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Abstract

A Prulifloxacin, the prodrug of ulifloxacin, is a broad-
spectrum oral fluoroquinolone antibacterial agent.
After absorption, prulifloxacin is metabolised by
esterases to ulifloxacin. The drug has a long elimi-
nation half-life, allowing once-daily administration.

A Ulifloxacin is generally more active in vitro than
other fluoroquinolones against a variety of clinical
isolates of Gram-negative bacteria, including com-
munity and nosocomial isolates of Escherichia coli,
Klebsiella spp., Proteus, Providencia and Mor-
ganella spp., Moraxella catarrhalis and Haemophi-
lus spp. The activity of ulifloxacin against
Pseudomonas aeruginosa varies between countries.

A Gram-positive organisms, including meticillin- or
oxacillin-susceptible Staphylococcus aureus, En-
terococcus spp. and Italian community isolates of
Streptococcus  pneumoniae are susceptible to
ulifloxacin. Activity against Spanish strains of
S. pneumoniae is moderate.

A In well designed clinical trials, good clinical and
bacteriological efficacy (similar to that of ciproflox-
acin, amoxicillin/clavulanic acid or pefloxacin) was
seen with prulifloxacin 600mg once daily for 10
days in patients with acute exacerbations of chronic
bronchitis or complicated lower urinary tract infec-
tions (UTIs), and with single-dose prulifloxacin
600mg in acute, uncomplicated lower UTIs.

A Prulifloxacin was generally well tolerated in
clinical trials, with a similar tolerability profile to
that of ciprofloxacin.

Features and properties of prulifloxacin (Unidrox®)

Acute, uncomplicated lower urinary tract infections (UTIs)
[simple cystitis]; complicated lower UTlIs; acute exacerbations of
chronic bronchitis

Fluoroquinolone antibacterial
agent

Lipophilic prodrug of ulifloxacin;
inhibits bacterial DNA gyrase

Acute exacerbations of chronic
bronchitis: 600 mg/day for a
maximum of 10 days; acute,
uncomplicated lower UTI: one
600mg tablet; complicated
lower UTI: 600 mg/day for a
maximum of 10 days

Recommended dosage

Administration Oral, once daily

Peak plasma concentration 1.6 and 2.0 ug/mL

Median time to peak plasma 1 and 0.75h

concentration

Area under the plasma
concentration-time curve

7.3 and 7.6 ug ® h/mL

Elimination half-life 10.7 and 7.6h

Most frequent Gastric disturbances,

diarrhoea, nausea, skin rash
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Prulifloxacin and its active metabolite

Prulifloxacin (Unidrox®)!, the lipophilic prodrug
of ulifloxacin,!' is an oral fluoroquinolone an-
tibacterial agent that has a broad spectrum of in vitro
activity against various Gram-negative and -positive
bacteria. After absorption from the gastrointestinal
tract, prulifloxacin is rapidly and extensively
metabolised to ulifloxacin, the active compound.
Like other fluoroquinolones, prulifloxacin prevents
bacterial DNA replication, transcription, repair and
recombination through inhibition of bacterial DNA
gyrase.[>31 Prulifloxacin has a long elimination half-
life, thus allowing once-daily administration, which
may contribute to good compliance.

Fluoroquinolones are considered as a first-line
therapy in adults with complicated chronic bronchi-
tis>% and as an option in community-acquired pneu-
monia in immunocompetent adults;°! moreover,
ciprofloxacin is the treatment of choice in patients
with chronic suppurative bronchitis.>®! There is in-
creasing recognition of the role of fluoroquinolones
in acute, uncomplicated urinary tract infections
(UTIs) in geographic areas where levels of resis-
tance to cotrimoxazole (trimethoprim/sulfamethox-
azole) are high.'%1?1 [n addition, fluoroquinolones
may also have a role in the treatment of complicated
UTIs.[12:13]

This profile reviews the antibacterial activity,
clinical efficacy and tolerability of prulifloxacin,
and focuses on recent European trials evaluating the
use of once-daily therapy in acute exacerbations of
chronic bronchitis (AECB) or complicated lower
UTIs, and single-dose prulifloxacin in acute, un-
complicated lower UTIs. The article also reviews
data from earlier Japanese studies, where required.

1. Pharmacodynamic Profile

In Vitro Activity

In vitro antimicrobial activity of ulifloxacin was
assessed using minimum inhibitory concentrations
(MICs) determined by standard broth or agar dilu-
tion techniques.!>!*!131 Although data from two earli-
er Japanese studies that assessed the in vitro activity
of ulifloxacin are available,!"'® susceptibility test-
ing reported in this profile is based on published
European data obtained between 1998 and
2000,!'4151 supplemented by data from the manufac-
turer’s investigator’s brochure!®! and an unpublished
study.['”? These studies used methods recommended
by the National Committee for Clinical Laboratory
Standards (NCCLS).['#]

For reference drugs, results were interpreted us-
ing NCCLS breakpoints.['>2% In vitro antibacterial
studies were performed using ulifloxacin;?!%151 the
proposed European susceptibility breakpoints for
ulifloxacin are <1, 2 and 24 mg/L for susceptible,
intermediate and resistant strains.’l MICso and
MICqg refer to the minimum concentrations of the
antibacterial agent required to inhibit growth of 50%
or 90% of microorganisms.

Representative studies from Italy!"#! and Spain!!
indicated that, like other fluoroquinolones (in-
cluding ciprofloxacin, levofloxacin, ofloxacin,
trovafloxacin and moxifloxacin), ulifloxacin has in
vitro activity against a variety of clinical isolates of
Gram-negative or -positive bacteria commonly as-
sociated with chronic lower respiratory tract infec-
tions or lower UTIs (table I). Ulifloxacin showed
limited activity against Chlamydia pneumoniae, an

1 The use of trade names is for product identification purposes only and does not imply endorsement.
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atypical respiratory tract pathogen (MIC9g 4 mg/L),
and against anaerobic bacteria.’’]

Gram-Negative Bacteria

e The in vitro activity of ulifloxacin was generally
greater than that of ciprofloxacin and other fluoro-
quinolones, including moxifloxacin, against Italian
nosocomial and community isolates!'*! and Spanish
clinical isolates!'> of Gram-negative bacteria, such
as Escherichia coli, Klebsiella spp., Proteus, Pro-
videncia and Morganella spp., Pseudomonas
aeruginosa, Moraxella catarrhalis and Haemophi-
lus spp.

e Ulifloxacin was highly active against many En-
terobacteriaceae, including Italian community or
nosocomial isolates!'*! and Spanish clinical isolates
of E. coli"' (with activity against some nalidixic
acid-resistant isolates!’!) and Klebsiella spp.
(MICgp <0.015-4.0 mg/L). The MICgp value for
ulifloxacin against Italian nosocomial isolates of
Klebsiella spp. was 2 mg/L versus 8 mg/L for
ciprofloxacin.'¥l Ulifloxacin demonstrated strong
activity against Italian nosocomial and community
isolates!'¥! and Spanish clinical isolates!'>! of Pro-
teus (nalidixic acid-susceptible isolates only in
Spain!), Providencia and Morganella spp. (MICo
<0.015-0.5 mg/L).

e Common respiratory tract pathogens are highly
susceptible to ulifloxacin, including Italian commu-
nity"  and  Spanish clinical™! isolates of
Haemophilus spp. (with activity against H. in-
fluenzae), M. catarrhalis,'*'3! B-lactamase-pro-
ducing strains of H. influenzae or M. catarrhalis®!
and Spanish clinical isolates!'! of nalidixic acid-
susceptible or -resistant K. pneumoniae (MICqq val-
ues of <0.12-0.25 mg/L).

e Ulifloxacin showed good activity against Span-
ish clinical isolates of ciprofloxacin-susceptible P.
aeruginosa (MICgo 1.0 mg/L)"'3 and gentamicin-
resistant P. aeruginosa (MICop 0.2 mg/L).’] How-
ever, like other fluoroquinolones, ulifloxacin had
negligible activity against Italian nosocomial and
community isolates of P. aeruginosa,'¥l Spanish
clinical isolates of ciprofloxacin-resistant P. aerugi-
nosa!' and nalidixic acid-resistant P. aeruginosal®
(MICog values of >4 mg/L).

© 2004 Adis Data Information BV. All rights reserved.

e Emerging bacterial resistance in Gram-negative
pathogens after repeated exposure to ulifloxacin was
generally similar to that seen with other fluoroqui-
nolones, including ciprofloxacin.®! After seven
passages at subinhibitory concentrations of either
agent in in vitro studies, the MIC of ulifloxacin
against E. coli was unchanged and that of ciproflox-
acin was increased 2-fold. Against P. aeruginosa,
the MIC of ulifloxacin increased 4-fold, and that of
ciprofloxacin increased 16-fold."

Gram-Positive Bacteria

e The in vitro activity of ulifloxacin against Italian
nosocomial and community isolates'*! or Spanish
clinical isolates!’”! of Gram-positive bacteria, in-
cluding Streptococcus spp., Staphylococcus aureus,
Enterococcus spp. and coagulase-negative staphylo-
cocci was generally similar to or greater than that of
ciprofloxacin, but less than that of moxifloxacin.!'¥
e Susceptibility of Streptococcus spp. (including
S. pneumoniae) to ulifloxacin varied between coun-
tries.!415] Ttalian community isolates of .
pneumoniae and Italian community or Spanish
clinical isolates of S. pyogenes!'>! were susceptible
to ulifloxacin (MIC9o 1.0 mg/L).l'Y However,
ulifloxacin (and ciprofloxacin) had moderate or low
activity against penicillin-susceptible, -intermediate
or -resistant Spanish clinical strains of S.
pneumoniae (ulifloxacin or ciprofloxacin MICog
values of 2—4 mg/L), unlike moxifloxacin (all
MICgp 0.12 mg/L).!'3!

e [talian nosocomial and community isolates!'4l
and Spanish isolates!'! of oxacillin- or meticillin-
susceptible S. aureus were highly susceptible to
ulifloxacin (MICgg values of <0.5 mg/L). The
MICog values for ulifloxacin against Italian commu-
nity isolates of Enterococcus spp.,/'* and Italian
nosocomial™ or Spanish! isolates of the common
urinary tract pathogen E. faecalis were 1, 2 and 4
mg/L, respectively.

e Like ciprofloxacin, ulifloxacin had negligible ac-
tivity against Italian nosocomial isolates!' and
Spanish clinical isolates"! of oxacillin- or meti-
cillin-resistant S. aureus (MIC9p >4 mg/L). Howev-
er, ulifloxacin was active against fluoroquinolone-
resistant S. aureus.'7! Ulifloxacin and ciproflox-

Drugs 2004; 64 (19)
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Table I. In vitro activity of ulifloxacin and ciprofloxacin against Gram-negative and -positive bacteria (MIC and MBC values [mg/L]).? Data
from studies conducted in Italy!'l and Spainl's! comparing ulifloxacin with other fluoroquinolones against clinical isolates obtained between
1998 and 2000

Species (no. of isolates) Ulifloxacin Ciprofloxacin
MICso MICgo MBCgo MICs0 MICgo MBCgo

Gram-negative bacteria
Escherichia coli

Italian nosocomial (41) <0.015 4.0 16 <0.015 16.0 32
Italian community (37) <0.015 0.12 0.5 <0.015 0.5 1
Spanish [nalidixic acid-resistant] (26) <0.015[0.12] <0.015[1] NT <0.015[0.25] <0.015[1] NT
Haemophilus spp., Italian community (24) <0.015 <0.015 0.03 <0.015 <0.015 0.03
H. influenzae, Spanish (20) <0.015 <0.015 NT <0.015 0.03 NT
Klebsiella spp.
Italian nosocomial (33) <0.015 2 4 0.03 8 16
Italian community (15) <0.015 0.12 0.12 0.03 0.25 0.25
K. pneumoniae, Spanish [nalidixic acid-resistant] (23) 0.03 [0.25] 0.12[0.25] NT 0.03 [0.25] 0.25 [1] NT
Moraxella catarrhalis
Italian community (16) <0.015 0.03 0.03 <0.015 <0.015 0.03
Spanish (8) 0.03 0.06 NT 0.12 0.12 NT
Proteus, Providencia, Morganella spp.
Italian nosocomial (44) <0.015 0.5 0.5 0.03 2 2
Italian community (23) <0.015 0.5 1 0.03 1
P. mirabilis, Spanish [nalidixic acid-resistant] (22) <0.015 [1] <0.015 [>4] NT 0.03 [>4] 0.03 [>4] NT
Pseudomonas aeruginosa
Italian nosocomial (45) 2 64 64 8 128 128
Italian community (16) 1 32 128 2 64 128
Spanish [ciprofloxacin-sensitive] (75) 0.25 1 NT 0.5 1 NT
Gram-positive bacteria
Enterococcus spp., Italian community (19)® 0.5 1 4 0.5 1 2
E. faecalis, Italian nosocomial (26) 0.5 2 16 1 2 8
E. faecalis, Spanish [vancomycin-resistant] (21) 2 [4] 4 [>4] NT 1 [>4] 1 [>4] NT
Staphylococcus aureus
Italian nosocomial, oxacillin-susceptible (30) 0.25 0.25 0.5 0.25 0.5 1
Italian community, oxacillin-susceptible (26) 0.25 0.25 0.5 0.25 0.5 0.5
Spanish [meticillin-resistant] (20) 0.5 [>4] 0.5 [>4] NT 0.5 [>4] 0.5 [>4] NT
Streptococcus pneumoniae
Italian community (36) 0.5 1 2 0.5 1 2
Spanish penicillin-susceptible, -intermediate or 1-2 2-4 NT 1-2 2-4 NT
-resistant (58)
S. pyogenes
Italian community (21) 0.25 1 2 0.25 1 4
Spanish (17) 0.25 0.25 NT 0.5 1 NT

a The proposed European susceptibility breakpoints for ulifloxacin were <1, 2 and >4 mg/L for susceptible, intermediate and resistant
strains of bacterial species.l®! For ciprofloxacin, year 2000 NCCLS susceptibility breakpoints were <1, 2 and >4 mg/L.l'¥)

b Sixteen strains of E. faecalis, 2 strains of E. faecium and 1 strain of E. durans.

MBCgo = minimum concentration required to kill 90% of isolates; MICx = minimum concentration required to inhibit x% of isolates; NCCLS =
National Committee for Clinical Laboratory Standards; NT = not tested.

acin had negligible activity against Italian 8 vs 16 mg/L) or -resistant (MICop 64 vs 64 mg/L)
nosocomial isolates of oxacillin-susceptible (MICgp  coagulase-negative staphylococci.'¥ Spanish iso-

© 2004 Adis Data Information BV. All rights reserved. Drugs 2004; 64 (19)
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lates of vancomycin-resistant E. faecalis were resis-
tant to both ulifloxacin and ciprofloxacin, with
MICgg values >4 mg/L.["!

e The extent of the emergence of resistant strains
of S. aureus and meticillin-resistant S. aureus after
in vitro exposure to subinhibitory concentrations of
ulifloxacin (MIC values increased 32- and 4-fold
after seven passages) was generally similar to that
seen with other fluoroquinolones, including
ciprofloxacin (MIC values increased 16- and 2-
fold).?! Resistance data for other Gram-positive
bacteria were not assessed.

Bactericidal Activity

e The bactericidal activity of ulifloxacin (assessed
by the minimum bactericidal concentration [MBC]
required to kill 90% of organisms) against a variety
of susceptible Italian nosocomial and/or community
isolates, including Klebsiella spp., Proteus, Pro-
videncia and Morganella spp., Haemophilus spp.
and M. catarrhalis was equal to or within two times
the MICyog values, whereas the MBCog values for
nosocomial and community isolates of E. coli spp.
were 4-fold higher than the MICyp (table I).!'4]

e Ulifloxacin MBCygo values against susceptible
Italian nosocomial and/or community bacterial iso-
lates of oxacillin-susceptible S. aureus, S.
pneumoniae and S. pyogenes were 2-fold higher
than the MICop values; those against susceptible
isolates of Enterococcus spp. were 4- and 8-fold
higher than the MICop values (table I).l'¥]

In Vivo Activity

e Comparative data suggest that prulifloxacin has
similar or greater activity than ciprofloxacin or
ofloxacin against Gram-negative (including E. coli,
K. pneumoniae and P. aeruginosa) or -positive orga-
nisms (including S. aureus and S. pneumoniae) in
mouse models of systemicl!:>! or respiratory tract!!!
infection or UTL.[!??

e In a representative mouse model of systemic
infection,?! prulifloxacin showed protective effects
similar to those of ciprofloxacin or ofloxacin against
S. aureus (corresponding doses required to protect
50% [EDs0] of mice were 4.52, 10.99 and 5.97 mg/

© 2004 Adis Data Information BV. All rights reserved.

kg, respectively), E. coli (EDs0 0.36, 0.45 and 0.55
mg/kg, respectively) and K. pneumoniae (EDs5o
0.56, 1.18 and 1.1 mg/kg, respectively). ED5q values
with prulifloxacin were approximately 2- to 5-fold
lower than those of ciprofloxacin or ofloxacin
against S. pneumoniae (EDso 23.08, 112.31 and
48.81 mg/kg, respectively) or P. aeruginosa (ED50
24.94, 46.5 and 93.0 mg/kg, respectively).?!]

e In a mouse model of respiratory infection, the
prulifloxacin EDs5o value was up to 2-fold lower
than that of ciprofloxacin or ofloxacin against K.
pneumoniae (EDsp 0.98, 2.24 and 1.18 mg/kg,
respectively).[!! Prulifloxacin showed similar or
greater therapeutic efficacy to that of ciproflox-
acin®! and superior efficacy to ofloxacin or
levofloxacin (measured by reductions in bacterial
counts) against E. coli or P. aeruginosa in mouse
models of UTLI!22!

Cardiac Risk, Proconvulsant and
Phototoxicity Potential

e Results of in vitro'?¥ and in vivo!>?* studies
suggest that the QT interval is unlikely to be pro-
longed during prulifloxacin therapy. Ulifloxacin,
like ciprofloxacin, had little effect in vitro on the
human ether-a-go-go-related gene (HERG) K+
channel in stable transfected human embryonic kid-
ney cells; unlike moxifloxacin (50% inhibitory con-
centration of 74.7 umol/L), neither agent achieved a
50% inhibition of HERG current amplitude at 0.1
Hz with concentrations of up to 335 pumol/L (maxi-
mum blockades of 12.3% for ulifloxacin and 47.6%
for ciprofloxacin)./?’!

® Oral administration of prulifloxacin 150 mg/kg
once daily for 5 days in conscious dogs had no effect
on the PR, QT or corrected QT (Fridericia’s formu-
la) intervals.[?¥! Like levofloxacin, a continuous in-
travenous infusion of ulifloxacin 4 mg/kg/min in
anaesthetised rabbits did not prolong the QT interval
or induce cardiac arrhythmias.>¥

e As with other fluoroquinolones, such as
ciprofloxacin, oral prulifloxacin did not induce con-
vulsions in mice.?>) However, oral coadministration
of prulifloxacin or ciprofloxacin with fenbufen, an
NSAID, induced convulsions and death in mice.!*!

Drugs 2004; 64 (19)
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The convulsant effect of prulifloxacin in this model
was similar to that of ciprofloxacin when either drug
was coadministered orally with theophylline.>]

e The phototoxic potential of prulifloxacin appears
to be low, and similar to that of ciprofloxacin.l® In a
randomised, single-blind, crossover study with a
15-day washout period, no phototoxic reaction was
observed in seven of ten healthy Caucasian males in
each treatment group. Volunteers were exposed to
ultraviolet A irradiation before and after 8 days’
administration of oral prulifloxacin 600mg once dai-
ly or ciprofloxacin 500mg twice daily. One pru-
lifloxacin recipient developed mild phototoxicity,
while the two other phototoxic reactions were con-
sidered doubtful or probable. Ciprofloxacin caused
doubtful phototoxicity in two of ten subjects and
probable phototoxicity in one subject.l!

2. Pharmacokinetic Profile

The pharmacokinetics of oral prulifloxacin after
single- or multiple-dose administration have been
evaluated, including in several dose-ranging studies,
in young or elderly, healthy Japanese or Caucasian
volunteers and in patients with renal impair-
ment.?6-21 Data from European studies?6-27:31:321
are supplemented by those from Japanese stud-
ies?839 and the manufacturer’s investigator’s bro-
chure,B where required.

Because oral prulifloxacin is a prodrug and is
rapidly and extensively metabolised to ulifloxacin
(after administration, there are no detectable con-
centrations of prulifloxacin found in plasma), the
pharmacokinetics of oral prulifloxacin have been
determined by evaluating plasma and urine concen-
trations of ulifloxacin.?6-31 Discussion in this sec-
tion focuses predominantly on data for single-dose
or once-daily prulifloxacin 600mg. Values are
means, unless otherwise stated.

Absorption and Distribution

e After administration of a single oral dose of
prulifloxacin 600mg in young healthy Caucasian
volunteers, the peak plasma concentration (Cmax) of
ulifloxacin (1.6 pg/mL) was achieved in a median
time to Cmax (tmax) of 1 hour.[?) The area under the

© 2004 Adis Data Information BV. All rights reserved.

plasma concentration-time curve from zero to infini-
ty (AUCw) was 7.3 pug e h/mL, and AUCe values
showed linearity over a dose range of 300-600mg
(p <0.05).20

e At steady state, the ulifloxacin Cmax was 2 pg/
mL after administration of prulifloxacin 600mg
once daily for 12 days, with corresponding tmax
(median) and AUCss values of 0.75 hours and 7.6
ug o h/mL.1331 Prulifloxacin absorption (evidenced
by an approximately 30% reduction in ulifloxacin
Cmax and AUC values) is reduced when the drug is
taken with milk.3!

e Ulifloxacin is =45% bound to serum proteins in
vivo.Bl It is extensively distributed throughout tis-
sues, with an apparent volume of distribution of
1231L after a single dose of prulifloxacin 600mg,
and shows good penetration into many body tis-
sues.

e After administration of a single dose of pruliflox-
acin 600mg to patients with lung cancer who were
undergoing pneumonectomy/lobectomy, concentra-
tions of ulifloxacin in lung tissue were 1.24 and 0.48
pg/g at 2 and 24 hours after administration. Uliflox-
acin lung/plasma concentration ratios increased with
time, and concentrations of the active compound in
lung tissue at 2, 12 and 24 hours after administration
were approximately 2-, 3- and 5-fold greater than
the corresponding plasma concentrations.

e Like other fluoroquinolones, ulifloxacin actively
penetrates into phagocytic cells in vitro.333-33 The
mean maximum intracellular : extracellular concen-
tration ratio of ulifloxacin in  human
polymorphonuclear leukocytes was 12.3 after expo-
sure to an in vitro concentration of 20 pg/mL.*! In
mouse peritoneal macrophages, the ratios were
1.23-8.93 after exposure to in vitro concentrations
of ulifloxacin 0.25-4 ug/mL over 24 hours.?4
Ulifloxacin showed intracellular bactericidal activi-
ty against phagocytosed P. aeruginosa,’> K.
pneumoniae3* and S. aureus®! and appeared to
potentiate in vitro macrophage activity.3334

e Penetration of ulifloxacin into the CNS is poor,
with low or no concentrations of ulifloxacin de-
tected in cerebrospinal fluid after single- or multi-
ple-dose administration of prulifloxacin.!

Drugs 2004; 64 (19)
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Metabolism and Elimination

e After absorption from the gastrointestinal tract,
prulifloxacin undergoes extensive first-pass metabo-
lism (hydrolysis by esterases, mainly paraox-
onasel*®)) to form ulifloxacin, the active metabo-
lite.’®) Unchanged ulifloxacin is predominantly elim-
inated by renal excretion.?®! Urinary concentrations
of ulifloxacin were >3 pg/mL at 48 hours after a
single dose of prulifloxacin 600mg.°!

e The elimination of ulifloxacin is not dose-depen-
dent.[?! The elimination half-life (t\,) of ulifloxacin
after single-dose prulifloxacin 300—-600mg ranged
from 10.6 to 12.1 hours.?®! Ulifloxacin urinary ex-
cretion (Ae) values were significantly correlated
with AUC values (12 = 0.86; p < 0.001), rather than
with the administered dose of prulifloxacin
300-600mg.*%! Renal clearance (CLR) of uliflox-
acin was =170 mL/min, irrespective of the dose.!?®!

o At 48 hours after administration, 17-23% of a
single dose of prulifloxacin 300-600mg was excret-
ed as ulifloxacin in the urine and 17-29% in the
faeces.[?%37) Approximately 7% of an administered
dose of prulifloxacin is excreted as inactive metabo-
lites.)

e Steady-state ulifloxacin ty, and CLR values were
7.6 hours and 193 mL/min when prulifloxacin
600mg was administered once daily for 12 days;P!
these values are similar to those reported in the
published single-dose study.®! Eighteen percent of
the administered dose of prulifloxacin that was ex-
creted in the urine as ulifloxacin at steady state.>3!]

Special Patient Populations

e The pharmacokinetics of ulifloxacin have been
assessed in healthy, elderly Caucasian volunteers
(aged >65 years) who received single-dose pru-
lifloxacin 600mg.B! Although the Cmax value (1.73
pg/mL) in these subjects was similar to those report-
ed in studies in healthy individuals aged 18-40
years, tmax (1.3 hours), AUCe (11.44 pg e h/mL)
and ty, (13.4 hours) values were increased by
23-57%. However, CLR (168 mL/min) and the pro-
portion of the administered prulifloxacin dose that

© 2004 Adis Data Information BV. All rights reserved.

was excreted in the urine as ulifloxacin (21%) were
similar to values seen in studies in younger volun-
teers.l!

e [n patients with mild (creatinine clearance
[CLcR] 41-60 mL/min or 2.5-3.6 L/h) or moderate
(CLcR 20—40 mL/min or 1.2-2.4 L/h) renal impair-
ment, changes in ulifloxacin pharmacokinetic pa-
rameters after administration of prulifloxacin (pro-
longed tmax, increased AUC and ty,, decreased Ae
and CLR) were correlated to the severity of renal
impairment.[*3?! Consequently, dosage adjustment
in patients with any degree of renal impairment is
recommended.!

Drug Interactions

e Systemic exposure to theophylline is increased
when it is coadministered with fluoroquinolones,
including prulifloxacin.”?”! Theophylline AUC and
ty, values increased by =15% and apparent oral
clearance decreased by =15% when prulifloxacin
600mg was administered once daily for 8 days with
coadministration of theophylline 6 mg/kg on days 1
and 7 in young, healthy volunteers.”” Other
pharmacokinetic parameters were unchanged.?”)

e Although this effect is unlikely to be clinically
important, and is definitely lower than that reported
for ciprofloxacin (increase of serum theophylline
concentrations up to 308%),13% monitoring of serum
theophylline concentrations is recommended if the
drugs are administered together.?”!

e The absorption of oral prulifloxacin was reduced
when cimetidine, aluminium-, magnesium- or calci-
um-containing antacids or iron supplements were
coadministered, or administered up to 3 hours
before or up to 2 hours after prulifloxacin.?”’

e Concurrent administration of probenecid and
oral prulifloxacin increased systemic exposure to
ulifloxacin by 46%, prolonged the ulifloxacin ty, by
60% and reduced the apparent total clearance and
urinary excretion of ulifloxacin by 30% and 57%,
suggesting that renal excretion of ulifloxacin is via
active tubular secretion as well as glomerular filtra-
tion.[?8!

Drugs 2004; 64 (19)
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3. Therapeutic Efficacy

The clinical efficacy of prulifloxacin has been
evaluated in randomised, comparative, multicentre
studies conducted in France, Italy and Switzerland
(some of which were double-blind,>*3-41l) in
patients with AECBB3#4!l or acute, uncomplicat-
edB33%421 or complicated lower UTIs.33740431 Study
drugs were administered orally as a single dose in
acute, uncomplicated lower UTI (prulifloxacin
600mg,33%421 ciprofloxacin  500mg™3? or pe-
floxacin ~ 800mg/*?") or once (prulifloxacin
600mgl3+404L431)  or  twice  (ciprofloxacin
500mgl3*+4*  or amoxicillin/clavulanic acid 1g
[amoxicillin  882.55mg and clavulanic acid
125.28mg; Augmentin®]34143]) daily for 10 days in
complicated lower UTIs/33740431 or AECB.34:411

From a statistical viewpoint, prulifloxacin was
considered to be statistically noninferior to the refer-
ence drug in these studies if the lower limit of the
one-tailed 95% confidence interval (CI) for the dif-
ference between efficacy rates was <15%,13440-43]
except for the double-blind ciprofloxacin-controlled
study in patients with acute uncomplicated UTIs,3"!
which was designed as a superiority trial.

Fully published studies in AECB™ and acute
lower UTIs!*?! are supplemented by the manufactur-
er’s data on file from two studies in these indica-
tions;>3%4!l studies in complicated lower UTIs are

only available as an abstract®”! and as data on
file.[3’4°’43]

Acute Exacerbations of Chronic Bronchitis

The comparative efficacy of once-daily pru-
lifloxacin  600mg,B4411 twice-daily ciprofloxacin
500mg™ or twice-daily amoxicillin/clavulanic acid
1gB#1 administered for 10 days in the treatment of
AECB has been evaluated in two double-blind,
double-dummy studies in 235™ and 214341 adult
patients (mean age =63 years). In both studies, 44!
eligible patients had chronic bronchitis (cough with
productive sputum for >3 consecutive months for >2
consecutive years) and at least two of the following
symptoms/signs: increased cough and/or dyspnoea;
increased sputum volume; increased sputum puru-

© 2004 Adis Data Information BV. All rights reserved.

lence. Exclusion criteria included x-ray evidence of
pneumonia, concurrent infections, recent antibacter-
ial therapy, or significant hepatic or renal impair-
ment.[3:441]

Patients were assessed four times during the
study: at baseline; on day 5-7 of treatment; on day
10-12 (0-48 hours after ceasing treatment); at the
follow-up visit 2 weeks after completing treat-
ment.?44!1 The clinical outcome (primary endpoint)
was assessed at the end-of-treatment (EOT) visit.
Therapeutic success was defined as clinical cure
(resolution of all baseline symptoms) or improve-
ment (decrease in intensity of all baseline symp-
toms).[+41]

Microbiological assessment of sputum samples
was carried out before and after treatment and at the
follow-up visit, if required. Microbiological success
at EOT was defined as eradication (the pathogen
observed at baseline was not present) or presumed
eradication (sputum sample not available because
patient was clinically cured at endpoint). Evidence
of persistence (original pathogen present at EOT) or
superinfection (new pathogen at EOT, with or with-
out the original pathogen) was also noted.!>**! Effi-
cacy analyses were modified intent-to-treat (MITT;
224 randomised patients with baseline and final
evaluations) and per-protocol (PP; n=222) in the
published study!*! and intent-to-treat (ITT) or PP
(both n =212) in the unpublished study.3#!! MITT
analyses are discussed in preference to PP data,
when applicable.

e In the published study, 103 causative bacterial
strains were identified at baseline in 50 prulifloxacin
and 44 ciprofloxacin recipients (42.5% of 221 mi-
crobiologically evaluable patients).*! The most
common organisms were H. influenzae (30.6%),
S. pneumoniae (18.9%), K. pneumoniae (11.7%)
and P. aeruginosa (8.1%). Bacteriological response
according to the infecting pathogen is shown in
figure 1.4

e Therapeutic success rates at EOT (MITT analy-
sis) were similar with prulifloxacin or ciprofloxacin,
being 84.7% (95% CI 78.0, 91.4) versus 85.0%
(95% CI1 78.4, 91.5).11 Similar proportions of pru-
lifloxacin and ciprofloxacin recipients in the MITT
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Fig. 1. Bacterial eradication rates with prulifloxacin (PRU) or ciprofloxacin (CIP). Percentage actual and presumed bacteriological eradica-
tion by pathogen at the end-of-treatment visit (0—48 hours after the end of treatment). Patients with acute exacerbations of chronic bronchitis
received oral PRU 600mg once daily (n = 117) or CIP 500mg twice daily (n = 118) for 10 days in a randomised, double-blind, double-dummy
trial.¥! Number of strains of each pathogen at baseline are shown in parentheses.

population achieved a clinical cure (15.3% vs
11.5%) or improvement (69.4% vs 73.5%). Pru-
lifloxacin was statistically noninferior to ciproflox-
acin.

e Microbiological success at EOT with pruliflox-
acin was generally similar to that with ciprofloxacin
(figure 1).*1 Bacteriological assessment at EOT
showed superinfection (P. aeruginosa [two iso-
lates], K. oxytoca and S. aureus) in four patients
(two in each treatment group) who were clinically
cured and with no evidence of the initial causative
pathogen.

e At the follow-up assessment, 2 of 91 pruliflox-
acin and 1 of 93 ciprofloxacin recipients had clinical
evidence of relapse (exacerbation of chronic bron-
chitis) compared with EOT.[ Microbiological as-
sessment in patients whose condition had deteriorat-
ed at follow-up showed persistence in two instances
(Pseudomonas spp. in one prulifloxacin recipient;
S. pneumoniae in one ciprofloxacin recipient).[

© 2004 Adis Data Information BV. All rights reserved.

e In the unpublished study,?*! 155 bacterial
strains were identified at baseline; the most common
pathogens were E. coli (16.7%), coagulase-negative
Staphylococcus spp. (14.8%) and K. pneumoniae
(12.9%).

e Therapeutic success rates at EOT were similar
with prulifloxacin or amoxicillin/clavulanic acid,
being 92.5% (95% CI 87.4, 97.5) versus 93.4%
(95% CI 88.6, 98.1).134! Statistical analyses demon-
strated therapeutic equivalence of prulifloxacin and
amoxicillin/clavulanic acid (lower limit of the one-
tailed 95% CI —6.7%).*"1 Two weeks after complet-
ing treatment, therapeutic success rates were 94.2%
with prulifloxacin and 98.0% with amoxicillin/
clavulanic acid.[3#!

e Microbiological success at EOT was document-
ed in 94.9% (95% C190.0, 99.8) of prulifloxacin and
93.1% (95% CI 87.3, 99.0) of amoxicillin/clavulan-
ic acid recipients.[34!!
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Acute, Uncomplicated Lower Urinary
Tract Infections

The efficacy of single-dose prulifloxacin 600mg
was compared with that of single-dose pefloxacin
800mg!*?! or ciprofloxacin 500mg*3°! in a pub-
lished, nonblind study (n = 239)%?! and an unpub-
lished double-blind study (n = 251)1** in women
(mean age =40 years) with acute uncomplicated
UTIs (simple cystitis). In the pefloxacin-controlled
study,'*?! women outpatients with acute, uncompli-
cated lower UTIs, evidenced by bacteriuria
(uropathogenic strains 2105 cfu/mL susceptible or
moderately susceptible to the study drugs), pyuria
and <10 days of dysuria and/or urgency, frequency
or suprapubic pain were eligible for inclusion. At the
time of study entry, the mean duration of the current
UTI was 2-3 days.[*?!

Exclusion criteria included recurrent cystitis,
pyelonephritis, complicated UTIs, fever, pregnancy
or lactation, history of altered cerebral conditions,
use of antimicrobial agents, xanthines or fenbufen in
the previous 2 weeks, and renal or hepatic impair-
ment. Patients were assessed at baseline, after 5—7
days (follow-up 1 [FU1]) and at 4 weeks (FU2) after
ceasing treatment.3%4%!

The primary efficacy endpoint in both studies
was the microbiological eradication of infecting
pathogens, based on the results of urine cultures at
the follow-up assessments.[>*>4?1 Successful bacteri-
ological eradication was no bacteria or <103 cfu/mL
bacteria; treatment failure (=103 cfu/mL at any time)
was classed as persistence (the original pathogen
was present at FU1), relapse (the original pathogen
was not detected at first follow-up but was present at
FU2) or superinfection/reinfection (a new pathogen
present at concentrations =105 cfu/mL). Clinical
success (secondary endpoint) was clinical cure or
improvement (all baseline symptoms resolved or
decreased in intensity).*3%4?1 Efficacy analyses are
ITT, unless otherwise stated.3:39421

e In the pefloxacin-controlled study,'** 231 causa-
tive bacterial strains were isolated at baseline in the
ITT population (n = 231). The most common orga-
nisms were E. coli (71.4%), P. mirabilis (10.8%)
and K. pneumoniae (7.8%). Bacteriological re-

[42]
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sponse according to the infecting pathogen is shown
in figure 2.142!

® Successful bacteriological eradication at FU1
and FU2 was seen in similar proportions of pru-
lifloxacin and pefloxacin recipients (mean differ-
ences at these timepoints of 5.2% and 1.8%; one-
tailed 95% CI 0.5, 10.0 and —1.1, 4.6), and no
relapses, reinfections or superinfections were seen at
FU2 in patients achieving microbiological suc-
cess.[*?] Persistence was observed in three pruliflox-
acin and nine pefloxacin recipients at FU1.14%1

e Likewise, clinical success rates with pruliflox-
acin or pefloxacin at FUI (92.2% vs 84.3%) and
FU2 (97.4% vs 96.5%) were similar, and pruliflox-
acin was statistically noninferior to pefloxacin
(mean differences 7.9% and 0.9%; one-tailed 95%
CI 1.0, 14.8 and —2.8, 4.6).1*”] Clinical failure (which
occurred in 7.8% and 15.7% of prulifloxacin or
pefloxacin recipients) was due to the persistence
and/or lack of improvement of one or more baseline
symptoms.[#?!

e At FU2, three patients who had achieved clinical
success at FU1 had recurrence of symptoms without
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Fig. 2. Bacterial eradication rates with prulifloxacin (PRU) or peflox-
acin (PEF). Percentage bacteriological eradication by pathogen at
the first follow-up visit (5—7 days after treatment cessation). Pa-
tients with acute, uncomplicated lower urinary tract infections (sim-
ple cystitis) received a single oral dose of PRU 600mg (n = 116) or
PEF 800mg (n = 115) in a randomised, nonblind study.“? Number
of strains of each pathogen at baseline are shown in parentheses.
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evidence of urinary pathogens (two prulifloxacin
and one pefloxacin recipient).[*?!

o In the unpublished study,*3° 246 causative bac-
terial strains were isolated at baseline in 241 pa-
tients, predominantly E. coli (60.2%), P. mirabilis
(7.7%) and coagulase-negative Staphylococcus spp.
(6.1%).

e Similar proportions of prulifloxacin or ciproflox-

acin recipients achieved bacteriological eradication
at 5-7 days after treatment (97.2% vs 97.2%; both
95% CI 94.0, 100.0; PP analysis).** ITT analysis
showed similar results (95.0% vs 93.3% at 5-7 days;
95% CI 89.1, 100.0 and 89.9, 97.8). At 30 days after
treatment, bacteriological eradication was main-
tained in almost all patients (95.2% vs 95.4%; 95%
CI91.2,99.3 and 91.4, 99.3; PP analysis).

e Clinical success rates at 5-7 days (98.1% vs
98.2%; 95% C1 95.5, 100.0 and 95.6, 100) and at 30
days (97.1% vs 96.3%; 95% CI 94.0, 100.0 and 92.7
and 99.9) after prulifloxacin or ciprofloxacin ther-
apy were also similar (PP analyses).!3

Complicated Lower Urinary Tract Infections

The efficacy of prulifloxacin 600mg once daily
for 10 days has been compared with that of twice-
daily ciprofloxacin 500mg (n = 257)34% or amox-
icillin/clavulanic acid 1g (n = 225)3* in patients
aged 18-89 years with complicated UTIs in two
European trials,>374943]1 one of which was double-
blind.340!

Complicated lower urinary tract infection was
defined as the presence of an indwelling catheter,
intermittent catheterisation, a residual urine after
voiding of =50mL, prostatic hypertrophy, obstruc-
tive uropathy, vesicourethral reflux or other urologi-
cal abnormalities characterised by any combination
of dysuria, urgency, frequency, suprapubic pain or
fever.[3:4043]

Patients were enrolled when the UTI was con-
firmed by culture of a midstream urinary specimen
exhibiting 2105 cfu/mL of bacterial strains suscepti-
ble or intermediate to the treatment drugs. The pres-
ence of pyuria (white blood cell count >10/mm3 or
>5/high-powered field) was also required. Exclusion

Gastric pain

Pruritus

Diarrhoea

Dyspepsia

Nausea

Other Gl disturbances

Vomiting

Headache

O PRU
| CIP

0 2

4

T T 1
6 8 10
Patients (%)

Fig. 4. Tolerability of prulifloxacin (PRU). Drug-related, treatment-emergent adverse events reported in patients with acute exacerbations of
chronic bronchitis who received oral PRU 600mg once daily (n = 117) or ciprofloxacin (CIP) 500mg twice daily (n = 118) for 10 days in a
multicentre, randomised, double-blind, double-dummy trial.l Gl = gastrointestinal.
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agents in the previous 3 weeks, concomitant treat- < 60
ment with xanthines or fenbufen, and renal or hepat- £ 504
ic impairment./34043] £ 40 -
o
In both studies, patients were evaluated at four 20 l
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days 5-7 after treatment [FU1]; 4 weeks post-treat- o
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The primary efficacy endpoint was microbiologi-
cal eradication of infecting pathogens, based on the
results of wurine cultures at follow-up assess-
ments.?4%431 Successful bacteriological eradication
was no bacteria or <103 cfu/mL bacteria. Treatment
failure (2103 cfu/mL at any time) was classed as
persistence (the original pathogen was present at
FU1), relapse (the original pathogen was not de-
tected at first follow-up but was present at FU2) or
superinfection/reinfection (a new pathogen present
at concentrations =103 cfu/mL). Clinical success
(secondary endpoint) was clinical cure or improve-
ment (all baseline symptoms resolved or decreased
in intensity).[340431

e In these two studies, the predominant bacterial
strains at baseline were E. coli (62.8% in the double-
blind comparison with ciprofloxacin and 47.9% in
the comparison with amoxicillin/clavulanic acid),
P. mirabilis (7.0% and 15.5%) and K. pneumoniae
(4.1% and 7.3%).13:40431

e According to the PP analysis (n = 193), success-
ful bacteriological eradication at FU1 was achieved
in 90.4% (95% CI 84.5, 96.4) of prulifloxacin and
80.8% (95% CI 73.1, 88.6) of ciprofloxacin recipi-
ents in the double-blind comparison.>* ITT analy-
sis (n = 206) using the Z test showed that pruliflox-
acin was significantly more effective than ciproflox-
acin in achieving successful bacteriological

eradication at FU1 ( Z = 2.63; p = 0.008) [figure
3]'[3,40]

e (linical success was seen in the majority of
prulifloxacin or ciprofloxacin recipients (94.9% vs
92.0%; 95% C190.4, 99.2 and 86.7, 97.3; PP analy-
sis).[3401
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ITT PP

Fig. 3. Comparative efficacy of prulifloxacin (PRU) and ciproflox-
acin (CIP). The proportion of patients with complicated lower urina-
ry tract infections receiving PRU 600mg once daily (n = 127) or CIP
500mg twice daily (n=130) for 10 days at the first follow-up visit
(5—7 days post-treatment) who achieved successful bacteriological
eradication (n = 206 evaluable patients; intent-to-treat [ITT] analy-
sis; n = 193; per-protocol [PP] analysis) in a randomised, double-
blind study.l34% * p = 0.008 vs CIP.

e At FU2, similar proportions of prulifloxacin and
ciprofloxacin recipients had evidence of bacterio-
logical success (75.3% vs 72.2%).1340]

e In the nonblind study, PP analysis indicated that
successful bacteriological eradication at FU1 oc-
curred in similar proportions of prulifloxacin and
amoxicillin/clavulanic acid recipients (n = 204;
93.1% vs 95.1%; 95% CI 88.2, 98.0 and 90.9, 99.3),
an outcome that was unchanged at FU2 (93.5% vs
93.7%).1343 Statistical analysis demonstrated thera-
peutic equivalence (lower limit of the one-tailed
95% CI —7.4%). The clinical success rates with
either treatment were similar (96.1% vs 97.1%; 95%
C1 92.3, 99.8 and 93.8, 100.0).5341

4. Tolerability

e Prulifloxacin was generally well tolerated in the
clinical trials discussed in section 3. There were no
significant differences in the type, severity and inci-
dence of treatment-related adverse events in multi-
ple- or single-dose comparisons of prulifloxacin
with ciprofloxacin,®#3%401 pefloxacin,? or amox-
icillin/clavulanic acid.[?4!143]

e Similar proportions of prulifloxacin and
ciprofloxacin recipients with AECB reported drug-
related, treatment-emergent adverse events during
10 days of therapy (15.4% vs 12.7%; n = 235)
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[figure 4].1 The most frequently reported treat-
ment-related adverse event in either group was mild
or moderate gastric pain (8.5% vs 6.8%).[41 One
patient in each treatment group withdrew prema-
turely because of treatment-related adverse events.[*!
Prulifloxacin was not associated with clinically sig-
nificant changes from baseline in vital signs,
haematology or biochemistry.[*

e Single-dose prulifloxacin was well tolerated.!?!
In the comparison with pefloxacin, only one possi-
ble treatment-related adverse event (gastric pain
with prulifloxacin) was reported.*?!

e The incidence of treatment-related adverse ef-
fects with prulifloxacin in a combined analysis of
phase II/III European and Japanese data was 4.6%
(207 adverse events reported by 180 of 3845 pa-
tients).’37 Treatment-related adverse events with
ciprofloxacin (449 patients), ofloxacin (449 pa-
tients), amoxicillin/clavulanic acid (220 patients) or
single-dose pefloxacin (118 patients), the compara-
tor drugs, occurred in 7.6%, 6.4%, 16.8% and 0% of
patients, respectively.?!

e The most frequently reported adverse events
were gastric disturbances (62 of 207 events), diar-
rhoea (26), nausea (24) and skin rash (13).53!

5. Dosage and Administration

In Italy, approval is being sought for the use of
oral prulifloxacin 600mg as a single dose in the
treatment of acute uncomplicated lower UTIs, and
as a once-daily 600mg dosage for a maximum of 10
days in the treatment of complicated lower UTIs or
AECB.B!

6. Prulifloxacin: Current Status

Prulifloxacin is an oral fluoroquinolone that has
activity against a wide range of pathogens, including
those frequently associated with respiratory tract
infections and UTIs. It was approved in Japan in
2002 for use in a variety of infections.**! Once
prulifloxacin is approved in Italy, approval in other
European countries will be sought.!
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