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Summary
Abstract Moxifloxacinisan extended-spectrum fluoroquinol one which hasimproved cov-

erage against Gram-positive cocci and atypical pathogens compared with older
fluoroquinolone agents, while retaining good activity against Gram-negative bac-
teria. The antibacterial spectrum of moxifloxacinincludesall major upper and lower
respiratory tract pathogens; it is one of the most active fluoroquinolones against
pneumococci, including penicillin- and macrolide-resistant strains. In in vitro
studies, emergence of bacteria resistance was less common with moxifloxacin
than with some other fluoroquinolones, but this requires confirmation in large-
scaleclinical studies.

Aswith other fluoroquinolones, moxifloxacin achieves good penetration into
respiratory tissues and fluids. It shows alow potential for drug interactions and
dosage adjustment is not required for patients of advanced age or those with renal
or mild hepatic impairment.

The efficacy of oral moxifloxacin has been demonstrated in large, well-
designed clinical trials in patients with community-acquired pneumonia, acute
exacerbations of chronic bronchitis or acute sinusitis. Moxifloxacin 400mg once
daily achieved bacteriological and clinical success rates of approximately 90%
or higher. It was as effective as, or more effective than, comparators including
clarithromycin, cefuroxime axetil and high dose amoxicillin in thesetrials.

The most commonly reported adverse events in patients receiving moxi-
floxacin are gastrointestinal disturbances. Moxifloxacin is also associated with QTc
prolongation in some patients; there are, as yet, no data concerning the possible
clinical sequelae of this effect in high-risk patients. Moxifloxacin has alow pro-
pensity for causing phototoxic reactions relative to other fluoroquinolones, and
animal data suggest that it has a low potential for causing excitatory CNS and
hepatotoxic effects.

Conclusions: Asan extended-spectrum fluoroquinol one, moxifloxacin offers
the benefits of excellent activity against pneumococci, once daily administration
and alow propensity for druginteractions. Although studies are needed regarding
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its tolerability in at-risk patients with QT interval prolongation, available data
suggest that moxifloxacin is likely to become afirst-line therapy option for the
treatment of community-acquired lower respiratory tract infections, particularly
in areas where drug-resistant S. pneumoniae or H. influenzae are common.

Antibacterial Activity Moxifloxacin is an extended-spectrum fluoroquinolone which has an antibacte-
rial spectrum that coversall of the major respiratory tract pathogens. It is one of the
most activefluoroquinol ones agai nst Streptococcus pneumoniae (mean weighted
MICgp<0.3 mg/L), including penicillin- and macrolide-resistant strains. It isalso
active against S. pyogenes or group A streptococci (mean weighted MICgp 0.24
mg/L) and methicillin-susceptible Saphyl ococcus aur eus (mean weighted M1 Cgg
0.10 mg/L), but has more variable activity against methicillin-resistant S. aureus
(MICg02to 8 mg/L) and borderline activity against ci profloxacin-resi stant strains
of S aureus (MICgp1to 2 mg/L).

Moxifloxacin has good activity against Enterobacteriaceae and other Gram-
negative species, including Haemophilus influenzae, Moraxella catarrhalis (3-
|lactamase—positive or —negative strains of both species) and H. parainfluenzae
(MICg0 0.03 t0 0.125 mg/L). It is generally 2-fold less active than ciprofloxacin
against Enterobacteriaceae and has poor activity (MICgp 4 to >32 mg/L) against
Pseudomonas aer uginosa.

Moxifloxacin also demonstrates good activity against the atypical respiratory
tract pathogens Mycoplasma pneumoniae, Chlamydia pneumoniae and Legion-
ella spp. (MICgo<1 mg/L).

Minimum bactericidal concentrationsof moxifloxacinwereegual to, or within
1 dilution of, MIC values. Postantibiotic effects of >1 hour have been demon-
strated against arange of respiratory pathogens.

Moxifloxacin was activein experimental lung infectionsin animals, eradicat-
ing or markedly reducing the number of M. pneumoniae, S. pneumoniae, C.
pneumoniae or L. pneumophila in the lung and protecting against death or dis-
semination of Legionella infection.

Moxifloxacin has similar inhibitory activity against both of the bacterial enzym-
atic targets of fluoroquinolones, topoisomerase IV and DNA gyrase. The inhibi-
tory activity of moxifloxacin appearsto be little affected by characterised single
genetic mutations or by the presence of the NorA efflux mechanism, and emer-
genceof bacterial resistance among Gram-positive pathogensin vitro studieswas
less common with moxifloxacin than with other fluoroguinol ones tested.

Pharmacokinetic Moxifloxacin is ailmost completely (=90%) absorbed after oral administration.
Properties Thus, maximum plasma concentration (Cmax) and area under the concentration-
time curve (AUC) values are only slightly lower than after administration of the
same dose by the intravenous route (as a 60-minute infusion). Oral absorption is
not affected by food intake (including dairy products).
The pharmacokinetics of moxifloxacin are linear within the 50 to 800mg dose
range. An ora dose of 400mg generally achieves amean Cmax of approximately
2.5t0 5 mg/L within 1 to 2 hours (tmax) and an AUC of approximately 27 to 45
mg/L « h.
In common with other fluoroguinol ones, moxifloxacin exhibitsahigh volume
of distribution (2 to 3.5 L/kg), relatively low binding to plasma proteins (39%)
and penetrates well into respiratory tissues and fluids. Concentrations achieved in
bronchial mucosa, epithelia lining fluid, sinustissues and alveolar macrophages
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exceed concurrent plasma concentrations and are =21 mg/L (or mg/kg) 24 hours
after a400mg dose(s). Evidence from animal studies suggests that moxifloxacin
penetrates the placental and blood-brain barriers and into breast milk.

Moxifloxacin is metabolised to a sulfo- (M1) and aglucuronide (M2) deriva-
tive. The cytochrome P450 system isnot involved in the metabolism of the agent.
Approximately 15to 22% of adoseisfound unchanged intheurine, with asimilar
amount in the faeces.

Theterminal elimination half-life of moxifloxacin rangesfrom approximately
810 16 (median 12.4) hours. Plasma clearance ranges from 9 to 15 L/h and renal
clearance from 1.3to 3 L/h.

The pharmacokinetics of moxifloxacin do not appear to be affected by ad-
vanced age, gender, race, renal impairment or mild hepatic impairment.

Clinical Potential Oral moxifloxacin 400mg once daily was effective in the treatment of patients
with community-acquired pneumonia, acute exacerbations of chronic bronchitis
or acute sinusitis, achieving bacteriological and clinical success/resolution rates
of approximately 90% or higher in clinical trials at treatment end. Clinical suc-
cess/resolution was generally defined as complete resol ution or considerable im-
provement in signs and symptoms of infection, such that no further antimicrobial
treatment was required.

In patients with community-acquired pneumonia, moxifloxacin 400 mg/day
was as effective asamoxicillin 1g 3 times daily and moxifloxacin 200 or 400 mg/
day was as effective as clarithromycin 500mg twice daily in 3 large, well-designed
trials.

In acute exacerbations of chronic bronchitis, a5-day course of moxifloxacin
400 mg/day was more bacteriologically effective than a 7-day course of clar-
ithromycin (91 vs 68% of patients), but achieved similar clinical successratesto
7- or 10-day treatment with clarithromycinin 2 largetrias.

In patients with acute sinusitis, a 7-day course of moxifloxacin 400 mg/day
was more effective than a 10-day course of cefuroxime axetil 250mg twice daily
(clinical success: 97 vs 91%; bacteriological success. 95 vs 84% of patients) in
one trial. However, in a second trial, 10-day treatment courses of moxifloxacin
400 mg/day and cefuroxime axetil 500 mg/day produced almost identical clinical
response rates (90 vs 89%).

Tolerability The most commonly reported adverse eventsin patients receiving moxifloxacin
aregastrointestinal disturbances, mostly nausea (7.2% of 4926 patientsin clinical
trials) and diarrhoea (5.7%). Dizziness occurred in 2.8% of patients.

In comparative studies, moxifloxacin was associated with a similar overall
incidence of drug-related adverse events to high dose amoxicillin and clar-
ithromycin but aslightly higher rate of events than cefuroxime axetil in patients
with respiratory tract infections.

Moxifloxacin 400 mg/day was associated with a mean prolongation of the
QTc interval of 6 msec (n = 4008) versus 1 msec in recipients of comparator
agents (clarithromycin, cefalexin, cefuroxime axetil, amoxicillin, doxycycline
and metronidazole; n = 3689); 1 versus 4 patients experienced a cardiovascular
event. At present, there are no data concerning the use of moxifloxacin in patients
who have pre-existing QT prolongation or who are taking drugs which prolong
the QTc interval.

Moxifloxacin appears to have a low propensity for causing phototoxic reac-

0 Adis International Limited. All rights reserved. Drugs 2000 Jan; 59 (1)
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Drug Interactions

Dosage and
Administration

tions relative to other fluoroquinolones, as demonstrated in preclinical and clin-
ical studies; no phototoxic events occurred in amost 5000 patients treated with
the drug. Animal data suggest that the drug has alow potential for causing CNS
excitatory and hepatotoxic effects.

As with other fluoroquinolones, the bioavailability of moxifloxacin is substan-
tially reduced by coadministration with an antacid, sucralfate or aniron prepara-
tion. However, the extent of absorption of moxifloxacin is unaffected by
concurrent administration of cal cium-containing supplements, although the rate
of absorption is slowed.

Moxifloxacin does not interact with theophylline, 3-acetyldigoxin, probene-
cid, ranitidine, warfarin or oral contraceptives, in contrast to some other com-
pounds of this class.

Moxifloxacin is indicated for the treatment of acute bacteria exacerbations of
chronic bronchitis, community-acquired pneumoniaand acute bacterial sinusitis.
The recommended oral dosage for all indications is 400mg administered once
daily. Moxifloxacin should be administered for 5 days for acute exacerbations of
chronic bronchitis and 10 days for acute sinusitis or community-acquired pneu-
monia

No dosage adjustment is required in the elderly, patients with mild hepatic
impairment or in patients with any degree of renal impairment. Currently there
are no recommendations concerning the use of moxifloxacin in patients with

moderate to severe liver impairment or in patients undergoing renal dialysis.

Moxifloxacin has been shown to prolong the Qtc interval in some patients. Its
use should be avoidedin patientswith known QT interval prolongation or inthose
receiving concomitant drugs known to prolong the Qtc interval.

1. Infroduction

Because of their excellent activity against Gram-
negative organisms, older fluoroquinolones, such
as the benchmark agent ciprofloxacin, are consid-
ered to be particularly suitable for the treatment of
nosocomia and community-acquired respiratory
tract infections which are thought to have a Gram-
negative aetiology. However, older fluoroguino-
lonesare not generally regarded asfirst-line agents
for empirical monotherapy of community-acquired
pneumonia, because of their suboptimal activity
against staphylococci and, in particular, strepto-
cocci.[12 Such organisms are implicated in most
community-acquired respiratory tract infections
(tablel).

Modification of the side-chain of the fluoroquin-
olone molecule has led to a new generation of ex-
tended-spectrum fluoroquinolones. Moxifloxacin,

0 Adis International Limited. All rights reserved.

an 8-methoxyquinolone (fig. 1),1 is one of several
new extended-spectrum fluoroguinolones which
offer improved Gram-positive and anaerobe cover-
age compared with the older agents.[”) Thisreview
discusses the clinical potential of oral moxiflox-
acininthe management of community-acquired re-
spiratory tract infections.

2. Antibacterial Activity

2.1 In Vitro Activity

In thisreview, in vitro antibacterial activity re-
fersto minimum inhibitory concentrations (MI1Cs)
determined by broth or agar dilution techniques
(except in the case of intracellular bacteria such as
chlamydiae, which were tested in cell culture).
MICso and M1 Cqyg refer to the minimum concentra
tions required to inhibit the growth of 50 and 90%

Drugs 2000 Jan; 59 (1)
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of strains, respectively. Proposed MIC breakpoints
for moxifloxacin for Enterobacteriaceae and
Staphylococcus spp. indicating susceptibility, in-
termediate susceptibility and resistance are <2, 4
and =8 mg/L, respectively. For Streptococcus pneu-
moniae, therespective breakpointsare<1, 2 and >4
mg/L and for Haemophilus spp. the susceptibility
breakpoint is <1 mg/L.[®

This section focuses on the in vitro activity of
moxifloxacin against respiratory pathogens. Table
I shows mean weighted M1Cgyg valuesfor common
respiratory pathogens for which sufficient data are
available (at least 3 fully reported studies which
included =10 clinical isolates of each organism).

2.1.1 Gram-Positive Bacteria

Moxifloxacin was the most active of several new
and older fluoroguinolones (including gatiflox-
acin, levofloxacin and ciprofloxacin) tested against
streptococci and staphylococci.[”]

Streptococci

Moxifloxacin has excellent activity against S.
pneumoniae, with mean weighted M1 Cgyg values of
<0.3 mg/L regardless of penicillin susceptibility
(table 11).1713-16.18-20] |t glso retained activity

Table I. Pathogens implicated in community-acquired respiratory
tract infections?!

Lower respiratory tract infections
Community-acquired Streptococcus pneumoniae
pneumonia Haemophilus influenzae
Staphylococcus aureus
Klebsiella pneumoniae
Mycoplasma pneumoniae
Chlamydia pneumoniae
Legionella pneumophila
H. influenzae

Moraxella catarrhalis

S. pneumoniae

H. parainfluenzae

Acute exacerbations of
chronic bronchitis

Upper respiratory tract infections

Acute bacterial sinusitis S. pneumoniae
H. influenzae
M. catarrhalis
S. aureus

Tonsillopharyngitis S. pyogenes

S. aureus

Epiglottitis H. influenzae

0 Adis International Limited. All rights reserved.
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Fig. 1. Structure of moxifloxacin.

against macrolide-resistant (erythromycin MIC 21
mg/L) strains (n = 40; MICgy 0.12 mg/L).[23

Moxifloxacin is generally 2-fold more active
than sparfloxacin,[1214.18] 2. to 4-fold more active
than gatifloxacinl”) and 8- to 16-fold more active
than ciprofloxacin, levofloxacin (table Il) and
ofloxacinl1417-19] against pneumococci.

As expected, moxifloxacin was more active than
B-lactams (amoxicillin/clavulanic acid, cefuroxime,
cefpodoxime, cefaclor, cefixime) against pneumo-
cocci with intermediate or full resistance to peni-
cillin (MICgyg 0.12 vs 0.5 to 64 mg/L). It was also
more active than azithromycin, clarithromycin or
erythromycin against macrolide-resi stant strainsof
pneumococci (MICg 0.12 vs 16 to >64 mg/L).[2

S. pyogenes (group A streptococci) were gener-
aly inhibited by moxifloxacin at 0.25 mg/L (mean
weighted MICgy 0.24 mg/L; table 11);[7913.20
moxifloxacin was approximately 4-fold more ac-
tive than levofloxacin or ciprofloxacin against
these bacteria (table I1). Asfor other streptococci,
the activity of moxifloxacin was unaffected by
macrolide resistance; in a single study,24 moxi-
floxacin had an MICgyy of 0.25 mg/L against S.
pyogeneswith various macrolide resi stance pheno-
types (constitutive or inducible macrolide-
lincosamide-streptogramin B or M-typeresistance;
n = 90). Sparfloxacin was 2- to 4-fold less active
against these strains.[24]

Staphylococci

Moxifloxacin has good activity against methi-
cillin-susceptible Staphyl ococcus aureus (MSSA),
with reported MICgq values ranging from 0.06 to
0.125 mg/L[79.1013,15,2021] (mean weighted M1Cgy
0.10 mg/L; table II). It is generally 8-fold more
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Table II. In vitro activity of moxifloxacin against common community-acquired respiratory tract pathogens. All studies used broth or agar
dilution techniques and an inoculum size of 10* to 10° colony-forming units and included at least 10 clinical isolates of each organism. Mean
weighted MICgp values are each calculated from >3 studies

Organism Mean weighted MICgo value (mg/L) [no. of isolates] References
moxifloxacin ciprofloxacin levofloxacin
(<2 mg/L)? (€1 mg/L)? (<2 mg/L)?
Gram-positive bacteria
Streptococcus pneumoniae (untyped) 0.2 [494] 2.91 [494] - 9-12
S. pneumoniae (PEN-S) 0.22 [2451] 1.96 [2451] 1.81[1935] 7,13-20
S. pneumoniae (PEN-I) 0.28 [430] 2.09 [430] 1.85 [246] 7,14-20
S. pneumoniae (PEN-R) 0.17 [250] >1.76 [250] 2.10[112] 7,14-20
S. pyogenes/group A streptococci 0.24 [191] 0.87 [191] 1.0[137] 7,9,10,13,15,20
Staphylococcus aureus (MS) 0.10 [296] 0.88 [296] 0.35 [149] 7,9,10,13,15,20,21
S. aureus (MR) 3.73[224] >69.75 [224] >15.15 [94] 7,9,10,13,15,20,21
Gram-negative bacteria
Moraxella catarrhalis 0.07 [403] 0.04 [403] <0.04 [349] 7,9,13-15,20
Haemophilus influenzae (BL-)° 0.04 [424] <0.02 [424] <0.03 [410] 7,13-15
H. influenzae (BL+)¢ 0.04 [233] <0.02 [233] <0.03 [221] 7,13-15

a Susceptibility breakpoints for all organisms except S. pneumoniae and Haemophilus spp. for moxifloxacin which had a breakpoint of
<1 mg/L.[822

b Or ampicillin MIC <8 mg/L.

¢ Or ampicillin MIC =16 mg/L.

BL- = non-B-lactamase producing; BL+ = B-lactamase producing; MIC = minimum inhibitory concentration; MICgo = minimum concentration

at which 90% of isolates were inhibited; MR = resistant to methicillin (MIC 216 mg/L); MS = susceptible to methicillin (MIC <8 mg/L); PEN-I

= intermediately susceptible to penicillin (MIC 0.12-1 mg/L); PEN-R = resistant to penicillin (MIC =2 mg/L); PEN-S = susceptible to penicillin

(MIC <0.06 mg/L).

active than ciprofloxacin and 2- to 4-fold more ac-
tive than levofloxacin against these bacteria (table

to moxifloxacin with MICgyy values ranging from
0.03t0 0.125 mg/L (mean weighted MICgy 0.04 and

).

Although moxifloxacin hasmorevariableactiv-
ity against methicillin-resistant S. aureus[MRSA;
MICgy values ranged from 2 to 8 mg/L; mean
weighted MICg 3.73 mg/L (tablell)], it isapprox-
imately 4-fold more active than levofloxacin and
>18-fold more active than ciprofloxacin against
these strains. In vitro data also suggest that
moxifloxacin has borderline activity against
ciprofloxacin-resistant (MICyg 8 to 128 mg/L)
strains of S. aureus (MICgp 1 to 2 mg/L);l2527
however, in the absence of clinical data, these re-
sults should be interpreted with caution (see also
section 2.3).

2.1.2 Gram-Negative Bacteria
Haemophilus influenzae and Moraxella
(Branhamella) catarrhalis are highly susceptible

0 Adis International Limited. All rights reserved.

0.07 mg/L, respectively; table I1). B-Lactamase
production had no effect on MIC values (table
11).[713-15] H, parainfluenzae (MICg 0.03 mg/L;
109 strains),[?8 Bordetella pertussis (MI1Cgp 0.03
mg/L; 34 strains)!?! and B. parapertussis (MICgg
0.06 mg/L; 34 strains)!?% are also highly suscepti-
ble to moxifloxacin.

MICy values for moxifloxacin against Klebsi-
ella spp. and K. pneumoniae generally range from
0.5 to 1.0 mg/L.[91520] However, MICgqy values
were higher in ceftazidime-resistant strains (8
mg/L; n=25vs0.13 mg/L in ceftazidime-suscep-
tible strains; n = 61)[71 and/or strains producing
extended-spectrum B-lactamases (MI1Cgp 2 mg/L;
n = 35).139 Reported MICgy values for moxi-
floxacin against Escherichia coli range from 0.06
to 1 mg/L.[91520]

Drugs 2000 Jan; 59 (1)
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Moxifloxacin has poor activity against Pseudom-
onas aeruginosa (M1Cgqy 4 to >32 mg/L),[7:9:1520]
athough thisis an unusua pathogen in community-
acquired respiratory tract infections. Moxifloxacin
is 2- to 8-fold less active than ciprofloxacin against
P. aeruginosa.[”:9:20]

2.1.3 Atypical Pathogens

Moxifloxacin has good activity against atypical
respiratory tract pathogens, with MI1Cgy values
against Chlamydia pneumoniae, Mycoplasma
pneumoniae and Legionella spp. of <1 mg/L (table
I11). Against C. pneumoniae (in cell culture),
moxifloxacin (MICgy 0.06 to 1 mg/L) wasasactive
aslevofloxacini33 but |ess active than doxycycling 31
erythromycin(3l or clarithromycin.[33 Against M.
pneumoniae, moxifloxacin had similar activity to
sparfloxacin and doxycycline (MICgy 0.12 mg/L
for al 3 drugs)(®¥ and was less active than clar-
ithromycin (table 111) and markedly more active
than levofloxacin (MICg 0.063 vs 0.5 mg/L)%!
(tablelll).

Moxifloxacin (MICgy 0.06 mg/L) was slightly
less activethan levofloxacin, and markedly less ac-
tive than clarithromycin or rifampicin against
Legionella spp. when tested in buffered starch-
yeast extract agar medium (table 111).[38] When
tested against 52 Legionella spp. on supplemented
buffered charcoa yeast extract agar, moxifloxacin
was as active as ciprofloxacin, with amean MIC of
0.004 mg/L with an inoculum of 103 colony-form-
ing units (cfu) and 0.018 mg/L with an inoculum
of 10° cfu (corrected for binding to charcoal).[37]

2.1.4 Factors Affecting Antibacterial Activity

Increasing the inoculum size from 10* to 106 or
103t0 10° cfu had little effect on moxifloxacin M1C
values for most bacteria.l® However, 2- to 4-fold
increasesin MIC were seen with some Gram-neg-
ative strains, including K. pneumoniael® and
Legionella spp.[37]

Human serum, abumin, globulin and dead bacteria
had little effect on the activity of
moxifloxacin,[938 although in one time-kill study,
the presence of serum markedly increased the kill-
ing rate of moxifloxacin against K. pneumoniae.[39
The presence of pus delayed bacterial killing by
moxifloxacin.[38]

2.1.5 Bactericidal Activity

As with other fluoroquinolones, minimum bac-
tericidal concentrations (MBCs) of moxifloxacin
were equal to, or within 1 dilution of, MIC values
for most species tested.[®) Against mycoplasmal
species, MBCs were 2- to 8-fold higher than
MICs.[34 In time-kill assays, moxifloxacin showed
bactericidal effects (generally defined asa 2 to 3
logyo decrease in cfu/ml) against Gram-positive
and Gram-negative organisms.[23.27:40-42]

Bactericidal effects were time- and concentra-
tion-dependent. With pneumococci, these were
seen at 16 x MIC after 4 hours, 8 x MIC after 6
hoursand at 2 x MIC after 24 hours' incubation.[23]
Bactericidal effectswereachieved at theMICin<2
hourswith E. coli and at 4 x MIC in approximately
2 to 8 hours with S aureus.[2741] At 10 x MIC,
moxifloxacin was bactericidal against both intra-
cellular and extracellular S. aureus, including

Table Ill. In vitro activity of moxifloxacin against atypical respiratory tract pathogens. MICgo values obtained by agar or broth dilution, except

in the case of Chlamydia pneumoniae, which was tested in cell culture

Organism MIC or MICgo values (mg/L) [no. of isolates] References
moxifloxacin sparfloxacin levofloxacin  clarithromycin  erythromycin  doxycycline rifampicin

C. pneumoniae  0.06-1 [27] - 1[14] 0.06 [14] 0.125 [10] 0.25[10] - 31-33

Mycoplasma 0.063-0.12[93] 0.12[32] 0.5 [61] <0.008-0.06 - 0.12 [32] - 34,35

pneumoniae [93]

Legionella 0.06 [30] - 0.03 [30] <0.004 [30] - - 0.008 [30] 36

pneumophila

MIC = minimum concentration which inhibited growth; MICgp = minimum concentration at which 90% of isolates were inhibited (or no

inclusions were seen in the case of chlamydiae).

0 Adis International Limited. All rights reserved.
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MRSA, killing >95% of extracellular and 50% of
intracellular S. aureus after 4 hours.[*!

Ininvitro pharmacodynamic modelssimulating
the fluctuating concentrations of moxifloxacin
found in human serum after therapeutic adminis-
tration, concentrations corresponding to those pro-
duced after a 400mg dose eliminated S. pneu-
moniae or S. aureus within 8 to 12 hours.[* In
contrast, sparfloxacin did not eliminate al organ-
isms: at 200 and 400mg, it reduced counts of S.
aureus by 1to4log;o and of S. pneumoniaeby 1.5
to 2.0 logyg within the same time frame.[#4

More rapid bactericidal effects were seen against
Gram-negative bacteria,[40444% even at a100mg dose
level .[44 At the 400mg dose level, E. coli numbers
were reduced to below the level of detectability in
<1 hourl*® and a 5.5 log;o reduction was seen in
M. catarrhalis within 4 hours.[4%]

2.1.6 Postantibiotic Effect

M oxifloxacin showed postantibiotic effects (PAES)
at concentrationsequal to or abovethe M1C against
various Gram-positive and Gram-negative bacteria
(E. coli, S. aureus, H. influenzae, S. pyogenes and
S. pneumoniae).[*146] PAEs tended to increase
with moxifloxacin concentration and were gener-
ally >1 hour at 4 x MIC.[4148] For instance, PAES
at 4 x MIC were 2.3 hours against S. pneumoniae
and 2.8 hours against H. influenzae. At 10 x MIC,
PAEs were extended to 3.3 and 3.5 hours, respec-
tively. PAE duration did not differ significantly be-
tween penicillin-susceptible and -resistant pneu-
mococci 14!

2.2 In Vivo Activity

In experimental lung infectionsin guinea-pigd47-48l
or mice,[*950 moxifloxacin (1 to 100 mg/kg) erad-
icated or markedly reduced the number of M. pneu-
moniag,[*”1 S. pneumoniag,[*%59 C. pneumoniael>
or L. pneumophilal“® in the lung. Moxifloxacin
also protected against death or dissemination of
Legionella infection to the spleen (no further de-
tails given).[48l

0 Adis International Limited. All rights reserved.

2.3 Mechanism of Action and
Resistance Issues

Fluoroquinolones inhibit growth of bacteria by
inhibiting bacterial DNA gyrase (GyrA and GyrB)
and/or DNA topoisomerase |V (ParC and ParE),
which areessential for replication. Proposed mech-
anisms of fluoroquinolone resistance include mu-
tationsin various genes: gyrA and gyrB (which en-
code DNA gyrase) and parC (grlA) and parE
(grIB) [which encode topoisomerase V] and norA
(which encodes a membrane-associated active ef-
flux pump and reduces accumulation of these
drugs within bacteria). High level resistance re-
sults from multiple resistance mechanisms.[51-53]

The primary enzymatic target of fluoroquin-
olones may vary according to the type of bacteria:
topoisomerase |V appears to be the primary target
of fluoroquinolones in Gram-positive bacteria,[51-53
whereas DNA gyrase appearsto be the main target
in Gram-negative species. Topoisomerase IV and
DNA gyrase can both act as secondary targets.
However, the primary target may also depend on
the fluorogquinolone and the newer fluoroquino-
lones can differ from older compounds in this re-
gard.[%4

2.3.1 Activity Against Strains with

Characterised Mutations

Theinhibitory activity of moxifloxacin wasless
affected by genetic mutations than those of the
other fluoroguinolones. A doublemutationin gyrA
increased the 1Csq for ciprofloxacin, sparfloxacin
and norfloxacin by =500-fold compared with the
wild-type gyrase, whereas that of moxifloxacin
was increased by only 12-fold. A parC mutation
did not affect the 1Csp of moxifloxacin against
topoisomerase |V but markedly increased the | Csg
for ciprofloxacin (approximately 5-fold). Single
mutations in gyrA had little effect on 1Csq values
for any of thefluoroquinol ones (increaseswere<3-
fold).[%9]

Some of the newer fluoroguinol ones (e.g. moxi-
floxacin, sparfloxacin, gatifloxacin) retain activity
against pneumococci that have a single parC mu-
tation.[56-581 M1Cs for moxifloxacin against these
mutants ranged from 0.25 to 0.5 mg/L.[5758 |n-
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deed, mutations in both gyrA and parC were re-
quired to produce clinically significant resistance to
moxifloxacin in pneumococci (MIC not stated)!58]
or S. aureus (MIC 8 mg/L).[59]

Of 5 fluoroguinol ones tested, moxifloxacin was
the least affected by mutationsin gyrA, gyrB, parC
or parkE in S aureus (n = 70 strains), inhibiting
ciprofloxacin-resistant strains at 0.5 to 2 mg/L
(MICgp 1 mg/L). Rank order of MICs was cipro-
floxacin > ofloxacin > levofloxacin > sparfloxacin
> moxifloxacin.[26] Moxifloxacin (MICs 8 to 32
mg/L) was more active than levofloxacin and
sparfloxacin (MICs 16 to 128 mg/L) against S. au-
reus mutants with multiple mechanisms resulting
in high level ciprofloxacin resistance (MIC =256
mg/L).[5®!

The contribution of multidrug efflux pumps,
such as NorA, to fluoroquinolone resistance is
thought to belessimportant for hydrophobic drugs
such as moxifloxacin and sparfloxacin. Indeed,
studiesin S. aureusand S. pneumoni ae suggest that
the activity of moxifloxacin is little affected by
NorA efflux mechanisms.[59-61] |n contrast, cipro-
floxacin (which is hydrophilic) has shown de-
creasesin MIC of <8-fold in the presence of efflux
pump inhibition with reserpine.[59.61]

2.3.2 Selection of Resistant Strains

Compared with other fluoroquinolones (partic-
ularly older compounds), moxifloxacin may have a
reduced potential to select for bacterial resistance,
at least in Gram-positive species. This may reflect
itshigh intrinsic affinity for both topoisomerase 1V
and DNA gyrase.[%®]

In Vitro

In Gram-positive bacteria, spontaneous resis-
tance to moxifloxacin developed less frequently in
vitro than with other fluoroquinolones. At4 x MIC,
the frequency of spontaneous mutation in S. pneu-
moniae was <1.45 x 10-° compared with <10-2 for
ofloxacin and grepafloxacin. Corresponding val-
uesfor S aureuswere 7.06 x 108 versus 1.5 x 1076
and 1.2 x 1075, Differences between moxifloxacin
and the other fluoroquinolones were less marked
when Gram-negative bacteria were tested.[62

0 Adis International Limited. All rights reserved.

At 8 x MIC, thefrequency of spontaneousresis-
tance to moxifloxacin among typica Gram-positive
and Gram-negativerespiratory tract pathogenswas
<4 x 1078, Repeat testing showed that MICs of
these clones were identical to those of the parent
strains, suggesting that any mutations were not sta-
ble.[13]

Multistep resistance to moxifloxacin aso
emerged less frequently than to sparfloxacin,
levofloxacin or ofloxacin on serial passage of
Gram-positive bacteria (S. pneumoniae and/or
ciprofloxacin-susceptible or -resistant S. aureus)
through subinhibitory concentrations. No numeri-
cal datawere presented in this abstract report.[62]

In Vivo

In the rat granuloma pouch model, resistance to
moxifloxacin did not emergeininfecting S. aureus
or S. pneumoniae strains when either suboptimal
doses, or oral doses that simulated human serum
kinetics following a 400mg dose, were adminis-
tered.[63641 Both wild-type and first-step mutants
of S aureus or S pneumoniae were used in the
mode.[64

3. Pharmacokinetic Properties

Table IV summarises pharmacokinetic data from
healthy volunteers given single or repeated doses
of moxifloxacin by the oral or intravenous route.
Concentrations of moxifloxacin in body tissues
and fluids were measured by high performancelig-
uid chromatography (HPLC) and/or bioassay;
methods of measuring concentrations of moxiflox-
acin are reviewed by Moller et al 163

3.1 Absorption and Plasma Concentrations

Moxifloxacinisamost completely absorbed af -
ter oral administration (absolute bioavailability 86
to 92%).171.72 Thus, administration of moxiflox-
acin by the intravenous route (as a 60-minute infu-
sion) produces peak plasma concentrations (Cpax)
and area under the plasma concentration-time
curve (AUC) values only slightly higher than the
oral route.[68.72]
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Table IV. Pharmacokinetics of moxifloxacin. Summary of mean pharmacokinetic parameters after oral or intravenous administration of

moxifloxacin to healthy volunteers

Reference No. of Dose (mg) and  tmax (h) Cmax AUC vd CL(L/h)  CLr(L/n) tiep (h) fe (%)
volunteers  route (mg/L) (mg/Le h) (L/kg)

Single dose studies

Stass & 12 (co) 400 IV 1.0 36 34.6 2.1 11.6 2.6 15.4 22

Kubitzal®®! 400 PO 2.0 25 29.8 31 11.6 26 15.6 19

Stassetall®l 6 50 PO 1.8 0.3 3.9 25 12.9 2.8 11.4 20
6 100 PO 2.0 0.6 8.5 2.9 11.8 2.4 12.2 19
6 200 PO 25 1.2 15.4 33 13.0 2.6 14.0 20
7 400 PO 15 25 26.9 3.6 14.9 3.0 13.1 20
7 600 PO 25 3.2 39.9 33 15.0 2.7 125 18
7 800 PO 3.0 4.7 59.9 2.8 13.4 25 12.3 19

Wise etal.®® 7 (co) 400 IV 5.1 453 9.1 1.3 8.2 15

400 PO 1.0 5.0 455 8.9 1.4 8.3 15

Multiple dose? studies

Hiemer-Bau 12 400 x 1 PO 15 3.1 35.1 2.1 11.4 22

etal.l%l 400 x 7 PO 14 3.9 38.9 2.9 103 33

Kubitza et 23 400 x 1 PO 0.92 3.1 30.8 9.6 15

al.l 400 x 5 PO 12 3.2 33.9 15.2 21

a Multiple doses were given once daily.

AUC = area under the plasma concentration-time curve (values for time zero to infinity are shown if reported); CL = total body clearance;
CLr =renal clearance; Cmax = maximum plasma drug concentrations; co = crossover study; fe = fraction of the dose recovered in urine; IV
= intravenously (60-minute infusion); tmax = time to Cmax; t1/2p = plasma elimination half-life; PO = orally; Vd = volume of distribution.

Oral absorption is not affected by concomitant
food intake (including dairy products)!”374 or by
pretreatment with ranitidine (section 6). However,
as with other fluoroquinolones, absorption of
moxifloxacinisimpaired by concomitant adminis-
tration of antacid, sucrafate or iron supplements
(see section 6).

Cmax and AUC are dose-proportional within the
50 to 800mg dose range.l”! An oral dose of 400mg
produces a mean Cpax Of approximately 2.5to 5
mg/L within1to 2 hours(tma) and AUC of approx-
imately 27 to 45 mg/L - h (table 1V).

Repeated administration of 400mg once daily
led to AUC valueswhich were approximately 10%
higher than after single dose administration in 2
studies.[69701 C.. values were 4.5 and 27%
higher.[69.70]

3.2 Distribution

As with other fluoroquinolones, moxifloxacin
has a high volume of distribution (approximately
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210 3.5 L/kg; table 1V) and achieves good penetra-
tion into body tissues and fluids.[7]

Peak moxifloxacin concentrations achieved in
bronchial mucosa, epithelial lining fluid and alve-
olar macrophages after a dosage of 400mg once
daily or in sinustissue after five 400mg doses (fig.
2) greatly exceed MICq values for the common
respiratory pathogens S. pneumoniae, H. in-
fluenzae and M. catarrhalis (section 2.1). These
concentrations exceeded concurrent plasma con-
centrations at all timepoints (by approximately
1.5- to 2-fold in bronchial mucosa, 7-fold in epi-
thelial lining fluid, 19- to 89-fold in alveolar mac-
rophages and 2- to 3-fold in sinustissue) and were
>1 mg/L (or mg/kg) 24 hours postdose.[76.77]

In skin blister fluid, AUCs of moxifloxacin
were similar to those in plasma; drug concentra-
tions were approximately 2-fold higher than con-
current plasma concentrations 24 hours postdose
in healthy volunteers given asingle 400mg oral or
intravenous dose.[58.73] M oxifloxacin also concen-
trated almost 90-fold in aveolar macrophages of
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Fig. 2. Penetration of moxifloxacin into respiratory tissues and
fluids. Peak and trough (24 hours postdose) concentrations of
moxifloxacin in sinus tissues!’”! and epithelial lining fluid, bron-
chial tissue and alveolar macrophages!’8lin patients undergoing
sinus surgery (after 5 oral 400mg doses; n = 34)7"] or diagnostic
bronchoscopy (after a single oral 400mg dose; n = 18).178]
Moxifloxacin plasma concentrations reported by Gehanno et
al.l’7 are also included.

patients who received a single 400mg dose before
undergoing bronchoscopy (fig. 2)[7¢1 and approxi-
mately 11-fold in human neutrophils exposed to a
concentration of 5 mg/L in vitro.[7

Moxifloxacin and its glucuronide metabolite
showed relatively low binding to plasma proteins
(39 and 5%, respectively), whereas the sulfo-meta-
bolite was highly bound (90%).[66]

Evidence from animal studies suggests that
moxifloxacin penetrates the placental barrier, into
breast milkl™ and into normal and purulent
CSF_[80,81]

3.3 Metabolism and Elimination

The cytochrome P450 systemis not involved in
the metabolism of moxifloxacin.[8l Moxifloxacin
is metabolised via conjugation to asulfo- (M1) and
aglucuronide (M2) derivative.[6] Asthereisgood
correlation between the results of bioassay and
HPLC,!7] this suggests that the metabolites do not
contribute significantly to the antimicrobial activ-
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ity of moxifloxacin. Moxifloxacin and M1 and M2
metabolites recovered from the faeces and urine
account for nearly all of an administered dose
(>96%) according to mass balance data.[€!

In healthy volunteers, 19 and 22% of an orally
or intravenously administered dose is eliminated
unchanged in the urine (table V), with a similar
(unchanged) amount eliminated in the faeces.[66]
An estimated 4.5% of a moxifloxacin dose was
eliminated by transepithelial intestinal elimination
over a 120-minute study period in rabbits.[82

The reported mean plasma elimination half-life
(t,p) of oral moxifloxacin 50 to 800mg rangesfrom
810 16 hours(median 12.4 hours; table V). Plasma
clearance ranges from 9 to 15 L/h and occurs pri-
marily by nonrenal mechanisms, with renal clear-
ance being approximately 1.3 to 3 L/h (table IV).

3.4 Influence of Age, Race and Disease

The pharmacokinetics of moxifloxacin do not
appear to be significantly affected by advanced age
or gender, if correction ismade for bodyweight. In
a study involving 3 groups of 12 volunteers who
received a single 200mg oral dose, Crax and AUC
vaueswerehigher in elderly women (1.9 mg/L and
25.2 mg/L - h) than in elderly men (1.6 mg/L and
19.9 mg/L - h) [mean age of both 74 years] and
young men (1.4 mg/L and 19.1 mg/L - h). How-
ever, between-group differenceswereinsignificant
after normalisation of these parameters for body-
weight [l

Similarly, no clinically significant differences
were found with regard to pharmacokinetic param-
eters between Japanese, German or American vol-
unteers given moxifloxacin (dosage not clearly
stated).[84

Renal impairment did not affect the clearance of
oral moxifloxacin, although renal clearance of the
drug decreased asafunction of creatinineclearance
(CLcR), in 32 volunteerswith CLcg values of <1.8
to >5.4 L/h/1.73m? who received a single ora
400mg dose.[85 However, multiple doses of oral
moxifloxacin do not appear to have been studied in
patients with renal dysfunction.
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Patients with mild to moderate hepatic dysfunc-
tion [Child-Pugh class A (n = 6) or B (n = 2)]
tended to havelower Cax and AUC values (13 and
23% lower, respectively) than healthy individuals
(n = 10), but tmax, ty,p and renal clearance values
were similar in the 2 groups.[88]

4. Clinical Potential

Moxifloxacin has been evaluated in the treat-
ment of patients with upper and lower respiratory
tract infections, including community-acquired
pneumonia, acute exacerbations of chronic bron-
chitis and acute sinusitis. Moxifloxacin was given
at a dosage of 400mg once daily in all studies, ex-
cept for onewhich also investigated the efficacy of
a200mg once daily dosage.[87] All comparativetri-
als were randomised and double-blind in design.

Inthese studies, bacteriol ogical successwas de-
fined as elimination of the pretreatment pathogen
(this was presumed in patients in whom sampling
was hot possiblebecause of clinical improvement).
Clinical success (or resolution) generally encom-
passed complete resolution, or reduction in the se-
verity, of signs and symptoms of infection.[87:88] |n
several studies,8%-93 it was specified that only pa-
tientswho did not requirefurther antibacterial ther-
apy could beincluded in the clinical response/res-
olution category. Someinconsistencies were noted
within study reports. For instance, in one study
clinical response was graded as resolution (no
signs and symptoms of infection remaining), im-
provement (only mild intensity of signsand symp-
toms remaining), failure or indeterminate. How-
ever, resultswereonly givenintermsof resolution,
indeterminate or missing data.[94

Response rates stated in this section refer to the
efficacy-evaluable patient population. Patients
were generally assessed for response at the end of
treatment (0 to 6 days post-treatment) and at follow
up (usualy 2 to 5 weeks after completing treat-
ment).

I'n comparative studies, 2-sided 95% confidence
intervals were calculated for the difference be-
tween response rates for comparators, in order to
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detect any significant differences in efficacy be-
tween treatments.

4.1 Community-Acquired Pneumonia

Moxifloxacin (administered 400mg once daily
in al but one study) has been evaluated in a hon-
comparative study!88 and in 3 comparative multi-
centre studies (n > 400 patients each) in the man-
agement of patients with mild to moderate
community-acquired pneumonia confirmed by
chest x-ray (table V). Patients in most trials were
ambulatory, with the exception of one study!8d in
which approximately 80% of patients were
hospitalised. Comparator agents were high dose
oral amoxicillin (1g 3 times daily)[8% or oral clar-
ithromycin (500mg twice daily).[87:92 Antibacte-
rial therapy was given for 10 daysin all studies.

One study enrolled patients with suspected
pneumococcal pneumonia, but one-third of micro-
biologicaly evaluable patients were found to be
infected with other pathogens.!®¥! Another study
performed in the US found a very high incidence
of atypical pretherapy pathogens, with C. pneu-
moniae representing almost one-half and M. pneu-
moniae almost one-quarter of pathogens identi-
fied.[92

Moxifloxacin achieved bacteriological and
clinical success/resolution rates of =90% in all
studiesand was at | east as effective as comparators
(table V). Moxifloxacin 400 mg/day produced
slightly higher bacteriological response rates than
comparator agents in 2 studies (90 vs 85% with
clarithromycinl® and 90 vs 82% with high dose
amoxicillin[®), Clinical successratesat follow up
weresimilar tothoseat end of treatment, indicating
alow incidence of relapse (table V).

I'n studieswhich reported bacteriol ogical results
for individual pathogens,[88:89.92 eradication rates
for moxifloxacin were 90 to 100% for S. pneu-
moniae, 85 to 100% for H. influenzae, 100% for
M. catarrhalis and K. pneumoniae, 89 to 92% for
C. pneumoniae and 93 to 96% for M. pneumoniae.
Of bacteriological failuresreported at follow up in
one comparative study, persistent organisms were
C. pneumoniae (4 moxifloxacin vs 1 clarithromycin
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Table V. Efficacy of moxifloxacin (MOX) in patients with mild to moderate community-acquired pneumonia: summary of multicentre
randomised double-blind comparative trials and a noncomparative trial. All drugs were administered orally for 10 days

Reference No. of Treatment and  Bacteriological Clinical success Follow up Comparative
patients dosage (mg) success [no. of  [no. of patients (%)]° [clinical efficacy
enrolled patients (%)]*°  “successiresolution failure success (%))

Noncomparative study

Patel et al.[58] 254 MOX 400 od 106/116 (91)° 184/190 (97) 94

Comparative studies

Fogarty etal.l®d 474 MOX 400 od 99/102 (97) 177/194 (91) 6(3) 95 MOX = CLR

CLR 500 bid 95/99 (96) 173/188 (92) 9 (5) 95
Hoffken et al.Blf 678 MOX 200 od 29/32 (91) 169/180 (94) 91 MOX 200 =
MOX 400 od 37/41 (90) 167/177 (94) 93 MOX 400 =
CLR 500 bid 29/34 (85) 164/174 (94) 92 CLR; MOX 200
=MOX 400 =
CLRY
Petitpretz et al.lBf 411 MOX 400 od 61/68 (90) 162/177 (92) 15 (9) 89 MOX = AMX;
AMX 1000 tid 56/68 (82) 166/185 (90) 19 (10) 89 MOX z AMX9

a Documented or presumed eradication of the pretreatment pathogen.

b Refers to evaluable patient population only, assessed at the end of treatment (0 to 6 days post-therapy).

¢ Clinical success or resolution was defined as complete resolution of signs and symptoms of infection or sufficient improvement that no

further antibacterial therapy was required.

d Follow-up evaluation was performed 14-35d(%8:92 or 3-4wk[87:89 after therapy.

e Combined result for end of therapy and follow-up responses.

f  Abstract report.

g On the basis of clinical response; bacteriological response.

AMX = amoxicillin; bid = twice daily; CLR = clarithromycin; od = once daily; tid = 3 times daily; = indicates that treatments were equivalent;
> indicates that MOX tended to be more effective than comparator, but this did not reach statistical significance according to 95% confidence

intervals.

recipient), H. influenzae (1 vs 2), M. pneumoniae
(1vs0) and S. pneumoniae (0 vs 1).199 When pen-
icillin susceptibility was taken into account in pa-
tients with pneumococcal pneumonia, moxiflox-
acin achieved a similar clinical success rate to
amoxicillin in patients with strains with intermedi-
ate or full resistance to penicillin (94 vs 87%); re-
sults were not given for resistant and intermediate
strains separately.[89

4.2 Acute Exacerbations of
Chronic Bronchitis

Moxifloxacin has been evaluated in 2 large
comparative trials in patients with mild to moder-
ate acute exacerbations of chronic bronchitis90.93]
(table VI). In both trials, moxifloxacin 400mg ad-
ministered once daily for 5 or 10 days demon-
strated equivalent clinical efficacy to clar-
ithromycin 500mg administered twice daily for 7
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or 10days. At theend of treatment, clinical success
wasachieved in 94% of all moxifloxacin recipients
and 94 to 95% of clarithromycin recipients (table
V1).

With regard to bacteriological results, moxi-
floxacin demonstrated superior efficacy to clar-
ithromycinin onetrial [91 vs 68% at treatment end
(95% confidence intervals 8.5%, 27.7%)]!°% but
similar efficacy in the other(93 (table VI). When
analysed by pathogen, moxifloxacin eradicated H.
influenzae more effectively than clarithromycinin
both trials (91 vs 54%!°°! and 89 or 97% vs 76%;[%3
no statistical analysis provided) at 7 to 17 days
follow-up. Eradication rates against other common
pathogens (M. catarrhalis, S. pneumoniae, S. au-
reus, K. pneumoniae and H. parainfluenzae) were
generaly similar between treatment groups (84 to
100% with 5-day moxifloxacin, 93 to 100% with
10-day moxifloxacin and 88 to 100% with clarith-
romycin).[%.93 No strains resistant to moxifloxacin
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were detected, but 49 isolateswereresistant to clar-
ithromycin in one trial .97

Meta-analysis of data from 4 multinational
studies in patients with acute exacerbations of
chronic bronchitis showed that 96 to 98% of S.
pneumoniae, H. influenzae, H. parainfluenzae and
M. catarrhaliswere eradicated after treatment with
moxifloxacin 400 mg/day; clinical success was
documented in 92 to 100% of patients.[9]

4.3 Acute Sinusitis

Seven- and 10-day courses of moxifloxacin
once daily have been compared with 10-day
courses of oral cefuroxime axetil 250mg twice
daily or oral trovafloxacin 200mg once daily in 3
randomised, double-blind multicentre studies in
patients with acute bacterial sinusitis (table VII).
Patients had nasal congestion, postnasal drainage,
frequent coughing or throat clearing, frontal head-
ache, malar pain/tenderness and/or purulent nasal
discharge. Sinusitis was graded as moderate to se-
verein over 90% of patients.!91.9497 Bacteriological
assessment was performed by swab or cannulation
of the middle meatus or by sinus puncture/aspira-
tion in one study.[94

A 10-day course of moxifloxacin produced an
almost identical clinical response rate (cure or im-
provement) to a10-day course of cefuroxime axetil
[90 vs 89% of patients; 95% confidence intervals
(-5.1%, 6.2%)] in one study.!®Yl However, in an-
other study, a 7-day course of moxifloxacin was
more clinically and bacteriologically effective
than a10-day course of cefuroxime axetil .[% Com-
plete resol ution of clinical symptomswasachieved
in 97% of moxifloxacin versus 91% of cefuroxime
axetil recipients [95% confidence intervals (1.5%;
10.6%0)]. Similar results were seen in the intent-to-
treat population: clinical resolution was docu-
mented in 216 of 242 moxifloxacin recipients
(89%) and 219 of 251 cefuroxime recipients (87%)
at the end of treatment [95% confidence intervals
(=3.7%; 7.8%)].1%4

Bacteriological successwasachieved in 95% of
patients in the moxifloxacin group versus 84% in
the cefuroxime axetil group [95% confidence in-
tervals (3.6%; 19.7%); table V1I]. Over 97% of S.
pneumoniae (n = 39), H. influenzae (n = 29) and
M. catarrhalis (n = 14) and 89% of S. aureus (n =
9) were eradicated in the moxifloxacin group. Per-
sisting pathogens were S. pneumoniae (1 moxi-

Table VI. Comparative efficacy of moxifloxacin (MOX) in patients with mild to moderate® acute exacerbations of chronic bronchitis. All drugs

were administered orally

Reference No. of Treatment and Bacteriological success Clinical success Comparative efficacy
(study design) patients dosage (mg) x [no. of patients (%)]P° [no. of patients (%)]°
enrolled  duration (d) end of follow-up’ end of follow-up’
treatment® treatment®
Chodosh et al.l®®l 936 MOX 400 od x5 127/135(94)  127/143 (89) 127/135(94) 127/135(94) MOX 5d = MOX 10d
(r, db) MOX 400 od x 10 138/145 (95)  135/148 (91) 136/144 (94)  134/140 (96) =CLR
CLR 500 bid x 10 115/127 (91)  110/129 (85) 121/127 (95)  118/123 (96)
Wilson et al.l?0 750 MOX 400 od x5  105/115 (91) 89/115 (77) 304/322 (94)  287/322 (89) MOX =CLR; MOX >
(r, db, mc) CLR 500 bidx7  78/114 (68) 71/114 (62) 307/327 (94)  289/327 (88) CLR?

a All but 16 patients in 1 trial® had type I or Il acute exacerbations as described by Anthonisen et al.[?®! Most patients (68 to 79% per
treatment group) had type | exacerbations.

b Documented or presumed eradication of the pretreatment infecting pathogen.
¢ Refers to evaluable patient population. In one trial,[°®! all evaluable patients had a baseline causative pathogen.

Defined as complete resolution of signs and symptoms of infection or sufficient improvement that no further antibacterial therapy was re-
quired.

e End of treatment evaluation was performed 0-2[°% or 0-6 days post-therapy.!%]
f  Follow-up evaluation was performed 7-91° or 7-17 days post-therapy.[®?!
g On the basis of clinical response; bacteriological response.

CLR = clarithromycin; bid = twice daily; db = double-blind; mc = multicentre; od = once daily; r = randomised; = indicates that treatments
were equivalent; > indicates that MOX was more effective than comparator, according to 95% confidence intervals (8.5%, 27.7%).
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floxacin vs 3 cefuroxime axetil recipients), H. in-
fluenzae (1 vs 5), P. aeruginosa (2 vs 0), P.
mirabilis(1vs0), S. epidermidis(0vs1) and Strep-
tococcus spp. (0 vs 2). All persisting organismsre-
mained susceptible to the administered drug, with
the exception of 1 S. aureus strain (cefuroxime
MIC increased from 0.5 to 4 mg/L after treat-
ment).[94]

5. Tolerability

5.1 General Tolerability

Meta-analysis of data from 20 phase Il and 111
studies involving 4926 patients treated with moxi-
floxacin (400 mg/day in most patients) indicated
that adverse events were mostly mild and transient
and led to discontinuation of treatment in 3.8% of
patients. The most frequent events were nausea
(7.2%) and diarrhoea (5.7%). Dizziness occurred
in 2.8% of patients, however, this report was pre-
sented as an abstract and few details are avail-
able.[®8l

In large comparative studies in patients with
lower respiratory tract infections (n > 400),
moxifloxacin was associated with a similar inci-
dence of adverse events compared with clar-

ithromycin (21 to 35% vs 22 to 34%).[90.92.93] Gas-
trointestinal events (usually nausea, diarrhoea)
werethe most commonly reported eventswith both
agents,[90.93] although dizziness seemed to be more
common with moxifloxacin (3to 5vs 1%) and taste
perversion with clarithromycin (0 to 2 vs 3.5 to
8%).190.93] Data from 2 comparative trials are pre-
sented in figure 3.

Compared with B-lactam agents, moxifloxacin
was associated with a similar overall incidence of
drug-related adverse events to high dose oral
amoxicillin,[8 but a higher rate of events than in
cefuroxime axetil recipients (31 vs 23%; n = 493
and 37 vs 26%; n = 537).191.94 Nausea was more
significantly common with moxifloxacin than with
cefuroxime axetil in onetria (11 vs4%,; p = 0.003;
fig. 3)[°U but not another (4 vs 2%).[94]

Compared with trovafloxacin, moxifloxacin
was associated with a similar overall incidence of
adverse events (33 vs 37%), a slightly higher inci-
dence of gastrointestinal events (22 vs 16%) but a
lower incidence of CNS events (8 vs 24%).197]

5.2 Cardiac Effects

Some quinolones are associated with QTc pro-
longation, notably sparfloxacin®d and, more re-

Table VII. Comparative efficacy of moxifloxacin (MOX) in patients with acute suspected bacterial sinusitis. All studies were multicentre,
randomised, double-blind in design and all drugs were administered orally. Use of oral of nasal decongestants or antihistamines was permitted

Reference No. of Treatment and Bacteriological Clinical success Comparative efficacy
patients dosage (mg) x success [no. of [no. of patients (%)]2°
enrolled duration (d) patients (%)]2°
end of treatment?  end of treatmentd  follow-up®
Baz et al.l%"] 594 MOX 400 0d x 10  — 223/253 (88) - MOX = TRO
TRO 200 od x 10 - 232/260 (89) -
Burke et al.°l 542 MOX 400 od x 10  — 200/223 (90) 181/184 (98) MOX =CXM
CXM 250 bid x 10 — 209/234 (89) 197/202 (98)
Siegert et al.[%l 498 MOX 400 od x 7 103/109 (95) 204/211 (97) 185/204 (91) MOX > CXM
CXM 250 bid x 10 96/115 (84) 204/225 (91) 182/204 (89)

Refers to evaluable patient population.

b Documented or presumed eradication of the pretreatment infecting pathogen.

¢ Defined as complete resolution of signs and symptoms of infection or sufficient improvement that no further antibacterial therapy was re-

quired.

d End of treatment evaluation was performed 4 to 7% or 7 to 21d post-treatment.[91:97]

e Follow-up evaluation was performed 27-31d post-treatment.

bid = twice daily; CXM = cefuroxime axetil; od = once daily; TRO = trovafloxacin; = indicates that treatments were equivalent, according to
95% confidence intervals; > indicates that MOX was significantly better than comparator, according to 95% confidence intervals (1.5%;10.6%

for clinical and 3.6%;19.7% for bacteriological results).

0 Adis International Limited. All rights reserved.
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Fig. 3. Comparative tolerability of moxifloxacin versus clarithromycin (a) and cefuroxime axetil (b). Drug-related adverse events
(reported at a frequency of 22% with moxifloxacin) in patients treated with (a) moxifloxacin 400mg once daily for 5 days (n = 374)
or clarithromycin 500mg twice daily for 7 days (n = 371) for acute exacerbations of chronic bronchitis® or (b) moxifloxacin 400mg
once daily (n = 263) or cefuroxime axetil 250mg twice daily (n = 274) for 10 days for acute sinusitis.[®lJAll drugs were administered

orally; * p = 0.003 vs cefuroxime axetil.

cently, grepafloxacin which has been withdrawn
from clinical use for this reason.[100

Moxifloxacin did not affect the QTc interval,
blood pressure or heart rate and was not associated
with arrhythmiasin beagle dogsgiven dosesof <90
mg/kg/day. However, QT interval prolongation
was observed 2 hours after drug administration (25
msec increase from baseline) at a dose of 90
mg/kg.[101

In clinical trias, the QTc interval was prolonged
in moxifloxacin 400 mg/day recipients (n = 4008)
by a mean 6 msec versus 1 msec in recipients of
comparator agents (clarithromycin, cefalexin, ce-
furoxime axetil, amoxicillin, doxycyclineand met-
ronidazole; n = 3689). 38 versus 28 patients were
classified as outliers (QT interval of >450 msecin
men and >470 msec in women), of whom 1 versus
4 experienced a cardiovascular event.[102]

At present, there are no data on the use of
moxifloxacin in patients who have pre-existing
QTc prolongation or who are taking drugs which
prolong the QTc interval; these were a stated ex-
clusion criterion in most clinical trials of moxi-
floxacin.[87-89.91-93] For this reason, the use of moxi-

0 Adis International Limited. All rights reserved.

floxacin should be avoided in patients with con-
genital or acquired syndromes of QTc prolonga-
tion or in those receiving concomitant drugs
known to prolong the QTc interval (section 7).

5.3 Phototoxic Potential

As a class, the fluorogquinolones are known to
have photosensitising potential which varies con-
siderably between different agents and can pro-
duce reactions ranging from mild erythema to se-
vere bullous eruptions on sun-exposed skin.
Agents with a fluorine substituent at position 8,
such aslomefloxacin, sparfloxacin and fleroxacin,
are associated with relatively high incidences of
phototoxic reactions.[103]

Data from human, 204 animal[193! and in vitrol10%!
studies suggest that moxifloxacin has a low pro-
pensity for inducing phototoxic effects relative to
other fluoroquinolones. It is thought that the me-
thoxy group or lack of halogen at position 8 of the
fluoroquinolone molecule confers low phototoxic
potential .[106] Drug-related phototoxicity did not
occur in almost 5000 patients treated with moxi-
floxacin in clinical trials.[%
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Moxifloxacin (200 or 400 mg/day for 7 days)
did not produce any measurable phototoxicity (as
measured by the minimum dose of ultraviolet irra-
diation to cause visible erythema) in a double-
blind, placebo-controlled study in 32 Caucasian
volunteers. In contrast, lomefloxacin (400 mg/day)
increased sensitivity to ultraviolet light by almost
4-fold.l[104

Noincrease of skinreddeninginresponseto ultra:
violet exposure was seen in guinea-pigs and rats
given moxifloxacin (30 to 100 mg/kg), whereas
sparfloxacin (30 to 100 mg/kg) produced a pro-
nounced and long-lasting skin reaction after irradi-
ation. In vitro, moxifloxacin did not induce any
cytotoxicity with or without ultraviolet irradiation
in murine fibroblasts; in comparison sparfloxacin
produced a marked phototoxic effect in this as-
say.[107]

5.4 CNS Excitatory Potential

Adverse CNS effects of the fluoroquinolones
can include headache, dizziness, tiredness, insom-
nia, disturbed vision, nightmares and, morerarely,
psychotic reactions, hallucinations, depression and
seizures.[103]

In vitro electrophysiological testing in rat hip-
pocampal slices indicated that moxifloxacin had a
potential similar to that of ciprofloxacin for pro-
ducing CNS adverse effects. At a concentration of
2 pmol/L, moxifloxacin increased the population
spike amplitude to 170% of control compared with
an increase of 155% for ciprofloxacin and 192%
for enoxacin.[108]

Although moxifloxacin doses of 2150 mg/kgin-
duced convulsions in monkeys, administration of
fenbufen, ibuprofen or diclofenac (at dosages
equivalent to 30 times the therapeutic dosages)
with moxifloxacin (300 mg/kg) did not increaseits
CNStoxicity in mice.[191 The epil eptogeni c poten-
tial of fluoroquinolonescan beenhanced by coadmin-
istration of the nonsteroidal anti-inflammatory
drug fenbufen. This is achieved possibly via en-
hancement of inhibition of y-aminobutyric acid
(GABA) receptor binding by the fluoroguinol ones

0 Adis International Limited. All rights reserved.

(reviewed by Sorgel & Kinzig!1% and Depperman
& Lodel110)y,

5.5 Other Effects

In volunteer studies (n = 103), moxifloxacin
(single doses of 50 to 800mg or multiple doses up
to 600mg once daily for 10 days) did not cause any
clinically relevant changesin vital signs, haematol-
ogy, blood chemistry or ECG.[111]

Other characteristic adverse events associated
with fluoroguinol onesinclude chondrotoxicity and
tendon disorders.[1%3 Chondropathy was seen in
young beagle dogs at moxifloxacin dosages of 30
and 90 mg/kg/day.[191 However, the potential of
moxifloxacin to induce such events during thera-
peutic use awaits clarification in large-scale clini-
cal studies.

No degenerative changes in liver histopathol-
ogy were observed in monkeys administered oral
moxifloxacin 150 mg/kg (18 times the recom-
mended therapeutic dose in humans) for 4 weeks.
Transient elevations in liver enzyme levels were
observed after administration of moxifloxacin 45
or 135 mg/kg for 3 to 6 months.[112]

6. Drug Interactions

Thefluoroquinolonesinteract with awide range
of drugs, athough there is considerable variation
between individual agentswith regard to their pro-
pensity for drug interactions. Unlike moxifloxacin,
some agents inhibit the cytochrome P450-depend-
ent metabolism of methylxanthines (theophylline
and caffeine) and coumarin anticoagulants, result-
ing in increased serum concentrations and in-
creased toxicity of these drugs if coadministered
with them. The fluoroquinolones also chelate alka-
line earth and transition metal cations and their ab-
sorption may be reduced by coadministration with
antacids containing magnesium, aluminium or cal-
cium, sucralfate, preparations containing iron and
multivitamin preparations containing zinc.[109.110]

The bioavailability of moxifloxacin (400mg)
was substantially reduced when it was coadmin-
istered with an antacid (Maalox®; 3 times daily)!113]
or sucralfate (1g).[114 AUC and Cpa values were
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decreased by >50%.[113.114] Simijlarly, absorption
of moxifloxacin 400mg was significantly de-
creased by concomitant administration of an iron
preparation (Erifer®; dosage not stated). AUC and
Cmax values were reduced by 39 and 59%, respec-
tively.[125 The extent of absorption of moxi-
floxacin 400mg was, however, unaffected by con-
comitant administration of calcium-containing
supplements; Cax Of moxifloxacin was decreased
by approximately 16%, although tma increased
from 0.9 to 2.5 hours with the addition of cal-
cium.[116]

However, moxifloxacin did not show any clin-
ically relevant interaction with theophylline (400mg
twicedaily),[117] B-acetyldigoxin (0.6mg),[118 pro-
benecid (500mg twice daily),[119 ranitidine
(150mg twice daily),[12d warfarin (25mg)[*21 or
oral contraceptives (ethinylestradiol 0.03mg/levo-
norgestrel 0.15mg).[122 Thus, dosage adjustments
do not appear to be warranted if moxifloxacin is
coadministered with these agents.

7. Dosage and Administration

Moxifloxacin is indicated for the treatment of
adult (=18 years) patients with acute bacterial ex-
acerbations of chronic bronchitis, community-ac-
quired pneumonia or acute bacteria sinusitis. The
recommended oral dosage for all indications is
400mg administered once daily. Moxifloxacin
should be administered for 5 days for acute exac-
erbations of chronic bronchitis and 10 days for
acute sinusitis and for community-acquired pneu-
monia.l®

No dosage adjustment isrequired in the elderly,
patients with mild hepatic impairment (Child-
Pugh class A) or in patients with any degree of
renal impairment. Currently there are no or insuf-
ficient data available concerning the use of
moxifloxacin in patients with moderate to severe
liver impairment or in patients undergoing renal
diaysis.!8

Antacids (contai ning al uminium, magnesium or
calcium), metal cations, multivitamins (containing
iron or zinc), sucralfate or formulations containing
divalent or trivalent cations (e.g. didanosine chew-

0 Adis International Limited. All rights reserved.

able/buffered tablets) should be administered at
least 4 hours before or 8 hours after oral moxi-
floxacin, as these agents can impair absorption of
the quinolone. M oxifloxacin does not interact with
theophylline, warfarin, digoxin, glibenclamide,
probenecid or ranitidine, although monitoring of
the prothrombin time or other coagulation test is
recommended in patients receiving concomitant
warfarin or its derivatives.8l

Moxifloxacin has been shown to prolong the
QTc interval in some patients. Therefore its use
should be avoided in patients with known QT in-
terval prolongation or in those receiving concom-
itant drugs known to prolong the QTc interval.[8]

Aswith other quinolones, moxifloxacin should
be used with caution in those with a history of con-
vulsions. Pain, inflammation or rupture of atendon
can occur with quinolones; treatment should be
discontinued if symptoms are observed. Exposure
to excessive sunlight or artificial ultraviolet light
should be avoided during quinolone therapy. The
use of moxifloxacin in children, adolescents <18
years of age, nursing mothers and during preg-
nancy is not recommended.(®!

8. Potential Place of Moxifloxacin in the
Management of Community-Acquired
Respiratory Tract Infections

In the management of community-acquired
pneumonia? an empirical approach, based on an-
timicrobial therapy which is effective against the
major pathogensimplicated (seetablel), isusually
taken. This is because of the recognised inaccura-
cies of sputum culture and the time required to ob-
tain the results of culture. Indeed, no pathogen is
identified in =50% of microbiologically evaluated
patients.[123]

The past few decades have seen an evolution in
the spectrum of pathogensresponsiblefor commu-
nity-acquired pneumonia, with therole of the atyp-
ical pathogens, M. pneumoniae, C. pneumoniae
and Legionella spp., increasing.[4l S pneumoniae
remains the most common pathogen implicated in
community-acquired pneumoniaand must be cov-
ered by any empirical regimen. Notably, there has
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been a dramatic worldwide increase in the resis-
tance of pneumococci to penicillins and macro-
lides.[3123]

The agents commonly recommended to treat
community-acquired pneumonia are [-lactams,
such as amoxicillin, amoxicillin/clavulanic acid or
cefuroxime axetil, and macrolides.!123 As already
mentioned, older fluoroquinolones such as cipro-
floxacin are not generally recommended because
of inadequate activity against Gram-positive
pathogens. However, several quinolones with im-
proved activity against pneumococci have been de-
veloped. These include sparfloxacin(®! and, to
some extent, levofloxacinl24 which offer some
improvements over ciprofloxacin with regard to
Gram-positive coverage. There are also the newer
extended-spectrum agents, such as gatifl oxacinl129]
and moxifloxacin, which have recently become
available or are under development and have im-
proved activity against Gram-positive and anaero-
bic pathogens. These agents have markedly better
antipneumococcal activity than older compounds
(section 2.1.1). Because of this, sparfloxacin and
levofloxacin are recommended for the empirical
treatment of patients with community-acquired
pneumoniain the US, particularly if penicillin-re-
sistant pneumococcal diseaseis suspected.l? They
are also recommended for treatment of confirmed
infections caused by penicillin-intermediate or -re-
sistant S. pneumoniae, H. influenzae, C. pneu-
moniae, M. pneumoniae or Legionella spp.[2 How-
ever, recommendations vary between countries,
according to local epidemiological factorsand pre-
ferred practices. For instance, in the UK, penicil-
lins (amoxicillin, ampicillin or benzylpenicillin)
are recommended as first-line treatment, as patho-
gen resistance to these agentsis less common than
in most countries128l and atypical pathogens are
also perceived to be less of a concern.

Although the role of antimicrobial therapy in
patients with acute bacterial exacerbations of
chronic bronchitishas been controversial, it hasre-
cently been shown to be of benefit in the treatment
of such patients (reviewed by Meyer127 and Balter
& Grossmanl?8l). As with community-acquired
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pneumonia, antibacterial therapy is usually empir-
ical and directed at the most likely pathogens (see
tablel). Fluoroquinolonesare recommended for al
severities of illness.[129]

M oxifloxacin has good activity against commu-
nity-acquired respiratory pathogens, including the
common pathogens (S. pneumoniae, H. influenzae
and M. catarrhalis), the less common (e.g. S. au-
reus, K. pneumoniae) and the atypical pathogens
(M. pneumoniae, C. pneumoniae, Legionella spp.)
offering the potential for single-agent treatment of
community-acquired respiratory tract infections.
Importantly, it is one of the most active fluoro-
guinolones against pneumococci, including those
resistant to penicillin and macrolides. However, it
has poor activity against P. aeruginosa, although
this pathogen is of limited importance for commu-
nity-acquired infections (section 2.1.2).

Extensive use and misuse of the fluoro-
quinolones has led to the emergence and spread of
resistant strains. Fluoroquinolone resistance has
become common in MRSA.[139 High level
fluoroquinolone resistance results from multiple
mutations in bacterial enzyme targets (topoiso-
merase |V and DNA gyrase); thus use of fluoro-
quinoloneswith activity against both enzymes(e.g.
moxifloxacin) may limit the development of resis-
tance during therapy. Indeed, moxifloxacin ap-
pears to be less affected by bacteria resistance
mechanismsthan some other fluoroquinolonesand
has shown alow propensity for inducing bacterial
resistance in in vitro and animal studies (section
2.3); however, these observations require confir-
mation in clinical trials.

As with other fluoroguinolones, moxifloxacin
achieves good penetration into respiratory tissues
and fluids. In common with sparfloxacin®® and
gatifloxacin,[125 it offers the advantages of once
daily administration and a low potential for drug
interactions. Moreover, dosage adjustment is not
required for advanced age or renal or mild hepatic
impairment (section 7).

In clinical trials in patients with community-
acquired pneumonia or acute exacerbations of
chronic bronchitis, oral moxifloxacin 400mg once

Drugs 2000 Jan; 59 (1)



Moxifloxacin: A Review

135

daily achieved bacteriological and clinical success
rates of approximately 90% or higher. These re-
sponse rates are equivalent to or better than those
obtained with standard treatments including clar-
ithromycin and high dose amoxicillin. In patients
with acute exacerbations of chronic bronchitis, a
5-day course of moxifloxacin was more effective
bacteriologically than a 7-day course of clar-
ithromycin 500mg twice daily. Shorter treatment
courses are likely to improve patient compliance,
especialy if only one daily dose is required, but
these promising findings require further confirma-
tion. An intravenous formulation of moxifloxacin,
which is under development (section 3), is likely
to provide an aternative to oral therapy in more
serioudly ill patients.

The spectrum of activity of moxifloxacin also
supports its use as an alternative therapy in upper
respiratory tract infections. A 7-day course of
moxifloxacin wassignificantly moreeffectivethan
a 10-day course of cefuroxime axetil in patients
with acute bacterial sinusitisin one trial, although
10-day courses of the 2 agents were equivalent in
another trial. Moxifloxacin has been compared
with trovafloxacin in patientswith sinusitis,[91 but
this is of limited clinical relevance as use of the
latter agent isrestricted in many markets.

With the exception of trovafloxacin, there have
been no other studies, as yet, comparing moxi-
floxacin with other fluoroguinolones with en-
hanced Gram-positive coverage, such as gatiflox-
acin, sparfloxacin and levofloxacin. Although, on
the basis of in vitro data, moxifloxacin appears to
be one of the most promising of the newer agents,
studies are needed to determine whether any dif-
ferencesinin vitro activity between moxifloxacin
and these agents translate into clinical benefits.

Tolerability has been an issue with some
fluoroquinol one agents. Sparfloxacin is associated
with some tolerability problems (arelatively high
incidence of phototoxicity and QTc prolonga-
tion),[®! and trovafloxacinl®3! and grepaflox-
acin,[132 two promising extended-spectrum agents,
have been withdrawn from several or all major
marketsasaresult of hepatotoxicity and cardiovas-
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cular events, respectively.[100.133 Moxifloxacin is
generally well tolerated, with the most common
adverse events being gastrointestinal disturbances.
Moxifloxacin has, however, been associated with
asmall degree of QTc prolongation (mean increase
of 6 vs 1 msec with comparator agents) in clinical
trials. Until dataare availablein high-risk patients,
the use of moxifloxacin should be avoided in pa-
tients with congenital or acquired syndromes of
QT prolongation or in those receiving concomitant
drugs known to prolong the QTc interval.

I'n comparative studies, moxifloxacin was asso-
ciated with a similar overall incidence of drug-re-
lated adverse events to high dose amoxicillin and
clarithromycin and a slightly higher rate of events
than cefuroxime axetil in patients with respiratory
tract infections. Available data suggest that
moxifloxacin has a low propensity for inducing
phototoxic effects relative to other fluoro-
quinolones, and preliminary data also suggest that
it has alow potential for inducing CNS and hepa-
totoxic events.

Development of the newer fluoroquinolones
with improved activity against Gram-positive
cocci represents an important advance in the man-
agement of community-acquired lower respiratory
tract infections. As a representative of this group
of agents, moxifloxacin offers the benefits of ex-
cellent activity against pneumococci, once daily
administration and alow propensity for drug inter-
actions. Although studies are needed regarding its
tolerability in at-risk patientswith QT interval pro-
longation, available datasuggest that moxifloxacin
is likely to become a first-line therapy option for
the treatment of community-acquired lower respi-
ratory tract infections, particularly in areas where
drug-resistant S. pneumoniae or H. influenzae are
common.
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