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SUPPORTING DOCUMENTS: IND 35,464—Otsuka grepafloxacin hydrochlonde

BACKGROUND:

This supplement contains data from four in vitro studies on the activity of
grepafloxacin against Legionella pneumophlla and: =———"  he applicant
wishes to add these organisms to the in vitro listing in ' the Mlcroblology section of the
package insert.

Study #1:

In vitro and in vivo antibacterial activity of four newly developed quinolone agents

against Legionella Infection.

In this study from Japan, 41 reference strains (14 L. pneumophila) and 27 clinical
isolates (25 L. pneumophila ) of Legionella species were studied. The MICs were
determined by the microdilution method using buffered yeast extract supplemented with
- T T ———— .(BYE,) broth. The inoculum was 10° cfu/well and the microplates
were incubated at 35°C for 48 hours. TABLE 1 shows the MIC ranges for the reference
strains.

TABLE 1
MIC Ranges (ng/mL) of 41 Reference Strains
Grepafloxacin Sparfloxacin Ofloxacin Ciprofioxacin Erythromycin

L. pneumophila 0.008-0.06 0.004-0.06 0.03-0.06 0.008-0.06 0.125-1.0
{n=14)

Legionella spp. 0.008-0.125 0.002-0.06 0.03-0.125 0.008-0.06 . 6-.125-2.0
(n=27) -

APPEARS THIS WAY

ON ORIGINAL
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TABLE 2 shows the MIC,, and MIC,, and the range of MICs of the 27 Legionella clinical
isolates.

TABLE 2
MICs of Eight Agents Against 27 Clinical Isolates of Legionella
AGENTS RANGE (pg/ml) MICy, (ng/ml) MIC,, (ng/ml)

Temafloxacin 0.004-0.03 0.008 0.008
Grepafloxacin 0.008-0.06 0.008 0.03
Sparfloxacin 0.002-0.06 0.004 0.03
Y-26611 0.015-0.125 0.06 0.'06
Ofloxacin 0.03-0.06 0.06 0.06
Ciprofloxacin 0.004-0.06 0.03 0.06
Norfloxacin 0.03-0.5 0.25 0.25
Erythromycin 0.125-1.0 0.125 0.5

* 25 strains of L. pneumophila and one each of L. dumoffii and L. micdadei

The study did not separate the Legionella pneumophila isolates from the two
other species, but since 25/27 isolates were L. pneumophila it is probably safe to
assume that the MIC,, value given represents the MIC,, value for L. pneumophila. This
study shows that most fluoroquinolones had a MIC, value for L. pneumophila of 0.03-
0.06 pg/mL. Norfloxacin had a higher value and temafloxacin a lower value.

This study also determined the intracellular to extracellular concentration ratno(lIE
ratio) in human polymorphonuclear leukocytes (PMN). The PMN suspension was
incubated for 30 minutes with each agent at a final concentration of 50 pg/mL. After
incubation the PMNs were separated from the extraceliular solution using a silicone oil
velocity gradient centrifugation method. The I/E ratio for grepafloxacin was 14.99 + 0.72;
for sparfloxacin it was 13.70 + 2.20; for temafloxacin it was 12.69 + 2.06; and for
ofloxacin it was 9.07 + 0.76. This shows that all fluoroquinolones are concentrated

intracellularly in PMNs.
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Another experiment demonstrated the activity of the agents on L. pneumophila _
grown in guinea pig peritoneal macrophages. A macrophage suspension was mixed/ )
with L. pneumophila at a concentration of 2-4 x 10° cfu/mL. After incubation, -
extracellular organisms were washed out and the macrophage suspension was
incubated with twice the MIC of each agent. At 0, 12, 24, and 36 hours the extracellular
organisms were washed out. Macrophages were disrupted with._. = s and the
number of viable organisms were counted. None of the agents allowed Legionella
pneumophila to multiply in guinea pig peritoneal macrophages. With most agents,
including grepafloxacin, the count decreased 1.5 to 2 log, in 24 hours and continued to
decrease to a 2.5 logs, reduction in 36 hours.

The therapeutic effect of the agents on experimental Legionella pneumonia in
guinea pigs was also studied. Animals were infected with 2.5 x 10® cfu/mL. Treatment
was started 24 hours after infection and was administered twice a day for 7 days. The
daily dose was 10 mg/kg for the quinolones and 20 mg/kg for erythromycin. The
therapeutic effect of each agent was followed for 14 days and evaluated by survival rate
and mean survival dates after inoculation. The survival rates up to 14 days after
infection were 62.5%, 50%, 75%, 50%, and 12.5%, respectively, in the groups treated
with Y-26611, grepafloxacin, ofloxacin, ciprofloxacin, or erythromycin, compared to 0%
in the untreated controls. The mean survival time was 10.4 days for Y-26611, 8.4 days
for grepafloxacin, 11.3 days for ofloxacin, 8.1 days for ciprofloxacin, 4.4 days for
erythromycin, and 3.1 days without treatment. This demonstrates that grepafioxacin is
better than erythromycin or no treatment and about as good as ciprofloxacin in this
animal model of Legionella pneumonia. Ofloxacin was slightly better.

Study #2:
In vitro activity, post antibiotic effect and human monocyte activity of
grepafloxacin against Legionella species

This study was performed in Quebec, Canada. The in vitro activity of
grepafloxacin was compared with sparfloxacin, ciprofloxacin, clarithromycin,
erythromycin, and rifampin against 214 Legionella isolates, 181 of which were Legionella
pneumophila. MICs were determined by agar dilution using buffered yeast extract (BYE)
agar. The inoculum was 10* cfu/spot and plates were incubated at 35°C for 48 hours. .
Reference strains were used for quality control. TABLE 3 shows the resuits of testing
against Legionella pneumophila.

APPEARS THIS WAY
ON ORIGINAL
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TABLE 3
Susceptibility of Legionella pneumophila
MIC (pg/mL)
Microorganism Antibiotic Range MIC,, MICy
Legionella pneumophila Grepafloxacin <0.004-0.06 0.015 0.015
serogroup 1 (71 isolates) Sparfloxacin <0.004-0.06 <0.004 <0.004
. Ciprofloxacin 0.01-0.25 0.03 0.03
Clarithromycin <0.004-0.12 0.06 0.06
Erythromycin ~ 0.06-1.0 0.25 1.0
Rifampin <0.004-0.008 <0.004 0.008
Legionella pneumophila Grepafloxacin <0.004-0.03 0.008 0.015
serogroup 2 (17 isolates) Sparfloxacin <0.004 <0.004 <0.004
Ciprofloxacin <0.004-0.03 0.015 0.015
Clarithromycin £0.004-0.06 0.03 0.06
Erythromycin 0.008-0.5 0.25 0.25
Rifampin <0.004 <0.004 <0.004
Legionella pneumophila Grepafloxacin <0.004-0.015 0.008 0.015
serogroup 3 (14 isolates) Sparfloxacin <0.004-0.008 <0.004 <0.004
Ciprofloxacin <0.004-0.03 0.03 0.03
Clarithromycin 0.03-0.06 0.03 0.06
Erythromycin 0.12-0.5 0.25 0.5
Rifampin <0.004 <0.004 <0.004
Legionella pneumophila Grepafloxacin <0,004-0.015 0.008 0.015
serogroup 4 (21 isolates) Sparfloxacin <0.004-0.008 £0.004 <0.004
Ciprofioxacin 0.03-0.12- 0.03 0.06
Clarithromycin 0.03-0.06 0.06 0.06
Erythromycin 0.06-0.5 0.5 05
Rifampin £0.004-0.008 <£0.004 <0.004
Legionella pneumophila Grepafloxacin <0.004-0.06 0.015 0.03
serogroup 5 (15 isolates) Sparfloxacin <0.004-0.06 s0.004 0.015
Ciprofloxacin 0.015-0.06 0.03 0.03
Clarithromycin 0.015-0.06 0.03 0.06
Erythromycin 0.06-1.0 0.25 0.5
Rifampin <0.004 <0.004 <0.004
Legionella pneumophila Grepafioxacin <0.004-0.015 0.008 0.008
serogroup 6 (39 isolates) Sparfloxacin £0.004-0.008 50.004 <0.004
Ciprofloxacin <0.004-0.03 0.03 0.03
Clarithromycin <0.004-0.06 . 0.015 0.06
Erythromycin 0.008-0.25 0.12 0.25
, Rifampin <0.004-0.008 <0.004 <0.004
Legionella pneumophila Grepafloxacin <£0.004-0.008 <0.004 0.008
serogroup 7 (2 isolates) Sparfioxacin <0.004 <0.004 <0.004
' Ciprofioxacin 0.03 0.03 0.03
Clarithromycin 0.015-0.06 0.016 0.06
Erythromycin 0.12-0.5 0.12 0.5
Rifampin <0.004 <£0.004 <0.004
Legionella pneumophila Grepafloxacin 0.008 0.008 0.008
serogroup 8 (2 isolates) Sparfloxacin <0.004 s0.004 <0.004
Ciprofloxacin 0.03 0.03 0.03
Clarithromycin 0.06 0.06 0.06
Erythromycin 0.25 0.25 0.25
Rifampin <0.004 <0.004 <0.004
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In this study 181 isolates were tested. The highest MIC,, value was 0.03 pg/mL
for serogroup 5. All other serogroups had MIC,, values of 0.008 or 0.015 pg/mL.
Grepafloxacin was more active than erythromycin (MICg, 0.25-1.0 pg/mL) and
clarithromycin (MIC4, 0.06 pg/mL) against all of the strains tested, whereas, rifampin
was slightly more active (MIC4 <0.008 png/mL) than grepafloxacin. Sparfloxacin was
slightly more active than grepafloxacin against most serogroups. Grepafloxacin was
usually more active than ciprofloxacin with the exception of serogroups 2 and 5, where
MIC,, values for both drugs were equivalent. In general, Legionella pnuemophila
serogroups 6-8 were more susceptible to grepafloxacin than serogroups 1-5. Overall,
all of the agents tested showed good activity against Legionella pneimophila.

The MICys of the test drugs against other __————: are shownin
TABLE 4. ' o

"TABLE 4
Susceptibility of | "

MIC (rg/mL)
Microorganism Antibiotic Range MICs, MICy
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In this study the post-antibiotic effect (PAE) was determined using a broth
technique. Colonies of Legionella were grown in buffered yeast extract (BYE) broth. A
final concentration of 10%-107 cfu/mL was used. Tubes containing the drug at four times
the MIC and the test culture were incubated in a shaking water bath at 37°C for 1-2
hours. Drug was then removed by centrifugation. Bacterial counts were performed on
all colonies at time zero, before and after washing and every hour until turbidity
developed. Counts were mapped on a graph and PAE calculated. In this experiment
the PAE of grepafloxacin (2.62 hours) against erythromycin-susceptible L. pneumophila
was longer than for the other drugs tested. The PAE of grepafloxacin (4.18 hours)
against erythromycin-resistant L. pneumophila was also longer than for the other drugs
tested. —— e e e e e - —
‘«=—PAE is dependent on the species tested, the concentration of drug used, and the -
time the culture is exposed to drug. A longer PAE may indicate that the drug may be
given less frequently, but the clinical significance of a long PAE is not known.

This study also demonstrated that grepafloxacin, sparfloxacin, ciprofloxacin, and
clarithromycin all inhibited the growth of Legionella pneumophila in human monocytes.
Only grepafloxacin and ciprofloxacin, however, prevented regrowth of Legionella
pneumophila after the removal of extracellular antibiotic.

APPEARS THIS WAY
ON ORIGINAL
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Study #3:
In vitro activity of grepafloxacin against : - s — w<
and Legionella spp.

This study was performed in London. ‘—

gt .

— . These data are not relevant to the
labeling change under consideration, so they are not reviewed here. The activity of
grepafloxacin was compared to ofloxacin, clarithromycin, and rifampin against .
Legionella. MICs for Legionella species were determined using an agar dilution method

in supplemented buffered yeast extract (BYE) medium containing 5% lysed horse blood. -
The inoculum was 10 cfu/spot. Incubation was at 37°C for 48-72 hours. Ninety-eight
isolates of Legionella pneumophila were tested, — - v

: . r— -.were also tested. TABLE 5
shows the results of this study.
TABLE 5

The MICs of Grepafloxacin and Comparators agkainst Legionella pneumophila (98 isolates)

ANTIBIOTIC MICs, MICq RANGE

Grepafloxacin 0.015 0.015 0.008-0.03

Ofloxacin ' 0.015 0.03 0.008-0.03

Clarithromycin 0.03 0.03 0.015-0.06

Rifampin 0.008 0.008 - 0.004-003 = I
— ’ ' .7
—

These data demonstrate that grepafioxacin has good activity against Legionella
pneumophila. Its activity is about equal to that of ofloxacin and clarithromycin and
slightly less than that of rifampin. = B

APPEARS THIS WAY
ON ORIGINAL
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Study #4: .
In vitro antimicrobial activity of grepafloxacin and its therapeutic efficacy on
respiratory infections

This study was performed in Japan. The in vitro activity of~grepaﬂoxacin was
compared with ofloxacin, tosuﬂox_agin, ciprofloxacin, sparfloxacin, and erythromycin

against. _.— — o =25 clinical strains of Legionella
pneumophila and ! e - ~~—time—  The restuits against
Legionella are shown in TABLE 6. B
: TABLE 6
MICs of Grepafloxacin and Comparators against Legionella (Study #4)
Organism Antimicrobial | MIC range (ug/mL) MIC,, MICy
L. pneumophila | Grepafloxacin 0.008-0.06 0.008 0.015
(25 isolates) Ofloxacin 0.03-0.06 0.06 0.06
Tosufloxacin 0.004-0.03 0.008 0.015
Ciprofloxacin 0.015-0.06 0.03 0.06
Sparfloxacin 0.002-0.03 0.004 0.008
Erythromycin 0.015-0.25 0.06 0.125

'u 1 4 4 1 'l - 1

The data in the above table demonstrate that the MIC,, of grepafloxacin for
clinical isolates of Legionella pneumophila was equal to that of tosufloxacin, one dilution
higher than that of sparfloxacin and superior to that of ofloxacin, ciprofloxacin, and
erythrornycin. All the fluoroquinolones showed good activity and were better than

~ erythromyecin. L e

|
0
]

7

T
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SUMMARY

Four studies have been included in this submission. TABLE 7 summarizes the in
vitro activity of grepafloxacin against Legionella pneumophila clinical strains. Only
clinical isolates have been included since the Points to Consider document states that
data must be from recent clinical isolates.

TABLE 7

Summary of Grepafioxacin in vitro Activity Against Legionella pneumophila

Species # Tested | MIC Range MIC,, Reference
(ng/mL) (ng/mL)
L. pneumophila 25" 0.008-0.06 0.03 1-—Japan
L. pneumophila 7 <0.004-0.06 0.015 2—Canada
(serogroup 1) .
L. pneumophila 17 <0.004-0.03 0.015 2
(serogroup 2)
L. pneumophila 14 <0.004-0.016 0.015 2
(serogroup 3)
L. pneumophila 21 <0.004-0.016 0.015 2
(serogroup 4)
L. pneumophila 16 <0.004-0.06 0.03 2
(serogroup 5)
L. pneumophila 39 <0.004-0.016 0.008 2
(serogroup 6)
L. pneumophila 2 <0.004-0.008 0.008 - : 2
(serogroup 7) :
L. pneumophila 2 0.008 0.008 2
(serogroup 8)
L. pneumophila 98 0.008-0.03 . 0.015 3—England
L. pneumophila -25 - 0.008-0.06 0.015 4—Japan
TOTAL 329 <0.004-0.03 '0.008-0.03

1) Legionella pneumophila was not separated from two other species of Legionella in
this study. The MICy and range given is for all 27 Legionella species, but 25 of the
27 isolates were Legionella pneumophila.

Over 300 clinical isolates (>100 isolates are usually required for inclusion in the label)
were tested in more than one laboratory. Although no studies were conducted with
United States isolates, one major study which tested over 180 clinical isolates was
conducted in North America (Canada). All studies demonstrated that grepafloxacin’s
MICs against Legionella pneumophila were <0.03 pg/mL. Legionella pneumophila may
be placed into the in vitro activity section of the package insert.
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Table 8 summarizes the in vitro activity of grepafloxacin against other ——————
~—————— Here again, only clinical isolates are included. . ecencan g™/
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CONCLUSIONS & RECOMMENDATIONS:

This NDA supplemental application requests the addition of Legionella
pneumophila and | ————=7"__ to the in vitro activity list of the package insert.
Four studies are submitted to support this request.

A total of 329 clinical isolates of Legionella pneumophila were tested. The MIC,,
values for grepafloxacin in these studies ranged from 0.008 to 0.03 pg/mL with most
values between 0.008 and 0.015 pg/mL. Although no study was performed in the
United States, one major study with 181 isolates was performed in North America

(Canada) and all studies produced very similar MIC values. Legionella pneumophila
may be added to the package insert.

pu———

L A

Other experiments performed in these studies indicate that grepafloxacin and
other fluoroquinolones are concentrated in human polymorphonuciear leukocytes (PMN)
and inhibit the growth of Legionella pneumophila in human monocytes. These studies
also demonstrate that grepafloxacin has a post-antibiotic effect of 2 to 4 hours against
Legionelia pneumophila, which was longer than that observed for the other agents
tested. In addition, grepafloxacin and other qumolones decreased bacteria counts of
Legionella pneumophila growing in guinea pig peritoneal macrophages Finally,
grepaﬂoxacm was also shown to be effective in a guinea pig model of Legionella
pneumonia.

_ The applicant should be informed of the following:

1. Legionella pneumophila may be added to the in vitro activity list of the package inert.

/"
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SUPPORTING DOCUMENTS: lND'35,464-—Otsuka grepafloxacin hydrochloride
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This submission revises the package insert. Only Legionella pneumophila is
included. » —————————has been removed as requested in the Microbiology
Review of supplement SLR-003 that is dated April 14, 1998

: CONCLUSIONS & RECOMMENDATIONS:

The label is satisfactory from the microbiological viewpoint.
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