranked raw data were analyzed. For C-, AUC (O-*), and AUC (k) the

estimate of intra-subject variability from the analysis of variance model (without the

treatment by gender interaction) was used to construct 90V0 confidence intervals for the

difference in means for the log-transformed data.

RESULTS: Mean (*SD) cydosporine single dose blood pharmacokinetic parameters when

administered amcomitantly with levofloxacin or placebo are summarized in Table 2. Mean

(*SD) Ievoffoxacin plasma pharmacokinetic parameters are summarized in Table 3.

Mean single dose cycfosporine C-,
.,—-

AUC (O-”), AUC (k), and CL/F values—tith

concomitant Ievofloxaan administration were w.thin 9% of the corresponding values with

conmmitant placebo administration. The 90% confidence interval bounds for the ratio of

the means based on log-transformed C- AUC (O-*), and AUC (0-=0)parameters fell within

the bioequivalence criteria of 80 to 125Y0.

CONCLUSIOhl: The results demonstrate that Ievoffoxacin, administered 500 mg twice-

daily for 5 days, had no effect on single dose cyclosponne phannacokinetics. There was

no pharmacokinetic interaction between Ievofloxacin and cyclosporine.
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Table 1: Demographic and Baseline Characteristics

(AllSubjects Enrolledkr Study N93-059)

LawllO~ bo Placetnhwolloxsciif Total
(?4=6) (N=8 (N=14)

sex

Men 3 3 6

woman 3 5 8

Race

Caucaaiarl 3 4 7

Black 1 4 5

Hiinic 2 0 2

Age (years)

Mean i S0 20.0 * 4.7 28.3 i 72 28.1 :6.0

Ranga

Weight (kg)

Meen* SO 72.7A 12.4 762 i 8.4 74.7* 10.0

Range

Height {in)

Mean k SD 663:3.8 67.4 ~ 3.5 672 * 3.5

Range

● Two subjects (Nos. 202 and 206) discontinuedand receivedplaceboonly.

Table 2: Single Dose Blood CycJosporirrePharmacokineticParameters-and ComparativeStatistics

Wfih ConcomitantAdministrationof Levofloxacinor Placebo(Study N93-059)

Cyclosportne

Parameters

C_ (ng/mL)

T- (h)

AUC (O-”) (ngWmL)

AUC (O-) (ng4VmL)
.

~(h) . –

CL-IF (mUmin)

Placebo

1058.3

(348.1)

1.8

(0.7-)

8897.3

(2333.6)

7243.0

(2444.5)

6.44

(3.52)

25.9

1080.4

(313.7)

2.4

(1.1)

7189.3

(2274.4)

7822.0

(2585.6)

8.84

(7.71)

23.6

Percent*

Dfierence

21

32.6

4.2

8.0-

37.3

4.9

ANOVA’

NS

NSC

NS

NS

NS

NS

● AUC calculated to the LBst Measured Concantratii.

“ Data are the mean (*SD), N =12 for each treatment.

‘ From ANOVA. NS = Not statistically Signif-ntly different (p>O.05).

‘ Ranked raw data values were usd forcomparativestatiiicalanalysis.

‘ 90%confdenca intervaJs fortheratiiofmeans.EQ = 90%conf~nca intervaltwnds arewithin

the bioequivalence criteria range of 80-1 25% of the reference treatment mean.

“ Wfih reference to placebo.

90% conf-

Interval

last f?esuk’

EQ

EQ

EQ. -—-... _—

-.

//$



Table 3: Levofloxacin Plasma Pharmacokinetic

Parameters’ (Study N93-059)

C- (pg/mL) 6.01

(120)

T- (h) 2.9

(1.1)

AUC (0-12 h) (pg+/mL) 54.73

(13.15)

~ (l/h) 0.0778 ~ ~

(0.0204)

& (h) 9.49

(2.50)

CUF (mUmin) 160.4

(37.8)

● Data are the mean (tSD), N = 12.

TAOLE + :

(90%CwMencaIruewakBasedonLog-TransformedParameters)

CROSSOVER lWALUATI~ OF THE E~ OF LEVOFLQXACIN ~ TNE.PNAR14ACOKINETICSOF CXCLOSPORINE

PROTOCOLN93-0S9 ..— —
.--—

90t CONFID_ I_VALS FOR SCNUI$MANN’ S TSST

ANALYSIS ON LOO TRANS~ DATA

GEoN&uc NEAN GE@rETmcNrMN mT20 =R UPPER

PA~ER FQR PLACESO ~R LEVOFLOXACIN SE-POOL 0S (t) LIMIT (*) LIMIT {t)

ALK_LST 6S23.69 6066.75 0.062446 10 105.259 93.9950 117.872

AUC_INF 6840.62 7437.00 0.066782 10 108.591 96.2116 122.564 -

c_NAx 1005.69 1042.63 0.066712 10 103.674 91.0664 116.999
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Fgure I: Mean Cydosporine Blood Concentration vs. lime Profiles from Six Healthy Ma[e and Six

Healthy Female Subjects Following a Single Oral 10mg/kg Dose of Cyclosporine Administered

Concomitantly with Levofloxacin or Placebo (Study N93-059).
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Figure 2: Mean SteadyState Levofloxaan Plasma Concentration vs. Time Profile from Six Healthy

Male and Six Healthy Female Subjects Receiving Levofloxacin 500 mg q12h Regimen with

Concomitant Single Oral 10 mgkg Dose of Cyclosponne (Study N93-059).
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TITLE OF STUDY DOUBLE-BLIND, RANDOMIZED, CROSSOVER EVALUATION OF

THE EFFECT OF LEVOFLOXACIN (RWJ-25213-097) ON THE PHARMACOKINETICS

OF DIGOXIN IN HEALTHY SUBJECTS (PROTOCOL LOFBO-PHIO-094). VOLUME 1.87

PRINCIPAL INVESTIGATOR%

OBJECTIVES: To investigate whether Ievofloxacin alters the pharmacokinetics of digoxin

in healthy adult volunteers.

DEMOGRAPHICS: Twelve healthy men and women were enrolled in and completed the

study (Table 1).

STUDY DESIGN: Twelve healthy adult subjects (six males and six females) were enrolled

in and completed this sequence placebo-controlled, randomized, double-blind, two-way

crossover Phase I study. Subjects were randomly assigned to one of the two treatment

sequence groups (three males and three females per sequence group) according to a

computer-generated randomization schedule. During Period ~, subjects assigned to

Group 1 received 500 mg q12h Ievofloxacin (FD 25213-097-G-22, Batch No. R5601) for

6 days and those in Group 2 received placebo (FD 25213-097-LX-22, Batch No. 5314)

q 12h for 6 days. On Study Day 5, after an overnight 8-hour fast, all subjects received a

single 0.4-mg oral dose of digoxin (as two 0.2-mg Lanoxicap@ capsules, FD 50766-OOO-A-

31, Batch No. R5818) administered concomitantly with the morning dose of Ievofloxacin

or placebo. Following a 6-day washout period, subjects were crossed-over to receive the

alternate treatment.

.— ..“.-—

SAMPLING: On Study Days 4 and 5 of each treatment period, 5 ml blood samples were

drawn to assess plasma Ievofloxacin concentrations at the follow”ng times: O hour

(predose) and 1, 1.5,2,4,8, and 12 hours following the morning dose; quantitative urine

samples for assessment of urine Ievofloxacin concentrations were collected predose (-8

to O hour) and 0-12 hours after the administration of study medications.

On Study Days 5 through 9 of each treatment period, 5 ml blood samples were drawn from

each subject to assess serum concentrations of digoxin at the following times: O hour

(pre-digoxin dose) and at the following time post-digoxin dose: 0.5, 1, 1.5,2,2.5,3,4,6,

8, 12, 24, 36, 48, 72, and 96 hours; quantitative urine samples for assessment of urine
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digoxin concentrations were collected predose (-8 to O hour) and at the following time

intervals postdigoxin dose: O-12, 12-24, 24-48, 48-72, and 72-96 hours.

ANALYTICAL METHODS: Plasma and urine samples were assayed for Ievofloxacin

according to a validated HPLC procedure at Blood and

urine samples were analyzed for digoxin by a validated and specific radioimmunoassay

method at Levofloxacin was nOt measured for

samples collected from subjects receiving placebo tablets.

DATA ANALYSIS: The following pharmacokinetic parameters were determined for both

Ievofloxacin and digoxin: C-, T-, AUC, CUF, Ae, C&, and t%.

Comparison of digoxin pharmacokinetic parameters w.th and w-thout concomitant

Ievofloxaan was made using analysis of variance models. The analysis of AUC& and C-

was Cam-ed out on Iog-transformed data (natural logarithms). The analysis of T- was

carried out on ranked values. The remaining parameters were analyzed in their original

units. Analysis of variance models were fitted to the data with treatment sequence group,

sex, treatment sequence group by sex interaction, subjects nested within treatment

sequence group by sex interaction, treatment, period, and sex by treatment interaction.

The 90% confidence intervals for the ratio of means of AUC& and C- with and without

Ievofloxacin were constructed using the estimated intrasubject variability from the model.

RESULTS:

!MMn: The = bY treatmentinter=tion= not Sknifi-nt for anY of the digoxin

pharmacokinetic parameters. Hence fufiher analysis was done with data from both males

and females pooled together. The mean (*SD) digoxin pharmacokinetic parameter values

in 12 subjects receiving a single oral dose of 0.4 mg digoxin concomitantly w.th 500 mg_..—-._—
of Ievofloxacin or placebo are summarized in Table 2.

The C-, AU& Cl-/F, Ae, C&, and tx values of a single oral dose of 0.4 mg ‘digoxin

administered concomitantly w.th Ievofloxacin were within 89’oof the mrresponding values

for digoxin administered with placebo. There was a 14% difference in T- (0.8 h vs. 0.7

h). The digoxin pharmacokinetic parameter estimates in this study are comparable to the

literature data where digoxin was administered alone.

Levofloxacin: The mean (*SD) Ievofloxacin pharmacokinetic parameter estimates in

12 subjects receiving multiple b.i.d. oral doses of 500 mg Ievofloxacin with or without the

concomitant administration of digoxin are summarized in Table 3. Levofloxacin
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pharmacokinetic parameters were comparable in subjects receiving Ievofloxacin with or

without the concomitant administration of digoxin. A single 0.4-mg oral dose of digoxin

does not appear to have any effect on Ievofloxacin pharmacokinetics.

CONCLUSION: The study results demonstrate that Ievofloxacin, administered 500 mg

twice-daily, had no statistically significant effect on the pharmacokinetics of a single 0.4-

mg oral dose of digoxin. The pharmacokinetics of Ievofloxacin appeared similar with or

without digoxin administration. Multiple oral dosing (500 mg q12h for 6 days) with

Ievofloxacin was found to be safe

TABLE 1: Demographic and Baseline Characteristics

(All Subjects Enrolled in Study LOFBO-PHIO-094)

Levofloxacin/Placebo Placebo/Levofloxacin Total

(N=6) (N=6) (N=12)

Sex

Men 3 3 6

Women 3 3 6

Race

Caucasian 5 5 10

Black . 1 1 2

Age (yr)

Mean *SD___ 30.7 * 13.1 35.2 i 14.5 32.9 i 13.4

Range

Weight (lb)

Mean f SD 176.8 A 31.5159.0 * 14.5 167.9 i 25.2

Range

Height (in.j”
- .,-— —.._-

Mean t SD -– 67.0 A 3.1 68.2 i 2.8 67.6 & 2.9
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TABLE 2: Summary of Digoxin Pharmacokinetic Parameter Estimatesa and the

Comparative Statistics for the Concomitant Administration of Digoxin with

Levofloxacin or Placebo. (Study LOFBO-PHIO-094)

Dlgoxinwith Digoxinwith 90% Confidence

Levofloxaan Placebo % Differenceb ANOVA’ Interval

c -, nglmL 3.04 * 0.68 3.31 i 1.02 -8 NS n-jls

T-, h 0.8 * 0.3 0.7 * 0.3 +14 NS NEd

AUC”, ngh/mL 36.6 k 8.48 37.0 i 6.76 -1 NS 86-111

CUF, mL/min 195 f 66.9 186 * 35.2 +5 NS NE

Aef, ?4dose 55 i 12 54*I7 +2 NS NE

C~, mUmin 103* 19.1 99.2 i 27.2 +4 NS NE

~, h 43.8 i 6.8 43.0 * 7.7 +2 NS NE

● Data are presented as mean A SD (N=12).

bWih reference to placebo.

‘ ANOVA arnparison m iog4ransformed data (C-, AUC), rank value ~-). anduntransfcmned data (CL/F. Ae, C~,

and t~: S = statistically significant, NS = not statistically signifiint (at 5% level).

‘ Not estimated

“AUC=O-

‘Ae=O-96h

TABLE 3: Summary of Levofloxacin Pharmacokinetic Parameter Estimates”.

(Study LOFBO-PHIO-094)

Day 4 Day 5

(Levofloxacin Wfihout Digoxin) (Levofloxaan Wdh Digoxin)

C-, pg/mL 8.03 k 2.77 8.29 k 1.54

T-h 1.4 * 0.4 1.3& ().4

AUCGIZ~, pg+/mL 59.6 k 19.9 62.5 * 122

CUF, mUmin 181 ~ 156 138*27

Ae~lz ~, ‘/0 dose 74*34 97* 26

C~, mUmin
. —.. . __

186*64 194*61

~,h - – 8.3 ~ 6.1 6.9 ~ 0.9 ‘.

“Data are present-d as mean t SD (N=12). .-
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TfTLE

VOLUME

lNVESTfGATOR

Investigation into the. effects of cimetidine and probenecid on the

pharmacokinetics of oral HR 355 in healthy volunteers.

1.88

Analytical SfTES

STUDY OBJECTIVES To investigate the pharmacokinetics of HR 355 (levofloxacin)

when administered alone and in combination with probenecid

and cimetidine

STUDY MEDICATION 500 mg HR 355 tablets (Batch 14) single dose

AND DOSAGE 400 mg cimetidine tablets (Batch 1130) twice daily for 7 days

500 mg probenecid tablets (Batch 885931VV) four times daily for

7 days.

STUDY DESIGN Open, randomised, three-way crossover study with 12 subjects.

There were 3 study periods, each of 7 days. On days 1 to 7 of

each period, subjects received either probenecid, ametidine or

nothing. A single dose of Ievofloxaan was also administered on

each day 4, with a washout period between doses of Ievofloxaan

of at least 14 days.

STUDY POPULATION 12 healthy males: age 18-60; body weight-15% -+1 O“ABra&a–.._—

normal weight.—

DATA ANALYSIS Pharmacokinetics:- Analysis of the following parameters:

Levorloxacin (HR 355):

C-, ~, AUC@n, AUCk, Ae&n, AeOn(VOdose),

&J, MRT, Cl/F, Cl,, Clfi

Statistics: - Analysis of variance, 90% and 95?40confidence
. .

intervals, non-parametric confidence intervals, descriptive

statistics.
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DEMOGRAPHICS
Subjects enrolled:l 3; subject ~dropped out.

12 of the 13 subjects were fully evaluated after receiving

cimetidine, probenecid and Ievofloxzacin in random order as

planned.

Age range: years (mean 34.3 years)

Weight range: kg (mean 76.7 kg).

RESULTS
Pharmacokinetic parameters of HR 355 (Ievofloxaan); mean

values * S.0. and (ranges); (n = 12) are presented in the following

Tables.

CONCLUSIONS:

. The absorption of Ievofloxaan was unaffected by co-administration of cimetidine or probenecid,

indicated by the lack of statistically significant alterations in either C-or&of HR355.

. Mean serum half-liies for Ievotloxaan were statistically significantly increased by approximately

30% with co-administration of probenecid or ametidine.

!- Mean AUC&mvalues for Ievotloxacin were statistically signifrcantiy increased by approximately

27% (cimetidine co-administration), 38% (probenecid co-administration).

● The totalamountsof Ievofioxacin excreted in the urine over 72 hours (Ae&~ appear similar for

all treatment phases. The renal clearance (Cl,) was statistically significantly reduced by co-

administration of e.tier ametidine or probenecid. The Ae_=-for Ievofloxaan alone, ametkhe

co-administered and probenecid co-administered were 74.4%, 71 .70%, 66.04°A (~

as mean percentage eliminations of the oral dose). The corresponding Clr were 119 mUmin,

91 ml/min ancf 77 ml/min respectively.

● The reductions in apparent total clearance (C1/F) of Ievofloxaan can be accounted for bythe

reductionsin renal clearance seen with ametidine or probenecid co-administration.

. The observed statistically significant kinetic differences may not be of clinical significance,

except in the presence of concurrent renal impairment.



Parameter

C- (rig/ml)

AU&n

(ngh/ml)

AUC&

(nghlml)

%72 (m9)

4eO-72 (~o

dose)
tXO(h)

MRT (h)

Clr (ml/min)

C1/F (ml/min)

CIJF (ml/min)

Levofloxacin

alone
7265.1 k 1779.8

(4607.8 -

10696.0)
1.1O* O.49

(0.5 -2.00)
52785.0 *

6053.7

(42422.0-

60007. 1)
53222.0 k

5997.8

(42832.5 -

60269.6\
372.01 k 43.71

(285.14 -

424.95)
74.40

8.32 k 0.87

(6,84 - 9.61)
12.18 A 1.33

~10.10 - 15.38)
119.16 *21.44

(82.44 - 162.10)
158.54 k 18.98

138.27-194.56
39.38 k 13.59

22.21-60.50

Treatment
Levofloxacin Levofloxacin

+ cimetidine + probenecid

6911.8 & 1562.8 7103.2 k 2144.0

(4058.9 - (5089.8 -

9148.5) 11286.0)
1.08 * 0.50 1.04 A 0.46

(0.5 - 2.00) (0.5 - 2.00)
66984.0 * 72635.0 t

7551.0 6969.2

(51010.9 - (61353.8 -

78104.9) 81864.9)
67611.0 * 73449.0 *

7581.6 7030.1

(51559.9 - (62386.3 -

78565.6) 83129.5)
358.48 *51 .54 330.19 k 29.89

(236.61 - (275.57 -

409.38) 367.22)
71.70 66.04

10.85*1.16 10.96 k 0.64

(9.25 - 13.54) (9.63 - 11.96)
14.79 * 1.41 15.90 * 1.12

(12.50 - 18.49) (14..s&-l8.l5)
90.59 f 17.80 76.78 A 12.78

(55.44 - 111.34) (57.43 -- 98.39)
124.84 * 15.54 114.45 * 11.34

106.07-161.62 100.24-133.58
34.25 A 13.59 37.67 k 5.56

22.27-60.62 27.89-45.70



Parameter Treatment (n=12, mean + SD)

Levofloxacin I Cimetidine I Probenecid

Cm (rig/ml) 7265.1 * 1779.8 6911.8 * 1562.8 7103.2 * 2144.0
~(h) 1.1O* O.49 1.08 * 0.50 1.04 * 0.46

Cmax

Point Estimate (%)
90%

Confidence Interval
95%

Confidence Interval

Cimetidine/

Levofloxacin

95.3

83.7 -108.6

81.4 -111.6

Comparison

Probenecid/

Levofloxacin

96.9

85.1 -110.4

82.8 -113.4

Probenecidl

Cimetidine

101.6

89.2- ~15.8

86.8 -119.0

- -.. .----

Parameter Treatment (n=12, mean + SD)

Levofloxacin I Cimetidine I Probenecid

52785.0 t 6053.7 66984.0 * 7551.0 72635.0 i 6969.2
53222.0 i 5997.8 67611.0 + 7581.6 “73449.0 * 7030.1



Comparison

AUC@7z Cimetidine/ Probenecid/ Probenecid/

Levofloxacin Levofloxacin Cimetidine

Point Estimate (%) 127.0 138.2 108.8
90’%0

Confidence Interval 123.0 -131.2 133.8 -142.8 105.3 -112.4
95%

Confidence Intewal 122.1 -132.1 132.9 -143.8 104.6 -113.2

Comparison

AUC&
Cimetidine/ Probenecid/ Probenecid/

Levofloxacin Levofloxacin Cimetidine

Point Estimate (Y.) 126.9 137.9 108.6
90?/0

Confidence Internal 122.7 -131.2 133.3 -142.6 105.1 -112.3
95!/0

Confidence Interval 121.9 -132.2 132.4 -143.6 104.3 -113.1

AUC&7z and AUC& of Ievofloxacin showed a statistically significant difference between

Ievofloxaan alone and Ievofloxacin administered with the other compounds. The area was

significantly larger when dosing w-th either probenecid o; cimetidine had occurred. There..— —

is also a statistically significant difference between probenecid and cimetidine- al~h~ugh this

is less pron”ounqed.

Parameter Treatment (n=l 2, mean + SD)

Levofloxacin I Cimetidine I Probenecid
t%,~ (h) 8.32 ? 0.87 10.85 * 1.16 10.96 f 0.64
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I Comparison I
t%,p l-=-

Levof Ioxacin
Point Estimate (%) 130.5

90%

Confidence Intewal I 123.1 -137.7
95”k

Confidence Interval

I

121.7 -139.3

Probenecid/

Levofloxacin
131.8

124.6 -139.0

123.0 -140.6

~

Probenecid/

Cimetidine
101.0

95.5 -106.5

I
94.3 -107.7 !

!

t’%,~of Ievofloxacin showed a statistically significant difference between Ievofloxacin alone

and Ievofioxaan administered with another compound. The half-life was significantly higher

when dosing with either probenecid or cimetidine had occurred. There is no statistically

significant difference between probenecid and cimetidine.

Parameter I Treatment (n=12, mean + SD) I
t Levof Ioxacin I Cimetidine I Probenecid

1

MRT (h) I

MRT

Point Estimate (’%)
90%

Confidence Interval
9570

Confidence Interval

12.1821.33 I 14.79* 1.41 -1” 15.90 & 1.12

Cimetidine/

Levofloxacin

121.5

118.1 -125.1

117.4 -125.8

Comparison

Probenecidl

Levofloxacin

130.9

1272 -134.8

126.5 -135.6

Probenecid/

Cimetidine

‘- lu7.7

104.7 -110.9

104.1 -111.5

MRT of Ievofloxacin showed a statistically significant difference between Ievofloxaan alone and

Ievotloxaan administered with both probenecid and cimetidine. The MRT was significantly prolonged

when dosing with either probenecid or cimetidine, probenecid co-administration having the greatest

effect.
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Parameter Treatment (n=12, mean+ SD)

J

Levofloxacin Cimetidine Probenecid

Ae O-72 (mg) 372.01 * 43.71 358.48 i 51.54 330.19 A 29.89

Ae O-72 (’A dose) I 74.40 I 71.70 I 66.04 I

AeO-72

Point Estimate (%)
9070

Confidence Interval
9570

Confidence Interval

Cimetidine/

Levofloxacin
96.4

92.0 -100.7

91.1 -101.6

Comparison

84.4 -93.1 87.6 -96.6

83.5- 94.0 I 86.6 -97.6

Ae&n of Ievofloxaan showed a statktkally significant difference between Ievofloxacin alone

and Ievofloxacin administered with probenecid. The cumulative urinary excretion over 72

hours was statistically significantly reduced when dosing with probenecid had occurred.

.,.- -

..-—

Parameter Treatment (n=12, mean+ SD)

Levofloxacin Cimetidine Probenecid

Cl- fmllmin) 119.16 f21.44 90.59 * 17.80 76.78 ~ 12.78
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Clr

Point Estimate (%)
90%

Confidence Interval
95%

Confidence [ntewai

Comparison

Cimetidinel Probenecidl Probenecid/

Levofloxacin Levofloxacin Cimetidiue
76.0 64.4 84.8

70.9 -81.2 I 59.3 -69.6 I 78.0 -91.5

69.8 -82.2 58.2 -70.6 76.6 -92.9

. . ..

Clr of Ievofloxacin showed a statistically significant difference between Ievofloxacin alone

and Ievofloxacin administered with cimetidine or probenecid. The renal clearance was

significantly lower when dosing with either probenecid or cimetidine, probenecid giving the

greatest reduction.

I Parameter
I

Treatment I
Levofloxacin Clmetidine Probenecid

C1/F (ml/min) 158.54 & 18.98 124.84 ~ 15.54 114.45*11.34

ClnJF (ml/min) I 39.38 ~ 13.59 I 3425 t 13.59 I 37.67 ~ 5.56 J

- -.,..._—

C1/F

Point Estimate (%)
90%

Confidence Interval
95%

Confidence Interval

Comparison

Cimetidine/ Probenecidl Probenecid/

Levofloxacin Levofloxacin Cimetidine
78.7 722 91.7

75.5 -82.3 68.6 -75.8 I 87.1 -96.2

74.4 -83.1 67.9 -76.5 I 86.2 -97.2

.
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The apparent clearance of Ievofloxacin showed a statistically significant decrease between

Ievofloxacin alone and Ievofloxacin administered with another compound. There is also a

statistically significant difference between probenecid and cimetidine although this is less

pronounced.

Comparison

CIJF
Cimetidine/ Probenecidl Probenecidi

Levofloxacin Levofloxacin Cimetidine.....

Point Estimate (’”) 87.0 95.7 110.0

90%

Confidence Interval 74.3 -99.6 83.0 -108.3 95.4 -124.5

95~0

Confidence Interval 71.7 -102.3 80.8 -110.6 92.4- 127.6

The 90 YO confidence interval for ‘cimetidine plus Ievofloxacin’ versus ‘Ievofloxacin alone’

suggests a statistically significant difference in non-renal clearance. However, this is not

suppofied by the 95 YO confidence interval. No fudher statistically significant dHferences in

the apparent non-renal clearance of Ievofloxacin were obsewed between the three

treatments.
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STUDY TITLE: OPEN-LABEL, CROSSOVER STUDY TO DETERMINE THE PENETRATION OF
LEVOFLOXACIN INTO INFLAMMATORY EXUDATE. VOLUME 1.70

PRINCIPAL INVESTIGATOR

STUDY OEIJECTIVES: This study was designed to evaluate the safety,
penetration of Ievofloxacin into an inflammatory exudate (blister fluid) that
?iswje Iqfecti{)n.

pharmacokinetics, and
mimicked skin and soft

STUDY DESIGN: This was an unblifided, randomized, two period, two treatment, crosso~er study
consisting of six healthy male subjects. Subjects enrolled were assigned randomly to receive
Ievofloxacin orally in one of two treatment sequences: (1) 500 mg q24h for three doses, followed
by a six-week washout and continued on (2) 500 mg q12h for five doses, or vice versa. Each dose
consisted of one 500-mg Ievofloxacin tablet manufactured by

:Batch No. 18). Each dose was taken with -240 mL of water.
Subjects were instructed to fast for at least 2 hours before and 2 hours after dosing. On the
evening of Day 2 of each treatment period, blisters were raised by strapping two 1-cm2 cantharides
plasters on the forearm of each subject.

SAMPLING: Blister fluid (-0.45 pL each) was drawn from each subject immediately prior to (O h)
the morning dose on Day 3 (last dose in each treatment period) and at 0.5, 1, 2, 4, 6, 12, and 24
hours post dose. The blister was resealed with a plastic spray dressing

after each sample was taken. Blood samples were drawn from each subject at O (immediately
prior to dosing), 0.5, 1, 1.5, 2, 4, 6, 8, 12, and 24 hours post dose on Day 3 via a venous cannula.
The volume and pH of urine collected during each interval were recorded. A 20-mL aliquot of each
urine sample was transferred to polypropylene tube for storage until analysis.

ANALYTICAL METHOD: Levofloxacin concentrations in these biological fluids were analyzed at --
the study site using a microbiological assay diffusion method within 1 hour after collection.

DEMOGRAPHICS: Six healthy male subjects participated in this study (Table 1). All completed the
study.

DATA ANALYSIS: The following pharmacokinetic parameters of Ievofloxacin were estin+g&A: the
peak concentration (Cd in plasma and blister fluid, trough concentration (Cd in pi;qma and
blister fluid, time-averaged concentration (Cw) in plasma and blister fluid, time of CM (TA in
plasma and blister fluid, duration of absorption (To), area under the plasma and blister fluid
concentration-time curve for a dosing intewal (AUC), apparent total body clearance (CL/F),
apparent distribution clearance between the plasma (central) and blister fluid (peripheral)
compartments (C~F), renal clearance (C%), apparent volume of distribution (Vd/F), apparent
volume of the central compartment (V~F), apparent volume of the peripheral compartment (VflF),
elimination rate constant from the body (kc), elimination half-life of terminal phase (tIn), penetration
index into blister fluid (VO penetration), and the amount excreted unchanged in urine (Ae).
Quantitation of the pharmacokinetic parameters was performed by the compartmental nonlinear
regression method using the PCNONLIN program. The goodness of fit was evaluated by the
correlation coefficient (r) between the observed and predicted concentration-time profiles (both
plasma and blister
and Cl~/F, K,, tin,

fluid). The following pharmacokinetic parameters: To, Vd/F, V~F, V+F, CUF,
and AUC were determined from the fit.Values of C-,, C~,n, and T- were
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determined by inspedion of the plasma and blister fluid concentration-time profiles. The total
amounts of Ievofloxadn recovered in urine for a dosing interval (A@) wer@ dete~ined on Day 3 of
each treatment period. Renal clearance (CM was calculated as Ae/AUC in plasma.

RESULTS: The mean (*SD) pharmacokinetic parameter estimates of the subjeas following
multiple 500-mg q24h or q12h oral administration of Ievofloxacin are summatied in Table 2. As
shown in this Table, Ievofloxaan absorption and disposition pharamacokinetics appeared to be very
similar following the once-daily and twice-daily dosing regimens. Increasing dosing frequency
(q24h to q12h) resulted in predictably higher concentrations of Ievofloxacin attained in the plasma
and blister fluid compartments.
Levofloxacin penetrated rapidly into the blister fluid following dose administration. Peak
concentrations (Cd in blister fluid were usually attained 1 to 2 h later than those observed in
plasma. The C- attained in blister fluid was -7O’%O of that attained in plasma followhg either
dosing regimen. The time-averaged Ievofloxacin concentrations (Cm) in the blister fluid and
plasma over a dosing intewal, however, were essentially identical under both dosing regimens.
The percentage of Ievofloxacin that penetrated into the inflammatory exudate, calculated as the
ratio between the blister fluid and plasma AUCS, was about 100V0 for both dosing regimens.
In two previous studies, 500 mg of Ievofloxacin hemihydrate (equivalent to 488 mg of anhydrous
Ievofloxacin) were administered orally to 10 healthy male subjects at the q24h (study # K90-077)
or to 20 healthy male subjects at the q12h (K90-014) dosing regimen. The pharmacokinetic
parameter estimates from these two studies, where Ievofloxacin concentrations in plasma and urine
were measured by an HPLC method, are summarized in Table 3. As shown, values of the
Ievofloxacin pharmacokinetic parameters obtained from these studies are comparable with the
results repoded in the present study (Table 2), indicating a fairty good consistency between the
Ievotloxacin concentrations measured by the two assaying methods (microbiological and HPLC)
and the limited variability in Ievofloxacin pharmacokinetics across studies.

CONCLUSION:Levofloxacin penetration into the inflammatory exudate that mimicked skin and soft
tissue infectionwas found to be rapid, extensive, and predictable following 500 mg q24h and q12h
oral doses of Ievofloxacin. Levotloxacin pharmacokinetics were also similar for the two dosing
regimens.

TABLE 1: Demographic and BasetineCharacteristics
(All Subjects Enrolled in Study LOFBO-PHIO-095) - —.

Levotloxaan Levofloxaan
~0 mg q12h/500 mg q24h 500 mg q24h/500 mg q12h Total ‘-

m = 3) =3 =6

Race
Caucasian 3 3 6

Age (yr)
Mean ~ SD 29.7 * 7.6 26.7 ~ 0.6 282 ? 5.1
Range

Weight (kg)
Mean k SD 71.1 t 13.1 82.0 k 13.9 76.6 ~ 13.5
Range

Height (cm)
Mean ~ SD 179.8 f 4.0 171.0 f 7.2 175.4 f 7.1
Range



TABLE 2: Summary of Levofloxaan Pharmacokinetic Parameter Estimates @lean * SD)

Parameter 500 mg q24h 500 mg q12h

Plasma:

C- pglmL

C-, pgtmL

Cm, pglmL

T-h

AUC, pg”h/mL’

Blister Fluid:

C-, pglmL

C.., pglmL

C-, pg/mL

T-, h

AUC, pg=h/mL’

YOPenetration

Urine:

Ae,’% dose’

Othec

To, h

VcUF, L

VP, L

V@, L

CL/F, mUmin

CLJF, mUmin.

C&, mlJmig _

&, h-’ “

km. h

6.55 ~ 1.84

0.55 t 0.09

223 k 0.43

1.17 ~ 0.52

53.5 t 10.3

4.3330.96

0.82 t 0.47

225 t 0.61

3.67 ~ 1.51

%.1 * 14.7

loot 12

85.8 k 8.1

1.14 ~0.63

102f13

66.4 ~ 15.8

352 ~ 10.8

161k35

348*168

138228

0.15 & 0.03

7.95 * 1.35

9.33 * 227

2.93 t 0.95

5.00 f 1.51

1.08 * 020

60.0 t 182

6.79 f 2.05

2.88 k 1.08

4.66 ~ 1.46

2.33 f 0.82

55.9 f 17.5

93.0 t 4.7

86.9 f 21.8

1.12 * 0.35

97.5 * 22.3

69.8 k 18.6

27.729.4

149 t 40

494 t 197 - -..-–..-—

128 ~ 45 -

0.13t 0.02

7.91&1.10
● AUC and Ae were calculated per dosing rnterval.



TABLE 3: Levofloxacin Pharmacokinetic Parameter Estimates (mean ~ SD) in
Healthy Subjects Follow-rig Multiple 488-mg q24h or q12h Oral Doses of

Levofloxacin
(Studies K90-077 and K904M4)

Parameter 488 mg q24h 488 ma ci12h

c_ pg/mL 5.72 ~ 1.40 7.8021.07

C-, pg/mL 0.51 * 0.17 2.9720.87

TWX, h I.1 * 0.4 1.3 ~ 0.6

AUC, pg”h/mL8 47.5 k 6.7 59.0 ~ 11.8

Vd/F, L 102*22 102t16

CL, mL/min 175*25 143 t 30

C~, mL/min 116*31 lo4~26

aAUC per dosing interval

- -.- ...-—
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FIGURE 1: Mean (*SD) Levofloxacin Concentration vs. Ttme Profiles in Plasma and Inflammatory
(Blister) Fluid Following Multiple 500-mg q24h or q12h Oral Dosing of Levofloxacin (Study LOFBO-
PHIO-095).
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TITLE: Penetration of Levofloxacin Into Bone Tissue After Oral Administration in Subjects

Undergoing Total Hip Replacement (or Knee Replacement, by Amendment 1).

Volume 1.71-1.72.

STUDY #: HR355/1/USAl104/GP; N93-069 (PRI)

INVESTIGATOR AND STUDY SITE:

STUDY OBJECTIVE: The purpose of this study was to estimate the rate and extent of

bone tissue penetration of Ievofloxacin in subjects undergoing total hip or knee

replacement. Safety and tolerability of Ievofloxacin were also evaluated.

STUDY MEDICATION AND DOSAGE: Single doses of 500-mg anhydrous Ievofloxacin

as a tablet (Batch nos. 5324 and R5826)

STUDY DESIGN: This was an open-label, randomized study planned for 30 adult males

and females undergoing total hip or knee replacement. Twenty-seven were actually

enrolled. Two subjects were control subjects who did not receive drug. The remaining 25

subjects were administered a single tablet containing 500 mg of anhydrous Ievofloxacin

and assigned into groups to obtain bone tissue specimens at various postdose times (1,

2, 3, 4, 8, 12, and 24 hours). Plasma samples were collected before dosing, at the time

of removal of the bone tissue, and 24 hours after dosing.

STUDY POPULATION: The planned study population was 30 subjects, between 18 and

80 years of age, undergoing total hip or knee replacement. However, twenty-seven (27)

subjects (15 male and 12 female) were enrolled (Table 1).

ANALYTICAL METHOD: Concentrations of Ievofloxacin in plasma and bone were

determined by high performance liquid chromatography with fluorescence mea$u~ement
_..— —

at

DATA ANALYSIS: Plasma and bone tissue concentrations of Ievofloxacin obtained at the

various sampling times were calculated to estimate the rate and extent of penetration of

Ievofloxacin into the bone tissue. The penetration ratio (bone tissue concentration divided

by plasma concentration) was also calculated for each sampling time. The concentration

of Ievofloxacin in bone tissue was corrected for Ievofloxacin in the blood that was in the

bone. Corrected concentrations were compared to minimum inhibitory concentrations

(MICS) already established in vitro against organisms commonly encountered in bone

infections.

/y2



cc - cp(Ht/Hb) (1-a
=

‘corr. c l-Ht /Hb

where:

c CUT. t
= corrected tissue concentration of Ievofloxacin (pg/g),

c1 = measured concentration of Ievofloxacin in tissue (pg/g),

Cp = plasma concentration of Ievoftoxacin at corresponding time of

tissue procurement

(pg/mU

Ht = hemoglobin concentmtions in tissue (g/100 g),

Hb = hemoglobin concentrations in blood(g/100 mL),

P = hematocrit value (%).

RESULTS: The obsewed maximum concentrations of Ievofloxacin were reached between

1.2 to 2.6 hours in cortical bone, spongiosa bone, and plasma. This indicates a fast

penetration of the drug into femoral head and distal femur. The Ievofloxacin concentration

profiles in plasma and in cortical bone and spongiosa bone of both femoral head and distal

femur became almost parallel 5 hours after dose which suggests the attainment of an

equilibrium. The relative magnitudes of mean Ievofloxacinconcentrationwere as follows:

spongiosa > plasma > cofiical in the femoral head, and cor&ical> plasma > spongiosa in

the distal femur. The dflerence in levdloxacin distribution between the femoral head and

the distal femur could be due to a difference between these sites in surgical interruption

of perfusion, drug permeability, blood perfusion rate, or tissue binding. The results are

prented in Tables 2 and 3 below.

.
- —.

-.”. _—

CONCLUSION: Levofloxacin penetrated well into cortical and spongiosa tissues in both

the femorai heal and distal femur, w-th mean penetration ratios between 0.34 and 1.!51.

The penetmtion of Ievofloxaan into bone was rapid, taking approximately 2 hours to reach

the maximum conmntration in bone. By 5 hours, Ievofloxacin seemed to have equilibrated

between the bone tissues and plasma. The concentrations of Ievofloxacin in the bone

tissues were high enough throughout the 24-hour period to be active in vivo against many

organisms common in bone infection, which have MICW values ranging from

pg/mL.

L@



TABLE 1: Demographics.

Age (years) Weight (lb) Height (in)

Group N Mean Range Mean Range Mean Range
Control (no 2 48.5 47 to 50 192 123 to 260 67.0 63 to 71

dose)
1 76.0
6 60.0
3 62.0
3 72.0
3 70.3
4 72.3
5 72.0
15 67.4
12 65.3
27 66.5

Males
Females
Total

101
169
164
173
194
172
178
192
149
173

65.0
65.3
66.0
67.0
71.0
66.5
68.0
69.1
64.3
67.0

TABLE 2: Levofloxacin Concentrations in Plasma and Femoral Head (Cottical and Spongiosa

Bone) After a 500-mg Oral Dose - subjects with hipreplacement.

Invl SampleTime Concentration CorreetedCone(pg/g) PenetrationRatio

Subiect postdose) in Plasma(nti) Cortical Spongiosa Cortierd Speqiosa

.

Mean

x = Plasma sample was not taken simultaneously with bone sample.

* = Below deteetion Iiinit.

— = Not reportable (the assay required recalibration, and there was not enough sample for reassay).

m = Sample missing (the investigator sampled only the other tissue type).

nc = Not calculated.



TABLE 3: Lcvofloxacin Concentrations in Plasma and Distal Femur (Cortical and Spongiosa Bone)

After a 500-mg Oral Dose - subjects with kneereplacement.

IIIv/ Sample Time Concentration Corrected Cone (pglg) Penetration Ratio

Subject postdose) in Plasma (nfz/rnL) collies] Spongiosa Cofi.ieal Spongiosa

Mean 2987 4.14 1.03 1.51 0.34

x = Plasma sample was not taken simultaneously with bone sample.

* = Be]ow detmtion liMit.

m = Sample missing (the inv=tigator sampled only the other tissue type).

nc = Not calculated.

TABLE 4: Representative susceptibility MIC data for mme frequent bacterial pathogens in bone infection

are as follows:

Organism MI& (@nL)

Staphylococcus aweus 0.5
SIreptowccus p.wgetles 0.5to 2.0
SlrepIococcus agalacliae 2.0. .
Entetvbacterspp. 0.78

Salmonella spp. 0.12
Ekcherichia coli 0.05to0.06

.—.
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Attachment

INVESTIGATORS AND STUDY SITES

INV. NO. NAMHLOCATION

002
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TITLE: Penetration of Levofloxacin Into Lung Tissue Mer Oral Administration in Subjects

Undergoing Lung Biopsy or Lobectomy.

VOLUMES : 9.2- 9.3

INVESTIGATORS :

OBJECTIVE: To estimate the rate and extent of lung tissue penetration of levofloxacin in subjects
undergoing lung biopsy, Iobectomy, or other operative procedures involving the removal of lung
tissue. -.

FORMULATION: Single doses of 500-mg anhydrous levofloxacin as a tablet (Batch no. 5324).

STUDY DESIGN: This was an open-label study planned for 30 adult males and females undergoing
lung biopsy, Iobectomy, or other open operative procedure involving the removal of lung tissue.
Two subjects were to be control subjects who did not receive drug. The remaining subjects were
to be administered a single tablet containing 500 mg of anhydrous Ievofloxacin and assigned into
groups to obtain lung tissue specimens at specified postdose times ( 1,2,3,4, 8, 12, and 24 hours).

DEMOGIL4PHICS: The study was discontinued after 18 of the planned 30 subjects were enrolled
because the sponsor decided, considering the unanticipated slow enrollment, that sufficient data had
been collected to describe qualitatively the penetration of levofloxacin into lung tissue. Twelve men
and 6 women were enrolled in the study (Table 1). Thirteen subjects were white, 2 Oriental, 1 black
I Hispanic, and 1 other (Asian-Indian).

SAMPLING: Plasma samples were collected before dosing, at the time of removal of the lung
tissue, and 24 hours tier dosing with the exception of one subject who entered the study prior to
Amendment 1, from whom samples were taken before dosing and at approximately 1,2,3,4,8, 12,
and 24 hours posdose.

&WLYTICAL METHOD: Concentrations of levofloxacin in plasma and lung were determined by
high performance liquid chromatography with fluorescence measurement.

..— —
——

DATA ANALYSIS:“The&wentration of levofloxacin in lung tissue was corrected for Ievofloxacin
in the blood that was in the lung (see the Attachments). The corrected concentrations were
compared with minimum inhibitory concentrations (MICs) already established in vitro against
organisms commonly encountered in lung infections.

RESULTS: The individual plasma umcentrations and the comesponding lung tissue concentrations,
arranged by increasing sampling time (theoretical and actual), are shown in the table below. The
above data are generally consistent with a peak in plasma concentration within 3 hours after dosing
followed by a peak in lung concentration. The lung tissue concentration (n@g) of levofloxacin
consistently exceeded the plasma concentration (nghnL) at every time point over the 24-hour period.
The mean penetration ratio (corrected lung concentration/pIasma concentration ratio) are 2.02, 5.02,
5.13 and 4.13 for Theoretical Hours 2 and 3,4 and 8, 12, and 24, respectively.

/50



The results are in agreement with previous findings that Ievofloxacin cmwentrations in most tissues
or body fluids are generally higher than those observed in plasma. The penetration ratio
(lung/plasma) measured in this study was similar to those obsewed with ofloxacin. This similarity
with ofloxacinis expected since the human pharmacokinetic profile of levofloxacin is similar to that
of the racemic mixture, ofloxacin. In the current study, there was one diseased (tuberculous) lung

tissue sample obtained at about 22 hours postdose, for which the lung/plasma ratio was 2.13
(Table 2). This was similar to the ratio obsewed for healthy tissue; however, a difference of tissue
penetration between healthy and diseased tissues can not be ruled out in this study.
The purpose of measuring antibiotic concentrations in different body fluid and tissues is to predict
therapeutic efkct. This is cxmrnon.ly done by comparing the concentration attained at the site of the
inf6ction within vitro susceptibtity as assessed by the MIC. For at least 24 hours ~er dosing, lung
tissue levels of levofloxacin exceeded the MICS of organisms commonly isolated in respirato~ tract
infections.

CONCLUSION: In the present study, lung tissue concentrations of levofloxacin consistently
exceeded the corresponding plasma concentrations over a 24-hour period afier a single 500-mg, oral
dose of levofloxacin.

.
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TABLE 1: Demographic Data

Age(years) Weight(lb)
Group N Mean Ranqe Mean Range Mean ‘em(i;;nge
k ~0[ (nodose) o NA NA NA
B: o NA NA
c: 2 #lo 159 66.0
D: 3 56.3 148 66.0
E: 2 68.0 201 70.0
F: 2 no 168 69.5
G: 6 60.3 150 642
H: 3 57.7 143 66.7
Males 12 W.1

---
165 - 66.3

Females 6 60.2 146 63.5
Total 18 62.8 160 66.7

NA = Not applicable.

TABLE 2: Levotloxacin Concentrations in Plasma and Lung Tissue

in Individual Subjects After a 500-mg Oral Dose

Invl
Sampling Time (hour) Corrected Concentration” Penetration

subject Theoretical Plasma Lunq Plasma (nglmL) Lung (n@g) Ratio’

2 (Group C) 228 226

2 (c) 2.00 2.35

3 (D) 3.00 3.00

3 (D) 3.08 3.08

3 (D) 3.18 3.18

4 (E) 4.60 4.60

4 (E) 4.70 4.70

8 (F) 6.33 6.33

8 (F)

12 (G) 10.67 10.67

12 (G) 11.50 11.50

12(G) 11.81 12.66

12(G) 12.40 —
12(G) 1425 1425
12(G) 17.42 17.36

24(H) -– 21.50 21.s6
24(H) 24.63 24.63
24(H) 25.43 25.43

● Lung tissue cone.entmtiona were oorrected for Ievofloxadn inthebbodinthelung.
● penetrationratio=correctedlungmncenbatii (ng/g)/plasmaconcentratii(nglmL).
‘ Lung tissue concentration was not corrected for ksvdioxacin in the Mood in the fung, because lung samp~ was

too small for hemoglobin measurement.
‘ tuberculous tissue.
— Sample was not oMained.
nc = not dculated.

----

/52



TABLE 3: Mean Levofloxacin Concentrations in Plasma and Lung Tissue
at Specified Sampling Intervals After a 500-mg Oral Dose

Sampfing Tsne Range (f@ Mean COfreeted Concentmticm” MeanPenetmbon
Group N Plasma Lung Ptaama(n@rnL) (W9) Ratio’

c+D 5 -.18 22X3.18 4,123 7,743 202

E+F 3 4.804.33 4.80-8.33 2932 1139 5.02

G 5 10.87-17.42 10.87-17.38 2,08s 9,184 5.13

H 3 m .50-25.43 21.58-25.43 717 2.429 4.13

“ Lungtiaauean@nhfh in eseh aubjectvms eorreetad for Ievoffmacin in the Mood in the lung.
‘ Penetration Iatio = eorleeted lung ~tion (ng/g)@fasma emeentmtion (n@mL).

‘ The plasma concentration for Subject 005.0110 was excluded S- there wss no euTes@@ ~W ~n~f~n.

TABLE 4. In Vitro Antibacterial Activities of Levofloxacin

Organism Mean (weighted) MICW value (m@I.)

Haemophilusinfluenza 0.02
Morexella catamhalis 0.09
Klebsiella pneumonia 0.18
Staphylococcusaureus 0.52

(methicillin-resistant)
Streptoeoecuspneumonia 1.91

.—.
-.:-
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INVESTIGATORS AND STUDY SITES

INV. NO. NAME/LOCATION

001

ATTACHMENTS

005

0Q6

.

Formula for correcting tissue concentration of Ievofloxacin:

c,- Cp (Ht ;Hb) (1- P)
c=

Corr . t
l-Ht /Hb

- -.- ..._—

where

c mt = corrected tissue concentration of Ievofloxacin (rig/g),
c, = measured concentrationof levoiloxacinin tissue(n@g),
Cp = plasma eamcntration of levofloxacin at corresponding time of tissue procurement (nghd,).
Ht = hemoglobin concentrations in tissue (g/100 g).
Hb = hemoglobin cmcentrations in blood (g/l 00 mL),
P = hematocrh value (’Yo).



EFFECT OF GENDER ON THE PHARMACOKINE17CS OF
LEVOFLOXACJN – A NONMEM ANALYSIS OF POOLED DATA FROM FOUR

CLINICAL PHARMACOKINETIC STUDIES

VOLUME 1.90

The main objective of this NONMEM analysis was to investigate the effect of
gender on the pharmacokinetics of Ievofbxacin. Secxmdary objectives were to
study the effects of other covariates like race, age, creatinine clearance, body
weight and drug interactions W-ti digoxin, sucrdfate, and cyclosporine.

Data from four clinicalpharmacokineticstudi~ in healthy subjects were combined
for the population pharmacokinetic analysis using the NONMEM program (Vers.bn
IV. kwel 21). The data set comprised of complete pharmacukinetic profiles after
a single oral dose of levof&xacin (500 mg) or after multiile oral doses to
steady+tate (500 mg q12h). Seventy-two subjects (36 males, 36 females. see
Table 1)provided one concentration-time profile each resulting in 1344measured
concentrations.

Table 1: Demographic Summaq for Subjects Included in the
NONMEM Analysis

Wei@lJJ@

No. of
Subjects Range Mean (SD) Range Mean (SD)

Gendec

Male - 36 76.9 (10.4) 101 (21)

Female 36 65.0 (10.3) 84 (17)

Agec65 yr 60 71.5(11.5) . “ 97.0 (17.1)

Aqe265 yr 12 726 (15.6) *2 ($=

Rata

Whale- 48 71.6 (124) 892 (245)

. Nonwhite” 24 71.8 (1 1.8) 93.1 (153) -

● 1461aclG 9 H@anic, and 1 Oriental

The following covariates were included” in the analysis: gender, race, age,
creatinine ckarance, boc$ weight presence of cycbsporine, presence -6f digoxin.
and presence of sucralfate.



Pharmacokinetic Model and Hypotheses Testing of Intermediate Models

. Preliminary analysis using one- and two-compartment modek with first order
absorption and eGmination indi~ted the oneumpamnent model was most
appropriate. Oral absoqMion of Ievofbxacin is rapid and compfete. Peak
k?vofloxacin concentrations were reached within 1.5 hours in most cases. The
fimited number of concentration measurements befora the peak precfuded the
precise estimation of the absorption rate constant (Q as weft as the investigation
of covariates which might have influencedthe absotpdon rate of fevofbxacin. This
NONMEM analysis focused on the contribution of the various covatiates on the
apparent oral cfearance (CL) and apparent volume of distribution(V).

Proportional error modek were empfoyed for the interindividual var@bility of &, CL
and V, as well as for the residual variakifii in the Ievofbxacin concentration data.

A muftipfestepwise procedure was used to determine which ”influencing covm”ates
shou!d be included in the optimal model describing the population
pharmacokineticsof levofbxacin by oraladministration.The difference in the value
of the objective function between two related NONMEM modek was calculated.
In the complete model, a certain 0 parameter representing a covariate would be
freefy estimated, whereas in the reduced model it would be fixed to zero allowing
the complete model to colkpse to its reduced counterpart. Such a 0 parameter
would onfy be retained in the model to represent the significant inffuence of a
certain mvariate if the difference in the objectiie function value was at least eight.
The First-Order (FO) method was usedin the model buildng procedure. The First-
Order Conditional Estimation (FOCE) method was used in addition for the optimal
model to confirm the resufts from the FO method. An iterative stepwise procedure
was employed to prevent oversights as wefl as redundancies in the optimal model.

The Optimal Populatiort Model

The optimal population model was derived from the muf&iplestepwise procAure.
AS expected, the most significant oovariate on CL was C~ and the most
significant covariate on V was body weight The mean CL value for subjects with
normal renal funotion (C~=11 O.mlfmin) was 10.9 Uh. This is in fair ag~–
with those published for heafthy subjects. No other covariate was found to.
inffuerloe the CL .

Gender Effect

There were 36 mafe and 36 female subjects inctudedin this anafysii (Tabfe l).
The mean body weight andC&of female subjects were about 16 and 17% lower,
respectively, than those of male subjj. There was no significant gender effect
on CL of fevofbxacin in subjects with matching CA. However, a smafl but
significant gender effect on V was found. The mean V in female subjects was
approximately 19°A fewer than that of mafe subjects with matching body weight
Monte Carfo simulations of fevofloxacin pfasma concentrations at steady state were
performed by NONMEM for 100 mafe and 100 female subjects. The mean plasma
fevofloxacin concentration profiles and 95% population confidence intervals
following a 500 mg ql 2h regimen was compared between male and femafe
subjects with typical body weights and C&~ (70 kg body weight and 100 mUm in



C% for male; 60 kg body weight and 85 mUmin C& for female). The difference
in steady-state Ievofloxacin concentration is marginal (Fgureq);

Race Effect

There were 48 white and 24 nonwhite subjects with matching body weights and
C& incfuded in lhis analysis (Table l). Race did not significantly influen~ either
CL or V of fevofloxacin.

Age Effect

Twetve of the 72 subjects were 65 years or older. Their mean C& was about
40% fOWer than Jhat of the younger subjects. me effti.af age on ei~er (1 OrV

of Ievoffoxaan can be explained by the difference in C~.

Concomitant Medications

The presence of digoxin or sucraffate had no effect on either CL or V of
fevofloxacin. The presence of cyclosporine had no effect on tie CL of fevof~acin~~~ 4),
The concomitant cyclosporine dosing result~ in an increased V. This is expected
to be of no clinical significance since it woufd have onfy marginal effect on
Ievofloxacin steady-state plasma concentrations.

Tabti Z Chical Sfudii hduded h m NONMEMAnalyais

Table 3: One Way ANOVA of fhmamkiflefic Palameta3 of Male and Femala Subjllcs
EatinlatedFromh40de{lLy FoPoafhocueulod

Meanvable -

Parametef %oifterema ANOVA
(unit) Male Female (Ma&Female) ”l@lAale p-VaUe -

u (m) 10.1 89 12 0.0099

v (U* 98.1 72.1 26 0.0001

m’
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Attachment 1: Representation of Data in the NONMEM Data File

Data
Label Description

.,

-...

ID

AMT

TIME

DV

Ss

II

SEX

RACE

AGE

c~~

CSA

DIGX

SUCR

EWD

MOV

This is an unique number for each subject in the data file. The number 2101, e.g.,

stands for subject 101 in Study 2; 4211 stands for subject211 in Study 4.

This is the amount of levofloxacin in mg given orafly at one occasion.

This is the time in hours between the oral dose and the sampling of blood for the
determination of the fevofloxacin plasma concentration.

DV stands for “dependent variable”. This is the Ievofloxacin plasma concentration
measured in mg/L.

This data item is required by the NONMEM program. A”1 = indicates that the dose
was given at steady-state; a W“ indicates a non steady-state dose.

II stands for ‘interdose intervaY. It is the time in hours between doses at steady-
state.

The gender of the sub~ts is expressed as Y1- for male and as “1- for female.

A W“ stands for WVhite=, and a”1 ● stands for “Nonwhite”.

This represents the body weight of the subjects in kg.

The age of the subjects in years.

The renal function of the subjects is expressed as creatinine clearance with units
mfJmin. This parameter was calculated from me serum creatinine concentration.

W“ in the absence of cyclosporine and”1” in its presence.

Y)” in the absence of digoxin and”1” in its presence.

V“ in the SbSenCe of Sucralfate and”1” in ~ presence.

ThE data item is required by the NONMEM program. A ~“ ind@-osin9
event a W“ indicates an observation event, and a “4- indicates a “reser dosing
event, i.e., a second profile in me same subject.—

This data item is required by the NONMEM program. A “1” indicates a dosing
event: a W“ indkates an observationevent.

/&l



1

..

2

3-

4

5

6

7

8

9

10

11

12

13

14

15
.

16.

17 ‘

18

19

.

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

14

18

.

3

97

24

22

76

46

1

29

2

29

27

121

22

0

83

14

74

Attachment 2: Listing of lnterm~iate Modek in Their Chrono@ial Order

Chrpared to
Model No.

Aobjea”ve
Model No. Fu~-on - Model Obje@-ve

Model OUtCOme
The basic one~mmm

AcceptaUe fit by the FO
model Withfi~~er method,used as the referen~

modelfor the fOIJoW.ng
comparisons

The FOCE method results in
very sMfer model estimates.
The FO method W be used in
subsqueti model buildng

M Signifiqnt

~glificanURank .2

~glificant/Rank = 9

Significant/Rank -10

~gnificanv~ank = 4

S9nhicarWRank -5

Not signficam

~gtifi=rWRank 4

Not aignfi=~

~9nhkanVRank. 7

abeor@oII run by the FO
method

The FOCE method was used
to compwe with the”FO
method

Test gender effect on CL

Test gender effect on V

Test mce effect on CL

Test race etiea on v

Test age effea on CL

Test age effect on v

Test cydo~ne effect on CL

Test cydosporim effect on V

Test digoxineffect on CL and
v

Test sucraffateeffect on V

Test sucraff~ effect on CL
~~a~ank .8

Test influeu of body weght
~9fiCSrWRank - Ion V

.
Test infiue~ of body weigh
on CL %!@Xlt7Rank .11

Test infiue~ of C4n on V
NotSigniilcant‘

Test irtfiuem of C&n on CL SigrtificaWRank = 3

Add gender effect on V when
Gender effect on V is still

bodY weight is already related significant
tov

Add influe~ of C& on CL
Inffuenceof C~~ on CL is
Significant

lb
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Attachment 2: Listing of Intermediate Mode&in Th4r Chronological Order (Continua)

compared to A objSCtiV@

Model No. Modet No. Function - Model Objective Model Outcome

20

21

22

23

24

25

26

27

28

29

30

31

32

33”

34

35

19

19

19

22

23

23

23

23

23

23

29

29

29

. 29

29

29

5

7.3

66

15

7

3

1

1

.

24

17

72

32

76

69

.

Add age effect on CL

Add age effect on V

Add cydosporine effect on V

Add aucralfate effect on V

Add aucraffateeffect on CL

Add race effect on CL

Add race effad on V

Add influenceof body weigh
on CL

The same structuremodel as
Model 23 run by FOCE
method

The same structuremodel as
Model 23 but the off-diagonal
terms of the OMEGA mattix
were also estimated i.ew
BLOCK(3)

Remove sucralfateeffect from
v

Remove vdosporine effect
from v

Remove gender effect from V

Remove influenceof C~~
from CL

Remove influenceof body
weight from V

The same structuremodel as

Model 29 run by FOCE

method

Age effea on CL is NOT

Si@iOant anymore

Age effect on V is NOT
signitksmtanyrlwre

Significant

Significant

Not significant

Not significant

Not significant

Not significant

Model 28 and 23 included all
significant covariates. The
FOCE method results in similar
model estimates.

The off-diagonal terms of the

OMEGA mabix W be kept in
subsequent models.

Significam 4% bwar V whiih
is tmt clinical aigniilcant

Significar14higher V in the
pre~~~ cydosporine

- .-.——
Signitlcanqbwer V in female

as compared to male

Significant CL is dependent on
Cqw

significant, V is dependent on
body weght.

The FOCE method results in

similarmodel estimates. The
FOCE method also provided
esimates of individual
Dharmacokineticparameters



Attachment 3: The Control Stream File for the Optimal Model in. NONMEM Anatysis

$PROB Ievofloxacin MODEL 35
$INPUT ID AMT TIME DV Ss [1SEX RACE ~ AGE C& CSA DIG)( SUCR EV[D MDV
$DATA rjk_d02.dat(E5.0,E4.02E6 .O,E2.O,E3.O2~O,E6.O,E3.O,E4.O,5~.O)
$SUBROLTTINES ADVAN2 TRANS1
$PK

FAGE=o
IF (AGE.GE.65) FAGE=l
TVKA = THETA(1)
CLO = THETA(2)
CLI = CLO"(l+THETA(3) "SEX)"(l+TH~A(4) "RACE)*(l+THHA(5)*FAGE)
CL2 = CL1 ●(1 +THETA(6)*CSA)*( I+THETA(7yDIGX)*(l +THETA(8)*SUCR)
TVCL = CW(C&#l 10)*THETA(9)”(W/70) ”OTHETA(10)
VO =THETA(11)
VI = VO”(l +THETA(12)”SEX)*( 1+THETA(13)”RACE) *(1 +THETA(14)*FAGE)
V2 = V1 ●(1 +THETA(15)*CSA) *(l+THETA(16)*DlGX)" (l+THETA(l7)"SUCR)
TVVD = V2*(C&# 10)*THETA(18)*(WT/70) ”OTHETA(l 9)
KA = TVKA”EXP(ETA(l))
CL s TVCL*EXP(ETA(2))
VD . TVVD”EXP(ETA(3))
K = C~D
S2 = VD

$ERROR
IPRED=F
Y=F”(l + EPS(l)} + EPS(2)

$THETA (.3, 1.5, 10) ;KA
(3, 10, 40) ;CL
O FIXED O FIXED O FIXED O FIXED
O FIXED O FIXED (O, 0.6,3) O FJXED

(1 0,90, 500) ;VD
(-2, -02, 2) OFiXED O FIXED (-2, 1,2)

O FIXED (-2, .05,2) O FIXED (O, 0.7,3)

$OMEGA 8LOCK (3) 1 0.10.1 .3.006.4
$SIGMA 0.1.0.1
sMSFl LEVONM1 .MSF

. -.- ....-—

$EST METHOD=COND NOABORT SIGDJG=4 MAXEVAL=9900 PRINT=5
MSFO=LEVONM1 .MSF
$Cov
$TABLE ID TIME SEX RACE FAGE WT C% SUCR KA VD CL IPRED NOHEADER

NOPRINT FILE= LEVONM1 .TAB
$SCAT WRES VS DV
$SCAT WRES VS TIME



Attachment 4: Levofk@n PharNwtine& Parameter Estima~ ObWn~ by FO Method

(Model 28)

Parameter
Units SYm@J .Estim~e

k
S.E. of Estimate

I/h 4.42 0.93CL for normal covafiates
m

Power of CA term on CL

V for normal covariates
Liter

Power of bQdy weight term on V
.

Frad”onal change in V influenc~ ~ .
gender

Fra~ional change inv infJuenc@ @ -

CYCIOSporine

Fractional change in V influen~ @ .

Sucralfate

Variance of&
.

v=kflCe of CL .

Wriance of V

10.9

0.37

94.1

0.64

-0.178

0.99

-0.046

4.92

0.0549

0.0178

0.52

0.06

5.1

0.15

0.067

0.16

0.019

3.72

0.0205

0.0036Residualvariance

0.0321 0.0068

-.-— —
----
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Attachment 6: A Plot of Weighted Residuak vs. Observed Concentrations (pg/mL)

for the Optimal Model by the FOCE Method
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Attachment 7: A Plot of Weighted Residuak vs. Sampling Times (h)

1.0?
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Attachment 8: A Table of [ndhridual Levofloxacin Pharmacokinetic Parameters and
Demographic Characteristics for the Optimal Model by the FOCE Method

Subject Weight C~ Ka v CL
ID Gender Race Age (kg) (mUmin) (l/h) (Liter) (Uh)

o 0 88

0
0
0
0
0
0
0
0
0
0
0
1

1

1

1

1

1

1

1

1

1

1

. . 1

0
—
. 0

0
0
0
0
1

1

1

1

1

1

1

1

1

0
1
1
0
0
0
0
0
0
0
1
1
1
0
0
0
0
0
0
0
0
1
0
0
0
1
1

1

0
0
1
0
1

0
0
0
0
0
1

1

1

1

1

1

0
0
0
0
0
0
1
1
1
1
1
1
0
0
0
0
0
0
0
0
0
0
0
0

86

68

61

85

75

71

87

81

81

97

93

63

82

81

77

51

71

70

71

50

52

58

60

70

89

70

85

87

86

64

83

74

59

70

62 -.
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Attachment 9: A Plot of Levofloxacin Oral Clearance vs. Creatinine Clearance for the Optimal
Model by the FOCE Method. The Solid Line Represents the NONMEM Calculated Values.
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Attachment lfl: A Plot of Levoffoxacin Volume of Distribution vs. Body Weight for the Optimal
Model by the FOCE Method. The Soki Line Represents the NONMEM Cak@ed Values.
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Attachment 11: The Control Stream File for the NONMEM Simulation

$PROB Ievofloxacin SIMULATION
$INPUT ID AMT TIME DV SEX SS II RACE WO AGE CRO CSA DIGX SUCR EVID MDV
$DATA LEVOSlM2.dat
$SUBROUTINES ADVAN2 TRANSI

$PK
WT = mO”EXP(ETA(4))
c~ = cRomP(ETA(5))
FAGE=O
IF (AGE.GE.65) FAGE=I
TVKA = THETA(1)
CLO = THETA(2)
CL1 = CLO"(l+THETA(3) "SEX) *( I+THETA(4)*RACE) *( I+THaA(S)*FAGE)
CL2 = CL1 ●(1 +THETA(6)*CSA)"( 1+THETA(7)"DIGX) "( I+THETA(8)*SUCR)
TVCL = CIZ”(C~l 10)*T1-iE1A(9)*(VVT/70) ”THETA(10)
Vo =THETA(11)
V1 = VO*(l -THETA(12)*SE)() ”(1+THETA(13)”RACE) ”(1+THETA(l 4)”FAGE]
V2 = V1 ●(1 +THETA(15)*CSA) *(1+THETA(16)”DIG)() ”(1-THETA(l 7)”SUCR)
TVVD = V2”(C~l 10)”THETA(18)”(~/70) ”THETA(l 9)
KA = TVKA*EXP(ETA(l))
CL = TVCL”EXP(ETA(2))

VD = TVVD*EXP(ETA(3)) “
K = C~D

S2 = VD
$ERROR

IPRED=F
y=F*(l + EPS(l)) + EPS(2)

$TH=A (.3, 4.88, 10) ,Wl
(3, 10.9, 40) ;CL
O FIXED O FIXED O FIXED O“FIXED
0 FIXED O FIXED 0.3530 FIXED

(10, 92, 500) ;VD
(-2, 0.189, 2) O FIXED O FIXED (-2, 375,2)
O FIXED (-2, 0.0448,2) O FIXED (O, 0.63,3)

$OMEGA” 1.4? 0.04510.01420.02250.0225

$SIGMA 0.03290.000573
$SIMUL (2345) SUBPROBLEMS=1OO ONLYSIMULATION
SMSFI LEVONM1 .MSF
$EST NOABORT MAXEVAL=9900 PRINT=5 MSFO=LEVONM1 .MSF
$Cov
$TABLE ID TIME DV SEX RACE FAGE W C%. KA VD CL NOHEADER

NOPRINT FILE=LEVOSIM1 .TAB
$SCAT WRES VS DV
$SCAT WRES VS TIME

. ——
“. _-



Attachment 12: The Summ~ Statisk of Pharmmtineti par~etem and oemog~hi~

Characttisb in Monte Carlo Simulations

————
‘— ‘ab ~.

Vtiaie N Mean so Minimum Maximum

WT 100 712456800 10.8417762 49.9620000 103.0100000
c& 100 .101.1293900 14.5232440 68.3540000 145.1800000
VD 100 93.6301100 13.1855608 721420000 130.1900000
CL - 100 10.6841250 2.5136!j75 5.7219000 21.5700000

.. .— _____ —---------------- Fe~@ .-..__.__—-_
—— -.— -----

v~”abie N Mean SD Minimum Maximum

W-r 100 60.5362700 8.9173002 428330000
c% 100 84.89628oo 88.9730000

13.5644238 55.6550000 133.5500000
VD 100 68.5503go0 9.5677139 44.8510000 101.5400000
CL 100 10.1544370 1.9356045 5.7431000 152000000

.--—
——

.- —
.



TITLE OF STUDY: EVALUATION OF THE PHARMACOKINETICS AND

PHARMACODYNAIVllCS (SAFETY) OF LEVOFLOXACIN FROM A MULTICENTER,

OPEN-LABEL STUDY IN PATIENTS WITH BACTERIAL INFECTIONS. (PROTOCOL

LOFBIV-MULT-001 ). VOLUMES 9.4- 9.5; 9.8-9.9.

PRINCIPAL INVESTIGATORS AND LOCATIONS:

OBJECTIVES: The objectives of this report were: 1.) to examine the pharmacokinetics of
Ievofioxacin in patients with bacterial infections; and 2.) to examine the quantitative relationships
between measures of exposure to Ievofloxacin (pharmacokinetics) and the incidence of adverse
events (pharmacodynamics) in an infected patient population.

STUDY DESIGN: This was a multicenter, open-label, noncomparative study. Subjects who met the
ent~ criteria were assigned to receive 250 or 500 mg Ievofloxacin once daily for 5:9 days,
depending on the type of infetiton being treated. Subjects with moderate renal impairment
(creatinine clearance, G& of 20 to 50 mUmin) and infections of the respiratory tract or skin
received 500 mg levoflo~acin q48h. No dosage adjustment was made for renally impaired patients
receiving the 250-mg daily dose. A minimum of three full doses of intravenous Ievofloxacin were
to be administered, after which the subject could be switched to oral Ievofloxacin for the duration
of therapy. For intravenous Ievofloxacin (Formula FD-2521 3-097-D-45, Batch 5270), the appropriate
dose (250 or 500 mg) was reconstituted in 5% dextrose and water by the hospital pharmacist to
yield a final concentration of 5 mg/mL. The entire contents of the bag were to be infused into the
subject over a 60-minute period. For subjects receiving oral Ievofloxacin, one 500-mg clinical tablet
(Formula FD-25213-097-G-22, Batch R5826) or two 125-mg clinical tablets (Formula FD-25213-
097-H-22, Batch 5520) were administered.

a Did not enroll any subjects in the study



.

SAMPLING: Blood samples were to be collected al trough (predose), end of infusion, and at 2,
6.75, 7.75, and 9.25 hours postdose on Day 3 or 4 of the intravenous Ievofloxacin therapy.
Addtiona! blood samples for checking dosing compliance for oral therapy were collected at trough,
0.5, and 1 hour postdose on any day during the coume of oral therapy.

ANALYTICAL METHOD: Levofloxaan plasma concentrations were determined by a validated
reversed-phased HPLC method at Samples anal~ed were used
for pharmacokinetic analysis.

DEMOGRAPHICS: Three hundred thideen subjects were enrolled in the study at 22 enters
(Table 1). Of the 313 subjects enrolled in the study, 272 subjects had sufkient plasma
concentration data for pharmacokinetic analysii. The adverse events .of the 272 .sgbjects were used
for pharmacodynamic (safety) analysis. The demographic and baseline characteristics of the
subjects for pharmacokirietidpharmacodynamic (pldpd) evaluations are also presented in Table 1.

Table 1: Demographic and Baseline Characteristics: Intent-to-Treat Subjects and
Subjects Included in Pharmacokinetic/Pharmacodynamic Evaluations

(Study LOF131V-MULT401)
lntenI-I~TrealSum MD Subjacis

(N=313) (N=272
No. m) No. m)

sex
Men

Women

Race

Cauaaian

Black

Hispanic

Ohel

Age (Years)
<45

4644

>65

MeaniSD

Range

We@M (lb)

N

Mea&m

Height(In.)
N .-
MaarMSO

17s
134

182
62
40

2

170
68
n

47&18.8

303
166.7A1.1

~

m
. 67.W.12

~

PrimaryB&M Infection

Pneumonia
skin
Compliikd UIWkade P@cm@da

. .

.%luan
Second 6adefial Infection”

~m

skin
@mpliited UTUPcutePyelonaphrilis

101
97
66
41
18

2
2
1

(572)
(42.6)

(58.1)
(28.4)

(12.s)

@m

(?it3)
(21.1)
(24A)

(322)
pl.o)
(17s)
(13.1)
(s.8)

b

w)
w)
(0.3)

163 (69.9)

109 (40.1)

161 (592!)
60

2s E.;
2 Q.n

163 (==)
68 @is)
61 (22.4)

46&18.6

-

263
170.6i41a

~ --.
..—-

252
67.943.99 -

20

87 @m
89 G=)
62 (19.1)

37 (11.q
13 (4.s)

1 (w
2 CJ.n
1 (0.4)

None 308 (96 .4) 26s (98.s)

“ Preserrlat sudy adm-



PHARMACOKINETIC RESULTS: Plasma concentration data from intravenous administration were
analyzed using the Non-Parametric Expectation Maximization (NPEM2) approach. A two-
compartment open model with fimt-order elimination from the central compadment and a zero-order
intravenous infusion was employed. Estimates of the intercompartmental transfer rate constants
(~ and I&), volume of distribution of the central compartment (V~ and total body cleamnce (CL)
are summarized in Table 2. These values were similar to values in subjects without bacterial
infections in previous Phase I clinical studies. Maximum a-posteriori probability (MAP) Bayesian
estimation was used to generate Bayesian posterior parameter values for each individual.
Excellent correlation was seen between the observed and predicted plasma concentrations for the
272 subjects included h the phafmamkinetic analysis (~ =0.966).

T&bk 2: %rnr@ of.Levotlaacin Population Phamadhtic Parameter
Eatimaea in Patientawith BacterialInfeokna

(studyLOFBIV-MULT4301 )

~ (h-’) & (h’) v, (L/kg) CL (Uh)

Mean 0.487 0.647 0.836 9.27

Median 0.384 0.596 0.795 9.01

SD 0.378 0.391 0.429 4.31

Population demographic models for prediction of the Ievofloxacin pharmacokinetic parameters
(peak concentration, CL, VC, ~, and ~) from demographic data (site of infection, gender, race,
age, body weight, serum creatinine, and C~) of the patients were examined using the general
linear model module of the SYSTAT program. Models were developed based on the data obtained
from 172 subjects and validated by the data from the remaining 100 subjects included in the pldpd
evaluations. The demographic model for prediction of CL explained a reasonable amount of the
variance in CL of the patient population (? =0.396). The median bias and precision for prediction
of CL by the demographic model were 0.5?A0and 18.3Y0, respectively. C~, race, and age were
included in the demographic model with C% explaining most of the population variance in CL.-
The mean volume of distribution of the central compartment was 0.836 Ukg while the mean plasma
clearance was 9.27 I-/hr. These values are comparable to those previously obtained from nomnal
volunteers data. Mean (+SD) for C- CanalAUC normalized to dose and dosing intetval of 500 mg
q24hr were 8.67 (3.99) and 72.53 (51.17), respectively.

PHARMACODYNAMIC ANALYSIS: The individual Bayesian parameter estimates weca-_mployed
in the simulation module of ADAPT II to allow calculation of the individual AUC and to s“~mulatethe
C.m and C- for each -ptient. The following ratios were estimated C#lC, AUC/MIC ~d Time
above the MIC. These data was anal~ed using logistic regression for examining their effect on the
clinical outcome (cured & improved as successful outcome and failed patients as unsuccessful) and
the microbiologic outcome (eradicated or persisted). Breakpoints of phamnamdynamic variables
such as C#MIC ratio and AUC/MIC ratio which divided patients into lower and higher probability
groups for positive clinid and microbiological outcome were determined using the Classification

And Regression Tree (CART) analysis a~ach This
method of analysis uses a recursive partitioning alogarit~m which performs tree growing/pfuning
and sets breakpoints that best divide dichotomous or polytomous by independent variables.

PHARMACODYNAMIC RESULTS:
i. Clinical outcome analysis: The C#MIC, AUC/MIC, and Time above M[C are vir-lually

indistinguishable in their ability to alter the probability of a good outcome (Table 4). The c#MIC

and AUC/MIC ratios are highly comelated with an r value (Spearman rank correlation) of 0.942. The

/77



Cm$MIC and Time above MIC had a Spearman’s correlation of 0.605. Probability plots from the
point estimates of parameter values are presented in Figure 4. The breakpoint from the CART

analysis is 12.2 for C#MIC ratio. Clinical success rates for patients achieving a C#MIC ratio of
>IM and <12.2 were 99°A and 83.30A, respectively.

ii. Microbiological outcome: Five predictive variables were observed to significantly affect the
probabilityof a positive microbiological outcome (Table 5). These predictors were among the ones
which were selected for the clinical outcome analysis along with AUC. However, when these were
examined for model expansion, the final model selected by the log-likelihood ratio test included only
C#MIC ratio plus AUC (Table 6) and finally, C#MIC ratio alone. The breakpoint from the CART
analysis is 12.2 for C#MIC ratio. Microbiological success rates for patients achieving a C~MIC
ratio of >12.2 and < 12.2 were 100?40and 80Y0, respectively. Probability plots for successful

-, :- microbiological outcome for C#MIC ratio and C#MIC ratio plus AUC are presented in Figures
5 &6, respectively.

iii. Adverse events: Two pharmacodynamic analyses were performed, one using all adverse
events regardless of relationship to drug, and the second using only those subjects with adverse
events assessed by the investigator as definitely, probably, or possibly related to drug. Adverse
events of the central nervous system (inctuding psychiatric disturbances), gastrointestinal tract, and
skin were analyzed in relation to the gender, race, site of infection, age, peak and trough plasma
concentrations, and AUC of the patients, using the logistic regression module of SYSTAT. No
pharmacologic (drug related) covariates were found to significantly affect the probability of
occurrence of an adverse event when gastrointestinal, skin and CNS systems were examined. The
probabilityof a CNS adverse event was influenced by the site of infection (all the explanato~ power
was in the sinus infection and was likely due to the nature of the disease). The probability of a skin
adverse event was influenced by patient’s race with 50?40of the events occurring in the Hispanic
population.

CONCLUSION: Levofloxacin pharmacokinetics in hospitalized patients with serious community
acquired infection were similar to those obsewed in healthy volunteers investigated previously in
Phase I studies. Creatinine clearance, age, and race were included in the demographic model for
prediction of Ievofloxacin clearance of the subjects, with creatinine clearance explaining most of the
population variance. For both Clinical and microbiological outcomes, the breakpoint from the CART
analysis is 12.2 for the Cm~MIC ratio. Fom the results, it could be said that the probality of a
successful clinical and microbiological outcome for patients that achieve a C#MIC ratio of >12.2
is greater than 95Y0. No pharmacologic (drug related) predictors were shown to associate
significantly to the probability of occurrence of an adverse event.

..— —_—



Table 3: Demographic Models from a General Linear Model Procedure for Prediction of

Levofioxacin Pharmacokinetic Parameters in Patients with Bacterial Infetions. (Study

LOF13W41ULT-001).

Pamneier Cowiale caen-Aefu Sanded Enur 8

a Constant 5* 0.S6

Race om7

-1.43s 0332

mad 4.434 0S73

Wspe!lic -3.167 04S

ahef 5.137 3.504

% 0.070 0.012 a.ool

* 4.032 0.019 0.0%

Vc COnatanl 72.*O 0.132

Gender O.ma

male 6.462 8.067

female 4.462 8.434

Race 0.022

Caucaaian 10.03 2944

ekk -3.421 4.332

Hqnic .10.4s 7.431

ahaf 3.844 m.121

Age 4332 0.124 0.003

Ku CQrtalanl 0303 0.06s

Weight 0.003 0.002 0.023

.
Rwe 0.044

4.127 0.034
- ..— —

——

ala& 0.061 0.057
.- —

.’ m 4.074 o.oa7

Othes 0.140 0360

k 0.4M 0.037

A&w o.m5 0.002 0.002

Sile 0.064
pdnlonary 4.0% 0.035

akidskinatfuclure 0.112 0.067

unna~ lfaci -0.W6 0.062

17(i
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AUC 4.016 Om p-om5
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Figure I: Median Plasma Concentration vs. Time Profiles of Levofloxacin

in Subjects Following 250 or 500 mg Once-Daily Intravenous Doses and
250 or 500 mg Once-Daily Oral Doses of Levofloxacin
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Figure 2: Obsewed vs. MAP-Bayesian Predicted (Based on Population

Parameter Medians) Plasma Concentrations of Levofloxacin for All 272

Subjects Included in the PharmacokineticlPharmacodynamic Evaluations.
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Figure 3: Levofloxacin Plasma Clearances Determined from Maximum a-posteriori
Probati~@ (MAP) Bayesian Pharmacokinetic Parameter Estimation vs. Ptasma

Clearances Determined from Demographic Model Prediction for 100 Subjects Used m
Model Validation
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Figure 4

Levofloxacin Clinical Outcome
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Figure 5

Levofloxacin Microbiologiml Outcome
i%obabili~ of Organism Eradication
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Figure 6

Levofloxacin MicroMologi~l Outcome

Probabilityof Organism Eradi@tion

‘W(Y’W

0.60

0.40
1

.00

0.8

.-—
N’”

00 <+ “
-W/c

%0 ‘
#

B

Wakol’e

--

--

/@ I



Attachment 1: Levofloxaan Bayesian Posterior Pharmacokinetic Parameter Estimates for All 272

Subjects Included in the Pharmacokinetic/Pharmacodynamic Evaluations (Continued)

(Study LOFBIV-MULT-001)

DescriptNe StatiW”csfor the Dos4ndependent Pharmaookinetic Parameters (N =272):

Weight Klv% v= v, V.a CL

*9) (Ih) (Ih) L) (L)
Mean 77.5 0.490 0.847 822- 0.829----111.4 925

Median 74.9 0.403 0.594 57.1 0.789 99.9 9.02

SD 18.4 0.370 0.390 30.4 0.425 582 4.30

‘ V= values of subjects were too extreme (>700 L) and

were not included in descdptive statistics; these extreme values were probably due to model

misspecificatiom

ATTACHMENT 2 : Dissolution Profile for Levofloxacin 500-mg Clinical Tablet,

Formula FD-2521 3-097-G-22, Batch R5826

(Study LOFBIV-MULT~Ol)

100~

—— Low Range

— High Range
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Time (minutes)



ATTACHMENT 3 : Dissolution Profile for Levofioxacin 125-mg Clinical Tablet,

Formula FD-2521 3-097-H-22, Batch 5520

(Study LOFBIV-MULT-001 )

LEVOFLOWICBJ TABLH, 125 MG
bdI: R5520 Fwmuk Am 1~~
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Attachment 4: Levofloxacin Bayesian Posterior Pharmacokinetic Parameter Estimates for All

272 Subjects Included in the Pharmacokinetic/Pharmacodynamic Evaluations. (Study LOFBIV-

MULT-001).

Index Subject Dosing

No. No. Regimen Weight ~ ~ V. V&g V=” CL C- Cm AUC

(kg) (l/h) (llh) (L) (Ukg) (L) (WI) (pg/mL) (IJ@n ) (vgL ●h/mL

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

26

29

30

31—. .-

5W mg q24h

500 mg q24h

500 y q24h

500 mg q24h

500 mg q24h

500 mg q24h

250 mg q24h

500 mg q24h

500 mg q24h

503 mg q48h

500 mg q24h

500 mg q24h

500 mg q24h

500 mg q24h

500 mg q24h

500 mg q24h

~ rng q24h

500 mg q24h

5oomgq24h

5gomgq24h

5oomgq24h

-500+mq24h

m mg q24h

500 mg q24h

500 mg q24h

250 mg q24h

500 mg q24h

500 mg q24h

500 mg q24h

500 mg q24h

45.9 0.848 1.260 43.2 0.941 723

80.4 0.831 0.241 14.9 0.185 725

827 0.671 0.066 23.7 0.378 208.6

53.2 0.172 0.723 43.5 0.818 53.8

65.9 0.108 0.312 63.1 0.956 85.1

84.1 0.345 1.280 76.9 0.914 97.5

63.6 0.472 0.334 42.7 0.671 103.0

88.2 0.660 0.408 36.0 0.408 84.2

62.7 0.071 0.220 61.8 0.886 81.7

42.7 0.463 0.594 28.0 0.656 49.8

62.7 0.752 0.925 46.5 0.742 84.3

70.0 0.412 1.220 67.3 0.861 90.0

90.9 0.280 0.866 58.5 0.644 75.5

61.4 0.087 0.048 60.2 0.880 169.3

56.6 0.061 1.170 52.5 0.896 55.2

523 0.407 0.381 528 1.010 108.2

60.9 0.576 1.050 34.7 0.S70 53.7

71.8 0.728 O.~ 29.4 0.408 106.8

68.8 1.070 1.WO 35.3 0.513 7Q.9

99.1 0.506 0.558 48.8 0.492 93.0

~.3 0.332 0.374 61.4 0.784 115.9

80.0 0.142 0.312 69.0 0.883 100.4

84.5 1.320 1.300 56.9 0.673 114.7

56.1 0.374 0.466 42.5 0.719 76.6

64.1 0.354 1.030 59.6 0.920 80.1

60.9 0,878 0.648 37.7 0.619 88.8

72.7 0.472 0.334 48.8 0.671 117.8

97.7 1.010 0.633 78.6 %.805 204.0

87.3 0.010 0.490 104.8 1.200 106.9

79.5 0.566 1.070 69.8 0.878 106.7

9.74

6.82

3.86

3.50

9.69

3.98

5.92

7.28

8.341

1.81

4.52

8.24

2.82

221

6.11

8.99

5.88

4.02

278

11.17

11.25

6.22

1+.64

5.12

8.09

12.07

5.92

5.11

12.55

4.35

8.32

19.59

17.30

12.75

7.42

8.62

5.26

10.64

7.91

16.51

10.10

6.79

11.88

12.36

9.46

8.08

11.62

14.6U

13.95

7.88

6.95

8.m

5.87

11.10

7.54

4.30

9.61

6.86

4.76

8.43

0.32
0.69
3.16

2.54

0.46

3.11

0.81

1.03

0.63

2.17

2.30

0.73

4.57

5.17

0.73

o.i7

0.75

3.03

4.52

51

73

130

143

52

126

42

69

60

138

111

61

177

226

82

56

84

124

180

0.37 45.. .,---
.._-

0.51 44

1.47 - 80

0.45 43

1.68 88

0.65 62

0.14 21

1.79 85

2.80 98

-0.32 40

2.84 115

500 mg q24h 59.5 0.357 0.!5’4 40.6 0.682 65.9 3.68 12.80 2.73 136

‘V** = (1+ K.JKJ ● Vc



A77’ACHMENT 4: Levofloxaan Bayesian Posterior Pharrnacokinetic Parameter Estimates for All

272 Subjects Included in the Pharmacokineti~ harmacodynamic Evaluations (Continued)

(Study LOFBIV-MULT-001)

hKk?X Subject Dosing

No. No. Regimen Weight & & V= V/kg V=” CL Cm C- AUC

(kg) (l/h) (l/h) (L) (Ukg) (L) (M) (vg/mL) (@mL) (w hlmL)

32

33

34

35

36

37

3a

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

= mg q24h

5CXJmg q24h

250 mg q24h

500 mg q24h

250 rng q24h

500 mg q24h

500 mg q24h

500 mg q24h

250 mg q24h

500 mg q24h

500 mg q24h

500 mg q24h

ti mg q24h

500 mg q24h

500 mg q24h

500 rng q24h

500 mg q24h

5oomgq24h

5oomgq24h

5oomgq24h

500 mg q24h

‘600.fi q24h

5CUImg q24h

500 mg q24h

5W rng q24h

500 mg q24h

50U mg q24h

500 mg q24h

500 rng q24h

500 mg q24h

76.4 0.105 0.124 98.6 1.291 162.1

70.4 0.086 0.110 71.8 1.020 127.9

128.2 0.749 0.352 27.9 0.218 87.3

65.9 1.270 0.401 14.0 0.212 58.3

69.1 0.254 0.145 48.4 0.700 133.2

65.9 0.161 1.040 55.8 0.847 64.4

118.6 0.738 0.028 27.3 0.230 744.9’

81.8 0.712 0.449 34.2 0.418 88.4

70.4 0.479 0.331 46.5 0.661 113.8

52.3 0.363 0.091 43.1 0.824 215.0

74.5 0.325 0.236 42.9 0.576 102.0

113.6 0.372 1.140 118.1 1.040 1%.6

83.6 0.368 1.220 57.7 0.690 75.1

43.2 0.117 0.201 71.3 1.650 112.8

65.9 1.040 0.472 15.0 0.228 48.1

82.7 0.931 0.627 48.2 0.583 119.8

~.3 +.140 0.6f5 47.8 0.618 136.4

120.4 0.076 l.~ 105.0 0.872 1125

56.4 0.252 0.246 66.6 1.181 13+8

79.5 0.248 0.382 65.9 1.081 141.7

65.9 0.590 0.692 74.5 1.131 138.0

75.0 0.472 0.334 50.3 0.671 121.4

68.2 0.194 0.353 59.4 0.871 92.0

727 0.074 0.057 33.5 0.461 77.0

~.3 0325 1.250 65.9 0.853 83.0

71.8 0.774 1.240 65.7 0.915 106.7

72.7 1.090 0.899 46.2 0.635 102.2

55.4 0.072 1.230 80.9 ~ .460 85.6

54.1 0.278 1.120 74.6 1.379 93.1

43.6 0.055 0.174 93.3 2.140 122.8

11.87

9.73

11.96

7.51

12.33

6.92

4.47

10.11

5.90

6.60

10.26

14.38

14.57

9.30

9.81

7.37

12.59

7.55

4.16

15.55

13.57

5.92

9.05

8.93

5.21

15.67

13.19

6.92

5.86

8,51

5.18

6.91

4.70

18.22

4.30

8.58

13.50

10.06

4.96

10.70

9.51

3.90

6.88

6.91

17.32

8.04

6.62

5.54

%.50

5.08

5.32

S.42

7.75

13.02

8.22

5.50

6.88

6.72

7.33

5.88

0.67

0.69

0.15

0.53

0.24

0.68

1.63

0,45

0.88

1.72

0.54

0.42

0.08

0.73

0.16

1.26

0.49

1.15

3.18

42

51

2’I

67

20

72

112

50

42

76

49

35

34

54

51

68

40

66

120

0.31 32.,-— —
0.41-- 37

1.62 “. 85

0.61 55

0.39 56

1.n 98

0.16 32

0.27- 38

1.02 72

1.57 85

O.w 59

500 mg q24h 69.5 0.702 0.100 9.2 0,132 73.8 4.26 34.30 1.95 117

“v*, = (1+ K#Q) ● Vc



Attachment 4: Levofloxacin Bayesian Posterior Pharmacokinetic Parameter Estimates for All

272 Subjects Included in the PharmacoldnetidPharmacodynamic Evaluations (Continued)

(Study LOFBIV-MULT4101)

Index Subject cklsing

No. No. Regimen Weight & & v. V&g V.a CL Cm Cd AUC

(kg) (l/h) (1#1) (L) (Lfkg) (L) (IA) (i@mL) (@mL) (pgWmL

63

64

65

66

67

66

69

70

71

72

73

74

75

76

n

78

79

80

81

62

83

84

85

86

87

88

89

90

91

92

93

5oomgq24h 73.2 1270 0.401 15.6 0.213 65.0

500 mg q24h 69.5 0.023 0.392 723 1.040 76.5

500 mg q24tl 76.2 1.130 0.590 28.0 0.= 81.6

500 r@ q24h 79.5 1.130 0.591 28.5 0.358 83.0

500 mg q24h 75.9 0.044 0.043 53.7 0.706 106.6

500 mg q24h 72.7 0.300 0.669 41.2 0.567 59.7

500 mg q24h 121.8 1.380 1.090 611 0.502 138.5

500 mg q24h 75.4 0.829 1.200 81.4 1.060 137.6

500 mg q24h 72.7 1.240 1.210 58.0 0.798 117.4

500 mg q24h 64.5 0.174 0.315 52.2 0.808 81.0

500 WI q24h 84.1 0,140 0.128 119.4 1.420 250.0

500 mg q24h 51.8 0.038 0.913 49.9 0.963 52.0

500 rng q24h 66.4 0.686 1.130 92.4 1.069 148.5

500 mg q48h 60.1 0229 1.300 75.1 1250 88.3

50U mg q24h 77.3 0.212 1.100 51.1 0.661 60.9

500 mg q24h 70.4 0.524 1.010 39.4 0.560 56.8

500 rng q24h 114.1 0.610 0.969 54.1 0.474 87.5

a mg q24h 40.9 1.150 1.020 33.4 0.817 71.1

250 mg q24h 46.1 0.591 0.335 26.0 0.607 77.4

250 mg q24h 84.1 0.022 0.789 105.1 1250 lo!io

XiO rng q24h 66.2 0.100 0.266 53.5 0.784 71.6

5U) mg q24h 118.2 1.070 0.660 87.8 0.574 1522

500 %g q24h 56,8 0.142 0.312 49.0 0.663 71.3

5oomgq24h 70.3 0.374 1.070 69.6 0.990 93.9

250 mg q24h 115.9 0.248 0.362 125.2 1.060 206.5

500 mg q24h 66.7 0.734 1.160 66.8 0.7% 112.3

500 mg q24h 69.8 0.006 0.513 56.6 0.811 57.5

500 mg q24h 133.6 0.474 1.240 88.7 %.664 122.6

50U mg q24h 79.5 0.347 0.696 56.6 0.712 78.5

500 mg q24h 74.8 0.325 1260 63.8 0.853 80.3

7.51

10.32

10.17

10.17

8.53

12.23

14.91

14.64

13.71

1029

19.90

6.16

13.65

4.21

6.06

3.15

2.52

9.49

8.12

721

1622

14.42

6.%!

6.85

15.55

18.14

5.21

12.70

7.09

5.21

16.81

6.64

10.49

10.35

8.94

9.47

5.11

4.66

5.62

8.40

3.93

9.86

4.44

6.63

9.37

13.36

12.57

9.46

6.40

284

7.78

5.04

9.97

7.10

1.92

5.19

9.48

4.86

8.13

8.38

0.62

0.29

0.39

0.40

0.55

0.09

0.32

0.33

0.30

0.37

0.33

0.63

0.44

0.66

0.87

3.36

5.59

0.34

0.31

0.60

67

48

49

49

58

41

34

34

37

49

25

81

37

59

82

159

196

53

31

35
- —.

0.06-- 31

0.41 -. 35

1.04 60

1.16 73

025 16

0.11 28

1.17 - 96

0.40 39

0.87 71

1.71 96

500 mg q24h i7.3 1.340 1.OMI 39.3 0.506 88.1 14.66 7.30 0.13 34

“v*, =(l+K.Jlf.J. vc

/71



Attachment 4: Levofloxacin Bayesian Posterior Pharmacokinetic Parameter Estimates for All

272 Subjects Included in the Pharmacokinetic/Pharmacodynamic Evaluations (Continued)

(Study LOFBIV-MULT-001)

Index Subject Dosing

No. No. Ragimen Waight ~ & V= VJkg V-” CL C- C- AUC

(kg) (l/h) (l/h) (L) (Ukg) (L) (L/h) (pg/mL) (p@mL) (IJg*lilmL

94

95

66

97

98

99

Iccl

101

102

103

104

105

106

107

106

109

110

111

112

113

114

115

116

117

118

119

120,

121

122

123

5oomgq24h

500 mg q24h

500 mg q24h

500 mg q24h

500 mg q24h

500 mg q24h

500 mg q24h

500 mg q24h

500 mg q24h

500 mg q24h

500 mg q24h

500 mg q24h

’500 rng q24h

500 MCIq24h

500 rng q24h

5@Jmg q24h

500 mg q24h

5oomgq24h

5oomgq24h

5oomgq24h

& mg q24h

- ~ q24h

500 mg q24h

5oomgq24h

250 rng q24h

250 mg q24h

500 mg q24h

500 mg q24h

500 rng q24h

500 rng q24h

..
77.3 0.063 0.094 44.3 0.573 74.0 3.63

97.7 0.797 0.828 52.1 0.533 1022 6.36

Z’.3 1.040 0.709 46.5 0.602 114.7 13.03

92.3 0.310 0.733 86.4 0.936 122.9 9.37

86.4 0.246 0.097 100.2 1.160 354.3 6.84

69.1 0.810 1.120 53.5 0.774 92.2 4.66

70.4 0.002 0.739 97.2 1.360 97.5 12.10

70.4 0.230 0.062 149.2 2.120 702.7’ 3.38

75.0 0.383 0.942 158.3 2.110 222.7 21.33

71.7 0.153 1.290 73.9 1.030 82.7 6.46

78.2 0.0i7’ 0.034 66.6 0.852 217.4 16.27

66.2 0.486 0.072 199.1 2.920 1548.6 4.34

79.5 0.131 0.386 112.1 1.410 149.9 15.79

79.5 0.902 0.899 59.5 0.746 119.2 15.69

77.3 0.529 1.210 63.7 0.824 91.5 11.68

86.4 0.355 0.043 110.6 1.260 1023.? 1.11

WL9 0.164 0.401 105.4 1.18Q 148.5 16.17

61.4 0.126 0.820 63.2 1.030 72.9 1.67

75.0 0.457 1.130 56.5 0.753 79.4 10.06

95.4 0.720 0.576 79.3 0.831 1+8.4 14.~

74,1 0.760

67.7 0.036

84.5 0.278

50.0 0.150

&?.7 0.184

86.4 0.213

W.2 0.834

691 1.030

129.5 0.076

93.6 1.360

0.665

0.046

0.386

0.092

0.081

0.454

0.297

1.110

1.060

0.594

56.1

94,8

70.1

66.5

91.5

84.4

34.6

55.6

121.0

18.2

0.757

I.#

0.629

1.m

1.460

o.9n

0.364

7).805

0.934

0.194

120.2

169.0

119.3

235.4

299.4

124.0

131.8

107.2

129.7

59.9

8.64

14.24

15.95

17.04

238

15.35

2.15

9.91

7.55

11.73

13.02

8.21

6.69

5.63

5.99

9.06

5.09

4.90

2.83

7.21

6.66

3.01

422

5.69

6.33

5.55

4.37

15.64

7.28

4.83

7.13

5.11

3.21

5.12

4.37

2.59

15.82

6.54

5.12

13.29

265

1.45

0.35

0.81

1.87

2.32

0.29

2.31

0.27

1.13

0.26

1.25

0.32

0.22

0.30

2.17

0.29

8.83

0.35

0.47

136

79

38

53

73

107

41

148

23

n’

31

115

32

32

43

451

31

Z9

50

34
-—.

“o:&. 56

0.32 -- 35

0.01 31

0.40 29

221 105

0.13 16

6.54 233

0.61 51

l.ti 66

0.14 43

124 250 mg q24h 60.0 0.332 0.374 47.6 0.794 89.9 11.25 4.24 0.18 22

av*, = (1 + &/l-&) ● v,
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ATTACHMENT 4: Levofloxaan Bayesian Posterior Pharmacokinetic Parameter Estimates for All

272 Subjects Included in the Pharmacokinetic@harmacodynamic Evaluations (Continued)

(Study LOFBIWWLT-001)

Index Subject Dosing

No. No. Regimen Weight & & V< VJkg V-” CL C- C- AUC

(kg) (l/h) (l/h) (L) (Ukg) (L) (IJh) (pg/mL) (w/mL) (w4ahnL)

125

126

127

128

129

130

131

132

133

134

135

136

137

136

139

740

141

142

143

144

145

148

147

148

149

150

151

152

153

154

500 mg q24h

5oomgq24h

500 mgq24h

500 m-gq24h

500 mg q24h

500 mg q24h

500 mg q24h

500 mg q24h

500 mg q24h

SW mg q48h

500 mg q24h

500mgq48h

500 mg q24h

500 mg q48h

500 mg q24h

500 mg q24h

500 mg q24h

5oomgq24h

500 rng q24h

5aomgq48h

amgqxll

aoragqwl

sooligqxtl
500 mg q24h

250 mg q24h

500 mg q24h

250 mg q24h

500 mg q24h

500 mg q24h

500 mg q24h

100.4 0.797

88.6 0.706

1027 0.739

123.2 0.206

1022 1.060

70.0 0.076

136.4 0.484

59.3 0.244

118.2 0.101

66.4 1.010

70.4 0.004

63.6 0.385

623 0.286

56.4 0.478

90.0 0.003

104.5 0.183

70.9 0.437

66.6 0.726

75.0 0.963

0.626 53.5 0.533 105.0 6.36 8.07

0.236 31.0 0.350 lZ.2 526 13.05

0252 10.6 0.103 41.7 5.65 26.07

0254 88.0 0.714 160.1 6.62 6.60

0.511 29.4 0.288 90.4 8.57 10.69

1.060 65.4 0.934 70.1 7.55 7.56

0.582 64.9 0.476 118.9 19.93 5.63

0.417 29.f 0.490 46.1 4.55 15.49

0284 115.8 0.980 157.0 19.69 3.96

0.666 41.6 0.461 90.0 2.53 10.00

1.190 200.6 2.6KI 201.3 15.50 284

0.365 35.8 0.563 73.6 2.69 126CJ

1.170 57.8 0.927 71.9 11.35 7.31

0.484 39.1 0.694 77.7 325 11.11

0.739 124.2 1.380 124.7 12.10 4.24

0.003 61 .~ 0.565 3768.T 3.20 7.63

0.406 40.6 0.572 84.3 5.72 10.69

0.350 17.3 0.260 53.2 7.66 17.86

0.756 65.3 1.270 218.9 5.71 5.93

76.4 0.158 0.979 924 1.210 107.3 5.36 5.42

582 0.833 0229 22.1 0.360 1121 10.49 13.08

59.5 0.212 0.465 46.5 0.782 87.7 11.68 8.87

68.2 0.356 0.046 95.5 1.a 834.6 1424 4.77

727 0.081 0.581 78.5 1.080 89.4 10.48 6.12

47.7 O.~0 0.177 139.8 2.930 590.0 18.74 1.62

66.4 0.930 0.669 54.3 0.628 127.6 14.= 6.09

76.4 0.066 0.059 86.6 1.160 187.7 14.64 2.6-9

61.4 0.610 0.356 36.5 D.594 99.0 8.12 10.41

102.7 0.660 0.408 42.0 0.409 109.9 7.26 9.52

54.5 0,171 1.110 66.5 1.220 76,7 4.06 9.33

1.48

215

0.69

1.70

0.69

0.62

0.11

122

0.19

1.82

0.48

125

0.18

1.03

0.46

0.42

1.48

0.40

250

0.48

76

95

89

73

56

66

25

110

25

95

32

87

44

n

41

156

87

64

66

47
- —.

0.58—— 48

0.16 ‘- 43

0.73 35

0.39 46

0.33 13

029 34

0.18 17

0.66 62

1.19 69

2.60 123

155 500 mg q24h 72.7 0.569 0.278 34.3 0.472 104.5 10.58 10.42 0.52 47

“V,== (l+ IQQ). V.



Attachment 4: Levofloxacin Bayesian Posterior Pharmacokjnetic Parameter Estimates for All

272 Subjects Included in the Pharmacokinetic/Pharmacodynamic Evaluations (Continued)

(Study LOFBIV-WLT-001)

Index 6ubjeA Dosing

No. No. Regimen w- & & V. VJkI V.’ CL C- C,m AUC

(kg) (Vh) (1~) (L) (Lflw) (L) (Uh) (@mL) (pg/mL) (pgdVmL

156

157

158

158

160

161

162

163

164

165

166

167

166

169

170

171

172

173

174

175

176

f77

178

179

f80

181

182

183

184

165

186—.

5oomgq24h

5oomgq24h

500 mg q24h

500 mg q24h

500 mg q24h

500 mg q24h

500 mg q24h

500 mg q48h

250 mg q24h

500 mg q24h

500 mg q24h

5(X) mg q24h

500 mg q24h

250 mg q24h

250 mg q24h

250 mg q24h

250 mg q24h

250mgq24h

250mgq24h

5oomgq24h

5oo Ingq24h

250mgq24h

!wo-illg q24h

5oomgq24h

500 mg q24h

500 mg q24h

500 mg q24h

500 mg q24h

500 mg q24h

500 mg q24h

80.4- 0.154 1.2W 93.1 1.030

70.4 0.853 0.657 41.4 0.588

103.2 0.419 0.976 80.7 0.782

72.7 1.270 0.401 15.5 0.213

84.5 0.071 0.220 93.2 0.986

53.6 0.052 1.190 75.0 1.400

74.1 0.386 0.353 56.2 0.758

78.2 1.120 1.250 42.7 0.546

66.8 0.482 0.695 50.9 0.762

59.1 0.568 0.715 43.5 0.736

73.6 0.147 1.160 59.5 0.809

61.4 0.314 0.273 422 0.688

90.9 0.701 0.486 48.2 0.530

77.7 0.618 0.728 38.0 0.488

48.9 0.616 0.729 23.9 0.489

82.5 1.090 1.080 48.1 0.769

48.4 0.001 1.140 76.5 1.580

81.8 0.061 1.170 71.1 0.869

101.4 0.308 0.137 47.5 0.466

70.9 0.130 0.398 85.8 1.210

85.9 0.123 0.261 85.6 0.896

50.0 0.250 0.952 45.6 0.911

68.2 0.053 1.180 lm.4 1.580

88.6 0.110 0.360 101.9 1.150

75.0 0.447 0.470 70.6 0.941

80.9 0.447 0.084 49.3 0.542

75.0 1.030 1.110 80.4 0.805

68.2 0.357 0.574 46.5 3.682

~.3 0.348 0.252 79.6 1.030

52.3 0.989 1.2Q0 52.8 1.010

104.2

825

115.3

84.6

123.3

78.3

117.7

81.0

86.2

79.3

67.0

90.7

117.7

70.2

44.2

88.6

76.6

74.8

154.3

113.8

125.9

57.6

113.3

133.0

137.7

311.6

116.4

75.4

188.5

96.3

6.48

6.84

8.89

7.51

8.30

8.15

6.55

294

8.10

6.24

5.48

4.96

4.81

6.63

6.63

5.22

8.89

6.11

3.s7

1212

11.12

243

11.82

13.35

285

230

9.91

3.66

16.36

8.08

6.28

9.69

5.80

16.89

5.92

6.75

8.57

9.34

4.13

9.72

8.81

11.64

9.97

5.23

7.52

4.43

3.28

3.75

5.80

5.51

5.71

7.25

4.67

4.75

10.49

11.78

6.16

11.82

5.26

7.27

1.43

1.01

0.88

0.61

1.01

0.60

1.51

1.33

0.36

1.17

1.27

200

2.80

0.44

0.20

0.99

0.22

0.59

1.63

0.40

77

73

58

67

60

61

76

85

31

80

91

101

104

38

38

48

28

41

83

41
.—.

0.57—— 45

2= ‘ lm

0.42 42

0.40 38

5.12 175

4.36 217

0.67 51

3.00 136

0.40 31

0.84 62

54)0mg q24h 95.4 0.077 0.098 110.7 1.160 197.7 14.81 4.50 0.45 34

“v,*= (7+ K.JljJ*vc

J+?-



ATTACHMENT 4: Levofloxacin Bayesian Posterior Pharmacokinetic Parameter Estimates for All

272 Subjects Included in the Pharmacoldneti&harmacodynamic Evaluations (Continued)

(Study LOFBIV4W.JLT-001)

fndex Subject Dosing

No. No. Regimen Weight & ~ V. VJtcg V.” CL Cm C* AUC

(m) (l/h) (l/h) (L) (IJkg) (L) (M) (pg/mL) (pg/mL) (vg4VmL
. .

187

168

169

190

191

192

193

194

195

196

197

198

199

m

201

202

203

204

205

206

207

206

209

210

211

212

213

214

215

216

217

5(%Iq q24h

51Mmgq24h

500 mg q24h

250 mg q24h

500 mg q24h

500 mg q24h

500 mg q24h

5C0 mg q24h

500 mg q24h

500 mg q24h

500 IW q24h

500 mg q24h

&Xl mg q24h

500 mg q24h

500 mg q24h

500 mg q24h

500 mg q24h

500 mg q24h

5oomgq24h

500 mg q24h

~ IW q24h

-500 ny q24h

500 ihg q24h

5W WI q24h

500 mg q24h

500 mg q24h

500 mg q24h

500 WI q24h

500 mg q24tl

500 mg q24h

71.8 0.232 1.140 51.8 0.72

95.4 0.066 0.067 135.5 1.420

50.0 0.151 0.956 85.0 1.703

122.7 0.035 0.966 99.6 0.812

72.7 0.365 0.416 56.4 0.603

64.1 0.061 0.565 90.8 1.060

97.3 0.587 1.020 25.5 0.262

72.3 0.696 0.301 20.4 0.282

95.4 0.620 0.331 27.3 0.266

108.2 0.298 0.139 126.6 1.170

66.6 0.870 0.697 70.8 0.799

71.8 0.329 0.151 68.1 0.921

827 0.920 0.714 47.5 0.574

623 0.649 1.260 56.6 0.940

92.7 0.367 1.110 94.6 1.020

74.5 0.460 0.535 89.5 0.933

97.3 0.615 0.959 84.8 0.886

65.9 0.397 0.318 429 0.651

66.2 0.720 0.201 16.3 0.239

78.2 0.053 1.160 124.3 1.5S0

47.3 0.322 1.030 46.4 0.661

64.5 0.713 0.450 26.9 0.417

83.2 0.747 0.764 57.8 0.914

m.3 1.290 1.040 57.2 0.740

61.4 0.155 1.260 74.9 1.220

81.8 1.210 0.820 36.9 0.451

63.6 0.147 1.16Q 51.5 0.609

77.3 0.154 0.275 57.9 7).749

91.8 0.187 0.215 59.9 0.653

76.4 0.566 1.070 67,0 0.8i7

623 4.65

2n.6 f7.07

S8.4 4.70

103.1 10.02

112.4 14.06

103.4 10.46

40.2 7.61

81.3 10.28

78.4 9.75

398.0 9.67

139.5 11.62

210.1 10.06

106.7 10.44

66.1 9.74

125.9 14.32

131.9 14.45

106.4 10.97

98.5 11.87

74.7 10.58

129.9 11.82

60.9 4.02

69.5 lo.lf

114.3 10.87

128.2 11.66

64.0 10.14

91.4 9.09

56.0 5.46

90.3 11.52

112.0 8.06

102.4 4.3s

9.93

3.75

7.70

2.61

6,7

5.48

14.17

14.09

12.44

4.57

5.41

7.01

7.36

6.56

4.61

5.70

6.19

8.96

f7.42

4.24

11.26

1213

6.55

5.81

6.27

8.64

9.73

7.62

8.09

8.61

1.53 .. Im

0.45 29

241 106

0.27 25

0.28 36

0.50 48

0.17 66

041 49

0.43 51

1.36 52

0.59 43

1.01 50

0.55 48

0.55 51

0.30 35

0.33 35

0.47 48

0.35 42

0.38 47

0.51 42

2~s– 124

0.31 “ 50

0.63 - 46

0.53 43

0.37 49

0.80 55

1.05 91

0.33 43

0.97 62

2.78 115

500 mg q24h 95.4 1.270 1.010 46.1 0.483 104.1 9.25 7.26 0.69 54

“ v,, = (1 + &J&) “ v.

“c-k/ ~5



Attachment 4: Levofloxacin Bayesian Posterior Pharmacokinetic Parameter Estimates for All

272 Subjects Included in the PharmacokinetidPharmacodynamic Evaluations (Continued)

(Study LOFBIV-MULT4101)

Index Subject Dosing

No. No. Regimen Weight & ~ V. V&g V=” CL Cm CM AUC

(kg) (l/h) (l/h) (L) (tJkg) (L) (L/h) (@mL) (@mL) (WPWmL)

218

219

220

221

222

223

224

225

226

227

226

229

230

231

232

233

234

235

236

237

238

239

240

241

242

243

244

245

246

247

248

500 rng q24h

~ mg q24h

500 rng q24h

500 rng q24h

5CKImg q24h

500 mg q24h

500 mg q24h

500 mg q24h

500 mg q24h

250 mg q24h

X)0 mg q24h

500 mg q24h

500 mg q24h

500 mg q24h

500 rng q24h

250 rng q24h

500 mg q24h

500 rng q24h

500 mg q24h

5oomgq24h

5oomgq24h

.5(%Jtug q24h

5oo&Jq24h

6oomgq24h

500 mg q24h

500 mg q24h

500 rng q24h

WI(3mg q24h

500 mg q24h

500 mg q24h

125.0 0.263 03556 62.0 0.656 123.7

94.6 1.140 0.964 23.9 0.253 522

61.4 0.290 0.306 29.3 0.477 56.9

727 0.017 1.190 67.1 0.923 66.1

54.1 0.425 1.120 50.0 0.924 69.0

75.0 0.126 0.168 66.3 1.150 144.1

95.4 0.758 0.352 19.9 0.209 S2.8

61.4 0.472 0.334 41.2 0.671 99.4

85.0 0.446 0.146 50.0 0.566 202.7

119.5 0.101 0.284 117.1 0.980 158.7

63.6 0.609 0.742 63.1 0.992 114.9

127.3 0.292 0.297 65.5 0.672 169.6

61.4 1.200 1.300 62.0 1.010 119.2

120.4 1.330 0.792 61.2 0.506 164.0

101.4 0.527 0.598 56.1 0.553 105.5

63.6 0.071 0.220 62.7 0.966 629

68.2 0.003 0.164 161.6 2370 164.2

95.0 0.441 1.3W 72.2 0.760 96.7

77.3 0.215 0.392 72.0 0.932 111.5

71.4 0.341 0.489 100.0 1.400 1*.7

76.4 0.560 0.625 65.3 0.855 104.6

65.4 1.360 1.240 50.1 0.525 105.9

63.6 0.676 0.649 39.4 0.619 62.7

60.9 0.318 0.660 109.2 1.350 149.6

60.0 0.671 1.140 87.2 1.090 136.5

114.1 0.CM5 0.032 103.0 0.903 247.8

55.0 0.436 0.394 42.2 0.768 89.1

105.4 0.386 1.260 79.2 %.751 103.6

56.8 0.560 0.925 48.6 0.855 78.0

84.5 1.270 1.010 40.8 0.483 92.1

9.61

8.68

10.05

10.79

8.22

7.27

11.94

5.92

9.83

19.89

8.67

13.72

11.87

16.19

9.94

8.30

16.86

16.17

7.82

19.58

7.02

12.24

12.07

14.03

13.s8

12.20

9.36

13.34

7.03

9.25

5.66

1257

13.01

7.00

8.45

6.59

14.40

10.78

8.42

1.96

6.76

5.24

5.61

4.96

7.23

3.91

3.20

5.51

6.69

4.17

7.13

6.29

8.30

4.21

4.s4

4.96

9.40

5.36

8.71

7.94

O.n

0.23

0.22

0.18

0,48

1.42

0.17

1.56

1.02

0.10

0.89

0.51

0.45

0.34

0.59

0.32

0.30

0.11

1.05

0.22

52

56

50

46

61

69

42

65

51

13

58

36

42

31

50

30

30

31

64

26
—.

1%- 71

0.35 - 41

0.30 41

0.42 36

0.40 37

0.52 41

0.55 53

0.25 38

0.68 71

0s8 54

500 mg q24h 97.7 0.720 0.201 23.2 0.237 106.3 10.55 13.47 0.54 47

“v,, =(l+&./&.J*v.



Attachment 4: Levofloxacin Bayesian Posterior Pharmacokinetic Parameter Estimates for All

272 Subjects Included in the Pharmacokinetic/Pharmacodynamic Evaluations (Continued)

(Study LOFBIV-WLT-001)

tndex Subject Dc6ing

No. No. Regimen Weight & & V= V& V_a CL C- C- AUC

(kg) (l/h) (WI) (L) (Ukg) (L) (IJh) (~g/mL) (@mL) (pg*hlmL

249

250

251

252

253

254

255

256

2s7

258

259

260

261

262

263

264

26s

266

267

268

268

270

271

272

500 mg q24h

5oomgq24h

5oomgq24h

500 mg q24h

m mg q24h

500 mg q24h

500 mg q24h

500 mg q24h

500 mg q24h

500 mg q24h

500 mg q24h

500 mg q24h

500 mg q24h

250 mg q24h

500 mg q24h

500 mg q24h

5(33mg q24h

500 mg q24h

500 mg q24h

500 mg q24h

5oomgq48h

V e~

500 WI q24h

727 0.740 0.240 21.7 0.288 88.6

79.1 0.477 0.534 73.9 0.934 139.9

723 0.368 0.316 46.7 0.646 105.5

727 0.880 0.891 54.8 0.754 108.5

75.0 0.245 0.383 81.0 1.080 1328

~.3 0.720 0.201 18.3 0.Z7 83.9

90.0 1.200 0.920 54.7 0.608 126.0

96.4 0.055 0.393 85.7 0.983 109.1

77.3 1.060 0.514 22.4 0.290 68.6

88.4 1.150 0.890 34.9 0.404 80.0

111.4 0.860 0.832 47.9 0.430 97.4

60.0 0.931 0.627 35.0 0.563 87.0

59.1 0.076 1.060 55.2 0.934 58.2

66.9 0.339 1.180 46.6 0.6S6 60.2

80.0 0.457 1.130 60.2 0.753 84.5

80.0 0.218 1.250 54.7 0.684 64.2

73.6 0.443 0.594 75.8 1.030 132.3

80.0 0.466 0.817 42.2 0.528 66.3

73.6 0.142 0.312 63.4 0.882 92.3

73.6 0.162 0.680 52.0 0.706 65.9

54.5 0.078 0.881 58.9 t .080 63.5

80.0 1.340 0.481 22.6 0.283 85.6

73.6 0.610 0.888 34.9 0.474 56.4

9.32

~4.44

11.85

15.70

15.57

10.55

11.32

14.38

8.58

4.82

14.49

7.37

7.55

268

10.08

3.41

17.90

3.00

6.22

8.80

3.69

9.11

2.52

14.49

5.44

8.38

6.09

5.32

16.03

6.13

4.94

13.16

11.02

6.93

10.07

8.64

6.39

6.94

11.16

5.13

13.32

8.34

8.57

8.50

11.95

15.63

0.57

0.36

0.40

0.18

0.28

0.42

0.55

0.23

0.46

1.97

0.18

0.92

0.45

1.86

0.39

3.09

0.18

3.88

1.36

0.56 -

4.68

54

35

42

32

32

47

44

3s

58

104

35

68

66

84

50

147

28

167

80

57

68

55

198

500 trig q24h 73.6 0.546 0.849 30.8 0.419 56.7 5.04 13.37 1.26 88

“v”. (l+&/t&). v=


