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Lower respiratory tract infections account for over 50 million deaths each year globally. 
They exert a growing clinical and financial burden on healthcare systems and employers. 
The increasing prevalence of antimicrobial resistance among usual bacterial pathogens 
over the past 10 years further drives this burden of disease. Typically, species such as 
Streptococcus pneumoniae, Haemophilus influenzae and Moraxella catarrhalis exhibit 
differing, but still growing, resistance phenotypes. The impact of resistance has only 
recently been fully appreciated, with clinical failures to many first-line agents being 
reported, as well as eminent groups acknowledging the financial impact of bacterial 
resistance. As resistance continues to emerge, it is recognized that a successful clinical 
outcome depends upon several factors including the patient, selection of appropriate drug 
and local epidemiology of the likely pathogen. Treatment failures will lead to repeat 
physician visits, extra diagnostic and laboratory tests, further therapies and, possibly, 
hospitalization. The latter has been shown to be a major driver of infectious disease 
healthcare costs. Targeting the pathogen with the most effective antimicrobial in an 
appropriately selected patient should optimize both clinical and microbiological success 
while maximizing economic outcomes. The new fluoroquinolones have been developed to 
meet these new demands. Gemifloxacin is the latest fluoroquinolone to be approved for 
the treatment of community-acquired respiratory tract infections and acute bacterial 
exacerbations of chronic bronchitis. Gemifloxacin is a dual-targeting fluoroquinolone with 
in vitro activity against DNA gyrase (topoisomerase II) and topoisomerase IV, and has been 
shown to have potent in vitro activity against S. pneumoniae, including both multidrug-
resistant phenotypes and many fluoroquinolone-resistant strains. Additionally, 
gemifloxacin is active against other clinically important Gram-positive cocci, Gram-negative 
and atypical human pathogens.
Community-acquired respiratory tract infections
(RTIs) remain a frequent and important clinical
entity. Despite significant advances in antimicro-
bial therapy and the development of treatment
algorithms (guidelines), patients with commu-
nity-acquired pneumonia (CAP) continue to
suffer significant morbidity and, depending on a
number of comorbidities, significant mortality.
Similarly, patients suffering from chronic
obstructive pulmonary disease (COPD) may suf-
fer from repeated acute bacterial exacerbations of
chronic bronchitis.

Community-acquired infections of the lower
respiratory tract continue to account for signif-
icant proportions of antimicrobial use, hospi-
talization, morbidity and mortality [1]. Data
compiled by the US Centers for Disease Con-
trol and Prevention (CDC) for the year 2000
showed that there were over 120,000 deaths
from chronic lower respiratory tract disease and
deaths from pneumonia and influenza exceeded

65,000 [2]. Chronic lower respiratory tract disease
was the fourth leading cause of death, while
pneumonia was the seventh [2]. Mannino and
colleagues reported data collected in the USA
from 1971 to 2000 and summarized it for the
year 2000. Results demonstrated that COPD
accounted for 8 million physician and hospital
outpatient visits, 1.5 million emergency-room
visits and 726,000 hospitalizations [3]. Hall
and Owings reported that pneumonia was
responsible for 1.3 million hospital admissions
in the year 2000, with almost 60% of the
pneumonia patients being aged 65 years or
over [4]. Niederman and colleagues estimated
the financial and clinical burden of caring for
patients with lower RTIs [5,6]. Costs associated
with treating patients were US$8 billion versus
$6 billion for the treatment of CAP patients.
Clearly, therapy that can minimize the require-
ment for hospitalization or shorten the stay,
when admitted, is essential.
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As age is repeatedly identified as a risk factor
for having more severe infections and since
COPD is more pronounced with increased age,
RTIs will increase dramatically over the next
10 years or so (especially in North America) as a
significant percentage of the population ages,
that is, as the so-called ‘baby boomers’ move
closer to and exceed the age of 65 years.

Spencer and colleagues indicated that COPD
is one of the five leading causes of death world
wide. Indeed, chronic bronchitis may affect up to
13 million individuals – some 4 to 6% of adults
in the USA – and is associated with considerable
morbidity and mortality [7]. These authors con-
firmed the direct impact of COPD/acute exacer-
bation of chronic bronchitis (AECB) on the
individual patient by using validated assessment
systems, such as the St George’s Respiratory
Questionnaire, to compare two antibiotics in
their effect on patient’s daily life and well being.

Kupronis and colleagues reported on invasive
pneumococcal disease in older patients residing
in long-term care facilities and in the community,
and summarized data indicating that, despite
advances in antimicrobial therapy, 20% of elderly
patients hospitalized for bacteremic pneumo-
coccal infections die – this value increases to
38% for patients aged 85 years or older – and
that older adults have the highest incidence of
multidrug-resistant S. pneumoniae infection [8].

O’Brien and colleagues studied the costs of
treating CAP in patients aged 18 years and
older [9]. The cost profile for in- and out-
patients were created and weighted so as to
determine the average cost for CAP cases per
episode, and considered by age and selected
comorbidity. The costs associated with the
treatment of an elderly patient with an episode
of CAP were twice those of treating younger
patients. The main reason was that more elderly
patients required hospitalization. The weighted
averaged cost for treating an episode of CAP
(all CAP cases) was estimated to range between
US$3455 and 2306 (2001 values) for younger
patients versus $5316 for elderly patients; for
hospitalized patients, the costs were $14,383
and compiled from a database of 278,550
patients from 480 hospitals in five states.

Loeb reviewed pneumonia in older people
and reported that CAP is the fifth leading cause
of death in patients aged 65 years or over, and
that some 60,000 seniors die annually – with
the vast majority of excess deaths and hospitali-
zations occuring in people aged 65 years or
over [10,11]. Age-specific incidence data

increased from 15.4 to 34.2 in a group of
1000 individuals for those aged 60 to 74 and
75 years or over, respectively.

Etiology of RTIs in the elderly was studied by
Jokinen and colleagues by comparing paired
serum samples from patients in Finland with CAP.
Streptococcus pneumoniae was found in 48% of
patients aged 60 years or over, compared with
Chlamydia spp. (12%), Mycoplasma pneumoniae
(10%), Haemophilus influenzae (4%) and respira-
tory viruses (10%) [12]. The study by Jokinen and
colleagues confirmed that S. pneumoniae is an
important cause of CAP in both younger and
older patients [12] and that atypical pathogens may
also be associated with the disease in the elderly,
but are more common in younger patients [13].

Risk factors from pneumonia in the elderly
(>60 years) were reported by Ruiz and colleagues
from patients in Finland and reported that the
following were independent risk factors for
pneumonia [13]:

• Alcoholism

• Bronchial asthma

• Immunosuppression

• Lung disease

• Heart disease

• Institutionalization

• Increased age

Farr and colleagues reported that increased age
and COPD were also risk factors [14].

Robinson and colleagues reported that
S. pneumoniae was the most commonly identi-
fied cause of CAP in patients aged 65 years as
well as being a frequent cause of bacteremia, with
older patients more likely to be infected with
multidrug-resistant pneumococcal strains [15].

Streptococcus pneumoniae & 
antimicrobial resistance
Extensive data are available on the susceptibility
of community-acquired respiratory pathogens
to commonly prescribed antimicrobial com-
pounds. Of the respiratory bacterial pathogens,
penicillin and multidrug-resistant S. pneumo-
niae (MDRSP) has attracted the greatest inter-
est – especially those strains showing high-level
(minimum inhibitory concentration [MIC] of
2 µg/ml) penicillin resistance [16]. For
S. pneumoniae strains that are susceptible to
penicillin, MIC values are 0.06 µg/ml or less;
intermediate-resistant strains have MIC values
between 0.1 and 1µg/ml. As such, any strain
with an MIC of 0.1 µg/ml or more can be
Therapy (2005)  2(3)
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considered nonsusceptible, whereas those with
MIC values over 2 µg/ml are considered highly
resistant. High-level penicillin-resistant strains
are more likely to be co- or crossresistant to
other β-lactam compounds (including cephalo-
sporins), macrolide/azalide compounds, tri-
methoprim/sulfamethoxazole and tetra-
cyclines. Felmingham and colleagues reported
on antibacterial resistance of respiratory tract
pathogens [17]. Data were reported from a
number of geographical locations with data for
penicillin and macrolide nonsusceptibility or
resistance. Data from over 2800 pneumococcal
isolates from around the world indicated that
over 30% of strains (20–39% in North Amer-
ica) for patients aged 13 to 65 years were not
susceptible to penicillin, with 19% being
highly resistant (9–27% in North America)
and of patients aged over 65 years, more than
36% were nonsusceptible (24–25% in North
America) with 26% being highly resistant
(15–20% in North America). For other areas
of the world, penicillin-resistant S. pneumoniae
rates were variable, with the highest resistance
rates occurring in several countries/regions in
South-East Asia and substantially lower in
some European countries. Worldwide rates of
macrolide resistance ranged from 28%
(patients 13–65 years) to  over 37% (patients
>65 years) and in North America fluctuated
between 20 and 28% in the younger and 15
and 27%, in the older age groups. Similar to
penicillin-resistance rates, rates for macrolide
resistance were higher in South-East Asia and
variable throughout Europe. Additional sus-
ceptibility data from the Prospective Resistant
Organism Tracking and Epidemiology for the
Ketolide Telithromycin (PROTEKT) study in
the USA was provided by Doern and Brown,
who reported penicillin and macrolide resist-
ance from over 10,000 clinical isolates of
S. pneumoniae, and observed that  over 38%
were not susceptible to penicillin [18]. They
also found that 26% were highly resistant and
that 31% were macrolide resistant. Overall
resistance to quinolones ranged from under 1
to 1.2%. Finally, the PROTEKT data showed
that MDRSP levels were 30% in the USA, and
data from Jacobs and colleagues showed
MDRSP to account for 25.8% of pneumococci
isolated in the USA; however, these strains
were resistant to three or more classes, which is
more stringent than the US Food and Drug
Administration (FDA) definition of two or
more class-resistance mechanisms [19].

The development and introduction of the
fluoroquinolones represented a significant evolu-
tion in anti-infective therapy for both in- and
outpatient populations. For example, nor-
floxacin (urinary tract only), ciprofloxacin and
ofloxacin/levofloxacin were approved and clini-
cally useful for treating Gram-negative and some
Gram-positive infections; however, while clini-
cally efficacious, the aforementioned quinolones
are best characterized as having potent in vitro
activity against Gram-negative and atypical
bacilli, and with borderline (near breakpoint)
in vitro activity against clinically important
Gram-positive cocci such as S. pneumoniae. Sub-
sequently, fluoroquinolones with enhanced
in vitro activity against Gram-positive patho-
gens, most notably S. pneumoniae, enhanced
in vitro activity against atypical pathogens and
broad-spectrum anti-Gram-negative activity
(not Pseudomonas aeruginosa) were developed.
These latter compounds included agents such as
trovafloxacin and grepafloxacin, both of which
were withdrawn due to toxicity issues. Subse-
quently, more potent antipneumococcal agents,
such as gatifloxacin and moxifloxacin, were
approved for community-acquired RTIs. The
newest and most potent in vitro antipneumo-
coccal fluoroquinolone is gemifloxacin. This
review will discuss the microbiologic, pharmaco-
logic, clinical and safety characteristics of gemi-
floxacin in the context of an agent that, not only
provides high levels of efficacy, but also confers
health–economic and possible societal advantages
in two common and costly infections.

Gemifloxacin
As a fluoroquinolone, gemifloxacin is derived
from the antimicrobial compound nalidixic acid.
The addition of a nitrogen atom at the 8-position
of the molecule gave rise to the naphthyridine
compounds of which gemifloxacin is one [20]. In
addition, gemifloxacin has a 1-cyclopropanyl
group at position 1 and a pyrrolidine substituent
at the C7-position and that latter moiety may be
associated with reduced CNS side effects [21]; the
presence of a C-8 methoxyamino group may con-
tribute to the enhanced activity against
S. pneumoniae [22]. Ball recently reviewed the
fluoroquinolone compounds and provided the
following characteristics of gemifloxacin [20]:

• Highest antipneumococcal activity

• Retained activity against ciprofloxacin-resistant
pneumococcal strains

• Marked antiatypical activity
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• Active against Gram-negative pathogens

• Favorable pharmacokinetics, once daily dosing,
balanced elimination

• Very little need for dosage adjustments and
few drug–drug interactions

• Predominantly high efficacy for RTIs based
on pharmacokinetics

• Favorable adverse drug-reaction profile

In vitro activity
Gemifloxacin has been investigated, in vitro,
against a wide range of bacterial pathogens
and atypical pathogens (extensively reviewed
but not exclusively in [23–34]). The activity
against organisms associated with community-
acquired RTIs is summarized in Tables 1 & 2.
Against penicillin-susceptible, penicillin-
resistant and multidrug-resistant pneumococci
(not including quinolone-resistant), the
MIC90 values for gemifloxacin have been
reported to range from between 0.015 and
0.031 µg/ml. For S. pneumoniae isolates resist-
ant to either ciprofloxacin or levofloxacin,
gemifloxacin MIC90 values ranged between
0.03 and 1 µg/ml; values exceeded by achieva-
ble total and free-drug concentrations in
serum and pulmonary and sinus tissues; how-
ever, it is likely that the free-drug fraction is
most important. Susceptibility testing of clini-
cal isolates of H. influenzae, Moraxella catarrhalis

and H. parainfluenzae, yielded MIC90 values,
ranging from less than 0.008 to 0.06 µg/ml,
and these values were not influenced by
β-lactamase-producing or macrolide-resistant
strains. MIC90 values of 0.016 to 0.25 µg/ml
were reported against M. pneumoniae,
Chlamydia (Chlamydophila) pneumoniae and
Legionella pneumophila. Against methicillin-
susceptible strains of S. aureus, MIC90 values
ranged from 0.03 to 0.063 µg/ml but were
higher against methicillin- (1–8 µg/ml) and
ciprofloxacin-resistant strains (8 µg/ml).

Drug–drug interactions
Gemifloxacin has been investigated for its
potential interaction with various other sub-
stances. Gemifloxacin can be taken with or
without food [35], either 2 h before sucralfate or
ferrous sulfate, or at least 3 h after ferrous
sulfate [36]. It can be coadministered with dig-
oxin without the need for dosage
adjustment [37] and should be administered
over 2 h prior to or 3 h or more after maalox or
other cation-containing compounds [38]. In
addition, gemifloxacin could be coadministered
with theophylline without any theophylline
dosage adjustment, due to the fact that it is not
affected by cytochrome P450 metabolism [39].
Dosage adjustments were not necessary in renal
insufficiency patients with CrCl levels over
40 ml/min, Child–Pugh classes A, B or C or

Table 1. Comparison of the in vitro activity of various antimicrobials against three 
respiratory tract pathogens collected by the Alexander Project, 1999–2001 [1].

Antimicrobial Streptococcus 
pneumoniae

Haemophilus 
influenzae

Moraxella 
catarrhalis

n MIC50

(mg/l)
MIC90

(mg/l)
n MIC50

(mg/l)
MIC90

(mg/l)
n MIC50

(mg/l)
MIC90

(mg/l)

Gemifloxacin 8882 0.015 0.03 8523 0.004 0.015 874 0.008 0.015

Amoxacillin 8882 0.03 2.0 8523 0.05 >16 874 8.0 16.0

Amoxacillin/
clavulanate 

8882 0.03 2.0 8523 0.05 1.0 874 ≤0.12 0.25

Cefuroxime axetil  8882 0.06 8.0 8523 1.0 2.0 874 1.0 2.0

Ceftriaxone 8882 0.03 1.0 8523 ≤0.00
4

0.008 874 0.12 1.0

Erythromycin 8882 0.06 >32 8523 4.0 8.0 874 ≤0.5 ≤0.5

Clarithromycin 8882 0.03 >32 8523 8.0 16.0 874 ≤0.5 ≤0.5

Azithromycin 8882 0.12 >32 8523 1.0 2.0 874 0.06 0.12

Ciprofloxacin 8882 1.0 2.0 8523 0.015 0.003 874 0.03 0.06

Levofloxacin 6512 1.0 1.0 5651 0.015 0.015 421 0.03 0.06

Gatifloxacin 3414 0.25 0.5 2764 0.008 0.015 250 0.03 0.03

Moxifloxacin 3414 0.12 0.25 2764 0.015 0.03 250 0.036 0.06
Therapy (2005)  2(3)
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Table 2. Comparison
pathogens [1].

Compound L. pn

MIC5

(µg/m

Gemifloxacin

Ciprofloxacin

Levofloxacin

Gatifloxacin

Moxifloxacin
hepatic insufficiency or the elderly [40]. Dosage
adjustment (160 mg once daily) is only neces-
sary in patients with impaired renal function
(creatinine clearance  ≤ 40 ml/min).

Pharmacokinetic &
pharmacodynamic properties
The pharmacologic properties of gemifloxacin
are following a single daily oral dose of 320 mg,
yielding a peak plasma concentration of 1.48 to
1.6 mg/l, with a time to peak plasma concentra-
tion of 1 h. The area under the serum concentra-
tion curve is 9.30 mg/l/h, with a renal clearance
of 9.06 l/h and a half-life of 6.65 h [29]. Seo and
colleagues investigated serum protein binding
for gemifloxacin is between 60 to 70% [40,41].

Gemifloxacin, like other fluoroquinolones,
acts as a concentration-dependent killing
agent [23] against bacteria within its spectrum
and, as such, parameters such as maximum con-
centration (Cmax)/MIC ratios and area under the
curve (AUC)/MIC are reliable predictors of anti-
bacterial effect and prevention of resistance. The
MIC90 for gemifloxacin ranges from 0.03 to
-0.06 and, with a Cmax of 1.6 µg/ml and AUC of
9.3 mg/l.h, would yield Cmax/MIC ratios of
53.3 to 26.6 (total drug) and 18.7 to 9.3 (free
drug at 65% protein bound) and AUC/MIC
ratios of 310 to 155. The pharmacodynamic
parameters of currently available fluoroquinolo-
nes against S. pneumoniae are shown in Table 3,
with gemifloxacin exceeding the two thresholds
of 25 [42] and 100 [43,44] for AUC:MIC for
healthy and immunocompromised patients,
respectively. The highest value of currently avail-
able fluoroquinolones is 96. Two previous stud-
ies with β-lactam compounds suggest that it is
the free-drug fraction that is important for the
antibacterial effect [45,46]. 

Gee and colleagues studied the tissue penetra-
tion and pharmacokinetics of oral gemifloxacin
(320 mg) in healthy males and determined the

plasma, blister fluid and urine concentrations.
Peak plasma concentration was 2.33 ± 0.5 µg/ml
at 1.2 ±  0.4 h. Inflammatory fluid concentration
was 61.19 ± 10.4% of serum drug concentrations
(peak concentration 0.74 ± 0.3 µg/ml) at a mean
time of 3.40 ± 1.7 h [47]. Finally, urinary excre-
tion of the drug was 36.11% of the total dose.
Gee and colleagues  concluded that gemifloxacin
reaches sufficient concentrations in inflammatory
fluid to inhibit many pathogens [47].

Postantibiotic effects
The postantibiotic effect (PAE) can be defined
as the continued suppression of bacterial growth
after the drug concentration has dropped below
the MIC of the organism. In studies where
organisms were exposed to drug based on multi-
ples of the MIC, Moore and colleagues and
MacKenzie and colleagues investigated the PAE
of gemifloxacin and reported that, at 4 × MIC,
the PAE was 0.1 greater than at 6 h against S.
aureus, M. catarrhalis, H. influenzae, Escherichia
coli, P. aeruginosa, Klebsiella pneumoniae and
P. vulgaris [48,49]. A PAE of 1.5 and 2.7 h at
4 × MIC was observed for S. pneumoniae and, at
10 × MIC, a PAE of 3.8 h was seen for both
penicillin-susceptible and -resistant pneumo-
cocci. In the experiments by Moore and col-
leagues, organisms were exposed to a drug for
1 h then removed by ultrafiltration. Following
drug removal, viable counts were carried out for
6 h [48].

Dual targeting
Newer fluoroquinolones such as gemifloxacin [23],
gatifloxacin and moxifloxacin, have been
reported to have enhanced in vitro activity
against clinically important Gram-positive cocci
[50] – specifically S. pneumoniae – when com-
pared with older quinolone compounds such as
ciprofloxacin and levofloxacin [34]. For S. pneu-
moniae, gemifloxacin attacks both DNA gyrase

 of in vitro activity of various antimicrobial agents against atypical respiratory tract 

eumophila M. pneumoniae C. pneumoniae

0 
l)

MIC90 
(µg/ml)

MIC50

 (µg/ml)
MIC
 (µg/ml)

MIC50

(µg/ml)
MIC
 (µg/ml)

0.015 0.03 0.06 0.012 0.25 0.25

0.03 0.03 1 2 1 2

0.008 0.015 0.5 0.5 0.5 1

0.015 0.015 0.06 0.12 0.12 0.25

0.015 0.015 0.12 0.12 0.5 1
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Table 3. Pharmacod

Compound Dose

Gemifloxacin

Moxifloxacin

Gatifloxacin

Levofloxacin

Levofloxacin

*Median protein-binding v
and topoisomerase IV, while older compounds
preferentially target topoisomerase-IV  [51,52].
Furthermore, Fisher and colleagues [53] indicate
that gemifloxacin exhibits dual activity based on
the minimal effects that either a parC or gyrA
mutations have on resistance; however, strains
with mutations in both genes demonstrate lower
levels of susceptibility, with MIC values of
0.2 over 0.5 µg/ml, compared with 0.03 for
fluoroquinolone-susceptible strains. These data
have been corroborated by Gillespie and col-
leagues [54], Chen and colleagues [55] and Perez-
Trallero and colleagues [56], all of whom have
shown gemifloxacin to possess activity against a
range of single- and, more importantly, double-
step mutants of S. pneumoniae. Gemifloxacin is
the only flouroquinolone approved by the US
Food and Drug Administration (FDA) to be
active at both target sites at therapeutically
achievable drug concentrations.

Selection of resistant mutants
The development of resistance to gemifloxacin
in vitro has been studied by Rittenhouse and col-
leagues [57], where mutational frequencies rang-
ing from less than 1.1 x 10<9 to less than 9.0 x
10<8 were reported for S. aureus, S. saprophyticus,
S. pyogenes, S. pneumoniae, M. catarrhalis,
H. influenzae, E. coli, and P. aeruginosa and
4.6 × 10<7 for K. pneumoniae.

Gillespie and colleagues compared the sponta-
neous mutation rate of ciprofloxacin and gemi-
floxacin in S.pneumoniae and noted a 400-fold
lower rate for gemifloxacin against the pneumo-
coccus [54]. First- and second-step mutation rates
for ciprofloxacin and gemifloxacin to
S. pneumoniae were 1.1 × 10-9, 1.3 × 10-8 and
1.6 × 10-11 and 7.2 × 10-9, respectively. Thus,
the mutation rate for gemifloxacin is 400-times
lower than that for ciprofloxacin.

The mutant-prevention concentration
(MPC) for fluoroquinolones defines the anti-
microbial drug concentration that would

require an organism to simultaneously possess
two mutations to grow in the presence of the
drug or the MIC of the most resistant first-
step mutant present a the heterogeneous bac-
terial population [58]. The MPC concept has
been best studied for quinolones and only
applies to those bacterial populations that
have been deemed susceptible to the anti-
microbial agent by traditional antimicrobial
susceptibility testing, using a standardized
inoculum of 105 CFU/ml, such as that recom-
mended by the National Committee for Clinical
Laboratory Standards.

Fluoroquinolones with a dual mechanism of
action may not only be the most potent agents
in vitro but they may also minimize the selec-
tion of resistant S. pneumoniae. With S. pneu-
moniae, the frequency with which a single
mutation occurs ranges from 10-7 to 10-9 [59].
Thus, if a double mutation were to occur
simultaneously, it would need a mutation rate
of 1 in more than 1014 bacteria (10-7 × 10-7) to
develop two concurrent fluoroquinolone-resist-
ant mutations [59]. Fluoroquinolone com-
pounds that target only one intracellular target
(i.e., either DNA gyrase or DNA topoisomerase
IV) may select for a first-step (one mutation)
resistant mutant when exposed to a bacterial
inoculum of 109 or more cells. Such inocula are
attainable in human infections [60–62]. More
specifically, Frisch and colleagues reported that,
in pneumococcal pneumonia, bacterial loads in
the lung may be as high as 1010 to 1012 organ-
isms [63]. For truly dual-acting compounds,
more than 1014 bacterial cells would be
required to find one organism containing two
concurrent mutations that would allow growth
in the presence of the drug. A logical conclu-
sion from this argument would be that potent
dual-acting fluoroquinolones, such as gemi-
floxacin, would be less likely to select for qui-
nolone-resistant S. pneumoniae than would the
less avidly bound compounds.

ynamic parameters for Streptococcus pneumoniae [1].

 (mg) Median
MIC90

Mean
AUC0–24

AUC0–24:

MIC90

Protein
binding (%)

fAUC0–24 fAUC0–24:

MIC90

320 0.03 9.93 331 65* 3.47 116

400 0.25 48.0 192 50 24.0 96

400 0.5 34.4 68.8 20 27.5 55

500 1.0 47.5 47.5 31* 32.8 32.8

750 1.0 90.7 90.7 31* 62.6 62.6

alue
Therapy (2005)  2(3)
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Current data confirm some important
observations:

• Gemifloxacin exerts rapid concentration
dependent bactericidal activity against
S. pneumoniae.

• Gemifloxacin is rapidly bactericidal over a
range of inocula – including high bacterial
inocula typically found at the site of pulmonary
or sinus infection.

• Gemifloxacin has the lowest overall resistance
selection potential based on MIC90 and
MPC90 in vitro studies.

Achieving and maintaining drug concentrations
above the MPC drug concentration for prolonged
periods (≥4 h) are important for ensuring bacterial
killing of high density inocula and preventing
selection of resistant mutants.

In vivo animal studies
Gemifloxacin has been investigated in several ani-
mal models including a rat model of RTI [64],
pyelonephritis and wound infection [65], guinea-
pig pneumonia model [66] and a rabbit meningitis
model [67,68]. Berry and colleagues tested the
in vivo efficacy of gemifloxacin in a rat RTI
model following infection with either of S. pneu-
moniae (MIC values to gemifloxacin of <0.03
µg/ml) or H. influenzae (MIC values to gemi-
floxacin of <0.008 µg/ml) strains that showed dif-
ferential susceptibilities to other antimicrobial
compounds [64]. A total of 24 h after intra-
bronchial infection and the establishment of
pneumonia, animals were treated with gemi-
floxacin (240 mg/kg to simulate the 320-mg dose
in humans) therapy was continued for 3 days and
the lungs excised for bacterial enumeration 17 h
after the end of therapy. For S. pneumoniae-
infected rats, gemifloxacin resulted in 3 to 5 log
reductions compared with untreated controls, and
was as effective as amoxicillin/clavulanic acid
(350/50 mg/kg to simulate 875/125-mg dose in
humans) and more potent than ciprofloxacin
(200 mg/kg in simulating a 750-mg dose in
humans), trovafloxacin (40 mg/kg to simulate
200 mg dose in humans), grepafloxacin
(200 mg/kg to simulate 600-mg dose in humans)
and levofloxacin (125 mg/kg to simulate 500-mg
dose in humans) which resulted in log reduction
values of under log 3 when compared with
untreated controls. Against H. influenzae-treated
rats, gemifloxacin resulted in a significant reduc-
tion in bacterial numbers (p < 0.01) when com-
pared with untreated controls and was similar to
responses seen with ciprofloxacin, grepafloxacin,

levofloxacin and trovafloxacin but was more
potent than either  cefuroxime (70 mg/kg to sim-
ulate 250-mg dose in humans) or azithromycin
(40/20 mg/kg to simulate 1000/500-mg doses in
humans). Berry concluded that gemifloxacin may
be of significant benefit in the treatment of RTIs.

Society guidelines for the management 
of acute exacerbation of chronic 
bronchitis and community-acquired 
pneumonia in 2003/2004
For CAP, the Infectious Diseases Society of Amer-
ica (IDSA) published updated guidelines in light
of recent changes such as growing resistance and
new etiologic agents [69], while the Canadian Tho-
racic Society and the Canadian Infectious Disease
Society also published their AECB management
guidelines in 2003 with a similar stratified
approach using certain risk factors as a guide for
when to turn to potent agents such as the new
fluoroquinolones [70]. The criteria for ‘at-risk’
patients in the two sets of guidelines are described
in Box 1. At-risk patients are those that are at a
higher risk of infection than the general popula-
tion and is influenced by factors such as age, smok-
ing, alcoholism and various comorbidities. Agents
such as gemifloxacin and other new fluoroqui-
nolones play an important role in the manage-
ment of these patients, especially in patients with
pathogens resistant to other antimicrobial classes.

Clinical experience with gemifloxacin in 
community-acquired respiratory infections
Clinical data on gemifloxacin is derived from
14 studies, 12 of which were randomized (nine
summarized in this manuscript) comparative tri-
als designed to show ‘noninferiority’, unusually,
six studies showed gemifloxacin to be superior
for some important end points.

Ball and colleagues reported on the efficacy
and safety with 7 days of gemifloxacin (320 mg
once daily) for treatment of adult lower
RTIs [71]. Patients with acute exacerbations of
chronic bronchitis (n = 261) and 216 patients
with CAP were enrolled into an open label,
noncomparative trial to assess clinical and bac-
teriologic efficacy. Clinical success at follow-up
(21–28 days) (intent-to-treat) was 83.1% in
AECB patients and 82.9% in CAP patients.
Bacteriologic success rates (intent-to-treat) were
91.2% in AECB patients and 77.9% in CAP
patients. Isolated pathogens recovered
included: H. influenzae, H. parainfluenzae,
M. catarrhalis, S. aureus, K. pneumoniae,
P. aeruginosa, C. pneumoniae, M. pneumoniae
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Box 1. Society guide
acute exacerbations
community-acquire

Acute exacerbations of 
Any one of the follow

• >4 exacerbations per 
• Smoking, or history o
• Genetic predisposition
• Environmental polluti
• Repeated viral respira

Community-acquired pn
Any one of the follow

• Age >65 years
• Any antimicrobial the
• Alcoholism
• Multiple medical com

diabetes and renal dis
• Immunosuppressed p
• Exposure to a child at
and C. psittaci. S. pneumoniae and C. pneumo-
niae were eradicated with high success – S. pneu-
moniae eradication occurred in eight out of eight
AECB patients and 12 out of 18 CAP patients
regardless of penicillin or macrolide resistance.
C. pneumoniae eradication was 15 out of 16
from CAP patients. Overall eradication rates
exceeded 90% (n = 159). Where failures to
gemifloxacin were noted, they could not be
explained by organism MIC values as these were
generally low against the initial pathogen and for
most failures, the initial pathogen was not re-iso-
lated at the time of failure. Of the few cases
where there was documentation of recurrence of
the initial pathogen, the increases in MIC values
were within the experimental error for the test.
Gemifloxacin therapy was well tolerated and the
most frequent side effects were diarrhea
(1.9–2.8%), nausea (1.1–1.9%) and headache
(1.1–1.4%). Oral gemifloxacin (320-mg dose
once daily for 7 days) was associated with high
clinical and bacteriological success in patients
with lower RTIs [71].

Community-acquired pneumonia studies
Gemifloxacin was compared with β-lactam
alone or with or without a macrolide and a
fluoroquinolone in patients with CAP.

Oral gemifloxacin (320 mg once daily) was
compared with sequential therapy with intra-
venous ceftriaxone/oral cefuroxime with or with-
out a macrolide for the treatment of patients
hospitalized with CAP in a randomized open-
label multicenter study for both clinical efficacy

and tolerability [72]. Hospitalized adult patients
with clinical or radiological evidence of pneu-
monia were randomized to receive either oral
gemifloxacin for 7 to 14 days versus 2 g intrave-
nous ceftriaxone once daily for 1 to 7 days fol-
lowed by oral cefuroxime 500 mg for 1 to
13 days for a total of less than 14 days. Patients
receiving the cephalosporin regimen were also
allowed concomitant macrolide therapy at the
discretion of the investigator. This dose of
ceftriaxone is twice that typically administered
in most hospitals. A total of 341 patients were
enrolled (gemifloxacin, 169 out of 172; ceftri-
axone/cefuroxime 172 out of 173). Clinical
success in clinically evaluable patients at follow-
up (day 21–28 post therapy) were 107 out of
116 (92.2%) for gemifloxacin-treated patients
versus 113 out of 121 (93.4%) for those receiv-
ing ceftriaxone/cefuroxime plus a macrolide
group. For patients classified as Fine risk
Classes IV and V, the clinical efficacy was 87%
(20 out of 23) (gemifloxacin) versus 83.3%
(20 out of 24) (ceftriaxone/cefuroxime) and
macrolide addition did not affect clinical
response at follow-up. For bacteriologically
evaluable patients, bacteriologic success rates
were 90.6% (58 out of 64) for those receiving
gemifloxacin versus 87.3% (55 out of 63) for
those receiving ceftriaxone/cefuroxime.

Of 132 patients in the end-of-therapy
bacteriologic evaluable population, 26 were
bacteremic (19.7%) (gemifloxacin: 16, ceftri-
axone/cefuroxime: 10). S. pneumoniae was iso-
lated from 75% (12 out of 16) of those that
received gemifloxacin compared with 50%
(five out of ten) of those who received ceftriax-
one/cefuroxime therapy. All bacteremic
patients in the bacteriological evaluable popu-
lations were clinical successes at end of therapy
and there were no bacteriologic failures fol-
lowing gemifloxacin therapy and one for those
receiving ceftriaxone/cefuroxime treatment.
All 25 bacteriologic evaluable patients bactere-
mic at screening were a clinical success at fol-
low-up and all pathogens were eliminated
from the blood. Clinical success based on the
pretherapy pathogen ranged from 90 to 100%
for both treatment regimens for S. pneumo-
niae, M. pneumoniae, C. pneumoniae and
Legionella pneumophila.

The authors concluded that 320 mg of gemi-
floxacin was clinically equivalent to intra-
venous ceftriaxone/oral cefuroxime (plus mac-
rolide) for the treatment of hospitalized adult
patients with moderate-to-severe CAP, and

line criteria for ‘at-risk’ patients with 
 of chronic bronchitis [70] and

d pneumonia [69].
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that both regimens were effective in bacteremic
patients and those at an increased risk of mor-
tality. The time to hospital discharge for those
receiving oral gemifloxacin was 8 days
(median range: 1–32 days) versus 9 days
(median range: 1–45 days) for ceftriax-
one/cefuroxime-treated patients. The impor-
tance of this finding was that oral therapy was
equivalent to intravenous therapy and, as
such, is cheaper for many reasons (i.e.,
reduced pharmacy preparation time, reduced
nursing time for administration and monitor-
ing, and reduced ancillary costs of intravenous
bags and needles) better for patients and, in
theory, initial PO treatment on diagnosis
could enable more prompt therapy. It has been
demonstrated that treatment administered in
less than 4 h leads to a lower mortality. This
prompt treatment is a new key continuous
quality improvement indicator for CAP.

Gemifloxacin was studied for efficacy and
safety (vs. trovafloxacin) in patients with CAP,
in a randomized, double-blind study [73]. A
total of 571 patients were randomized to
receive either gemifloxacin (320 mg once daily)
or trovafloxacin (200 mg once daily) for 7 to
14 days and approximately two-thirds of the
patients were treated for 7 days. Both gemi-
floxacin and trovafloxacin treatment resulted in
high clinical success rates at follow-up (95.8 vs.
93.6%, respectively in the per-protocol popula-
tion). For the intent-to-treat populations, clini-
cal success at follow-up was significantly
superior for gemifloxacin (87.6%) versus trova-
floxacin treatment (81.1%: 95% CI 0.5, 12.4).
For gemifloxacin-treated patients, eradication
rates were: 93% for M. pneumoniae isolates,
100% for S. pneumoniae, C. pneumoniae,
C. burnetii, S. aureus, H. influenzae,
L. pneumophila and 94% of all pathogens were
eradicated. Adverse events were similar between
treatment groups, with the most frequent side
effects reported for gemifloxacin-treated
patients being rash (5.2%), headache (3.4%)
and diarrhea (2.8%). For trovafloxacin-treated
patients, the most frequently reported side
effects were dizziness (5.0%), nausea (4.6%),
headache (2.5%) and rash (1.8%).

Gemifloxacin (320 mg once daily for
7 days) was compared with 10 days’ high-dose
amoxicillin/clavulanic acid (1 g/125 mg three-
times daily) for the treatment of 324 patients
with CAP of suspected pneumococcal origin.
The study was a randomized, multicenter,
double-blind, double-dummy, parallel group

Phase III trial. Outcome measures were clinical,
bacteriologic and radiologic responses at end-
of-therapy (days 12–14) and at follow-up
(days 24–30) [74].

The rates of clinical resolution at follow-up were
88.7% for gemifloxacin (n = 228 per protocol)
treated patients and 87.6% for those who received
high dose amoxicillin/clavulanic acid (95% confi-
dence interval [CI]: 7.3, 9.5). For patients evalu-
ated at end-of-therapy (n = 249 per protocol),
clinical resolution was similar for both groups
(95.3% for 7 days of gemifloxacin vs. 90.1% for
10 days of high-dose amoxicillin/clavulanic acid,
95% CI: 1.2, 11.7).

Bacteriologic response rates (per protocol) at
end-of-therapy were 96.3% for gemifloxacin-
treated patients versus 91.8% for the high-dose
amoxicillin/clavulanic acid-treated group
(95% CI: 4.7, 13.6) and at follow-up 87.2 ver-
sus 89.1%, respectively (95% CI: 15.0, 11.2).
S. pneumoniae was eradicated from gemi-
floxacin-treated patients, including those
strains resistant to penicillin and macrolides.
The pathogens recovered were S. pneumoniae,
M. pneumoniae (by serology), H. influenzae,
L. pneumophilia (urine antigen positive or
serology), C. pneumoniae (by serology),
M. catarrhalis and S. aureus, and no differences
in eradication rates were shown between gemi-
floxacin or high-dose amoxicillin/clavulanate-
treated patients at either end-of-therapy or fol-
low-up visits. Statistically fewer withdrawals
due to lack of therapeutic effect were seen in
gemifloxacin-treated patients than those receiv-
ing high-dose amoxicillin/clavulanic acid (95%
CI: 8.8, 0.6; p = 0.03).

Gemifloxacin (320 mg once daily) therapy
was found to be clinically, bacteriologically and
radiologically as effective as 10 days of high-
dose amoxicillin/clavulanate (1 g/125 mg)
three-times daily for the treatment of suspected
pneumococcal CAP.

File and colleagues summarized that cipro-
floxacin-resistant pneumococci have emerged
recently in some countries [73] including Canada,
Hong Kong and Spain [55,75,76]. According to the
authors, the appearance of these strains may be
related to the ability of different quinolones to
select for quinolone-resistant mutants and that
resistance to the older quinolones appears to
occur in a single step, while resistance to the
newer agents, such as gemifloxacin, required two
mutations to induce high-level resistance, an
occurrence unlikely to be a frequent event [77].
Reports of levofloxacin failures in patients
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treated for CAP have been noted. With some of
these reported cases, organisms susceptible to
the drug at the start of therapy were found to
have reduced susceptibility or resistance (by
MIC measurements and DNA sequence analy-
sis) to the treatment drug following therapeutic
failure [78,79] Quinolones with the greatest
potency were initially expected to retain activity
against mutants that had been selected for use
by older quinolones [80]. In theory, the initial
use of the most potent agent is likely to prevent
or decrease selection of resistance [43,50]. File
and colleagues indicated that once-daily dosing
may improve compliance and as such, might
reduce the risk of antibiotic resistance from
developing. Bacteriologic and clinical data on
the efficacy of gemifloxacin against cipro-
floxacin-intermediate and ciprofloxacin-resist-
ant S. pneumoniae showed 19 out of 22 and
four out of four successes, respectively, thus clin-
ically corroborating in vivo the dual targeting
activity of gemifloxacin against pneumococci
observed in vitro [40].

Acute exacerbations of
chronic bronchitis
Oral gemifloxacin administered for 5 days was
compared with a fluoroquinolone, a macrolide, a
β-lactam/β-lactamase inhibitor combination as
well as a parenteral β-lactam agent in AECB.

Gemifloxacin (320 mg once daily for 5 days)
was compared with clarithromycin (500 mg
twice daily for 7 days) for therapy (efficacy and
safety) in patients with acute exacerbations of
chronic bronchitis. Long-term follow-up and
clinical outcomes were also recorded [81]. Clinical
and bacteriologic response rates were assessed at
end-of-therapy (days 8–12), the 2- to 3-week fol-
low-up visit (days 13–24), the 4- to 5-week fol-
low-up visit (days 25–38) and the long-term
phase of follow-up at 26 weeks.

Patients were randomized from 73 North
American and 20 European centers in seven
countries to receive either gemifloxacin (n = 351)
or clarithromycin (n = 361). Clinical response
(per protocol groups) at the 2- to 3-week follow-
up visit was 85.4% (gemifloxacin-treated
patients) versus 84.6% (clarithromycin-treated
patients); for the intent-to-treat population
79.5 versus 78.2%, respectively. H. influenzae
was the single most common pathogen from
patients in both groups: n = 20 (35.1% of gemi-
floxacin-treated patients); n = 18 (27.3% for
clarithromycin-treated patients). Other patho-
gens were H. parainfluenzae, M. catarrhalis,

S. aureus and S. pneumoniae occurring in
10.5 to 15.8% (n = 6–9) of patients who
received gemifloxacin and 9.1 to 12.1%
(n = 6–8) of those receiving clarithromycin.
Bacteriologic success was statistically higher
(per protocol) for gemifloxacin treated patients
than for those who received clarithromycin
(36 out of 44 [81.8%] vs. 31 out of 50 [62%],
respectively; 95% CI: 2.2–37.5) at the 4 to
5 week follow-up visit. Higher eradication rates
in favor of gemifloxacin over clarithromycin
were also seen at the end of therapy (per proto-
col) (93.6 vs. 81.5) and at the 2- to 3-week fol-
low-up visit (86.7 vs. 73.1); however, none of
these differences were statistically different.

Wilson and colleagues evaluated the time to
eradication of H. influenzae by both gemi-
floxacin and clarithromycin, considering that
this organism is an important pathogen in
AECB patients  [81]. A total of 24 out of
193 patients agreed to have daily sputum cul-
tures (12 in each group) collected and all
24 patients originally had H. influenzae isolated
from their presentation visit sputum. Gemi-
floxacin therapy resulted in a significantly
shorter time to H. influenzae eradication then
did clarithromycin treatment (p < 0.02) (mean
eradication time: 1 vs. 2 days, respectively).

Long-term outcome for patients treated with
either of gemifloxacin and clarithromycin were
also assessed by Wilson and colleagues [81]. A total
of 438 patients (214 gemifloxacin-treated and
224 clarithromycin-treated) were enrolled from
centers in the USA and Canada. More patients
(intent-to-treat) treated with gemifloxacin (at all
visits) had fewer recurrences of acute exacer-
bations of chronic bronchitis over the 26 week
follow-up period than those given clarithromycin
(71 vs. 58.5%; 95% CI: 2.46–22.59; p = 0.016
for 26 week follow-up visits). There was a trend
towards reduced hospitalization, with fewer
patients who received gemifloxacin admitted dur-
ing the 26-week assessment (2.3 vs. 6.3%; 95%
CI: 7.76 to -0.15; p = 0.059). Wilson and col-
leagues suggested that the long-term benefits seen
with gemifloxacin may relate to superior anti-
microbial efficacy and that decreased rates of hos-
pitalization for RTIs related conditions in
gemifloxacin treated patients likely has significant
economic implications.

Sethi and colleagues compared gemifloxacin
(320-mg once daily for 5 days) therapy with that
of levofloxacin (500 mg once daily for 7 days) for
treating patients with AECB in a randomized,
double-blind, double-dummy, multicenter
Therapy (2005)  2(3)
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parallel-group study and was conducted in
60 different medical centers in the USA, the UK
and Germany [82]. The primary efficacy measure-
ment was a clinical response at follow-up (days
14–21). Clinical success at follow-up (per proto-
col) was 88.2% in the gemifloxacin-treated
group versus 85.1% for those treated with levo-
floxacin. Significant differences were not seen in
the intent-to-treat population (85.2 vs. 78.1%,
respectively) and clinical success at end of ther-
apy (per protocol day 9–11) was 97.5% for those
receiving gemifloxacin and 93.5% for those
given levofloxacin; 94 versus 88.8%, respectively
for the intent-to-treat population. For long-term
follow-up (day 28–35), clinical success in the per
protocol population was 83.7% (gemifloxacin-
treated) versus 78.4% (levofloxacin-treated) and
for the intent-to-treat population 80.8% versus
70.8%, respectively – a statistically different
observation in favor of gemifloxacin (95%
CI: 1.18, 18.78).

The bacteriologic success rate for gemi-
floxacin-treated patients was similar to that
seen in patients treated with levofloxacin at the
end of therapy, respectively (per protocol 87.5
vs. 90.4%; intent-to-treat 81.8 vs. 86.7%); at
follow-up, respectively (per protocol 78.4 vs.
85.7; intent-to-treat 75 vs. 80%) at long-term
follow-up, respectively (per protocol 77.8 vs.
70.5%; intent-to-treat 75 vs. 65%). No signifi-
cant differences in the eradication of the three
major pathogens (H. influenzae, M. catarrhalis
and S. pneumoniae) were seen between the two
treatment groups.

Sethi and colleagues concluded that the clini-
cal efficacy of gemifloxacin therapy (320 mg
once daily for 5 days) was as good as levo-
floxacin (500 mg once daily for 7 days) for the
treatment of AECB. Fewer withdrawals were
also seen amongst gemifloxacin-treated patients.
Gemifloxacin was statistically better than levo-
floxacin at long-term follow-up (intent-to-treat
population) [82].

File and colleagues compared 5 days of once-
daily 320 mg gemifloxacin with 625 mg
coamoxicllin–clavulanate three-times daily for
7 days for the treatment of AECB [83]. The two
drugs were shown to be equally effective with
clinical success rates of 93.6 and 93.2%, respec-
tively. Bacteriologic success favored gemi-
floxacin, but was not quite statistically
significant, 90.9 versus 79.5% (95% CI: 3.9;
4.6). Once-daily gemifloxacin was considered to
be as effective and more convenient for the
treatment of AECB.

Ball and colleagues compared gemifloxacin
with trovafloxacin for the treatment of
AECB [84]. Both drugs were administered once
daily for 5 days. Over 600 patients were
enrolled in the study, 303 gemifloxacin and
314 trovafloxacin. Clinical success at follow-
up was 91.5% with gemifloxacin and 87.6%
with trovafloxacin. For the intention-to-treat
(empirical or real-world) cohort, the clinical
efficacy of gemifloxacin was statistically supe-
rior to that of trovafloxacin; 89.4 versus
83.1% (95% CI: 0.9, 11.7). A similar finding
was reported at long-term follow-up as well.
Bacteriologic outcomes were also better with
gemifloxacin 86.8% compared with
82.4% [83].

Wilson and colleagues compared 5 days of
once-daily gemifloxacin with 1 to 3 days of
intravenous ceftriaxone followed by 3 to
7 days of oral cefuroxime for the treatment of
AECB in hospitalized patients [85]. Although
both regimens showed similar clinical out-
comes, those who received 5 days of gemi-
floxacin were discharged form hospital 2 days
earlier than the ceftriaxone/oral cefuroxime
cohort. This 2-day difference was statistically
significant, p = 0.04. The likely cost savings
related to this observation are probably high
due to reduced ‘daily hotel’ costs.

Safety & tolerability
The safety of gemifloxacin has previously been
determined from a number of clinical trials and
following administration to healthy volunteers.
Data summarized by File and Iannini [1] and in
the prescribing information approved by the
FDA [40] has indicated that 6775 patients
received 320 mg oral doses of gemifloxacin in
clinical trials, and that 1797 healthy volunteers
and 81 patients with renal or hepatic impair-
ment received either single or repeat oral doses
in pharmacolic studies. Two approaches for
evaluating drug safety include the reporting of
any adverse events and/or to compare rates of
discontinuation of therapy. File and Iannini
reported that 44.7% of patients (n = 6775)
reported at least one adverse event and this was
not significantly different than the rate
reported for patients (n = 5248) treated with all
comparator compounds (47.5%) [1]. For data in
the product label for gemifloxacin-treated
patients, the most frequently reported adverse
events (classified as possible or probable), com-
pared with comparator agents, respectively
(β-lactams, macrolides and fluoroquinolones)
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were as follows: diarrhea (3.6 vs. 4.6%), headache
(1.2 vs. 1.5%), nausea (2.7 vs. 3.2%), rash (2.8
vs. 0.6%), abdominal pain (0.9 vs. 1.1%),
vomiting (0.9 vs. 1.1%), dizziness
(0.8 vs. 1.52.6%) and taste perversion (0.3 vs.
1.9%). Most adverse events were considered to
be of mild-to-moderate severity.

Gemifloxacin has a low potential for photo-
sensitivity as demonstrated by Vousden and
colleagues where they compared 160- and
320-mg doses of gemifloxacin with 500 mg of
ciprofloxacin or placebo in healthy male and
female volunteers [86]. Skin reactions were
assessed at 0 to 30 min for immediate ery-
thema and at 24 and 48 h for delayed ery-
thema after irradiation. Both drugs were
associated with mild phototoxicity following
7 days of drug administration, and the photo-
toxicity observed with the 160-mg dose of
gemifloxacin was lower than with the 320-mg
dose. The authors concluded that 320 mg of
gemifloxacin given for 7 days has a low poten-
tial to cause mild photosensitivity and this was
similar to that seen with the 500-mg dose of
ciprofloxacin. The low potential for gemi-
floxacin-related phototoxicity was confirmed
from clinical trials, where treatment-related
photosensitivity occurred in 0.039% (three
out of 7659) of patients.

Liver-enzyme elevations (increased ALT
and/or AST) occurred in patients receiving
gemifloxacin (320 mg once daily) at rates
comparable to those in patients receiving com-
parator compounds (i.e., ciprofloxacin, levo-
floxacin/ofloxacin, clarithromycin, cefuroxime
axetil or amoxicillin/clavulanic acid). No clin-
ical symptoms were associated with the ele-
vated liver enzymes and the raised values
returned to normal at the end of therapy.
Higher dosages resulted in increased elevations
in liver enzymes and, as such, the recom-
mended dosage of 320 mg once daily should
not be exceeded (gemifloxacin PI). Dosage
adjustment to 160 mg once daily is only nec-
essary in patients with impaired renal function
(creatinine clearance of under 40 ml/min).

Rash has been reported from patients in
gemifloxacin clinical trials. According to clini-
cal studies, the overall incidence of rash was
2.8% and was most commonly described as
maculopapular and generally of mild-to-mod-
erate intensity [40]. The rash was usually
noticed after 8 to 10 days of therapy and
resolved in 60% of patients within 7 days and
80% with 14 days. No phototoxicity, vasculitis

or necrosis was associated with the rash and by
histology was described as an uncomplicated
exanthematous skin reaction. The incidence of
rash associated with gemifloxacin varied by
age and gender [40] and was, more commonly,
observed in female patients aged under
40 years, as well as postmenopausal female
patients taking hormone-replacement therapy.
Duration of therapy longer than 7 days
resulted in an increase in the incidence of rash
in all subgroups, with the exception of men
over the age of 40 years. Therapy with gemi-
floxacin for 5 days demonstrated a rash rate of
1.2 to 1.5%. Patients treated with gemi-
floxacin who develop a rash should discon-
tinue therapy. There appears to be no cross-
sensitization with gemifloxacin. Volunteers
who developed a rash were exposed to either
ciprofloxacin or placebo; 5.9% developed a
rash on ciprofloxacin and 2.0% on placebo.
The characteristics of the rashes were similar
among these cases to those occurring with
ciprofloxacin alone. There was no evidence of
subclinical sensitization to gemifloxacin,
moreover, there was no relationship between
the incidence of rash and systemic exposure to
either gemifloxacin or its major metabolite,
N-acetyl gemifloxacin.

Drug tolerability may also be evaluated by
comparing discontinuation rates. The rates in
clinical trials for patients receiving gemi-
floxacin were compared with those from
patients receiving comparator agents, 2.2 ver-
sus 2.1%. Previous recent fluoroquinolone
discontinuation rates were as follows [40,87]: 

• Trovafloxacin (7%)

• Grepafloxacin (6.4%)

• Sparfloxacin (2.8–3%)

• Levofloxacin (3.7%)

• Gatifloxacin (3.1%)

• Moxifloxacin (3.0%)

• Gemifloxacin (2.1%)

Notably, these clinical-trial dossiers were
developed at the same time period as gemi-
floxacin in many of the same sites and patient
types, thus, comparison is reasonable. The rea-
sons for discontinuation (possibly or probably
drug related) in gemifloxacin-treated patients
were rash (0.9%), nausea (0.3%), diarrhea
(0.3%), urticaria (0.3%) and vomiting
(0.2%), while for comparator agents, diarrhea
(0.5%), nausea (0.3%), vomiting (0.3%) and
rash (0.3%) were most frequent.
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Economic & societal considerations
of antimicrobial therapy for 
community-acquired lower RTIs
Birnbaum and colleagues recently reported the
financial impact of RTIs to the employer [88].
Overall, these infections cost an estimated
US$112 billion in 1997, including medical
treatment and lost productivity costs. Although
there is wide variation in the estimated costs of
some infections – pneumonia is estimated to
cost $11,544 per patient compared with $5874
for a patient with chronic bronchitis – it is clear
that the overall burden of cost for these very
common conditions is increasing as the patient
population ages and expands.

The cost–effectiveness of gemifloxacin therapy
in AECB has been investigated. Halpern and col-
leagues compared the cost–effectiveness of oral
gemifloxacin versus oral clarithromycin therapy
in patients treated for acute exacerbations of
chronic bronchitis [89]. Specifically, economic
outcomes were assessed in the Gemifloxacin
Long-term Outcomes in Bronchitis Exacerba-
tions (GLOBE) study. This was a prospective
double-blind, comparative, health-outcomes
study that compared health resource utilization
and clinical outcomes in patients randomized to
receive the following: gemifloxacin group received
either of 320 mg once daily for 5 days or 500 mg
of clarithromycin twice daily for 7 days. Base-case
analysis from the third-party payor perspective
considered the costs of RTI/related medical care
and treatment effectiveness was measured as the
proportion of patients without recurrences
requiring antimicrobial therapy following recov-
ery form the initial exacerbation that required
therapy. Societal costs included lost productivity.
Data sources used included the outcomes study
itself and standard US cost sources.

Gemifloxacin therapy resulted in significantly
more patients without exacerbation recurrences
requiring antimicrobial therapy after 26 weeks
when compared with clarithromycin (73.8 vs.
63.8%; p = 0.024) and fewer patients receiving
gemifloxacin (five out of 214) were hospitalized
than those receiving clarithromycin (14 out of
224) (p = 0.059). In addition, fewer patients
receiving gemifloxacin (8.3 days) had less time off
from usual activities than those receiving clari-
thromycin (10.1 days). The direct cost per
patient (mean) was $247.00 versus 374.00 for
gemifloxacin versus clarithromycin-treated
patients, respectively: mean direct plus indirect
costs $1413 versus 1742, respectively, suggesting
that gemifloxacin dominated clarithromycin in

cost–effective analysis. Finally, the data suggested
that from a payor’s perspective, gemifloxacin was
(over the study period) more clinically effective
and cost–effective than clarithromycin, and the
authors concluded that for AECB, gemifloxacin
was more cost effective and improved AECB
outcomes than was clarithromycin.

In addition to this exhaustive analysis of
gemifloxacin in ambulatory AECB, the drug
has also been compared with intravenous
ceftriaxone in both hospitalized AECB and
CAP patients. Indeed, the latter patients could
also receive a macrolide in addition to the
standard intravenous β-lactam. In both stud-
ies, oral gemifloxacin was at least as effective
and superior by certain end points to the
‘gold-standard’ therapy [72,73]. Wilson and col-
leagues compared 5 days of oral gemifloxacin
with sequential intravenous to oral therapy
with ceftriaxone/cefuroxime for a maximum
of 10 days for the treatment of hospitalized
patients with acute exacerbations of chronic
bronchitis [85]. While a cost analysis of therapy
was not included in this report, the authors
reported that the median time to hospital dis-
charge in gemifloxacin-treated patients was
9 days versus 11 for those receiving ceftriax-
one/cefuroxime (p < 0.04), suggesting a range
of marked savings associated with the shorter
course of an oral agent.

In the CAP study, oral gemifloxacin was
shown to be superior in clinical outcomes at the
ITT follow-up assessment. It is well accepted
that oral therapy is preferred over parenteral
agents due to cost-acquisition savings, no
administration or giving costs, easier for the
nursing and medical staff to oversee and control
and significantly lower injection-site adverse
events, such as phlebitis. Oral gemifloxacin has
been shown to be as effective as the intravenous
best-practice choice and will carry significant
cost savings.

Furthermore, it has been suggested that the
knowledge that an oral drug that can achieve
these results may also enable physicians to initi-
ate therapy within 4 h of diagnosis, a new quality
marker for best practice in CAP to improve
patient outcomes.

The direct effect of an antibiotic on the
patient’s daily well being has also been assessed
within one of these studies. Spencer and col-
leagues investigated the time course of recov-
ery of health status following an infective
exacerbation of chronic bronchitis by studying
patients enrolled in a with clarithromycin in
369
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Table 4. Outcomes f
respiratory tract inf
observations favori

Community-acquired

Comparator

Trovafloxacin 
(200 mg q.d. 7–14 days

Coamoxicilin–clavulanic
(1000/125 g t.i.d. 7–10

AECB

Trovafloxacin 
(200 mg q.d 5 days)

Clarithromycin 
(500 mg b.i.d 7 days)

Levofloxacin 
(500 mg q.d 7 days)

Ceftriaxone 
(1 mg q.d 7–10 days)

All other outcomes were n
AECB or 7 days community
AECB: Acute exacerbation 
q.d: Once daily; t.i.d: Three
patients with acute infectious exacerbations of
chronic bronchitis [7]. Patients were followed
and evaluated using the St Georges Respiratory
Questionnaire (SGRQ) at baseline and after 4,
12 and 26 weeks. The time course for recovery
(12–26 weeks) appeared to occur in two phases:
a fast improvement over the first 4 weeks, fol-
lowed by a slower phase that occurred over
several months and the level of improvement
was thought to be large, provided that the
patient remained free from further exacerba-
tions. Additional exacerbations within
6 months impacted significantly on the time to
recovery such that differences in SGRQ scores
between patients with or without additional
exacerbations was both clinically and statisti-
cally significant after 4 weeks and continued to
widen such that at 6 months was more than
twice what was required for a clinically signifi-
cant difference. Data from this study clearly
suggest that prolonging the disease-free interval
has a profound effect on health status and that
any treatments that can reduce exacerbation
frequency could have a significant impact on
health status.

In clinical trials investigating gemifloxacin
for the therapy of patients with CAP and acute
infectious exacerbations of chronic bronchitis,
clinical and bacteriologic outcomes were
equivalent to those observed with comparator
agents and, by some end points, statistically
superior in favor of gemifloxacin. For patients
with AECB, gemifloxacin-treated patients had
lower recurrences, lower hospitalization rates
and lower costs (both direct and indirect). The
various superiority outcomes are shown
in Table 4.

Expert opinion
In the face of growing antibiotic resistance
among respiratory pathogens and escalating
healthcare costs, gemifloxacin was designed to
be an enhanced affinity fluoroquinolone with
high in vitro potency against pathogens associ-
ated with community-acquired lower RTIs to
provide a high degree of efficacy and low poten-
tial for resistance selection. Specifically, gemi-
floxacin has the lowest MIC values against
S. pneumoniae (MIC90 0.03–0.06 µg/ml) iso-
lates and the these are not influenced by pneu-
mococcal resistance to nonfluoroquinolone
antimicrobial agents. In today’s environment,
of increasing resistance rates of key respiratory
pathogens, an appropriate antimicrobial agent
is one that has the ‘appropriate empiric’ spec-
trum of activity, be shown to be highly effica-
cious in clinical trials and be active against
pathogens that are resistant to currently availa-
ble antimicrobial agents, such as multiply drug-
resistant S. aureus and fluoroquinolone-resist-
ant S. pneumoniae. Additionally, an oral admin-
istered agent which is at best equal to or in
some end points superior to current intra-
venous standards should confer a range of
health economic outcomes benefits.

Outlook
If prescribers do not adjust their ingrained hab-
its, then rates of morbidity, hospital admission,
lower productivity and possibly mortality will all
probably increase. The past 10 years has seen
exponential increases in antimicrobial resistance
– often co- or crossresistance in particularly viru-
lent species. Thus, it is timely to review and
change how we prescribe antibiotics. It is not
merely enough to give a course of ‘old and inex-
pensive’ drugs to keep the patient happy, it is
essential that the societal cost of such actions is
now reckoned and a different approach taken.
There is no such thing as a ‘benign antibiotic’ as

rom clinical trials of gemifloxacin in lower 
ections (statistically significant 
ng gemifloxacin).

 pneumonia

Outcome Ref.

) 
Clinical success ITT
Radiological success ITT

[73]

 acid
days)

Lower withdrawal rate due to 
poor efficacy in ITT

[74]

Clinical success at follow 
up = long term follow up  in ITT 

[84]

Superior bacteriological 
eradication

[81]

Fewer recurrences after 6 
months

Fewer RTI related 
hospitalizations

Superior clinical success at long 
term follow up

[82]

Clinical success at follow up
in ITT

[85]

Shorter hospitalization 
(9 versus 11days, p = 0.04)

oninferior. Gemifloxacin dosed at 320 mg q.d. for 5 days 
-acquired pneumonia.
of chronic bronchitis; b.i.d: Twice daily; ITT: Intent to treat; 
-times daily.
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all compounds are associated with beneficial or
potentially harmful consequences.  The silo
mentality of many prescribers and health-care
providers does not recognize the impending and
growing issue of antibiotic resistance. Attempt-
ing management once antimicrobial resistance
has become a nonreversible reality may not be
the best approach: rather, resistance prevention
in an attempt to delay or minimize the escalation
of resistance is worthy of consideration, given
that existing strategies have had a minimal
impact on resistance prevention. Some conven-
tional thinking suggests that the appropriate use
of more potent agents will, not only lead to good
or better clinical outcomes, but can also slow or
possibly reverse the emergence of resistance. As
long as the patient is not harmed, this approach
can be cost effective in the long term as there will
be fewer callbacks, office revisits and hospital
admissions. We must think  of the 'bigger pic-

ture’ while we wait for academia, the pharmaceu-
tical industry and government bodies to agree on
the best strategy for the development and
approval of new antibiotics.

Highlights

• Growing bacterial resistance requires new 
approaches in the light of few novel agents, 
application of mutant-prevention 
concentrations and use of more potent
drugs can help slow down the emergence
of resistance.

• More potent drugs are as well tolerated and 
safe as older agents.

• Gemifloxacin is among the most potent drugs 
against today's resistant respiratory pathogens 
and may provide benefits in addition to 
expected clinical and microbiologic outcomes.
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